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Objectives: To construct age- and gender-specific percentiles for gross motor coordination (MC) tests and to explore
differences in gross MC in normal-weight, overweight and obese children.

Methods: Data are from the “Healthy Growth of Madeira Study,” a cross-sectional study carried out in children,
aged 6-14 years. All 1,276 participants, 619 boys and 657 girls, were assessed for gross MC (Korperkoordinations Test
fur Kinder, KTK), anthropometry (height and body mass), physical activity (Baecke questionnaire) and socioeconomic
status (SES). Centile curves for gross MC were obtained for boys and girls separately using generalized additive models
for location, scale and shape.

Results: A significant main effect for age was found in walking backwards and moving sideways. Boys performed
significantly better than girls on moving sideways. At the upper limit of the distributions, interindividual variability
was higher in hopping on one leg (girls) and jumping and moving sideways (boys and girls). One-way ANCOVA, control-
ling for age, physical activity and SES, indicated that normal-weight children scored significantly better than their
obese peers in all gross MC tests. Overweight boys and girls also scored significantly better than their obese colleagues
in some MC tests.

Conclusions: These centile curves can be used as reference data in Portuguese children and youth, aged 6-14 years.
Being overweight or obese was a major limitation in MC tests and, therefore, of the children’s health- and performance-

related physical fitness. .

Given the link between gross motor coordination (MC),
physical activity and health-related fitness, a number of
academics have gathered factual evidence related to age-
and gender-associated variation in gross MC tests (Ahnert
et al., 2009; Kiphard and Schilling, 1974; Largo et al.,
2003, 2001a,2001b; Vandorpe et al., 2011). From these
studies, MC seems to improve with age during middle
childhood and adolescence, while there is a lack of consen-
sus about gender-associated differences across age ranges
and MC tests.

A more comprehensive picture of the developmental
trajectory of gross MC has recently been provided by
Chaves et al. (2013) and Vidal et al. (2009) in Portuguese
children, aged 6-11 years. Gross MC was assessed via the
“Korperkoordinations Test fiir Kinder” (KTK) (Kiphard
and Schilling, 1974), and the LMS method (Cole and
Green, 1992) was used to derive the age- and gender-
specific percentiles. Boys and girls not only demonstrated
improved MC scores with increasing age, but also showed
a large interindividual variability, i.e., a wide absolute
range between the 3rd and 97th percentiles. Similar
results were found by Valdivia et al. (2008a) in Peruvian
children, aged 6-11 years, using KTK and the same statis-
tical method to derive gross MC curves.

The aforementioned interrelationships and the develop-
mental trajectories of gross MC are strongly mediated by
other variables including weight status, physical activity
and SES (D’Hondt et al., 2013; Krombholz, 2013; Stodden
et al., 2008; Zahner et al., 2009). Specifically, overweight
and obese children were found to perform more poorly on
gross MC than their normal-weight peers, with an obvious

effect of body mass index (BMI) on weight-bearing gross
MC tasks (D’Hondt et al., 2013; 2011a; Gentier et al., 2013;
Krombholz, 2013). In addition, the BMI-related differences
in gross MC seem to be more pronounced in late childhood
(D’'Hondt et al., 2011a) than in the beginning of adolescence
(Lopes et al., 2012a).

Children with different levels of MC differ in levels of
physical activity. For example, Lopes et al. (2011) showed
that children within the highest MC group had a higher
level of physical activity. Graf et al. (2004) reported that
children with the greatest extent of exercise achieved the
highest MC level. Sports participation is an important way
to increase total physical activity (Zahner et al., 2009) and
enhance the development of basic motor skills in children
(Malina et al., 2004). Participation in sports has also been
associated with higher levels of gross MC (Fransen et al.,
2012; Vandorpe et al., 2012), and plays a central role in
children’s future level of gross MC (D’Hondt et al., 2013).

Studies investigating SES-associated variation in gross
MC are less extensive and results vary among them.
Among Peruvian boys, those of high and middle SES scored
better than low SES peers on jumping sideways (Valdivia
et al., 2008b). German children of middle SES had better
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scores on walking backwards, jumping sideways, and hop-
ping on the right and left foot compared to children of
higher or lower SES (Krombholz, 2013). In contrast, high
SES Flemish girls scored better than low and middle SES
on walking backwards, jumping sideways, and hopping on
one leg. The four MC tests did not differ significantly by
SES among boys (Vandendriessche et al., 2012).

Apart from the recent progress in constructing norma-
tive values for gross MC tests, the previous studies of
Chaves et al. (2013), Valdivia et al. (2008a), Vandorpe
et al. (2011), Vidal et al. (2009), and Largo et al. (2001a,
2001b) were confined to particular countries and there is
still a need for well-constructed centile curves. In effect,
these studies did not embrace the age band recommended
for the KTK battery, i.e., 5-14 years, and did not use sta-
tistical modelling that derive growth curves from trun-
cated data, as in the case of walking backwards and
hopping on one leg. The current study provides age- and
gender-specific percentiles for gross MC tests based on a
large representative sample of children. It overcomes
some of the earlier failings, namely, an extension of the
age interval and a statistically novel approach to derive
the centile curves. It was hypothesized that gross MC
would improve with increasing age and that gender-
association variation would be associated with the gross
MC test. It was our expectation that these centile values
could provide a better understanding of the general pat-
tern of gross MC tests and be used by professionals for
screening, control, and research purposes.

It is also worth emphasizing that prior research
remains inconclusive with regard to the association
between BMI and gross MC in late childhood and adoles-
cence. Therefore, we also investigated the differences in
gross MC among normal-weight, overweight and obese
children after controlling for age, physical activity and
SES. It was hypothesized that normal-weight children
would outperform their obese peers in all gross MC tests
and that these differences would be more marked in late
childhood. Furthermore, it was hypothesized that over-
weight children would surpass their obese peers in
weight-bearing tests such as on hopping on one leg and
jumping sideways.

SUBJECTS AND METHODS
Participants

This study uses data from the “Healthy Growth of
Madeira Study” (HGMS), a cross-sectional study of chil-
dren, aged 3-15 years, conducted by the University of
Madeira and the Government of the Autonomous Region
of Madeira in 2005 and 2006. Briefly, 40 public/private
schools were randomly selected and stratified according to
geographical location (11 districts), school grade (nursery
schools/kindergartners and grades 1-9) and school facili-
ties (gym and/or school sports hall). Approximately 50
boys and 50 girls were sampled in each age interval from
3 to 9 years and about 100 boys and 100 girls were
sampled from 10 to 14 years. The number of children
sampled was proportional to the number of children
enrolled in the education system, matched by district, age
and sex. A list of schools and students was provided by
the Secretary of Education and Culture. Sampling proce-
dures were carried out with the assistance of “Statistics
Portugal” and have been reported in detail elsewhere
(Freitas et al., 2013).

The Director of each school selected the children ran-
domly until the required number of boys and girls was
obtained. Any child with a known disability was excluded.
In all, the HGMS comprises a sample of 1,637 voluntary
children, 801 boys, and 836 girls. The current study
involves a subsample of 1,276 children, 619 boys and 657
girls, which correspond to the total number of children
aged 6-14 years who performed KTK. Parents/legal
guardians and children gave their informed consent/
assent. The HGMS received approval from the ethics com-
mittee of the University of Madeira, educational author-
ities and local hospital.

Data collection

Data were collected between January and June 2006,
by six teachers of Physical Education under the supervi-
sion of the leader of the research team. The field team
members underwent theoretical classes and lab sessions
during a period of 3 months. A pilot study was carried out
in 46 children, age 3-10 years, from a primary school.
Children were assessed twice with an interval of 1 week
(1st evaluation, 6 and 7 December; 2nd evaluation, 13 and
15 December, 2005) aiming to assess test—retest reliability
and to refine the assessment procedures. Anthropometric
measurements took place in the gym and MC tests were
assessed in the school sports hall. Both, anthropometry
and MC tests were assessed/performed in a single day
(~20 participants/day).

Anthropometry

The field team members of the HGMS assessed child-
ren’s stature and weight following the guidelines of Claes-
sens et al. (1990). Participants wore a swimming costume
(two-piece for females), with shoes and jewellery removed.
Stature was measured with a portable stadiometer (Siber-
Hegner, GPM) to the nearest millimetre. Weight was
measured on a balance-beam scale accurate to 100 g (Seca
Optima 760, Germany). Children were classified as
normal-weight, overweight or obese according to the age-
and sex-specific BMI [calculated by dividing weight (kg)
by height (m?)] cut-off points developed by the Interna-
tional Obesity Task Force (Cole et al., 2000). In the pilot
study, the intraclass test-retest correlation coefficient
(ICC) and technical error of measurement (TEM) for stat-
ure and body mass were 1.000 (TEM = 0.315) and 0.996
(TEM = 0.661), respectively. For the HGMS, correspond-
ing values were 1.000 for stature (TEM = 0.442) and 1.000
for weight (TEM = 0.437).

Gross motor coordination

The “Korperkoordinations Test fir Kinder” (KTK)
(Kiphard & Schilling, 1974) includes four specific tasks:
(1) balance while moving backwards—the child is
required to walk backwards on balance beams 3 m in
length but of decreasing widths: 6 cm, 4.5 cm, 3 cm; the
number of successful steps is recorded; (2) jumping later-
ally—with the feet together, the child is required to make
consecutive jumps as rapidly as possible from side to side
over a small beam (60 cm X 4 ¢cm X 2 c¢cm) for 15 seconds;
the number of correct jumps is recorded; (3) hopping on
one leg over an obstacle—the child is required to hop on
one foot over a stack of foam squares; after a successful
hop (the child clears the foam square without touching it
and continues to hop on the same foot at least two times)



with each foot, the height is increased by adding a square
(50 em X 20 ecm X 5 cm); three attempts at each height
and with each foot are given, and the height of the final
successful jump was recorded as the score; (4) shifting
platforms — with the child standing with both feet on one
platform (25 cm X 25 cm X 2 cm supported on four legs
3.7 cm high) and holding a second identical platform in
his/her hands, he/she is required to place the second plat-
form alongside the first and to step on to it; the first box is
then lifted and placed alongside the second and the child
steps on to it (if the child falls off in the process, he/she
simply gets back on to the platform and continues the
test); the sequence continues for 20 seconds; each success-
ful transfer from one platform to the other is given two
points (one for shifting the platform, the other for transfer
of the body), and the number of points in 20 seconds was
recorded. Raw scores for each of the four tests were used
in the current analysis. Test-retest reliability, via ICC,
carried out in the pilot study ranged between 0.64 (hop-
ping on one leg) and 0.90 (walking backwards).

Physical activity and socioeconomic status

Physical activity was assessed by means of a question-
naire developed by Baecke et al. (1982). The questionnaire
presents 16 questions, eight of them related to physical
activity at work (questions 1-8), four related to sports
practice (questions 9-12) and four related to leisure-time
physical activity (questions 13-16). Answers to the differ-
ent items of the questionnaire are quantified in a Likert
scale, with the exception of the main occupation and
sports. A sport score (one or two main sports) is calculated
from a combination of the intensity of the sport that was
played, the amount of time played per week, and the
yearly proportion of time in which the sport was played
regularly. Three indices are operationalized: physical
activity at work, physical activity in sports, and physical
activity in leisure time. In the present study, work index
was not calculated because all participants were students.
Sport index and leisure-time index were summed and
used as total physical activity. Test-retest reliability of the
sport and leisure-time indices, measured within the scope
of the “Madeira Growth Study” (Freitas et al., 2007) were
0.80 and 0.73, respectively, and parallels the results found
by Baecke et al. (1982) in the original sample of Dutch
adult men and women (0.81 and 0.74, respectively). Vas-
concelos and Maia (2001) also presented intraclass corre-
lation estimates for physical activity ranging from 0.80 to
0.87 in Portuguese children, aged 10—18 years.

Socioeconomic information was collected via a standar-
dized questionnaire developed by the ‘Statistics Portugal’
(Instituto Nacional de Estatistica, 1995). The question-
naire encompasses five characteristics (parental occupa-
tion, education, income, housing, and residential area
features), but only education, i.e., the highest educational
attainment of the father or mother, was used. The team
members filled out the questionnaires (physical activity
and socioeconomic) by means of a face-to-face interview.
At earlier ages and whenever necessary, the question-
naire was filled out with the assistance of the school’s
teacher, parents, or tutors.

Centile curves

Centile curves for gross MC tests were obtained for boys
and girls separately using generalized additive models for

location, scale and shape (GAMLSS) (Rigby and Stasino-
poulos, 2005) and its R implementation (Stasinopoulos
and Rigby, 2007). Different distributions were selected
using the Akaike information criterion (AIC). For walk-
ing backwards and hopping on one leg tests, truncated
versions were used because these tasks had an upper
limit. For boys, the Normal (or Gaussian) (NO) (trun-
cated), Skew ¢ type 3 (ST3) (truncated), Box-Cox power
exponential (BCPE), and Box-Cox ¢ (BCT) distributions
were used to fit the growth curves of the walking
backwards, hopping on one leg, jumping sideways and
moving sideways tests, respectively. For girls, the distri-
butions chosen to model gross MC tests were power expo-
nential (PE) (truncated) (walking backwards), ¢ family
(TF) (truncated) (hopping on one leg), and Box-Cox Cole
and Green (BCCG) (jumping sideways and moving
sideways).

The parameters to be estimated for each distribution
were: NO (n, o), PE, TF and BCCG (i, g, v), and ST3,
BCPE and BCT (, g, v, 7). The parameter p is interpreted
as relating to location (median), while ¢ is a scale parame-
ter (approximate coefficient of variation). The other two,
v, and 7, are shape parameters (transformation to symme-
try). All parameters were modelled as smooth functions of
age using penalized splines (P-splines) (Eilers & Marx,
1996). In each case, the smoothing parameters were
selected using local maximum likelihood as described by
Stasinopoulos and Rigby (2013).

Data analysis

Data were entered once in the computer by two differ-
ent people—each person entered the data once, in a total
of two entries—and cross-referenced in STATA, version 11
(StataCorp, 2009) to detect input errors. Outliers and the
normality of the data were first explored. Descriptive sta-
tistics were calculated to determine the means, standard
deviations and/or frequencies for age, anthropometry,
gross MC, physical activity, and SES. A two-way between-
groups analysis of variance (ANOVA) was used to test
simultaneously for the effect of age and gender on each
gross MC test and to explore the possibility of any interac-
tion effect; the effect size was reported as partial eta
squared (nép). Analysis of covariance (ANCOVA) was used
to explore differences between BMI categories (normal-
weight, overweight, and obese) on each gross MC tests,
while controlling for age, age squared, physical activity
and SES. The raw scores of the current sample were com-
pared with national and international samples using one-
sample ¢-tests. All analyses were performed using STATA,
version 11 (StataCorp, 2009) and SPSS 19.0 (IBM Corp,
Released 2010). The minimal statistical significance was
set at P < 0.05.

RESULTS
General characteristics

Means, SDs, frequencies (absolute and relative) and
ranges for the socio-demographic and health variables
are presented in Table 1. In all, 48.5% of the children are
boys and 51.5% girls. The prevalence of overweight and
obesity is 17.69% and 7.47%, respectively, for the boys,
and 20.70% and 5.02% for the girls. Approximately 50%
of the parents have secondary or polytechnic/university
level education, which parallels the data from 2001
Census.



TABLE 1. Socio-demographic and health characteristics of the sample (mean =* standard deviation or frequencies), aged 6-14 years, MHGS

(2006)
Boys Girls

Characteristics n Mean *+ sd n Mean =+ sd
Age (years) 619 11.20 +2.39 657 11.26 + 2.38
Height (cm) 616 146.71 = 15.52 657 145.98 = 13.84
Body mass (Kg) 616 42.39 +14.30 657 41.84 +13.16
Body mass index (kg/m2) 616 19.14 £ 3.61 657 19.14 = 3.62

Normal-weight 461 (74.84%)* 488 (74.28%)*

Overweight 109 (17.69%)* 136 (20.7%)*

Obese 46 (7.47%)* 33 (5.02%)*
Physical activity

Sport index (range 1-5) 614 3.04 +0.63 650 2.64 = 0.58

Leisure-time index (range 1-5) 614 2.74 +0.59 650 2.55 +0.57

Total (range 2-10) 614 5.77 = 0.99 650 5.19+0.94
Socioeconomic status®

Elementary school (grades 1 to 6) 280 (45.53%)* 317 (49.07%)*

Secondary school (grades 7 to 12) 213 (34.63%)? 238 (36.84%)*

Post-secondary (polytechnic and university) 122 (19.84%) 91 (14.09%)*

2data are frequencies [absolute (n) and relative (%)].
"High qualification of the father or mother.

Reference values and centile curves for gross motor
coordination tests

Means, SDs and age-, and gender-specific smoothed
percentiles (10", 25% 50" 75" and 90'") for gross MC
tests are shown in Table 2. Graphical representation is
given in Figures 1-4. Scores on walking backwards [F(8,
1258) =41.45, P <0.001, 112,, =0.21] and moving sideways
[F(8, 1258)=167.01, P < 0.001, nzp = 0.52] improve with
age among our children, aged 6-14 years. Furthermore,
boys perform better than girls on moving sideways [F (1,
1258) = 34.39, P < 0.001, »~, = 0.03]. A significant interac-
tion effect between the age group and the gender is found
on hopping on one leg [F(8, 1258)=2.66, P =0.007,
nzp =0.02] and jumping sideways [F(8, 1258)=2.53,
P=0.010, 112p = 0.02], indicating that the influence of age
on these gross MC tests is dependent on sex and, there-
fore, we cannot safely interpret the main effects.

Age-, and gender-specific differences described earlier
are seen in the growth curves. Additionally, for walking
backwards (Fig. 1), interindividual variability is similar
at 6 and 14 years old. For hopping on one leg, boys show
analogous variability at the extremes, but interindividual
variability is higher in girls at 14 years (Fig. 2). A greater
variability at the upper limit is also seen for jumping
sideways and moving sideways in boys and girls (Figs. 3
and 4).

Gross motor coordination and weight status

Age-, and gender-specific means and SDs for gross MC
testes of normal-weight, overweight and obese children,
aged 6-14 years, are shown in Table 3. The results of
ANCOVAs, controlling for age, age squared, physical
activity and SES are presented as well. Children classi-
fied as normal-weight outperform their obese peers in all
gross MC tests. Overweight boys also score better than
obese peers in walking backwards (6-8 years), hopping
on one leg (12-14 years) and moving sideways (12-14
years). In addition, overweight girls surpass obese
colleagues in walking backwards (9-11; 12-14 years),
hopping on one leg (all age groups) and jumping
sideways (12—14 years).

DISCUSSION

This study provided age- and gender-specific percentiles
for gross MC tests and investigated differences in gross
MC among normal-weight, overweight and obese chil-
dren. In detail, raw scores on walking backwards and
moving sideways improved with age and boys performed
better than girls on moving sideways. Furthermore,
normal-weight children outperformed their obese peers in
all gross MC tests. Overweight children also surpassed
obese colleagues on walking backwards, hopping on one
leg, moving sideways (boys), and jumping sideways (girls)
in some age groups.

Although centile curves for gross MC tests have been
published for Portuguese (Chaves et al., 2013; Vidal et al.,
2009) and Peruvian (Valdivia et al., 2008a) children, the
growth curves representing developmental changes from
6 to 14 years have apparently not been provided. Notwith-
standing, age and gender effects on gross MC tests, via
two-way ANOVA, were given in a Belgian sample, aged 6—
11 years. Vandorpe et al. (2011) observed that perform-
ance on the four subtests improved significantly with
increasing age and post hoc analysis revealed that each
age group scored significantly better than their 1-year
younger counterparts. Belgian girls also scored better
than boys on walking backwards, while boys outper-
formed girls on hopping on one leg. These data parallel
our walking backwards and hopping on one leg samples
for the age-related developmental patterns, but are con-
tradictory for gender-related differences.

It is well known that attained levels of performance in a
variety of fundamental motor skills, strength, and per-
formance improve with age during childhood and adoles-
cence (Malina et al., 2004) and, therefore, the gradual
improvement in gross MC tests is not surprising as it
appears to be a general phenomenon (D’Hondt et al.,
2011b; Vandorpe et al., 2011). Of note, is the lack of con-
sensus regarding to gender-related differences. In the
original sample, Kiphard and Schilling (1974) reported no
differences between boys and girls on walking backwards
and moving sideways. These results corroborate what was
found in the present study for walking backwards, but not



Moving sideways
SD P10 P25 P50 P75 P90

M

16.9 213 266 324 381 302 53 219 244 272 302 333

Jumping sideways
8.8 16.3 21.2 273 34.1 409 285 53 21.7 248 279 30.8 332

8.6

89 21.7 26.6 323 383 442 332 49 253 280 312 344 377

9.7 264 318 379 442 503 371 49 286 31.7 350 385 420
11.7 30.2 36.4 433 50.3 57.0 40.3 6.4 315 34.8 384 421 456
139 329 402 483 56.6 64.3 42.7 6.3 339 374 41.1 448 484
12.1 36.4 44.3 532 621 70.0 43.8 58 359 39.6 434 47.1 50.6
13.1 40.6 486 579 672 749 465 6.0 37.9 417 455 492 527
141 443 525 62.8 728 804 496 6.5 404 443 482 520 555
11.5 50.1 576 675 77.1 838 532 6.5 433 474 514 552 588
135 21.0 26.7 33.6 41.1 483 324 50 244 276 309 340 36.7
12.7 26.1 324 399 478 553 351 55 27.1 303 338 37.1 40.1
10.1 31.1 379 457 538 61.3 383 52 29.7 33.0 36.6 40.1 43.3
13.2 35.8 428 50.8 589 66.3 41.0 6.1 32.1 354 39.2 429 46.3
10.7 39.8 47.0 549 629 70.0 423 52 342 377 416 455 489
11.7 433 50.6 585 66.2 731 453 59 362 399 439 47.8 513
12.2 46.4 54.0 619 694 759 457 6.8 379 419 46.1 50.1 535

SD P10 P25 P50 P75 P90

M

151 21.7 27.8 30.8

9.2
8.8 149 220 29.1 353 336
134 209 292 36.8 43.1 43.8
18.1 27.0 36.5 44.7 51.0 48.1
94 155 221 286 312
9.4 157 228 30.1 37.1 383
144 215 293 37.2 448 43.0
182 26.1 345 429 509 483

4.7

4.6

Hopping on one leg®
76 582 649 689 71.0 719 69.6

9.3

10.8
126 37.0 475 574 650 694 654 115 49.2 569 64.8 721 783 491 6.4 39.6 439 482 522 555

SD P10 P25 P50 P75 P90

164 22.7 330 43.8 52.7 589 50.1
14.2 269 386 50.5 600 659 543
13.7 29.8 426 549 641 692 59.2
15.3 37.2 504 60.7 673 70.5 66.0
141 209 294 384 473 556 54.7
14.7 23.6 32.7 422 515 59.7 553
14.0 275 372 472 56.6 64.0 60.2
13.7 324 426 527 615 674 624

11.4
12.2
11.4
10.8
12.8
11.9

M
19.6
18.3

19.1 26.0 33.7 41.4 483
19.2 259 352 44.6 512

Walking backwards®
9.8 43.1 509 588 654 69.5 59.7

SD P10 P25 P50 P75 P90
11.0 249 32.0 399 47.8 549 273
114 303 37.6 457 53.7 606 354
11.2 344 419 500 58.0 64.4 37.8
11.6 364 44.1 523 60.1 66.1 427
119 38.0 45.7 54.1 61.7 673 472
8.6 455 53.1 60.7 66.7 70.1 679
13.6 283 355 45.1 545 61.6 316
11.0 321 39.6 49.0 582 649 352
11.5 351 42.8 519 60.6 66.7 40.9
12.7 374 454 542 623 67.8 433
11.2 39.1 474 56.0 63.6 685 479
10.6 40.3 489 574 64.5 69.0 527
111 41.1 50.0 585 652 694 57.1

points.
Maximum score is 78 points; M, mean; SD, standard deviation; P, percentile.

12.1

0.0

M

439 12.1 23.8 30.8 40.3 49.7 56.7 29.1

42.1
48.6
53.5
51.0
53.7
56.8 10.6 40.5 483 56.5 63.7 685 53.3
57.9

6

354 128
47.1
50.7
50.8
55.8
56.8
56.5

TABLE 2. Age- and gender-specific smoothed percentiles for gross motor coordination: walking backwards, hopping on one leg, jumping sideways and moving sideways
37.8

103 54.5

n
33
52
55
48
82
87
83
35
51
49
55
83
97
89
95

“Maximum score is 72

years
b

Age,
Boys
10
11
12
13
14
Girls
11
12
13
14

for moving sideways. German girls also showed a general
advantage over boys on hopping on one leg and jumping
sideways. These results did not parallel our sample. In
fact, it was expected that boys would score better than
girls on jumping or hopping since these tasks require
strength, endurance, and explosiveness (D’'Hondt et al.,
2011b). Nonetheless, considering the positive effect of
typical games, such as hopscotch and rope jumping, on
jumping tasks, girls have also been found to outperform
boys (Vandorpe et al., 2011). Hence, biological and envi-
ronmental forces might influence the raw scores observed
in these MC tasks, favoring either boys or girls.

In a further attempt to assign a meaning to our results,
data from the current study were compared with Belgian
(Vandorpe et al., 2011) and German (Kiphard and Schil-
ling, 1974) children. A one-sample ¢-test revealed lower
scores in Portuguese boys and girls compared to Belgian
counterparts on hopping on one leg and jumping side-
ways, while the opposite was found for walking back-
wards (¢-statistic and P-values not shown). In moving
sideways, our boys performed significantly better than
Belgian peers at 6, 8, 9, and 10 years old, but girls scored
lower. A similar trend was observed when using one-
sample ¢-tests with the German mean as the reference
value. Portuguese children scored significantly lower than
the German sample for walking backwards (girls), hop-
ping on one leg, jumping sideways, and moving sideways.

This comes as a revelation, given the temporal gap
between our study and the German sample (~32 years). It
was expected that the increased standard of living, oppor-
tunity for practice and instruction, and learning, experi-
enced by the Portuguese children in the last decades,
could lead to similar or higher scores of gross MC. How-
ever, recent papers also demonstrated that changes in fat
mass (Krombholz, 2013), physical activity (Vandorpe
et al., 2012), sedentary behavior (Lopes et al., 2012b), and
physical fitness (Tomkinson et al., 2012) operating in
recent years might potentially explain our findings. Inter-
estingly, scores from the current study were similar or
slightly above the Portuguese peers from the Azores
(Vidal et al., 2009) and Viseu (Chaves et al., 2013). It is
also noteworthy that the large interindividual variation
found in this study was corroborated by Chaves et al.
(2013) and Vidal et al. (2009) in all gross MC tests.

To explore the effect of fat mass in attained levels of
gross MC, children of different weight status were com-
pared. Our findings of decreased gross MC with increased
BMI and the different relationships according to age, gen-
der and gross MC tests were consistent with previous
research. A negative association of BMI on hopping on
one leg, jumping sideways and moving sideways has been
reported by D’Hondt et al. (2011a) in Belgian children,
aged 5-12 years. BMI-related differences in gross MC
were also more pronounced with increasing age (D’Hondt
et al., 2013; 2011a). This trend was not observed in our
data. Overweight and/or obesity was also associated with
lower scores on gross MC in German (Graf et al., 2004;
Krombholz, 2013) and Portuguese (Lopes et al., 2012a)
children. It was suggested that overweight and/or obese
children perform worse in weight-bearing gross MC tasks
because a greater proportion of fat mass has to be sup-
ported or moved against gravity (Gentier et al., 2013).

This study has a number of distinctive and innovative
features. It uses a novel fitting approach to derive the
gross MC curves. A previous use by the World Health
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Fig. 2. Centile curves of Portuguese children, aged 6-14 years: hopping on one leg (Note: P is points).

Organization Multicentre Growth Reference Study Group
(Borghi et al., 2006) provided good results in the construc-
tion of the world standard child growth curves. The set-
ting of the study is also important. It was undertaken in
Madeira and Porto Santo Islands at a time of rapid and
substantial social and economic change. Since the 1980s,

the economy has changed from one based on fishing and
agriculture into an off-shore tourist/business center. The
population is relatively homogenous; there is no aborigi-
nal population that preceded the Portuguese settlement
of the early fifteenth century. Therefore, the large sample
size and the random sampling procedure ensured the
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Fig. 4. Centile curves of Portuguese children, aged 6-14 years: moving sideways (Note: P is points).
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representativeness of the Portuguese population. In addi-
tion, the number of health characteristics available allowed
for a clear description of the sample. Finally, the low preva-
lence of overweight and obese children is an added value

when deriving the gross MC curves. However, there are
some shortcomings that apply to the current research.
First, the cross-sectional nature of this study cannot pro-
vide a real picture of the trajectories across time. Second,



TABLE 3. Gross motor coordination tests (KTK) of normal-weight, overweight and obese children, aged 6-14 years

Weight status®
MC tests n Normal-weight (1) n Overweight (2) n Obese (3) P Contrast
Boys
6-8 years
Walking backwards 114 43.75+12.14 14 48.50 = 10.78 10 35.90 = 8.80 0.012 land2>3
Hopping on one leg 114 29.77 =12.50 14 26.64 = 11.69 10 18.30 = 10.04 < 0.001 1>3
Jumping sideways 114 37.18 =10.62 14 38.43 =12.65 10 30.20 = 5.83 < 0.001 1>3
Moving sideways 114 34.12 +5.53 14 34.71+5.90 10 31.40 +5.66 < 0.001 1>3
9-11 years
Walking backwards 154 56.06 +9.84 50 47.26 +10.02 16 41.31 +10.38 < 0.001 1>2and3
Hopping on one leg 154 48.01 =12.70 50 35.96 = 12.26 16 28.88 =15.95 < 0.001 1>2and3
Jumping sideways 154 54.03 =11.77 50 47.04 +=12.92 16 44.00 = 12.76 < 0.001 1>2and3
Moving sideways 154 44.21 +5.80 50 39.88 = 5.50 16 38.00 +4.32 < 0.001 1>2and3
12-14 years
Walking backwards 190 59.25 +9.20 44 55.70 = 11.18 19 53.32 +10.19 0.029 1>3°
Hopping on one leg 190 63.31+11.24 44 54.95 = 16.38 19 42.95 = 15.96 < 0.001 1>2and 3;2>3
Jumping sideways 190 66.67 = 13.17 44 61.70 = 14.41 19 53.89 +10.18 < 0.001 1>3
Moving sideways 190 50.66 = 6.27 44 48.59 = 8.18 19 42.74 = 3.28 < 0.001 land2>3
Girls
6-8 years
Walking backwards 98 45.01 =12.79 22 37.09 =11.51 10 31.70 = 8.65 < 0.001 1>2and3
Hopping on one leg 98 31.20 +10.87 22 17.64 = 8.62 10 10.80 =9.51 < 0.001 1>2and3
Jumping sideways 98 40.05 = 12.43 22 34.45 +12.79 10 27.30 =9.60 < 0.001 1>3
Moving sideways 98 33.63 +5.34 22 29.82 +4.97 10 27.00 + 5.83 < 0.001 1>2and3
9-11 years
Walking backwards 160 53.69 = 11.58 64 50.91 +11.75 13 40.62 = 12.82 < 0.001 land2>3
Hopping on one leg 160 43.37 +13.84 64 37.47+12.69 13 23.77 +10.54 < 0.001 1>2and3;2>3
Jumping sideways 160 54.88 =11.78 64 52.08 =10.51 13 44.62 +=13.10 < 0.001 1>3
Moving sideways 160 42.12 +5.53 64 39.09 +=5.10 13 35.38 +4.65 < 0.001 1>2and3
12-14 years
Walking backwards 220 57.51+10.25 49 53.98 = 11.84 10 42.30 +11.41 < 0.001 land2>3
Hopping on one leg 220 54.95 + 12.65 49 46.47 +13.42 10 31.80 +17.54 < 0.001 1>2and3;2>3
Jumping sideways 220 63.59 = 11.37 49 62.39 = 11.63 10 46.00 = 13.89 < 0.001 land2>3
Moving sideways 220 47.70 + 6.23 49 44.29 + 6.40 10 38.60 + 5.08 < 0.001 1>2and3;2>3

2ANCOVA is adjusted for age, age squared, physical activity and educational level of the father or mother; MC, motor coordination; data are mean *+ standard

deviation.
bLeast significant difference (LSD) post-hoc test.

although physical activity was addressed, it was self-
reported and questionnaire responses depend on the per-
ception, encoding, storage, and retrieval of information
(Shephard, 2003). Third, the means of the MC tests across
BMI groups were not statistically controlled for in relation
to other physical fitness tests (e.g., strength, speed, endur-
ance, and flexibility).

In conclusion, this study presents age- and gender-
specific percentiles for gross MC of Portuguese children.
Raw scores improved with age, but a main effect was sim-
ply observed on walking backwards and moving sideways.
Similarly, boys performed better than girls in the majority
of gross MC tests; however, a main effect was only found
on moving sideways. Children from this study showed a
tendency toward lower scores on hopping on one leg and
jumping sideways compared to Belgian and German coun-
terparts, and had similar or higher scores than their
Azores and Viseu peers. Patterns of gross MC showed a
large interindividual variability. Finally, normal-weight
and/or overweight children outperformed their obese
peers in almost all gross MC tests. These results are
generally consistent with the hypotheses that gross MC
improves with age and that gender-related differences
depend on age and MC test. Additionally, our hypotheses
about BMI and gross MC are partially supported by our
findings. These centile curves can be used as reference
data for Portuguese children. Being overweight or obese
was a major limitation of MC tests and, therefore, of the
children’s health- and performance-related physical fit-

ness. It is suggested that longitudinal studies are needed
to capture real developmental changes across time.
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