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Movement Sciences, Faculty of Behavioural and Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands

ABSTRACT

In The Netherlands, the 4-Skills Scan is an instrument for physical education teachers to assess
gross motor skills of elementary school children. Little is known about its reliability. Therefore, in
this study the test-retest and inter-rater reliability was determined. Respectively, 624 and 557
Dutch 6- to 12-year-old children were analyzed for test re-test and inter-rater reliability. All tests
took place within the school setting. The outcome measure was age-expected motor performance
(in years). Results showed a small practice effect of .24 years for re-test sessions and assessment of
motor skills was possible with acceptable precision (standard error of measurement = .67 years).
Overall, intraclass correlation coefficient (ICC) was .93 (95% confidence interval: .92-.95) for test—
retest reliability and .97 for inter-rater reliability. For the repeated measures, the smallest detect-
able change (SDC) was 1.84 and limits of agreement were —-1.60 and 2.08 years. It can be
concluded that the 4-Skills Scan is a reliable instrument to assess gross motor skills in elementary
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school children.

Introduction

A major aspect of a child’s development is the acquisition of
gross motor skills. Longitudinally, studies show that the
mastery of fundamental movement skills (FMS) and gross
motor skills at an early age appears to be an important
factor for their physical activity and well-being during
childhood and later in life (Bryant, James, Birch, &
Duncan, 2014; Gallahue, Ozmun, & Goodway, 2012;
Jaakkola, Yli-Piipari, Huotari, Watt, & Liukkonen, 2016;
Lopes, Rodrigues, Maia, & Malina, 2011; Lubans, Morgan,
Cliff, Barnett, & Okely, 2010; Payne & Isaacs, 2012).
Beneficial effects with respect to cognitive and social well-
being have also been mentioned (Payne & Isaacs, 2012).

Physical education (PE) lessons can play a central role in
the acquisition of FMS and gross motor skills (Babin, Kati¢,
Ropac, & Bonacin, 2001; Morgan et al., 2013; Siedentop,
2009; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2006)
and time spent in physical activity (Meyer et al., 2012).
Currently, it is mandatory for PE teachers to monitor the
progression and development of their pupils. Motor devel-
opment logically makes part of that student tracking
system.

Several instruments are available for assessing the level
of gross motor skills, some of which are widely used and
accepted, such as the Movement Assessment Battery for

Children-2 (MABC-2; Henderson, Sugden, & Barnett,
2007). However, most of these instruments are designed
to detect delayed or abnormal motor development and are
unsuitable for monitoring purposes where multiple mea-
surements are desired to follow development longitudin-
ally. The MABC-2 is found to be sufficient sensitive in its
ability to monitor treatment progress in children with
motor impairment and Developmental Coordination
Disorder (DCD) (Wuang, Su, & Su, 2012). However,
more research is needed to assess its responsivity for chil-
dren without motor problems (general population).
Besides, due to the relative high standard error of measure-
ment (SEM) and possible learning effect, repeated testing at
short time intervals is not recommended (Van Waelvelde,
Peersman, Lenoir, & Smits Engelsman, 2007). Also, dis-
continuation of the scales over the age bands might inter-
fere with longitudinal monitoring (Blank, Smits-
Engelsman, Polatajko, & Wilson, 2012). Furthermore,
many tests appear to be unsuitable for a school setting
because of the considerable amount of time it takes to assess
all children. The Test of Gross Motor Development—
Second Edition (TGMD-2) (Ulrich, 2000) and
Korperkoordinationstest fir Kinder (KTK; Kiphard &
Schilling, 2007) have been mentioned as feasible for PE
lessons in a school setting (Vandorpe et al., 2011). These
tests still take approximately 15 minutes per child and
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require specific testing materials, such as beanbags, balance
beams, or boxes, that are not part of the standard inventory
of every sports hall. Since the choice of a motor skills test
depends on the context of use, it has been challenging to
find an instrument that better suits the PE lesson setting.
Over the past decade, an instrument was developed that
can be used during PE classes and specifically fits the
context of PE lessons (Van Gelder & Stroes, 2010).
Assessment of gross motor skills with this 4-Skills Scan
results in a performance-based outcome (PerfO) in terms
of Motor Age. The 4-Skills Scan was developed by Van
Gelder and Stroes and finds its origin in the motor devel-
opment theory of Ayres (1963) and Gesell (1975). It
includes the age-range around the transition from FMS to
context specific skills at about the age of 7 (Clark &
Metcalfe, 2002). The outcome measure of the 4-Skills
Scan is “motor age.” This “Motor Age” is an age-expected
motor skills level and easy to interpret when compared with
calendar age. An advantage of this outcome measure is the
easy comparison of children across age-bands. The main
aim of the 4-Skills Scan is to serve as an instrument that
monitors children’s motor skill development. PE teachers
have developed this instrument and, in addition, feasibility
for the PE context was an important criterion. These char-
acteristics make it possible to assess the motor skill level for
all elementary school children in a quick and feasible man-
ner during PE lessons. As a result, the 4-Skills Scan gained
popularity among PE teachers in The Netherlands.

Overall, the 4-Skills Scan seems to be a well-sub-
stantiated test (Van Gelder & Stroes, 2010), and years
of iterations have preceded in order to determine the
sequence of test items and to match the difficulty levels
with calendar age. Also, the three main FMS categories,
locomotion, manipulative or object control, and stabi-
lity skills (Gallahue et al., 2012), seem to be covered by
the four subscales of this test (Van Gelder & Stroes,
2010). Until recently, little was known about the valid-
ity. However, in a study conducted by Van Kernebeek,
De Kroon, Savelsbergh, and Toussaint (manuscript
submitted for publication), the test was concluded to
be valid for assessing gross motor skills.

It is important to keep in mind a test’s design and
context of use (Kielhofner, 2006) when interpreting relia-
bility values. For example, the Bruininks-Oseretsky Test of
Motor Proficiency (BOTMP), the MABC-2, and the
Peabody Developmental Motor Scales (PDMS-2), each
have a minimum of 8 test items and take at least 15 minutes
to conduct (Cools, De Martelaer, Samaey, & Andries, 2009;
Wiart & Darrah, 2001). The 4-Skills Scan, on the other
hand, merely consists of 4 subscales that take 2 minutes
each and is conducted in a boisterous setting.

In order to get a clearer picture of the value of data
collected with the 4-Skills Scan, it is important to get

better insight into its reliability. It might also stimulate
communication between youth healthcare profes-
sionals, such as pediatricians, pediatric physiothera-
pists, and PE teachers. Therefore, the aim of this
study is to (1) assess the test-retest reliability; and (2)
the inter-rater reliability of the 4-Skills Scan when con-
ducted by specially trained test conductors.

Method
Participants

For test-retest reliability, a representative sample of the
general school population, consisting of 629 third to
eighth grade children (6- to 12-year-old, 48.9% boys),
were recruited at three elementary schools in
Amsterdam, The Netherlands, throughout November
and December 2014. These three schools were selected
because of the presence of double-sized sports halls.
Five pupils were excluded, due to incorrect or incom-
plete motor skills assessment as a result of measure-
ment error (n = 4) or conflicting injury (n = 1). Since
the number of missing data was low, list-wise deletion
of missing values was deemed legitimate and resulted in
complete data for 624 pupils (see Table 1 for a descrip-
tion of the study sample). Data derived from 557 chil-
dren, recruited at eight different schools, were analyzed
for inter-rater reliability. Children with injuries or
other physical impairments were excluded from ana-
lyses. Children gave assent to participation and
informed consents were obtained from their parents.
The study protocol was approved by the Ethics
Committee  Human  Movement Sciences, VU
University Amsterdam (2014-59).

Instrument

For assessing motor skills, the 4-Skills Scan of Van Gelder
and Stroes (2010) was used. This is an easy to conduct,
quantitative motor skills test and and specifically

Table 1. Descriptives of the study population for test-retest
and inter-rater reliability.

Gender  Height (cm)  Weight (kg)

Study sample N % boys + SD + SD
Test-retest sample 624 49.0 1353+ 118 315+94
6-years-old 104 433 1223 +49 240+ 36
7-years-old 133 549 1273 £ 6.1 268 + 4.7
8-years-old 139 41.7 133.0 £ 58 309 £ 10.1
9-years-old 82 50.0 1388+ 6.0 318+ 5.0
10-years-old 64 57.8 1459+ 60 37.1+63
11-years-old 87 52.9 1521 +70 420+ 103
12-years-old 15 40.0 1541 +78 442172
Interrater sample 561 53.8 1347 £ 114 314 + 88
Junior grades (age 5-8) 331 54.0 1274 +£ 7.5 268 + 53
Senior grades (age 9-12) 230 53.5 1446 + 7.8 377 £ 86
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developed for the PE lesson context. The four subscales of
the 4-Skills Scan were administered to all participants:
“standing-still,” “jumping-force,” “jumping-coordina-
tion,” and “bouncing-ball” (Van Gelder & Stroes, 2010;
see appendix). The outcome of the test is a PerfO in terms
of “Motor Age.” It is a multi-dimensional concept con-
sisting of four rating subscales each made up of nine items
that vary in difficulty but assumed replications of the same
construct. Thus, the nine items within each subscale are
similar and measure the same underlying constructs, but
become more difficult across age bands. For example,
hopping while covering distance is assumed to be more
difficult that without covering distance (jumping-force)
and an alternating “shuffle-jump” pattern with anteflexion
and retroflexion of the hip (shuffle-jump) is assumed to be
more difficult than making synchronous ski-jumps
(jumping-coordination).

Procedure

The motor skills assessments took place during regular
PE classes. All test-conductors were students or already
graduated PE teachers, physiotherapists, or Human
Movement scientists. All were familiar with the 4-
Skills Scan beforehand and were provided with addi-
tional training in order to assure scoring consistency
and protocol compliance. For test-retest reliability, 19
test-conductors at 3 different schools contributed in an
alternating test-team composition. For inter-rater relia-
bility, 18 test-conductors at eight different schools con-
tributed, also in an alternating test-team composition.
The PE lessons started with a brief explanation to the
children about the purpose of the test. Test-conductors
were informed about the age, class, and gender of the
children. Children were told “to do the best they could
given their own ability.” The pupils of each class were
then divided alphabetically over the test stations of the
four subscales. Thus, children started at different sub-
scales, and therefore, any possible crossover practice
effect from one subscale to the next was evened out.
An extra demonstration of the task to be performed
was given at each station. To ensure a positive experi-
ence, the initial difficulty for each subscale task was
age-dependent and generally well below the expected
maximal performance of the tested child. Children were
given two attempts per difficulty levels. Children pro-
ceeded to the next station when execution of the motor
task appeared too complex or when the end of the scale
was reached.

Test-retest reliability
In order to assess test-retest reliability, two connected
sports halls were both divided into four compartments

MEASUREMENT IN PHYSICAL EDUCATION AND EXERCISE SCIENCE @ 3

in which the assessments of each subscale took place.
Due to practical considerations, a time interval of
30 minutes between test and retest was the option
chosen. This way, both the test and retest could take
place during one PE lesson for grades three to eight.
In accordance with the usual protocol, each pupil
performed tasks on every subscale and after registration
of their highest achievement the pupil was directed to
the next test station. No feedback was given about their
test scores during the PE lesson, so the second test-
conductors were unaware of the scores achieved during
the first test. As a consequence of this design, retest
scores were assessed by different test-conductors.

Inter-rater reliability

Although the inter-rater reliability of an instrument is
based on the combined scores of individual items,
inter-rater reliability evaluation for individual item is
often omitted (Orsi, Drury, & Mackert, 2014). In this
study we address the importance of assessing inter-rater
reliability for individual items and assessed inter-rater
reliability by determining the inter-rater reliability per
item. For this, a practical and suitable design was cho-
sen, where at one of the subscales, two test-conductors
were present and scored each child’s achievement
simultaneously but independently. The protocol was
slightly adjusted for this occasion: rather than having
the children “quit at failure,” attempts were made on
every task, up to the highest difficulty level.

Outcome measures and data analyses

Motor age

In order to calculate a child’s Motor Age, the four
subscale scores where averaged by the following
formula:

level, balance’ + level, jumping force’
+level' jumping coordination’
+level' bouncing(ball)'

4

Motor Age =

Test-retest and inter-rater reliability

Since for analyses, the ICC is preferred (Portney &
Watkins, 2008; Streiner, Norman, & Cairney, 2014), a
Two-Way-Random effect ICC (ICC,psomute 2.1) was
calculated for both test-retest and inter-rater reliabil-
ity in accordance with Shrout and Fleiss (1979).
According to Portney and Watkins (2008), an ICC
of .75 is considered good, .75 to .50 as moderate, and
below .50 as poor. For both test-retest and inter-rater
reliability, agreement was based on differences in the
Motor Age. For test-retest analysis, besides
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calculating ICC-values for the whole cohort, a strati-
fied analysis by age was done. Regarding the inter-
rater reliability, two analyses were made: one for the
junior grades (6- to 8-years-old) and one for the
senior grades (age 9- to 12-years-old). This is done
to take account for the fluctuation in performance
that can happen at young age due to distraction or
misunderstanding of the purpose of the test (Blank
et al,, 2012). At a later age, children tend to perform
more stable on tests.

Measurement error and limits of agreement (LoA)

For assessing measurement error, both the SEM
(SEMconsistency) and LoA were calculated. Bland and
Altman plots have been recommended by Lamb
(1998) since these give a visual understanding of the
range of individual differences. Here, the difference of
the two test occasions is plotted against the mean of the
two test occasions. Absolute reliability was determined
by the SEM and calculated as follows: SEM = Sl?)-’”;f (De
Vet, Terwee, Knol, & Bouter, 2006), where

SEM < STD was taken as the criterion for acceptable

precision (Wyrwich, Nienaber, Tierney, & Wolinsky,
1999). The Standard Error of the difference was calcu-
lated as follows:SEgyy = V2 * SEM?. LoA were calcu-
lated as:LoA = mean difference (bias) £ 1.96 * SDgy..
Here, the mean difference (bias) is the systematic
error and the standard deviation of the difference
(SDgjf.)is the random error.

Practice effect

For calculating the practice effect, the mean differ-
ence score (MDS) is calculated. A paired t-test was
performed between test and retest values in order to
detect a possible practice effect.

SDC

A more clinical relevant measure for reliability is the SDC
(SDCys5), which  was  calculated as follows:
SDCys = SEM % 1.96 * /2(De Vet, Beckerman, Terwee,
Terluin, & Bouter, 2006; Mokkink et al., 2010; Stratford,

Table 2. Test-retest reliability (ICC 2.1) for N = 628.

2004). This can be seen as an outcome measure with a
confidence interval of 95%, with 1.96 representing the

z-score and /2 as a means to account for accumulating
errors associated with repeated measures.

Results
Motor age

The results for 624 pupils were analyzed to assess test—
retest reliability on the Motor Age with the 4-Skills
Scan. Data for the individual subscale were also ana-
lyzed. The descriptive statistics and test-retest reliabil-
ity scores are summarized in Tables 1 and 2.

Test-retest reliability

ICC’s (ICC,psolute) for all ages ranged from .76 to .94,
with an overall score of .93 (p < .01; see Table 2).
According to Portney and Watkins (2008), these
ICC’s can be considered as good outcomes for all sub-
scales. ICC’s calculated per age band (see Table 3)
showed comparable values (ranging from .82 to .87),
with the exception for 6-year-old children (ICC = .74).

Measurement error and agreement

For the Motor Age and the subscales “jumping-force”
and “bouncing-ball,” corresponding SEM-values met
the criterion for acceptable precision. The subscales
“standing-still” and “jumping-coordination” however,
did not meet the criterion for acceptable precision.
Figure 1 presents a Bland and Altman plot for the
test-retest sessions. The re-test shows a bias of
-.24 years, meaning that the second examiner scored
systematically higher than the first examiner. Individual
retest scores above the upper range of +2.09 years or
below the range of -1.60 years can be interpreted as a
true change in the Motor Age. As can be seen in
Figure 1, there are children in both the upper and
lower ranges that show considerable changes within
the two test sessions.

Test Re-Test Bland & Altman
4-Skills Scan Mean SD Mean SD Mean diff SD 95% LoA ICC apsolute 95%-Cl SEM SDCos
Standing-still 8.58 3.24 8.89 33 31%* 2.85 -59+53 0.76** 0.72-0.80 2.02 5.59
Jumping-force 8.53 242 8.55 243 .02 1.15 -23+422 0.94%* 0.93-0.95 .81 2.25
Jumping-coordination 9.82 2.09 10.21 2.25 39%* 1.81 -39+ 32 0.78** 0.74-0.82 1.28 3.55
Bouncing-ball 7.61 1.82 7.86 1.94 .25% 1.19 -2.6 + 2.1 0.89** 0.86-0.90 .84 2.33
Motor Age 8.63 1.87 8.88 1.98 24%% 0.94 21416 0.93** 0.92-0.95 .67 1.84

ICCapsolute: Intraclass Correlation Coefficient; SEM: Standard Error of Measurement; SDCgs: Smallest Detectable Change at the 95% Confidence Interval.
“difference scores were calculated by subtracting the baseline score from the retest score

*items significant at p < .05; **items significant at p < .01.
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Table 3. Test-retest reliability (ICC 2.1) per age-band.
4-Skills Scan 6 7 8 9 0 N 12 All Ages

N 104 133 139 82 64 87 15 624
ICC 74 82 .85 87 84 87 84 93
SEM .57 .60 70 71 72 66 86 .67

ICCapsoute: Intraclass Correlation Coefficients for every age band; SEM:
Standard Error of Measurement.
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Figure 1. Bland and Altman graph with 95% LoA. The differ-
ences between test and retest plotted against their mean for
each subject for Motor Age (years) for 628 participants.
LoA = mean difference (bias) + 1.96 SD.

Practice effect (stability of test scores over time)

An average practice effect by the children of .24 years
(p < .01, 95%-CI: .17 - .32) was found on the Motor Age.
With the exception of “jumping-force,” t-tests for mean
differences between test and retest for the separate sub-
scales showed significant practice effects (Table 2).

SDC

The SDCys for the Motor Age was 1.84, indicating that
a change over time of more than 1.84 years can be seen

as a true change in the Motor Age in 95% of the pupils
(Table 2).

Inter-rater reliability

A total of 557 children were included for analyses for
the inter-rater component (see Table 1). Table 4 pre-
sents overall averaged ICC’s for both the test as a whole
and each separate subscale. In addition, also ICC’s per
age band are shown in Table 4. A high overall ICC-
value was found for the total test (ICC = .97 = .01).
Also, for the separate subscale, ICC’s of .95 to .98 were
found. Analyses per age-band sometimes showed lower,
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but generally similar ICC-values, ranging from .90 to
.98. All ICC-valueswere above .75, indicating a good
inter-rater reliability for the 4-Skills Scan as well as the
separate subscales for each age band.

Discussion

The motor development is an important aspect of chil-
dren’s healthy development. PE in primary school is—
among other things—aimed at enhancing motor skill
levels. Recently, monitoring the development of motor
skills became mandatory in the Netherlands. The need
for a quick and feasible instrument with good test-
retest and inter-rater reliability led to the selection of
the 4-Skills Scan as a potential instrument. In order to
evaluate the merits of the 4-Skills Scan, it was studied
using ICC’s for test-retest and inter-rater reliability, the
Bland and Altman method, SEM, and the systematic
error.

Test-retest reliability

The test-retest reliability was assessed with an overall
ICC of .93 (95%-CI: .92 - .95) for the 4-Skills Scan.
This can be interpreted as a high test-retest reliability
and is comparable to established motor skills tests such
as the BOTMP (ICC = .86 to .89; Moore, Reeve, &
Boan, 1986; Wiart & Darrah, 2001), the MABC-2
(ICC = .77 to .97; Chow & Henderson, 2003; Wuang
et al.,, 2012), and the KTK (correlation coefficient = .97;
Vandorpe et al., 2011). A study by Houwen, Hartman,
Jonker, and Visscher (2010) on the reliability of the 12-
items TGMD-2 among 75 6- to 12-year-old children
showed an ICC of .92 (95%-CI: .88 — .98) for test—retest
reliability with regard to the test as a whole. A study by
Croce, Horvat, and McCarthy (2001) showed similar
ICC’s for the MABC (ICC = .95) with 106 participants
and a 1-week time interval.

The stability of the Motor Age as the outcome of
the 4-Skills Scan was determined by using MDS (ret-
est—baseline score). For the Motor Age, a significant
systematic error of .24 year was found (see Table 2).
“Jumping-force” appears to be the most stable sub-
scale with a non-significant systematic difference of
.02 year. “Jumping-coordination” was most suscepti-
ble for a practice effect, resulting in a significant
systematic difference of .39 year. A possible mechan-
ism behind these differences in practice effects might
be that the instruction for a familiar task like hop-
ping mostly refers to an inherent ability where the
quality of performance may differ between children.
Instructions for less familiar and complex jumping-
coordination tasks refer to acquirable skills that some
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Table 4. Inter-Rater reliability (ICC 2.1) for the whole group, for junior, and senior grades.

Whole Group Junior Grades Senior Grades
4-Skills Scan N ICC 95%-Cl N ICC 95%-Cl N ICC 95% Cl
Subscales

Standing-still 114 97 .96-.98 79 .94 91-.96 35 95 .91-.98
Jumping-force 148 .98 .98-.99 92 97 96-.98 56 97 95-.98
Jumping-coordination 109 .95 93-.97 54 .90 82-.94 55 98 97-.99
Bouncing-ball 212 .96 95-.97 120 94 91-.96 92 95 92-.97
Average 97 .94 96

All items significant at p < .001.

children instantly—or after some practice—can
master.

Due to practical considerations, test-retest reliability
was evaluated based on same-day scores with a time
interval of half an hour. The found systematic differ-
ence can be seen as a practice effect rather than a
learning effect. According to Beglinger et al. (2005),
the magnitude of the practice effect may be influenced
by the time span between two measurements. A biolo-
gical recall or motor memory of the movement might
be the responsible mechanism behind this practice
effect, since this mechanism can occur even after little
practice (Singer, 1980). A larger time-interval for retest
sessions will most likely result in a smaller systematic
difference.

Given the context of use and the speed at which this
test can be conducted, test-retest reliability as well as the
SEM can be interpreted as good for this instrument. A
SEM of .67 for the total 4-Skills Scan means that a child’s
individual Motor Age can be calculated with a precision
of .67 year and that it meets the criterion for acceptable
precision (Wyrwich et al., 1999). The SEM of the 4-Skills
Scan is slightly higher than the MABC-2 (SEM = .53;
Wuang et al, 2012), but this was expected given the
larger number of test items of the MABC-2.

For the subscales, the ICC’s ranged from .76 to .94. This
indicates good test-retest reliability for the separate sub-
scales. Little research has been done on test item reliability
for other motor skills tests. However, a study by Henderson
et al. (2007) showed MABC-2 test item ICC’s ranging from
.73 to .84. Another study, by Wuang et al. (2012), on the
reliability of the MABC-2 for children with DCD, showed
test-item ICC’s ranging from .88 to .99.

For the subscale “jumping-coordination” and
“standing-still,” the SEM turned out to be relatively
high. The SEM for these two subscales did not meet
the criterion for acceptable precision. The increased
SEM for “jumping-coordination” might be a result of
the rating scale used for the PerfO. Test items on this
subscale differ, but are considered to be similar motor
tasks. The identified difficulty levels, however, might

not follow the typical developmental sequence of motor
skills for every child. The order in which some motor
skills develop, might be the result of practice or dissim-
ilar cultural factors, and consequently result in indivi-
dual variation in the sequence of motor skill acquisition
(Kamm, Thelen, & Jensen, 1990). For “standing-still,”
wobbling results in a lower test score of 1 or 2 years
(see appendix). Besides the fact that wobbling is
unwanted while carrying out the task of “standing
still,” it is a rather subjective aspect to be judged by
the test-conductor, and is therefore, prone to causing
inter-rater discrepancies. Subjective judging plays
hardly a role evaluating “jumping-force” and “boun-
cing-ball.”

When considering gross motor skills as a single
construct, it is important to interpret the test result
of the Motor Age rather than the single sub-scale
scores. The individual subscales add up to a com-
plete picture of the child’s gross motor skills. In
addition, a more precise test result is given by the
average of all subscales, since the SEM is relatively
low (see Table 2). For the test as a whole, the SEM
met the criteria for acceptable precision. The Bland
and Altman graph shows the LoA, ranging from -
1.60 to 2.08 for test-retest reliability. All scores out-
side of these ranges can be considered as true
changes of the child’s Motor Age. Although the
test-retest reliability of the 4-Skills Scan is good,
extra assessments or multiple assessments through-
out the year will improve the test’s accuracy and
reduce the absolute measurement error, since
repeated testing is an effective strategy for averaging
outliers.

Inter-rater reliability

The results of 557 children were included in the ana-
lyses for the inter-rater reliability. The results indicate a
good inter-rater reliability with an overall ICC of .97,
ICC’s of .95 or higher for the individual subscales, and
ICC’s of .85 or higher across the age-bands. The present
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inter-rater reliability scores compare well to those of
other motor skill tests. For instance, Chow and
Henderson (2003) assessed the inter-rater reliability
for the MABC-2 using a similar method to the current
study and also found a high overall ICCj,terrater Of .96.
Houwen et al. (2010) used video recording to assess
inter-rater reliability. Two independent examiners eval-
uated video recordings, resulting in ICCj,terrater Of -89
(95%CI: .81 — .93) for the total test of TGMD-2.

The 4-Skills Scan has a high test-retest and inter-rater
reliability that is comparable to the established motor
skills tests. This is an interesting observation when bear-
ing in mind that the 4-Skills Scan consists of only four
subscales. With the exception of the KTK, all other
mentioned motor skill tests consist of more subscales.
In addition, the test-retest assessment was carried out by
two different raters. Therefore, both errors—test-retest
and inter-rater—contribute to the total error reported.
Compared to other motor skills tests, the SEM is some-
what higher for the 4-Skills Scan. This is mainly due to
the non-objective wobbling aspect in the “standing-still”
task. However, with due consideration of the previously
mentioned criterions (such as feasibility and necessary
testing material), the results of this study support the use
of this test as an instrument for monitoring motor
development and the effects of PE lessons on motor
development on an individual level.

Some worthwhile directions for future research can
be pointed out. Since PE teachers are the professionals
who will most often use the 4-Skills Scan, examining of
the reliability done by PE teachers might result in more
ecologically valid study results. Furthermore, determin-
ing the validity would be of value to legitimize the use
of this instrument to evaluate the motor development
of children.

For many years PE teachers did not have the tools to
adequate assess gross motor skills within their lessons.
This study gives insight in the reliability of the 4-Skills
Scan. Knowing the value of data gathered with this
instrument not only empowers the PE teacher to moni-
tor children’s progression but also improves commu-
nication between youth healthcare professionals, such
as pediatricians, pediatric physiotherapists, and PE
teachers.

In conclusion, this study shows that the 4-Skills Scan
is a reliable tool for assessing quantitative aspects of
gross motor skills in elementary school children. With
its unique context of use, it is suitable as an instrument
for PE teachers for assessing motor skills level and the
progress thereof as a result of PE lessons.
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Appendix
SCORE SHEET 4-SKILLS SCAN L e Dateofbith
Level - Level 0 Level | Level Il Level Il Level IV Level VI Level VIl Level X
2.0yrs 3.0yrs 4.0yrs 5.0yrs 6.0 yrs 7.0yrs S.0yrs 11.0yrs 13.0yrs
can step over 4 | can shoot a standonone |canstandon ([canstandon |canstandon |canstandon  |canstand on  |canstand on
cm ball without  |legfor3s one leg for 10 s|one leg for 10 s |one leg for 30 s |one leg for 30 s |one leg for 60 s [one leg with
falling {waobbling (stable) {wobbling (stable) (stable) eyes closed for
ding still allowed) allowed) 10s
[ =1 ] rew right ight right right right
left left left left left left
stepsfroma |jumpsfroma |hops3times |hopswith hops with non- |hops over 9m |hopsover 9m |hopsover9m  [hops over 9 m
20 cm high bench (30 cm) e leg leg |distance distance distance distance
ping: and stands still 10 times 10 times
Force
O O O O OoEs - [
12x 10 8x 6/7 %
tramples when | jumps with 2 [jumps forward |skips makes ski jump [makes quick |canskipand  [can cross- can cross-
child wantsto |legs as a kangaroo 10 times shuffle-jump  |clap in hands  |spread-cross  |spread-cross
Jumping- jump synchronously |3 times synchronously |jump +clap jump + clap
Coordination hands at cross | hands at
spread
hits (regularly) |keeps balloon (keeps ballcon |drops - bounce |bounce with  |bounce with  |can dribblea |bounce can dribble a
awell aimed  |in the air in the air - catch preferred hand |non-preference |figure 8 without looking |figure 8
Bouncing balloon 3-5 times 6 times 15 times hand 15 times |10 times in 30 s |at ball 15 times |12 times in 30 s
{ball)
right right
left left
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