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Abstract  
Motor coordination and physical fitness are multidimensional 
concepts which cannot be reduced to a single variable. This study 
evaluated multivariate relationships among morphology, physical 
fitness and motor coordination in 74 pre-pubertal girls 8.0-8.9 
years of age. Data included body dimensions, eight fitness items 
and four motor coordination tasks (KTK battery). Maturity status 
was estimated as percentage of predicted mature stature attained 
at the time of observation. Canonical correlation analysis was 
used to examine the relationships between multivariate domains. 
Significant pairs of linear functions between indicators of mor-
phology and fitness (rc = 0.778, Wilks’ Lambda = 0.175), and be-
tween fitness and motor coordination (rc = 0.765, Wilks’ Lambda 
= 0.289) were identified. Girls who were lighter and had a lower 
waist-to-stature ratio and % fat mass attained better scores in the 
endurance run, sit-ups and standing long jump tests, but poorer 
performances in hand grip strength and 2-kg ball throw. Better 
fitness test scores were also associated with better motor coordi-
nation scores. Relationships between body size and estimated fat-
ness with motor fitness suggested an inverse relationship that was 
particularly evident in performance items that required the dis-
placement of the body through space, while motor coordination 
was more closely related with fitness than with somatic variables. 
 
Key words Body size, predicted adult stature, canonical correla-
tion, movement proficiency, KTK test. 
 

 

 
Introduction 

 
Motor competence has been defined as the ability to exe-
cute motor activities including fundamental movement pat-
terns and fine motor skills that are necessary to manage 
everyday tasks (Barnett et al., 2016). These attributes are 
implicit in the daily activities of children and are often as-
sessed using qualitative scales rating proficiency from im-
mature to mature with variable intermediate stages (Gal-
lahue and Ozmun, 2006). Movement patterns and motor 
skills are central to the Physical Education curriculum. In 
contrast, physical fitness is often expressed quantitatively 
(s, cm, kg) and tests are often labeled as health- and perfor-

mance-related. Health-related fitness characteristically in-
cludes cardio-respiratory endurance, muscular strength, 
flexibility and estimates of body composition (Lobelo et 
al., 2009) or the body mass index (BMI) which has limita-
tions as an indicator of body composition (Huang and Ma-
lina, 2007). Waist circumference has also emerged as an 
alternative indicator of health-related morphology (Silva et 
al., 2016) and is often expressed relative to stature. Discus-
sions of the growth and physical fitness of children and 
youth are often set in the context of physical activity and 
health, although clear definitions of fitness and an im-
portant correlate, motor coordination, are not systemati-
cally addressed. 

Performances on physical fitness tests are often 
considered relative to body morphology. The latter reflects 
size per se, proportions and composition, all of which 
change during the course of growth, and are associated 
with individual differences in biological maturation. Skel-
etal age is often considered the best indicator of biological 
maturation (Malina et al., 2004) but requires exposure to 
low dose radiation. As a result, anthropometric estimates 
of biological maturation have been proposed: percentage 
of predicted adult (mature) stature at the time of observa-
tion which is an indicator of maturity status, while pre-
dicted maturity offset or time before peak height velocity 
is an estimate of maturity timing, although it is often used 
to classify youth into maturity status groups (Malina, 
2014). Both indicators have been used in studies of fitness 
and motor performance (Malina et al., 2016). 

Relationships between indicators of growth and 
maturation, on one hand, and physical fitness and motor 
skill, on the other hand, vary with analytical approach and 
highlight several interactions. Using hierarchical multiple 
regression, for example, skeletal age alone or interacting 
with body size had a negligible influence on fundamental 
motor skills and motor coordination in Portuguese youth 
7–10 years and 11-14 years of age (Freitas et al., 2015; 
2016). Results of a canonical correlation analysis high-
lighted  interrelationships among morphology, fitness, es-
timated  body  composition  and  motor coordination, and  
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between fitness and motor coordination in boys 7-11 years 
(Vandendriessche et al., 2011). Unfortunately, the latter 
study did not include an indicator of maturity status.  

The present study examines multivariate relation-
ships among morphology, estimated biological maturity 
status, physical fitness and motor coordination in pre-pu-
bertal girls. Linear combinations of variables in the four 
domains (biological maturation, morphology, fitness and 
motor coordination) were hypothesized.  

 

Methods 
 

Procedures 
The Ethics Committee of the Federal University of Ala-
goas, Brazil, approved the project (CAAE 
09200413.5.0000.5013). The study was also conducted in 
accordance with the Declaration of Helsinki by the World 
Medical Association for research with humans (General 
Assembly of the World Medical Association, 2014), and 
met the ethical standards for sports medicine (Harriss and 
Atkinson, 2015). Primary schools from Arapiraca in the 
state of Alagoas, Northeastern Brazil (230,000 residents) 
were contacted for cooperation in the project. Parents or 
legal guardians provided a signed informed consent form 
(response rate 90%). Participants were informed about the 
objectives of the study, that participation was voluntary 
and that they could withdraw at any time. Data collection 
included three sessions. The first collected personal infor-
mation and anthropometric data, the second included the 
tests of physical fitness, and the third session was devoted 
to the assessment of motor coordination. If necessary, 
missing data were collected during an additional visit. The 
data were collected by a team of three trained researchers.  
 

Participants 
The focus of study was a cross-sectional sample of 74 girls 
8.0 through 8.9 years of age who met four inclusion crite-
ria: (i) neither injured nor affected by a limitation to the 
performance of the fitness tests, e.g., asthma; (ii) enrolled 
in the physical education classes involved in the study; (iii) 
were premenarcheal, and (iv) provided information on the 
statures of both parents (via questionnaire). The narrow age 
range was selected to reduce overlapping age-related vari-
ation on morphology, fitness performance and motor coor-
dination. 
 

Morphology 
Stature (St) and sitting height (SH) were measured to the 
nearest 0.1 cm with a portable stadiometer (Harpenden sta-
diometer, model 98.603, Holtain Ltd, Crosswell, UK). 
Body mass (BM) was measured to the nearest 0.1 kg with 
a digital scale (Tanita Inner Scan BC 532). Waist circum-
ference (WC) was measured to the nearest 0.1 cm at the 
approximate midpoint between the lower margin of the last 
palpable rib and the top of the iliac crest (World Health 
Organization, 2008) using a non-elastic tape (Lohman et 
al., 1988). The triceps and medial calf skinfolds were meas-
ured to the nearest 1.0 mm using a Lange skinfold caliper 
(Beta Technology, Ann Arbor, MI, USA). Four variables 
based on anthropometric dimensions were derived: the 
body mass index (BMI), the waist circumference to stature 
ratio (WSR) and the sitting height to stature ratio (SSR) 

were calculated. Percentage fat (% fat) was predicted from 
the triceps and medial calf skinfolds using the appropriate 
equation of Slaughter et al. (1988). 
 
Physical fitness 
Eight fitness tests were administered following the 
EUROFIT protocols (Committee for the Development of  
Sports, 1988): static strength (hand grip strength, HGP); 
functional strength of the trunk (60-s sit-ups, SUP), the up-
per limbs (2-kg medicine ball throw, 2BT) and the lower 
limbs (standing long jump, SLJ); flexibility (sit-and-reach, 
SAR); speed (25-m dash, SPR); agility (10x5-m shuttle 
run, SHR); and cardio-respiratory endurance (20-m endur-
ance shuttle run, ESR). The battery was selected on the ba-
sis of previous experience with primary school children 
(Vandendriessche et al., 2011). The tests were adminis-
tered in the following sequence: 2BT, HGP, SLJ, SUP, 
SAR, SPR, SHR and ESR.  
 
Motor coordination  
Gross motor coordination was assessed with the KTK bat-
tery (Kiphard and Schilling, 1974; 2007) which included 
four tasks: walking backward on balance beams (WB), 
jumping sideways across a wooden slat (JS), moving side-
ways on boxes (MS), and hopping on one leg for height 
(HH). The battery has established reliability and validity in 
children 5–14 years (Kiphard and Schilling, 1974). The 
four tests were administered in a circuit rotation using four 
stations. Each station was sufficiently separated so that the 
participants had no visual contact with other tests. Alt-
hough the raw scores for each test are commonly trans-
formed using sex-and age-specific tables derived from the 
original German sample to improve comparability inde-
pendent of age and sex, or converted to an overall motor 
quotient (Kiphard and Schilling, 1974), the raw score for 
each test was retained for analysis in the current study.  
 
Quality control 
Replicate measurements of morphological variables and 
replicate tests of each fitness and coordination item were 
made/administered by the same observer on 19 participants 
after a one-week interval. Intra-observer technical errors of 
measurement (TEM = √[∑d2/2n]; “d” refers to intra-indi-
vidual differences) and reliability coefficients (R = 1-
[TEM2/σ2]; ”σ“ corresponds to combined variance) for an-
thropometric variables were, respectively, as follows (Ma-
lina, 1995; Mueller and Martorell, 1988): stature 
(TEM=0.6 cm; R=0.98), sitting height (TEM = 0.5 cm; 
R=0.96), body mass (TEM = 0.6 kg; R = 0.99), waist cir-
cumference (TEM = 1.6 cm; R = 0.93) and skinfolds (TEM 
= 1.0-1.4 mm; R=0.94-0.98). Intra-class correlation coeffi-
cients (ICC) between the original and replicate tests were 
used for the fitness and coordination items (Lu and Shara, 
2007); coefficients were as follows for fitness variables: 
ICC = 0.87 (HGP); ICC = 0.84 (SUP); ICC = 0.79 (2BT); 
ICC = 0.78 (SLJ); ICC = 0.92 (SAR); ICC = 0.78 (SPR); 
ICC = 0.76 (SHR); ICC = 0.67 (ESR), and for the motor 
coordination tests: ICC = 0.81 (WB), ICC = 0.80 (JS), ICC 
= 0.84 (MS); ICC = 0.92 (HH).  Results of the replicate 
analyses indicated reasonable quality, consistency and re-
liability in the measurement and testing processes under the  
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conditions of the present study. 
 
Biological maturity status 
Adult or mature stature was predicted with sex-specific 
equations developed on American children resident in the 
state of Ohio; predictors included chronological age, stat-
ure and body mass of the child and mid-parent stature - the 
average stature of the child’s biological mother and father 
(Khamis and Roche, 1994). Current stature of the child was 
then expressed as a percentage of predicted mature stature 
(%PMS) and was used as an indicator of maturity status at 
the time of observation. Two girls of the same chronologi-
cal age may have the same stature, but one is closer to ma-
ture stature than the other; the former is advanced in ma-
turity status compared to the other (Malina et al., 2004). 
 
Statistical analysis 
Descriptive statistics were calculated for all variables. Nor-
mality was checked using the Kolmogorov-Smirnov test. If 
necessary, variables were log transformed to normalize 
distributions and meet the assumptions of subsequent anal-
yses.  Bivariate correlations were calculated to examine as-
sociations among chronological age, %PMS, and each item 
of the anthropometric, fitness and coordination batteries. 
Correlation coefficients was interpreted using the follow-
ing thresholds (Hopkins et al., 2009): trivial (r < 0.1), small 
(0.1 < r < 0.3), moderate (0.3 < r < 0.5), large (0.5 < r < 
0.7), very large (0.7 < r < 0.9), and nearly perfect (r > 0.9).  

Canonical correlation analysis was used to evaluate 
relationships among morphology (5 items), physical fitness 
(8 tests) and motor coordination (4 tasks). Each set of var-
iables was collapsed into a canonical variate, the linear 
combination of variables that maximized the relationship 
between domains: Y = a1Y1 + a2Y2 + … + anYn; Z = a1Z1 + 
a2Z2 + … + anZn). The canonical coefficient (rc = ry,z) pro-
vided an indication of the magnitude of association be-
tween the two sets of variables, while its squared value (rc

2) 
provided an estimate of the shared variance between the 
two variates. Wilks’s Lambda was also used; when signif-
icant, only the first pair of canonical variates was inter-
preted. The sign of correlations was inverted for the two 
time-based tests (SPR and SHR) as lower scores indicated 
better performances. Details of the analytical protocol are 
explained in more detail elsewhere (Vandendriessche et al., 
2011). IBM SPSS 22.0 (SPSS, Inc., Chicago, IL) was used 
for all analyses; statistical significance was set at 5%. 
 
Results 

 
Descriptive statistics and Pearson correlations between 
variables - chronological age, %PMS, and anthropometric, 
fitness and coordination items - are summarized in Table 
1. Correlations between variables ranged from trivial to 
high. The magnitude of correlations between chronological 
age and indicators of morphology ranged from 0.01 to 
0.10; corresponding correlations between age and fitness 
items were <0.12. Correlations were low for two KTK 
items, but were slightly higher for hopping height (0.12) 

and jumping sideways (0.20). On the other hand, correla-
tions between estimated maturity status expressed as 
%PMS and morphological variables ranged from +0.27 to 
+0.92. Correlations between %PMS and fitness items 
ranged from -0.05 to +0.48, and between %PMS and coor-
dination items ranged from -0.16 to -0.28. 

Results of the canonical correlation analysis are 
summarized in Table 2. Two significant linear functions 
between morphology and fitness (Wilks’ Lambda = 0.175; 
p < 0.01; rc = 0.778, rc

2 = 0.606; eigenvalue = 1.538) were 
apparent. The linear functions explained, respectively, 
49.7% and 17.4% of variance in the morphology and fit-
ness domains. The loading of each variable for the respec-
tive linear functions are illustrated in Figure 1. Using a crit-
ical value >0.40, the main morphological contributors to 
fitness were the waist circumference to stature ratio (-0.98), 
the sitting height to stature ratio (-0.77), % fat mass (-0.72) 
and stature (-0.56), while three fitness tests loaded substan-
tially on the canonical variate: 2-kg ball throw (-0.71), grip 
strength (-0.67) and the 20-m shuttle run (+0.42).  

A significant canonical correlation between mor-
phology and the motor coordination tests was not evident 
(Table 2, Wilks’ Lambda = 0.719, p = 0.313), while a sig-
nificant pair of linear functions was apparent between fit-
ness and motor coordination (Wilks’ Lambda = 0.289; p < 
0.01; rc = 0.765; rc

2 = 0.585; eigenvalue = 1.409). Each lin-
ear function explained, respectively, 29.5% and 49.5% of 
the variance in the fitness and motor coordination domains. 
Fitness variables with a magnitude loading >0.40 on the 
respective canonical variate included the endurance shuttle 
run (-0.76), 10x5-m shuttle run (-0.66), 60-s sit-ups (-0.62), 
the standing long jump (-0.54), sit-and-reach (-0.51) and 
25-m dash (-0.45); corresponding variables in the coordi-
nation domain included hopping for height (-0.97), jump-
ing sideways (-0.78) and walking backward (-0.45) (Figure 
2). 
 

Discussion 
 
The multivariate relationships among morphological, fit-
ness and motor coordination variables were considered in 
a single chronological age group of pre-pubertal girls (8.0-
8.9 years). Canonical correlation analysis did not identify 
any significant multivariate association between the four 
motor coordination items and the morphological variables 
which suggested that motor coordination as measured with 
the KTK test was independent of inter-individual variation 
in morphology. The coordination items were also inde-
pendent of estimated maturity status (%PMS), although 
girls advanced in maturity status attained lower scores in 
one coordination item, walking backward (r = -0.28; 
95%CI: -0.48 to -0.06). On the other hand, motor coordi-
nation had a direct multivariate relationship with physical 
fitness (Figure 2), which was explained to a large extent by 
items requiring movement of the body through space – the 
endurance run, agility shuttle run, standing long jump and 
sprint. It should also be noted that two other tests, which 
did not require movement of the body through space, were 
included among the fitness items, sit-ups and sit-and-reach. 
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Table 1. Descriptive statistics and Pearson correlations between age and percentage of predicted mature stature and morpho-
logical, fitness and motor coordination variables (n = 74). 

 
Variable (abbreviation) 

  
 

SD 

Correlations: Xi,Yi; Xi,Zi; Xi,Wi,  
X1: Chronological age X3: %PMS 

Mean (95%CI) coefficient (95% CI) coefficient (95% CI) 
X1: Chronological age, years 8.45 (8.39 to 8.52) .29   
X2: Predicted mature stature, cm 162.3 (160.9 to 163.7) 6.0   
X3: Percentage of PMS, % 80.5 (79.9 to 81.1) 2.5   
Y1: Stature, cm 130.7 (129.3 to 132.0) 5.8 0.19 (-0.04 to 0.40) 0.60 (0.43 to 0.73) 
Y2: Body mass, kg 30.4 (28.9 to 32.0) 6.6 0.10 (-0.13 to 0.32) 0.92 (0.88 to 0.95) 
Y3: Body mass index, kg.m-2 17.7 (17.0 to 18.5) 3.3 -0.01 (-0.24 to 0.22) 0.81 (0.71 to 0.88) 
Y4: Waist circumference, cm 59.5 (57.9 to 61.2) 7.3 0.05 (-0.18 to 0.26) 0.84 (0.76 to 0.90) 
Y5: WC-to-stature ratio, % 45.6 (44.4 to 46.8) 5.2 -0.03 (-0.26 to 0.20) 0.68 (0.54 to 0.79) 
Y6: Sitting height, cm 68.7 (68.0 to 69.4) 3.2 0.14 (-0.09 to 0.36) 0.71 (0.58 to 0.81) 
Y7: SH-to-stature ratio, % 52.6 (52.2 to 52.9) 1.4 -0.08 (-0.30 to 0.15) 0.27 (0.04 to 0.47) 
Y8: Fat percentage, % 28.1 (26.7 to 29.5) 6.1 -0.07 (-0.29 to 0.16) 0.67 (0.52 to 0.78) 
Y9: Fat mass, kg 8.9 (8.0 to 9.8) 3.9 0.01 (-0.22 to 0.24) 0.84 (0.76 to 0.90) 
Y10: Fat free mass, kg 21.6 (20.8 to 22.3) 3.2 0.14 (-0.09 to 0.36) 0.86 (0.79 to 0.91) 
Z1: 2-kg medicine ball throw, cm 175 (168 to 182) 29 0.06 (-0.17 to 0.29) 0.48 (0.28 to 0.64) 
Z2: Hand grip strength, Kgf 12.1 (11.3 to 12.8) 3.2 0.09 (-0.14 to 0.31) 0.47 (0.27 to 0.63) 
Z3: 60-s sit-ups, # 14.9 (12.8 to 17.0) 8.9 -0.02 (-0.25 to 0.21) -0.22 (-0.43 to 0.01) 
Z4: Standing long jump, cm 82 (76 to 87) 24 0.12 (-0.11 to 0.34) -0.11 (-0.33 to 0.12) 
Z5: Sit-and-reach, cm 26.1 (24.8 to 27.5) 5.8 0.10 (-0.13 to 0.32) -0.15 (-0.37 to 0.08) 
Z6: 25-m dash, s 6.40 (6.22 to 6.59) 0.80 0.08 (-0.15 to 0.30) 0.16 (-0.07 to 0.38) 
Z7: 10x5-m shuttle run, s 27.54 (26.96 to 28.12) 2.51 0.08 (-0.15 to 0.30) -0.05 (-0.28 to 0.18) 
Z8: Endurance 20-m, m 268 (239 to 298) 126 0.08 (-0.15 to 0.30) -0.32 (-0.51 to -0.10) 
W1: Walking backward, # 38.6 (35.7 to 41.5) 12.5 -0.01 (-0.24 to 0.22) -0.28 (-0.48 to -0.06) 
W2: Jumping sideways, # 29.9 (27.8 to 32.1) 9.4 0.20 (-0.03 to 0.41) -0.16 (-0.38 to 0.07) 
W3: Moving sideways, # 31.4 (29.6 to 33.4) 8.2 -0.04 (-0.27 to 0.19) -0.22 (-0.43 to 0.01) 
W4: Hopping for height, # 29.8 (26.9 to 32.8) 12.6 0.12 (-0.11 to 0.34) -0.18 (-0.39 to 0.05) 
95%CI (95% confidence interval); # (Counts); the sign was inverted for the SPR and SHR since lower scores correspond to better 
performances. SD (standard deviation). 

 
Table 2. Results of the canonical correlation analyses among morphology and fitness, morphology and motor coordina-
tion and between fitness and motor coordination in 8 years old girls. 

 
 

Multivariate domains 
Yi: morphology x 

Zi: Fitness
Yi: morphology x 
Wi: coordination 

Zi: Fitness x 
Wi: coordination 

rc  0.778 0.387 0.765 
rc

2 0.606 0.150 0.585 
Eigenvalue 1.538 0.176 1.409 
Wilks’ Lambda (p) 0.175 (<0.01) 0.719 (0.318) 0.289 (<0.01) 
          % variance (Yi) 49.7%   
          % variance (Zi) 17.4%  29.5% 
          % variance (Wi)   45.4% 
Y1: Stature (St) -0.56   
Y2: Body mass (BM) -0.31   
Y7: SH-to-stature ratio (SSR) -0.77   
Y5: WC-to-stature ratio (WSR) -0.98   
Y5: Fat percentage (%fat) -0.72   
Z1: 2-kg ball throw (2BT) -0.71  -0.32 
Z2: Hand grip strength (HGP) -0.67  -0.31 
Z3: 60-s sit-ups (SUP) +0.33  -0.62 
Z4: Standing long jump (SLJ)  +0.29  -0.54 
Z5: 25-m dash (SPR) -0.11  -0.45 
Z6: 10x5-m shuttle run (SHR) -0.14  -0.66 
Z7: Endurance 20-m (ESR) +0.42  -0.76 
Z8: Sit-and-reach (SAR) +0.19  -0.51 
W1: Walking backward (WB)    -0.45 
W2: Jumping sideways (JS)   -0.78 
W3: Moving sideways (MS)   -0.24 
W4: Hopping for height (HH)   -0.97 
SH (sitting height); WC (waist circumference). The sign was inverted for the SPR and SHR since lower scores correspond 
to better performances. 
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Figure 1. Correlations of morphological and physical fitness variables with their respective first canonical variates. The 
signs were inverted for the SPR and SHR since lower scores indicate better performances. 

 
 

 
 
 

Figure 2. Correlations of physical fitness and motor coordination items with their respective first canonical variates. 
The sign was inverted for the SPR and SHR since lower scores indicate better performances. 

 
The bivariate correlations indicated trivial univari-

ate relationships between individual fitness items requiring 
body displacement and the non-invasive estimate of ma-
turity status used in the present analysis. Nevertheless, the 
preceding observations were generally consistent with re-
gression analyses including age, body mass, stature and 
skeletal age as the indicator of maturity status.  In a study 
of girls spanning 6-16 years, skeletal age separately or in 

combination with chronological age and stature or body 
mass were not significant predictors of the standing long 
and vertical jumps and a shuttle run; on the other hand, 
physical working capacity and upper arm strength were 
positively correlated with skeletal age (Beunen et al., 
1997).  Given the relationship between skeletal and chron-
ological ages (Malina et al., 2004), several studies have 
used the standardized residual of the regression of skeletal 
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age on chronological age as the indicator of maturity status. 
Results of a regression analysis including age, body mass, 
stature and the standardized residual of skeletal age showed 
modest coefficients of determination for the dash, standing 
long jump and ball throw for distance throw among girls 7-
12 years (Katzmarzyk et al., 1997), while a similar analysis 
among girls 7-10 years noted that the standardized residual 
of skeletal age by itself accounted for a maximum of 9% of 
variance in fundamental motor skills and motor coordina-
tion (KTK) over that attributed to body size per se and the 
interactions between body size and the residuals of skeletal 
age on chronological age (Freitas et al., 2015). By infer-
ence, other determinants, e.g., neuromuscular maturation, 
opportunities to play without supervision, participation in 
organized sports, and others may influence motor coordi-
nation at these ages. 

In contrast to the preceding studies, predicted age at 
peak height velocity (PHV) was used as the maturity indi-
cator in a comparison of motor coordination (KTK) in nor-
mal weight and overweight/obese boys and girls 6–10 
years of age (D’Hondt et al., 2013). The results indicated a 
negative influence of overweight/obesity on motor coordi-
nation and suggested predicted age at PHV as a significant 
covariate of the four coordination items.  Age at PHV is an 
indicator of the timing of a pubertal event and as such its 
use among children 6-10 years of age is problematic.  
Moreover, the sex-specific prediction equations have ma-
jor limitations; predicted ages at PHV vary with chrono-
logical age at prediction, have a reduced range of variation 
in contrast to variation in observed ages at PHV in longitu-
dinal studies, are overestimated (later than observed) in 
early maturing children, and are underestimated (earlier 
than observed) in late maturing children (Malina and 
Kozieł, 2014; Malina et al., 2016; Kozieł and Malina, 
2018).  

The KTK test of motor coordination has been com-
monly used in studies addressing associations among coor-
dination, physical activity and health in youth (Cools et al., 
2009).  Using the normative data for the German  sample 
upon which the test was developed (Kiphard and Schilling, 
1974), raw scores on each of the four KTK tests are com-
monly converted into standardized scores adjusting for age 
(all items) and sex (hopping for height and jumping side-
ways over a slat), which are then converted into an overall 
motor quotient for analysis (D’Hondt et al., 2011; 
Krombholz, 2006; Lopes et al., 2012; 2013). Some authors 
have also done separate analyses for each KTK item (Luz 
et al., 2016a; 2016b; Vandendriessche et al., 2012; Van-
dorpe et al., 2011), while others (Lopes et al., 2012; 2013; 
2015; Vandorpe et al., 2011) have used the motor quotient 
as a global indicator of motor coordination. Scores of the 
four KTK tests were not transformed in the present analy-
sis. Rather, canonical correlation analysis permitted the in-
corporation of multiple variables in their original units.   

The current study has several limitations that should 
be recognized. It is limited to a cross-sectional sample of 
girls and used a %PMS as the indicator of maturity status.  
On the other hand, use of a single chronological age group 
reduced potential age-associated variation, which facili-
tated the interpretation of the multivariate nature of rela-
tionships among morphology, physical fitness and motor 

coordination. Future research using multivariate analysis 
using canonical correlation should include an indicator of 
physical activity to improve our understanding of the inter-
relationships among growth, maturation, fitness, motor co-
ordination and habitual physical activity.  

 
Conclusion 
 

Few studies have examined the multivariate association 
among morphology, fitness and motor coordination in 
young girls. Results of the current study demonstrated a 
moderate multivariate relationship between morphology 
and fitness and also between fitness and motor coordina-
tion. In contrast, the overlapping variance between mor-
phology and motor coordination was negligible. The re-
sults suggested that other factors not considered in the pre-
sent analysis influenced the fitness and motor coordination 
of 8 year old girls. These likely include the built environ-
ment, socioeconomic status, parental physical activity and 
involvement in the activities of their children, sibling and 
peer interactions, rearing style, opportunities for free play, 
habitual physical activity, participation in organized sports, 
among others.  
 
Acknowledgements  
This research was partially supported by CAPES Foundation (BEX 
1617/13-3) and Portuguese Foundation for Science and Technology – 
FCT (CIDAF: uid/dtp/04213/2016; JVdS: SFRH/BPD/100470/2014; 
JPD: SFRH/BD/101083/2014). The contribution of Filipe Simões 
(†2013) in the current project is remembered. The authors have no con-
flicts of interest to declare. All experiments comply with the current laws 
of the country. 

 

References  
 
Barnett, L.M., Lai, S.K., Veldman, S.L.C., Hardy, L.L., Cliff, D.P., 

Morgan, P.J., Zask, A., Lubans, D.R., Shultz, S.P., Ridgers, 
N.D., Rush, E., Brown, H.L. and Okely, A.D. (2016) Correlates 
of Gross Motor Competence in Children and Adolescents: A 
Systematic Review and Meta-Analysis. Sports Medicine 46, 
1663-1688. 

Beunen, G.P., Malina, R.M., Lefevre, J., Claessens, A.L., Renson, R., 
Kanden Eynde, B., Vanreusel, B. and Simons, J. (1997) Skeletal 
maturation, somatic growth and physical fitness in girls 6-16 
years of age. International Journal of Sports Medicine 18, 413-
419. 

Committee for the Development of Sports (1988) Eurofit: handbook for 
the EUROFIT tests of physical fitness. Rome: Secretariat of the 
Committee for the Development of Sport within the Council of 
Europe. 

Cools, W., Martelaer, K.D., Samaey, C. and Andries, C. (2009) 
Movement skill assessment of typically developing preschool 
children: a review of seven movement skill assessment tools. 
Journal of Sports Science and Medicine 8, 154-168. 

D’Hondt, E., Gentier, I., Deforche, B., Tanghe, A., De Bourdeaudhuij, I. 
and Lenoir, M. (2011) Weight loss and improved gross motor 
coordination in children as a result of multidisciplinary 
residential obesity treatment. Obesity (Silver Spring) 19, 1999-
2005. 

D’Hondt, E., Deforche, B., Gentier, I., De Bourdeaudhuij, I., Vaeyens, R., 
Philippaerts, R. and Lenoir, M. (2013) A longitudinal analysis of 
gross motor coordination in overweight and obese children 
versus normal-weight peers. International Journal of Obesity 37, 
61–67. 

Freitas, D.L., Lausen, B., Maia, J.A., Lefevre, J., Gouveia, E.R., Thomis, 
M., Antunes, A.M., Claessens, A.L., Beunen, G. and Malina, 
R.M. (2015) Skeletal maturation, fundamental motor skills and 
motor coordination in children 7-10 years. Journal of Sports 
Science 33, 924-934. 

Freitas, D.L., Lausen, B., Maia, J.A., Gouveia, E.R., Thomis, M., Lefevre, 
J., Silva, R.D. and Malina, R.M. (2016) Skeletal Maturation, 



Luz et al. 

 
 

 
 

203

Body Size, and Motor Coordination in Youth 11-14 Years. 
Medicine  and  Science  in Sports and Exercise  48,  1129-1135. 

Gallahue, D. and Ozmun, J. (2006) Understanding motor development: 
infants, children, adolescents, adults. 6th edition. Boston: 
McGraw- Hill. 

Harriss, D.J. and Atkinson, G. (2015) Ethical Standards in Sport and 
Exercise Science Research: 2016 Update. International Journal 
of Sports Medicine 36, 1121-1124. 

Hopkins, W.G., Marshall, S.W., Batterham, A.M. and Hanin, J. (2009) 
Progressive statistics for studies in sports medicine and exercise 
science. Medicine and Science in Sports and Exercise 41, 3-13. 

Huang, Y.C. and Malina, R.M. (2007) BMI and health-related physical 
fitness in Taiwanese youth 9-18 years. Medicine and Science in 
Sports and Exercise 39, 701-708. 

Katzmarzyk, P.T., Malina, R.M. and Beunen, G.P. (1997) The 
contribution of biological maturation to the strength and motor 
fitness of children. Annals of Human Biology 24, 493-505. 

Khamis, H.J. and Roche, A.F. (1994) Predicting adult stature without 
using skeletal age: the Khamis-Roche method. Pediatrics 94, 
504-507. 

Kiphard, E.J. and Schilling, F. (1974) Körperkoordinationstest für 
Kinder: Body coordination test for children. Weinheim, 
Germany: Beltz Test GmbH. 

Kiphard, E.J. and Schilling, F. (2007) Körperkoordinationstest für 
Kinder. 2. Überarbeitete und ergänzte Auflage. Weinheim: Beltz 
Test GmbH. 

Kozieł, S.M. and Malina, R.M. (2018) Modified maturity offset 
prediction equations: Validation in independent longitudinal 
samples of boys and girls. Sports Medicine 48, 221-236. 

Krombholz, H. (2006) Physical performance in relation to age, sex, birth 
order, social class, and sports activities of preschool children. 
Perceptual and Motor Skills 102, 477-484. 

Lobelo, F., Pate, R.R., Dowda, M., Liese, A.D. and Ruiz, J.R. (2009) 
Validity of cardiorespiratory fitness criterion-referenced 
standards for adolescents. Medicine and Science in Sports and 
Exercise 41, 1222-1229. 

Lohman, T.G., Roche, A.F. and Martorell, R. (1988) Anthropometric 
standardization reference manual. Champaign, IL: Human 
Kinetics. 

Lopes, V.P., Stodden, D.F., Bianchi, M.M., Maia, J.A. and Rodrigues, 
L.P. (2012) Correlation between BMI and motor coordination in 
children. Journal of Science and Medicine in Sport 15, 38-43. 

Lopes, L., Santos, R., Pereira, B. and Lopes, V.P. (2013) Associations 
between gross Motor Coordination and Academic Achievement 
in elementary school children. Human Movement Science 32(1), 
9-20. 

Lopes, L., Santos, R., Moreira, C., Pereira, B. and Lopes, V.P. (2015) 
Sensitivity and specificity of different measures of adiposity to 
distinguish between low/high motor coordination. Jornal de 
Pediatria (Rio Janeiro) 91 (1), 44-51. 

Lu, L. and Shara, N. (2007) Reliability analysis: calculate and compare 
intra-class correlation coefficients (ICC) in SAS. NESUG. 

Luz, L.G., Cumming, S.P., Duarte, J.P., Valente-Dos-Santos, J., Almeida, 
M.J., Machado-Rodrigues, A., Padez, C., Carmo, B.C., Santos, 
R., Seabra, A. and Coelho-e-Silva, M.J. (2016a) Independent and 
Combined Effects of Sex and Biological Maturation on Motor 
Coordination and Performance in Prepubertal Children. 
Perceptual and Motor Skills 122, 610-635. 

Luz, L.G., Seabra, A., Padez, C., Duarte, J.P., Rebelo-Goncalves, R., 
Valente-Dos-Santos, J., Luz, T.D., Carmo, B.C. and Coelho-e-
Silva, M.J. (2016b) Waist circumference as a mediator of 
biological maturation effect on the motor coordination in 
children. Revista Paulista de Pediatria 34, 352-358. 

Malina, R. M. (1995) Anthropometry. In: Physiological assessment of 
human fitness. Ed: Maud, P.J., Foster, C. Champaign, Illinoins: 
Human Kinetics. 205-219 

Malina, R.M., Bouchard, C. and Bar-Or, O. (2004) Growth, maturation, 
and physical activity. 2nd edition. Champaign, IL: Human 
Kinetics. 

Malina, R.M. (2014) Top 10 research questions related to growth and 
maturation of relevance to physical activity, performance, and 
fitness. Research Quarterly for Exercise and Sport 85, 157–173. 

Malina, R. M. and Kozieł, S. M. (2014) Validation of maturity offset in a 
longitudinal sample of Polish girls. Journal of Sports Sciences 
32, 1374-1382. 

Malina, R.M., Choh, A.C., Czerwinski, S.A. and Chumlea, W.C. (2016)  

Validation of maturity offset in the Fels Longitudinal Study. 
Pediatric Exercise Science 28, 439-455. 

Mueller, W.H. and Martorell, R. (1988) Reliability and accuracy of 
measurement. In: Anthropometric standardization reference 
manual. Ed: Lohman, T.G., Roche, A.F. and Martorell, R. 
Champaign, Illinois: Human Kinetics. 83-86 

Silva, D., Werneck, A.O., Collings, P., Tomeleri, C.M., Fernandes, R.A., 
Ronque, E., Venturini, D., Barbosa, D.S., Coelho-E-Silva, M.J., 
Sardinha, L.B. and Cyrino, E.S. (2016) Cardiorespiratory fitness 
is related to metabolic risk independent of physical activity in 
boys but not girls from Southern Brazil. American Journal of 
Human Biology 28, 534-538. 

Slaughter, M.H., Lohman, T.G., Boileau, R.A., Horswill, C.A., Stillman, 
R.J., Van Loan, M.D. and Bemben, D.A. (1988) Skinfold 
equations for estimation of body fatness in children and youth. 
Human Biology 60, 709-723. 

Vandendriessche, J.B., Vandorpe, B., Coelho-e-Silva, M.J., Vaeyens, R., 
Lenoir, M., Lefevre, J. and Philippaerts, R.M. (2011) 
Multivariate association among morphology, fitness, and motor 
coordination characteristics in boys age 7 to 11. Pediatric 
Exercise Science 23, 504-520. 

Vandendriessche, J.B., Vandorpe, B.F.R., Vaeyens, R., Malina, R.M., 
Lefevre, J., Lenoir, M. and Philippaerts, R. M. (2012) Variation 
in sport participation, fitness and motor coordination with 
socioeconomic status among Flemish children. Pediatric 
Exercise Science 24, 113-128. 

Vandorpe, B., Vandendriessche, J., Lefevre, J., Pion, J., Vaeyens, R., 
Matthys, S., Philippaerts, R. and Lenoir, M. (2011) The 
KörperkoordinationsTest für Kinder: reference values and 
suitability for 6-12-year-old children in Flanders. Scandinavian 
Journal of Medicine & Science in Sports 21, 378-388. 

World Health Organization (2008) WHO STEPwise approach to 
surveillance (STEPS). Geneva: World Health Organization 
(WHO). 

 
 

Key points 
 

 Morphology and motor coordination were not substantially 
related in this sample of 8-year-old girls suggesting that mo-
tor coordination was independent of variation in morphol-
ogy. 

 Sit-ups (abdominal strength and endurance), the 10x5-m 
shuttle run (agility) and the 20-m aerobic endurance tests 
were the main contributors to the significant canonical cor-
relation between fitness and motor coordination. By infer-
ence, development of these components of fitness is im-
portant during the primary school years. 

 Relationships between estimated maturity status based on 
percentage of predicted mature height and fitness and coor-
dination were negligible, with the exception of a moderate 
and inverse association with aerobic endurance. Neverthe-
less, within the single chronological age group, girls who 
were advanced in maturity status tended to taller and heavier 
and performed better in tests which did not require displace-
ment of the body through space. 
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