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bstract

bjectives:  This study examined the stability of motor coordination and the relationship between motor coordination and organized sports
articipation over time.
esign:  Longitudinal design.
ethods:  A total of 371 children between six and nine years of age at initial testing completed a test battery measuring motor coordination

n three consecutive years and a questionnaire on their club sports participation in year 1 and year 3 of testing.
esults:  Correlation coefficients revealed the motor coordination of children to be a highly stable factor, ranging from 0.662 (6–8 years) to
.873 (7–9 years). Results of the Repeated Measures ANOVA indicated that children who consistently practiced sports in a club environment
ver the three years of testing displayed better coordination levels than children who only partially participated or did not participate in a club
nvironment at all. Moreover, stability was further indicated as consistent sports participation over time and changes or lack thereof did not
ubstantially influence the development of motor coordination over time. In addition, the basic level of motor coordination and the amount of

lub sports participation significantly predicted sports participation two years later.
onclusion:  The importance of the stability of motor coordination levels in childhood and its role in determining organized sports participation
ay have implications for talent identification purposes as well as potential health-related benefits in childhood and throughout the lifespan.

 2011 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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.  Introduction

Sports participation, a subcategory of leisure-time
hysical activity,1 is an important context of physical
ctivity for the majority of children and youth.2 In Flanders,
ost children engaged in sporting activities practice in

 club-environment.3 Sports participation emphasizes the
njoyment, wellbeing, fitness, health and social development
f its participants.2 Considering the short- and long-term
ealth-related outcomes that children regularly participating

n sports and physical activity in general benefit from
better sport-specific skills, higher physical fitness levels,
nhanced social and ethical development, lower likelihood
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f becoming obese, reduced risk of cardiovascular diseases,
tc.),2,4 investigating the possible determinants of physical
ctivity in children is important.

Fundamental movement skills (FMS) (locomotor, e.g. run-
ing, jumping and object-control, e.g. catching, throwing) are
ot only required for normal everyday functioning,5 but are
onsidered building blocks for the development of higher
ontext-specific skills6–8 and even essential to determine
port and physical activity participation.8–10 The role of an
dequate movement skill level in the initiation and main-
enance of physical activity participation was contended in
he conceptual model by Stodden and colleagues.10 They
escribed a “negative spiral of engagement” in children with

ow levels of FMS. These children might exhibit low val-
es of perceived movement skills competence and would
e, by consequence, less physically active, in turn leading
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o lower health-related fitness levels, increased weight and
ven obesity. These outcomes would negatively feed back
nto the model, further lowering opportunities to develop their

ovement skill level.
A number of experimental studies reported on the rela-

ionship between FMS and physical activity, especially on
he low end of the motor continuum in children with Devel-
pmental Coordination Disorder (DCD)11: Preschoolers,12

hildren13–15 and adolescents16 with lower levels of move-
ent skills were found to be less physically active than their

ormal or highly skilled peers (sports activities, organized
nd free play, recess time, etc.) probably due to a cycle of pre-
ious negative movement experiences leading to lower per-
eived self-efficacy levels.14 Though these aforementioned
tudies confirm the association between movement skills and
hysical activity, their cross-sectional nature precludes state-
ents on causality. In one of the few longitudinal studies, the

mportance of an adequate movement skill level in childhood
as highlighted by demonstrating that a good level of object-

ontrol skills in childhood is a key predictor of physical activ-
ty and fitness outcomes in adolescence mediated through its
nfluence on building a positive perception of motor compe-
ence. On the other hand, locomotor skill proficiency was not
ble to predict adolescent physical activity and fitness.17

In literature, there is a lack of consensus regarding the
efinition and evaluation of the numerous movement skills,
ausing instability in the strength of its relationship with
hysical activity. FMS do not naturally occur in children,
ut instead develop through the interaction of biological and
nvironmental constraints.6,18 The development of FMS is
ot age-specific and entrance into the next phase will differ for
ach of the FMS.6,7,19 Motor coordination on the other hand
s a general construct underlying the development of FMS and
pecialized motor skills. Unlike movement skills, motor coor-
ination is assumed to be a relatively stable factor,20 which
as supported by previous research.21 In a recent longitudinal

tudy, it was demonstrated that the initial level of motor coor-
ination measured at the age of six was a predictor of physical
ctivity at the age of ten.22 In line with the framework of Stod-
en et al.,10 it was suggested that motor coordination is an
mportant determinant of physical activity in childhood.

There is a scarcity of information regarding the stability
f motor coordination and its causal relationship with physi-
al activity in all children. The aim of this longitudinal study
as to examine the stability of motor coordination and to fur-

her explore the direction of the relationship between motor
oordination and organized sports participation – as a mea-
ure of physical activity – over time. As stability implies
inimal impact of training,20 it was hypothesized that the

evel of sports participation would not greatly influence the
evelopment of motor coordination in childhood. In order to
nvestigate the inverse relationship, the initial level of motor

oordination was then checked for its predictive value in com-
ination with initial sports participation in determining future
ports participation in childhood. In accordance with previ-
us studies10,22 it was hypothesized that motor coordination

u
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ould play a significant role in predicting sports participation
n childhood.

. Methods

This study was part of a large-scale longitudinal project
overing three years (Flemish Sports Compass; a coopera-
ion between the Flemish government and Ghent University).
uring the first year of testing (2007), 29 elementary schools
ere randomly selected from all five Flemish provinces

nd the Brussels-capital region of Belgium. To ensure a
epresentative sample of school-aged children, stratifica-
ion based upon education type (special/normal), geographic
rea (rural/city) and school system (Catholic, governmental,
rovincial/city) was taken into account. From a time-
conomic point of view, it was not possible to re-measure
ll children from the 29 schools. Therefore, thirteen schools
ere selected for longitudinal assessment using the afore-
entioned stratification conditions. In 2007, 2926 children
ere measured on a motor coordination test battery. In 2008,
457 children (of which 954 already tested in 2007) per-
ormed the test battery and during the 3rd consecutive year
f testing (2009), 1230 children (of which 712 already tested
n 2007 and 2008) were tested. From this sample of 712
upils, only the children being six years or older and younger
han 12 and only those who completed the assessment of the
otor coordination test annually were retained for this study,

esulting in a total of 638 children (327 girls and 356 boys).
n 2007, the cohort was aged 6–9 years (8.3 ±  1.1 years),
aturing to 8–11 years of age (10.3 ±  1.1 years) in 2009.
ritten parental/guardian consent was obtained prior to test-

ng. Children and parents were informed that participation
as voluntary and that they could withdraw from the study at

ny time. All recruiting and testing procedures were approved
y the Ghent University Hospital Ethics Committee.

The KörperkoordinationsTest für Kinder (KTK)23 was
sed to assess the children’s gross motor coordination. The
erman test battery was selected for assessment because it is

 frequently used, highly reliable and valid instrument, with
 test–retest reliability coefficient of 0.97,22–24 which places
very child on a motor coordination continuum. In addition,
s the same tests are used in children from 5 to 15 years of
ge, it is suitable for longitudinal research. The KTK con-
ists of four test items: (1) Walking backwards three times
long each of three balance beams of decreasing width: 6.0,
.5 and 3.0 cm respectively; (2) Moving sideways on wooden
oxes during 20 s; (3) Jumping sideways with two feet over

 wooden slat during 15 s; (4) Hopping on one leg over a pile
f pillows increasing in height with consecutive steps of 5 cm
er pillow. The raw performance scores of each subtest are
onverted relative to age- and gender-specific reference val-

23
es (motor quotients) upon which the KTK was established.
he sum of the four standardized motor quotients comprises a
otor Quotient (MQ), which is used as a value for the motor

oordination of the children, making comparisons between
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ifferent ages and gender possible. According to the origi-
al authors’ classification, MQ values between 86 and 115
elate to a normally developing coordination. Values below
6 and above 115 relate respectively to a low and a high
otor coordination level.23 The present sample proved to be

epresentative of the current Flemish children as this subsam-
le showed score distribution in accordance with Vandorpe
t al.,24 classifying respectively 20.2%, 71.7% and 8.0% in
he low, normal and high range. The assessment of motor
oordination took place in the school gymnasium and was
epeated at the same time period at each of the three consec-
tive years (from September to January) by a team of qualified
xaminers of the Department of Movement and Sports Sci-
nces, using standardized instructions in accordance with the
est guidelines. Children performed the tests in bare feet and
ore light sports clothing.
General information about the children’s participation in

rganized sports was obtained through self-reported physical
ctivity using the Flemish Physical Activity Computerized
uestionnaire.25 A paper version of the questionnaire was
anded out in order to prevent non-response due to the
bsence of a home-computer. This version was then entered
n a computer by a staff member. Given the young age
f the tested population, the questionnaire was filled in
ith the help of their parent(s)/guardian. Good test-retest

eliability (0.69–0.93) and acceptable validity (correlation
ith accelerometer data) was found for the physical activ-

ty indexes in children completed with parental assistance.26

 total of 535 questionnaires was completed in the first year
f testing, from which 371 were also returned in the third year.
ost hoc analysis revealed that the drop-out sample did not
ignificantly differ in motor coordination nor sports participa-
ion levels from the sample used in this study. Approximately
0% of the children reported not to be engaged in sport-
ng activities (2007: n  = 79/371; 2009: n  = 77/371) and
pproximately 70% reported to be exercising in a club envi-
onment for at least 1 h each week (2007: n  = 249/371;
009: n = 265/371). The remaining part (approximately 10%)
racticed sports in a non-club-related environment (2007:

 = 43/371; 2009: n  = 29/371) and were therefore not retained
or further analysis considering the focus of the present study
n participation in organized sporting activities. This resulted
n a total of 301 children reporting on their participation in
rganized sports both in 2007 and 2009.

In order to investigate the stability-hypothesis, the chil-
ren were divided into three groups of sports participation
ccording to the evolution in organized sports participation
rom respectively the first to the third year of testing: “no par-
icipation” (n  = 45): not actively involved in a sports club in
ear 1 and year 3, “partial participation” (n  = 46): started or
uitted sports participation from year 1 to year 3, and “consis-
ent participation” (n  = 210): consistent engagement in sports

etween for at least 1 h/week in year 1 and year 3.

All data were analyzed using SPSS 15.0 for Windows.
earson product correlations were initially applied over four
ge-intervals to explore the general stability of the motor

o

(
M

ig. 1. Changes in mean MQ values over a two-year interval in children
lassified by organized sports participation over time.

oordination of children: from 6 to 8 years, from 7 to 9 years,
rom 8 to 10 years and from 9 to 11 years. A 3 (Time) ×  5
SportsChange) Repeated Measures Anova (RMA) was then
onducted with MQ values as within-subjects variables in
rder to gain insights into the influence of organized sports
articipation on the stability of motor coordination. Finally,

 logistic regression analysis was applied in order to pre-
ict the probability of sports participation in 2009 (YES
1 h or more/week) (1) or NO (0)) based upon MQ val-
es and sports participation in 2007 (dichotomous; yes (1 h
r more/week) (1) or no (0)). Significance level was set at

 < 0.05.

.  Results

The guidelines of Malina27 were used to determine the
agnitude of inter-test correlation coefficients in appointing

he level of stability of motor coordination over a two-year
nterval. Motor coordination was found to be highly stable
n elementary school children, with correlation coefficients
anging from 0.662 (age 6–8) to 0.873 (age 7–9). Stability
oefficients for age 8–10 and 9–11 were respectively 0.845
nd 0.819 (all p-values < 0.001).

The influence of club sports participation on the evo-
ution of motor coordination in childhood is presented in
ig. 1. A significant between-groups effect (SportsPartici-
ation) was found (F(2, 298) = 16.83, p  < 0.001)). Post hoc
esults revealed that the children in the “no participation”
cored significantly worse on the KTK than the “partial
articipation” group (p  = 0.004) and the “consistent partic-
pation” group (p  < 0.001). In addition, the group reporting
o be consistently engaged in organized sports over the three
ears of testing outscored the partially participating group
ver the three test assessments (p  = 0.043).
A significant within-groups effect (Time) was found
MQ2007 = 97.31 ±  14.27, MQ2008 = 99.68 ±  15.03,

Q2009 = 103.83 ±  15.09; F(1, 298) = 51.104, p  < 0.001).
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Table 1
Logistic regression analysis of 301 children’s organized sports participation over a two-year interval (from year 1 to year 3).

β S.E. β Wald χ2 df Sig. (p) eβ (Odds ratio) 95% CI for (exp) β

Lower Upper

MQKTK year 1 .038 .013 9.234 1 .000 1.039 1.014 1.065
Sports club year 1 2.722 .346 61.882 1 .000 15.210 7.720 29.969
C 1 
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onstant −4.236 1.206 12.336 

ost hoc tests revealed significant improvements between
onsecutive test moments for all three groups (all
-values < 0.001).

The Time ×  SportsParticipation interaction effect was not
ignificant (F(2, 298) = 0.298, p  = 0.74)) indicating that sports
articipation over time did not influence the time course of
otor coordination development.
The results of the logistic regression analysis showed

oth MQKTK and sports participation in year 1 were sig-
ificant predictors of sports participation in year 3 (all
-values < 0.001) (see Table 1). The log of the odds of a child
racticing sports in year 3 is positively related to MQ values
nd sports participation in year 1. In other words, the higher
he MQ values at initial testing, the more likely it is that a
hild will participate in sports two years later. In addition,
iven the same MQ score, children practicing sports in year

 will – almost 15 times more likely – practice sports in year
 as well. The Hosmer–Lemeshow test (χ2 = 4.112; df = 8;
 = 0.85) showed the model fits the data well. The degree to
hich the model parameters improved upon the prediction of

he null model is indicated by the Cox and Snell R2 of 0.269.

. Discussion

In this study, the impact of the level of sports participation
nd changes thereof on the evolution of motor coordination in
hildhood was examined to test the stability of motor coordi-
ation in childhood. In addition, the predictive value of initial
otor coordination and sports participation on whether or not

hildren would be actively involved in sporting activities two
ears later was investigated.

Stability refers to the maintenance of the relative rank,
osition or percentile position in a group over time.27

nderstanding the stability of motor coordination is impor-
ant/relevant as it can help determine until which age
mprovements in the motor coordination domain through
nterventions are still possible, which might be important
or the early identification of both talented and motor-
mpaired children.21 Our results are in agreement with Ahnert
t al.,21 who found motor coordination stability coefficients
f r  > 0.72 over a two-year interval in elementary school
hildren. Moreover, our hypothesis was confirmed as even

n environmental influence like sports participation did not
ffect the development of motor coordination in the early
hildhood years. This was demonstrated by the absence of an
nteraction effect indicating a similar evolution of the motor

i
a
o

.000 .014

oordination levels over time for the children reporting a
elatively constant amount of sports participation (actively
ngaged in a sports club or not engaged at all) as well as chil-
ren entering into sporting activities or dropping out of club
ports participation.

Interestingly, in the youngest age group (from 6 to 8 years
f age), the lowest stability coefficients were found (r  > 0.80
n all other age groups). This might be explained by a higher
lasticity of the brain. By the age of six, the brain has basically
eached its full size.6 Until that age, plasticity of the brain
s high. For motor development, the critical developmental
eriod (“window of opportunity”) – in which experience may
e most effective – is before the age of five/six.7 The level
otor coordination – as measured with the KTK – is based

pon previous movement experiences in preschool (before
he age of six) and the stage of normal development. Pre-
umably, motor coordination is less stable in preschoolers,
ut more research is needed regarding the level of motor
oordination and its stability in preschool children.

Whereas motor coordination is relatively stable from the
ge of six, the FMS and more specialized skills might still be
mproved through physical activities and sports.6,18 Indeed,
arnett et al.19 found that locomotor FMS did not track from
hildhood to adolescence. They did however found a certain
evel of stability for the object control FMS, but these were
ower than the stability coefficients for motor coordination
s reported in the present study. This was also reflected in
he predictive power of object control skills (and not loco-

otor skills) in determining adolescent physical activity and
tness17 as stable variables have better predictive values.

The relative increase in MQ values of all groups, indepen-
ent of the level of sports participation over time, could be
ttributed to a systematic practice effect caused by repeated
easuring. Such a test-effect has already been shown in stud-

es that repeatedly tested the children with the Movement
ssessment Battery for Children.5,28

The results of this study corroborate the outcome of several
ross-sectional studies, clearly demonstrating that children’s
ovement skill levels (underpinned by the level of motor

oordination) are related to their degree of physical activ-
ty, as measured by participation in organized sports in the
resent study.13–15 It was observed that the group of children
eporting to be consistently engaged in sporting activities
ver the three consecutive years of testing consistently exhib-

ted higher coordination levels than all other groups, even
t initial test assessment, hereby confirming the direction
f the relationship as the initial level of motor coordination
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eing an important contributor towards sports participation in
hildhood.10,22 Children with low levels of motor coordina-
ion will probably lack fundamental movement skills or will
e less proficient. Since these basic skills form the founda-
ion for more advanced and specific movement activities,6,8,9

hildren with low/immature fundamental motor skill levels
ill likely have arrears to learn new skills (in sports/daily

ctivities) and are therefore less likely to engage in physical
ctivities.

However, motor coordination is not the sole determinant
f the initiation and continuation of sports participation in
hildhood. This is reflected in the lower value of motor
oordination in comparison with sports participation in the
arly childhood years in predicting organized sports partic-
pation in the later childhood years. Weiss29 postulated the

ajor motives essential to initiating and maintaining involved
n organized sports: develop and demonstrate competence
skills, fitness, etc.), gain social acceptance and support
parents, peers, coach, etc.) and enjoyment derived from par-
icipation. As previously suggested in literature, (perceived)

otor competence might be a part of this motivation: Chil-
ren evaluating themselves as having a good level of motor
oordination are more likely to enroll in sports participation,
njoy it and consequently continue to be (physically) active
in sports). On a more negative note, there seems to be a
hreshold of motor coordination below which children show
n increased chance of dropping out or not even enter a sports
lub because they would feel not sufficiently proficient when
omparing their own abilities to that of their peers.

. Conclusion

Our results highlighted that the importance of an ade-
uate level of motor coordination in childhood. This attribute
eems to be fixed from an early age (six years of age),
elatively stable throughout elementary school and an impor-
ant contributor towards sports participation in childhood.
onsidering the general agreement that motor coordination
nderlies the development of fundamental motor skills (run-
ing, catching, etc.) and that these will in turn influence the
evelopment of more (sport-)specific skills and even deter-
ine physical activity participation as well, measuring this

actor from an early age might be relevant for both health-
elated and talent identification purposes.

ractical  implications

 It is recommended that children (especially preschoolers,
because of the high plasticity of the nervous system at those
early ages)6 engage in daily physical activity that promotes

movement skill development and health related fitness.
There is a need for community-based and school-based
programs to enhance the motor skill level and the quality
of moving of all children. Teachers and coaches need to
edicine in Sport 15 (2012) 220–225

offer the children a challenging, non-competitive environ-
ment with appropriate equipment (e.g. monkey bars, tires,
ropes, etc.) and need to build structured physical activity
routines into each day.

 In the scope of getting as many children involved in phys-
ical activities (e.g. sports) as possible, it is important that
all children are offered activities for which they have the
most appropriate building blocks and that they love to do.
◦ The children with high motor coordination scores are

those with a natural giftedness for motor skill devel-
opment (and/or with a well-developed coordination
through previous experiences). It is therefore recom-
mended that those children may be stimulated towards
(high-level) competitive sports to receive further guid-
ance in a sports context to increase their skillfulness
(general and sport-specific) in order to fulfill their poten-
tial.

◦ Unfortunately, not all young children naturally learn
how to jump, run, throw, catch, etc.18 It is suggested
that children with lower scores should be provided with
opportunities to develop their FMS until they can suc-
cessfully participate in a variety of games and sports.
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