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Abstract
Purpose  To examine associations between motor coordination, body mass index (BMI), and sports participation in children 
6–11 years old.
Methods  240 primary school children were enrolled in this cross-sectional study, divided into three age groups, each of 
which was subdivided into four weight classes: underweight (UW), normoweight (NW), overweight (OW), and obese (OB). 
The UW and NW groups were then compared to the OW and OB groups for differences in motor coordination ability and 
sports participation.
Results  Motor coordination ability was observed to decrease and the proportion of OW/OB children to increase with age. A 
significant association between BMI and motor coordination ability was noted (p < 0.01), indicating that ability levels were 
lower in the OW and OB groups than in the UW and NW groups. Sports participation did not seem to depend on BMI status. 
Furthermore, a reduction of MC in both BMI groups according to the age-class stratification was observed.
Conclusion  A significant decrease in motor coordination ability with increasing age, together with an increase in overweight/
obesity status become actual. Moreover, a negative influence was observed on coordination skills according to the increment 
in BMI level. Since BMI status was not seen as a deterrent to physical activity, teachers, physicians, parents, and trainers 
should encourage children to take up sports and continue participation to better develop their motor coordination abilities.
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Introduction

Good motor coordination (MC) is essential for maintaining 
physical/psychological health in childhood through adult-
hood. Its positive effects extend along the entire lifespan 
[1] and across a variety of sports, daily living activities, and 
motor demands in both urban and rural environments [2, 3]. 
A strong cross-sectional association was already found in 
school-aged children between physical activity and health 

outcomes (i.e., reduced fatness and cardiovascular risk fac-
tors and increased bone cell turnover) [4]. Additionally 
Penendo and Dahn [1] and Bangsbo et al. [5] identified a 
connection between academic achievement and better mood 
state among the physically active.

Moreover, motor skills competence has been shown to 
affect a child’s confidence and motivation to participate in 
physical activities and this is inversely related to sedentary 
habits [6, 7]. In point of this, there is some evidence for 
a relationship between overweight/obese status and lower 
conditional performance (i.e., cardiorespiratory fitness and 
body lifting action) and MC performance [8–15], the last 
of which was strongly associated with lower adherence to 
sports activity (< 7 h/week) [16].

Indeed, when the physical activity is not modulated by 
educators who define the proposal and alleviate the chal-
lenge between peers, the most heavy children are often 
excluded [17].

Consequently, a real observation in school or club con-
text provides evidence whereas children with high value in 
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BMI are scantly than normal weight peers enforcing the per-
sonal idea to leave the practice. In turn, the reduced physical 
activity (hours of practice per week) lead to an increment 
in weight (improvement of BMI) and then in critical body 
status to perform sport at the same level of normal weight 
peers [17, 18].

Thus, the aim of the present study was to identify associa-
tions between MC, BMI, and sports participation in children 
6–11 years old. The research questions we asked were:

Is there an improvement or a reduction in MC level with 
increasing age?

What is the trend for BMI in young schoolchildren?
Does an improvement in BMI affect MC level and sports 

participation?

Materials and methods

Participants

A total of 240 primary school children aged 6–11 years (140 
boys; 100 girls) were enrolled in the study. The children were 
evaluated for weight, height, MC level, and sports participa-
tion and then divided into three age groups: (I) 6–7 years; 
(II) 8–9 years; (III) 10–11 years. Inclusion criteria were: no 
history of illness considered likely to affect growth, no neu-
rological, orthopaedic or cardiovascular diseases, and active 
participation in Physical Education (PE) classes.

Children found in good general health were deemed eligi-
ble. Table 1 shows the anthropometric characteristics of the 
study sample. The parents (or legal guardians) gave written, 
informed consent after having received a detailed explana-
tion of the study procedure and possible risks. The study 
protocol was conducted in accordance with current national 
and international laws and regulations governing the use of 
human subjects (Declaration of Helsinki II).

Procedure

Data on medical history, age, height, BMI, MC, and extra-
curricular sports participation were collected during PE 
classes.

Anthropometric characteristics

Anthropometric measurements of height and weight were 
taken according to standard procedures of the International 
Society for the Advancement of Kinanthropometry [19]. 
Height was measured to the nearest 0.1 cm with a stadi-
ometer, with the subject barefoot and standing upright with 
the head in the Frankfort plane. Weight was measured to 
the nearest 0.1 kg with an electronic scale, with the subject 
wearing minimal clothing. BMI was then calculated with 
the standard formula.

Motor coordination

MC ability was evaluated using the Körperkoordinationstest 
für Kinder (KTK) [2, 20] on 4 different days (1 week apart) 
during regular PE classes. The KTK is a reliable, validated 
test battery [2, 21–24] that comprises four subtests that eval-
uates balance, agility, speed, and power. For this study the 
trials consisted of:

Walking backwards three times along each of three bal-
ance beams (3 m long, 6, 4.5, 3 cm wide, respectively, 5 cm 
high) for a total of nine trials. A maximum of 24 steps (8 
per trial) were counted for each performance; for a total of 
72 steps.

Moving sideways across the floor in 20 s by stepping from 
one plate (25 cm × 25 cm × 5.7 cm) to the next, transferring 
the first plate, stepping on it, and repeating the same motion. 
The number of relocations was counted and summed over 
two trials.

Jumping with one leg over an increasingly higher pile of 
pillows (60 cm × 20 cm × 5 cm each) after a short run.

Jumping laterally (side to side) over a wooden bar (60 cm 
long × 4 cm wide × 2 cm high) in 15 s. The number of jumps 
performed in two trials were summed.

The subjects were thoroughly familiarized with the equip-
ment and procedures before testing, as indicated in the lit-
erature [18]. In brief, 1 week before the test sessions all sub-
jects followed the procedure explanation and performed only 
one trial per subtest [2, 21]. The same operator supervised 
all subtests for all subjects in the same order. The trials were 
administered (week by week) following the sequence indicated 
in our test description [20]. Administration and scoring (raw 

Table 1   Anthropometric 
characteristics

Plus-minus values are the mean ± standard deviation (SD)

Age group Boys Girls

No. Weight (kg) Height (cm) No. Weight (kg) Height (cm)

I 6–7 years 50 25.2 ± 3.4 124 ± 5 40 24.5 ± 4.4 122 ± 5
II 8–9 years 41 31.6 ± 5.0 133 ± 6 34 33 ± 5.7 135 ± 5
III 10–11 years 49 41.0 ± 8.7 1.48 ± 6 36 39.1 ± 7.0 147 ± 6



465Sport Sciences for Health (2019) 15:463–468	

1 3

score) of each subtest were performed following the current 
guidelines [2, 20, 22].

Sports participation

The parents or legal guardians were asked whether their child/
children was/were involved in extracurricular sports or physi-
cal activity. The term “extracurricular physical activity” was 
defined as the amount of time (at least > 2 h/week) spent in 
formal training in a sports club [23].

Data analyses

The subjects were anonymously stratified into four BMI cat-
egories following the criteria proposed by Cole et al. [25, 26] 
(that involving percentiles every 6 months) for children and 
young underaged: (I) underweight (UW), (II) normal weight 
(NW), (III) overweight (OW), and (IV) obese (OB) [3]. The 
KTK-test results were normalized to age and gender according 
to the guideline [2, 20]. A single motor quotient was extrap-
olated to define the MC level for each child. Cutoff values 
for each MC level were: < 85 subnormal; 86–115 normal; 
116–130 good; and 131–145 excellent [20]. The MC results 
were pooled in two groups: UW and NW (L group) and OW 
and OB (H group) separately for boys and girls [27].

Statistical analyses

Descriptive statistics [mean ± standard deviation (SD)] 
were calculated for outcome measures. Analysis of variance 
(ANOVA) was applied to verify between-group differences to 
evaluate changes in MC level with increasing age (separately 
for boys and girls), with Tukey’s multiple comparisons test to 
determine pair-wise differences. Glass’ Δ [28] was computed 
to verify the biological consistence of differences [effect size 
(ES)], where the reference group was group I, and 0.2, 0.5, 
and 0.8 were threshold values for small, moderate, and large 
effects, respectively.

The percentage of subjects in each BMI category was used 
to verify anthropometric status during growth, while differ-
ences in MC level between the L and the H group were verified 
using a T test (independent samples without separating boys 
and girls). Finally, the Chi square test was used to evaluate 
the relationship between BMI status and sports participation. 
The significance level was fixed at 5%. All data were analysed 
using SPSS ver. 22 (IBM-SPSS, Armonk, NY, USA).

Results

The MC level (pooled together for boys and girls) was 100, 
90, and 85 for age groups I, II, and III, respectively, and fell 
within the normal-for-age range [20]. Figure 1 shows the 

trend for boys and girls, where a significant decline with age 
(p < 0.05) was observed. The post hoc analysis showed sig-
nificant differences between age groups I and II (for boys and 
girls; p = 0.04 in both cases) and between age groups I and 
III (p = 0.04 and p = 0.02; for boys and girls, respectively), 
whereas the ES values were large in all cases. A significant 
decline was noted between age groups II and III for the boys 
(p = 0.03).

The percentage of OW and OB subjects increased with 
age, while the percentage of NW subjects decreased by 
about 20% (Fig. 2). There was a significant association 
between BMI and MC level (p < 0.01; Fig. 3), indicating that 
the MC level was higher for the L group, though both groups 
were classified as normal-for-age [20]. Finally, no significant 
correlation was found between BMI categories (L group and 
H group) and sports participation (χ2 test; p = 0.287; Fig. 4).

Discussion

The KTK battery test has been used to define motor skills 
coordination in children with illnesses [29] or from differ-
ent social backgrounds [30] and, more recently, the asso-
ciation between physical activity and motor coordination 

40.00

50.00

60.00

70.00

80.00

90.00

100.00

110.00

120.00

Group I (6-7 years-old) Group II (8-9 years old) Group III (10-11 years old)

M
ot

or
 C

oo
rd

in
a�

on
 L

ev
el

*

Fig. 1   Motor coordination level (error bars represent SD) in the three 
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Fig. 2   Distribution of BMI categories
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[10]. Coordination is a useful motor ability for performing 
daily living activities [27]; and its development depends 
on regular physical practice [31] and sports participation 
[6]. Conversely, successful outcomes in MC may encour-
age the practice of sports. This assumption is important 
for schoolchildren aged between 6 and 11 years because of 
the considerable growth changes they undergo during this 
stage of their development. Okely et al. [32] found a correla-
tion between body weight and motor skills in which these 
changes may negatively affect MC and result in drop-out 
from sports participation.

Here we assessed the MC level in primary schoolchildren 
to determine whether it decreases or increases in relation to 
age and regular participation in sports. Moreover, the asso-
ciation with BMI status (a more complete anthropometric 
characteristic than body weight) was also considered. Our 
results are in line with previous data [2, 33] and show a 
decrease in MC with age (change in performance from 
age group I to III): this may be due to an improvement in 

conditional skills [21]. We observed that the boys that, usu-
ally, had better conditional status showed significant differ-
ences, also between consecutive age groups (II and III). No 
differences were found in female groups (II vs III) probably 
due to a low increment in anthropometric characteristics 
(about 6 kg and 7 cm along a range of 3 years) that usually 
negatively affect the MC [17, 18]. According to the first 
aim of this study we could assume that the regular growth 
path (without specific motor skill stimulation) negatively 
affects MC in favour of conditional outcomes. Our data sug-
gest, and the ES confirmed, that MC levels decrease during 
growth and that the proportion of OB/OW children among 
the 11-year-olds increased threefold over age group I. This is 
a crucial issue in family education, because the increment in 
OB/OW is chiefly attributable to how parents manage their 
children’s dietary habits [34, 35], with implications for skill 
coordination (that naturally decrease) and sports participa-
tion (often perseverated following the obtained success). 
Our data reflect the widespread public health problem of 
increasing childhood obesity in Western populations [36]. In 
fact, until age 11 years a child’s independence is still largely 
under parental guidance, part of which is to educate children 
in adopting good dietary and sports habits.

The increase in BMI we observed corresponded to an 
improvement in body mass, which can affect all types of 
movement because human movement basically entails the 
displacement of centre of mass with speed and/or precision 
[37, 38]. We observed that the OW/OB children (H group) 
underperformed as compared to their aged-matched com-
panions. This observation is shared by D’Hondt et al. [8] and 
Nervik et al. [11] who reported on the relationship between 
low MC levels and OW/OB status [8–12]. Differently, the 
NW children showed better levels of fundamental move-
ment skills [39] (Fig. 3). Furthermore, the reduction of MC 
in the H-BMI vs. L-BMI group could be partly due to the 
concomitant increase in age [7–9] even if the performance 
(both conditional and coordinative) is affected by simulta-
neous phenomenon of growth (8, weight; 18, height; [40]), 
habits of diet, hormonal peaks and not only for a natural 
increment of age.

These findings should be viewed together with the results 
of the questionnaire on sports participation according to BMI 
categories (Fig. 4). The H group did not seem to avoid volun-
teer participation in sports activity any more than the NW and 
UW groups. In fact, we observed that, despite their lower MC 
level, the children with higher BMI participated in sports just 
as much as the NW and UW children. This observation holds 
vital importance for parents and educators who would continu-
ously support this healthy attitude toward an active lifestyle 
in combination with counselling on proper dietary habits to 
reduce weight gain. Hesketh et al. [4] suggested that an active 
lifestyle of the mothers is strictly related to the lifestyle of their 
children. Moreover, PE teachers and/or trainers need to take 

Fig. 3   Motor coordination level (error bars represent SD) in the light 
(L) (UW underweight, NW normal weight) and heavy (H) (OW over-
weight, OB obese) groups. *Significant difference, p < 0.01

Fig. 4   Frequency of children within BMI categories according to 
their sport participation. Light (L) (UW underweight, NW normal 
weight) and the heavy (H) (OW overweight, OB obese) group
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into account the general decrease in MC skills and facilitate 
the socialization and acceptance of less skilled children, while 
avoiding discrimination based on body appearance or physi-
cal inefficacy. Spontaneous sport adherence, despite low MC 
levels, should be encouraged by parents, teachers, clinicians, 
and trainer as a way to promote an active lifestyle for long-term 
health promotion.

A limitation of this study is the sample size. Further stud-
ies are needed to investigate the relationship between MC 
and hours per week of PE classes or according to the pres-
ence of siblings in the family (especially older siblings). 
Future research could focus on the age-related increment 
of BMI in healthy and sedentary people keeping a close 
analysis of hormonal production, to verify, in turn, the MC 
reduction according to age.

Conclusion

Our results demonstrated a natural decrease in skill coordi-
nation during growth [2, 32] and a sour finding regarding 
the increment of body composition also in children. This 
combination of situation becomes important for a general 
control (parents, teacher and club) to reduce the negative 
experience of scantly performance and encourage the physi-
cal activity as lifestyle. In particular, this period (primary 
school frequency) is the most important because the children 
have not still abandoned the practice since their followed 
the family opportunity and the level of performance is not 
so high. Moreover, this kind of attention could be important 
for a inclusion process of OW–OB children.

Acknowledgements  The authors are very grateful to Prof. Federico 
Schena for his encouragement and scientific support.

Funding  No external funding sources.

Compliance with ethical standards 

Experiments comply with the current laws of the country in which 
they were performed.

Conflict of interest  The authors have declared no conflict of interest.

Ethical approval  All procedures were in accord with current national 
and international laws and regulations governing in line with the Dec-
laration of Helsinki.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Penendo FJ, Dahn JR (2005) Exercise and well-being: a review 
of mental and physical health benefits associated with physical 
activity. Curr Opin Psychiatry 18(2):189–193

	 2.	 Vandorpe B, Vandendriessche J, Lefevre J, Pion J, Vaeyens R, 
Matthys S et al (2011) The KörperkoordinationsTest für Kinder: 
reference values and suitability for 6–12-year-old children in Flan-
ders. Scand J Med Sci Sports 21:378–388

	 3.	 Hands B (2008) Changes in motor skill and fitness measures 
among children with high and low motor competence: a five-year 
longitudinal study. J Sci Med Sport 11(2):155–162

	 4.	 Hesketh KR, Goodfellow L, Ekelund U et al (2014) Activity levels 
in mothers and their preschool children. Pediatrics 133:e973

	 5.	 Bangsbo J, Krustrup P, Duda J, Hillman C, Andersen LB, Weiss 
M et al (2016) The Copenhagen Consensus Conference 2016: 
children, youth, and physical activity in schools and during leisure 
time. Br J Sports Med 50(19):1177–1178

	 6.	 Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA 
(2006) The relationship between motor proficiency and physical 
activity in children. Pediatrics 118:1758–1765

	 7.	 Stodden D, Gao Z, Goodway JD, Langendorfer SJ (2014) Dynamic 
relationships between motor skill competence and health-related 
fitness in youth. Pediatr Exerc Sci 26(3):231–241

	 8.	 D’Hondt E, Deforche B, Gentier I, De Bourdeaudhuij I, Vaeyens 
R, Philippaerts R et al (2013) A longitudinal analysis of gross 
motor coordination in overweight and obese children versus nor-
mal-weight peers. Int J Obes (Lond) 37(1):61–67

	 9.	 Drid P, Vujkov S, Jaksić D, Trivić T, Marinković D, Bala G (2013) 
Differences in motor and cognitive abilities of children depending 
on their body mass index and subcutaneous adipose tissue. Coll 
Antropol 37(Suppl 2):171–177

	10.	 Krombholz H (2013) Motor and cognitive performance of over-
weight preschool children. Percept Mot Skills 116(1):40–57

	11.	 Nervik D, Martin K, Rundquist P, Cleland J (2011) The relation-
ship between body mass index and gross motor development in 
children aged 3 to 5 years. Pediatr Phys Ther 23(2):144–148

	12.	 Freitas DL, Lausen B, Maia JA, Lefevre J, Gouveia ÉR, Thomis 
M et al (2015) Skeletal maturation, fundamental motor skills 
and motor coordination in children 7–10 years. J Sports Sci 
33(9):924–934

	13.	 Weston AT, Petosa R, Pate RR (1997) Validation of an instrument 
for measurement of physical activity in youth. Med Sci Sports 
Exerc 29:138–143

	14.	 Monyeki MA, Neetens R, Moss SJ, Twisk J (2012) The relation-
ship between body composition and physical fitness in 14 year old 
adolescents resid- ing within the Tlokwe local municipality, South 
Africa: the PAHL study. BMC Public Health 12:374

	15.	 Lovecchio N, Novak D, Eid L, Casolo F, Podnar H (2015) Urban 
and rural fitness level: comparison between Italian and Croatian 
students. Percept Mot Skills 120(2):367–380

	16.	 Deforche B, Lefevre J, De Bourdeaudhuij I, Hills AP, Duquet W, 
Bouckaert J (2003) Physical fitness and physical activity in obese 
and nonobese flemish youth. Obes Res 11:434–441

	17.	 Lovecchio N, Zago M (2019) Fitness differences according to 
BMI categories: a new point of view. J Sports Med Phys Fit. https​
://doi.org/10.23736​/s0022​-4707.18.08271​-3

	18.	 Lovecchio N, Giuriato M, Zago M, Nevil AM (2019) Identi-
fying optimal body shape associated with strength outcomes 
in children and adolescent according to place of residence: an 
allometric approach. J Sport Sci. https​://doi.org/10.1080/02640​
414.2018.15626​15

	19.	 Clarys JP, Provyn S, Marfell-Jones M, Van Roy P (2006) Mor-
phological and constitutional comparison of age-matched in vivo 
and post-mortem populations. Morphologie 90(291):189–196

	20.	 Kiphard EJ, Schilling F (2007) Körperkoordinationstest für 
Kinder. 2. Überarbeitete und ergänzte Auflage. Beltz Test GmbH, 
Weinheim

	21.	 Camacho-Araya T, Woodburn SS, Boschini C (1990) Reliability 
of the Prueba de Coordinación Corporal para Niños (body coor-
dination test for children). Percept Mot Skills 70:832–834

https://doi.org/10.23736/s0022-4707.18.08271-3
https://doi.org/10.23736/s0022-4707.18.08271-3
https://doi.org/10.1080/02640414.2018.1562615
https://doi.org/10.1080/02640414.2018.1562615


468	 Sport Sciences for Health (2019) 15:463–468

1 3

	22.	 Cools W, Martelaer KD, Samaey C, Andries C (2009) Move-
ment skill assessment of typically developing preschool children: 
a review of seven movement skill assessment tools. J Sports Sci 
Med 8(2):154–168

	23.	 Ré AHN, Logan SW, Cattuzzo MT, Henrique RS, Tudela MC, 
Stodden DF (2017) Comparison of motor competence levels on 
two assessments across childhood. J Sports Sci 5:1–6

	24.	 Rudd J, Butson ML, Barnett L, Farrow D, Berry J, Borkoles E et al 
(2016) A holistic measurement model of movement competency 
in children. J Sports Sci 34(5):477–485

	25.	 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing 
a standard definition for child overweight and obesity worldwide: 
international survey. BMJ 320(7244):1240–1243

	26.	 Cole TJ, Flegal KM, Nicholls D, Jackson AA (2007) Body mass 
index cut offs to define thinness in children and adolescents: inter-
national survey. BMJ 335(7612):194

	27.	 Prätorius B, Milani TL (2004) Motor abilities of children: abilities 
of coordination and balance: examination of differences between 
children of different social groups. Deut Z Sportmed 55:172–176

	28.	 Morris SB (2008) Estimating effect sizes from pretest–posttest-
control group designs. Organ Res Methods 11:236–386

	29.	 Richmond SA, Nettel-Aguirre A, Doyle-Baker PK, Macpherson 
A, Emery CA. (2016) Examining measures of weight as risk fac-
tors for sport-related injury in adolescents. J Sports Med (Hindawi 
Publ Corp) (article ID 7316947)

	30.	 Stieh J, Kramer HH, Harding P, Fischer G (1999) Gross and fine 
motor development is impaired in children with cyanotic congeni-
tal heart disease. Neuropediatrics 30(2):77–82

	31.	 Henderson SE, Sudgen DA (1992) Movement assessment battery 
for children. Psychological Corporation, London

	32.	 Okely AD, Booth ML, Patterson JW (2001) Relationship of physi-
cal activity to fundamental movement skills among adolescents. 
Med Sci Sports Exerc 33:1899–1904

	33.	 Vandorpe B, Vandendriessche J, Vaeyens R, Pion J, Matthys S, 
Lefevre J et al (2012) Relationship between sports participation 
and the level of motor coordination in childhood: a longitudinal 
approach. J Sci Med Sport 15:220–225

	34.	 Fransen J, D’Hondt E, Bourgois J, Vaeyens R, Philippaerts RM, 
Lenoir M (2014) Motor competence assessment in children: con-
vergent and discriminant validity between the BOT-2 Short Form 
and KTK testing batteries. Res Dev Dis 35:1375–1383

	35.	 Hinney A, Herrfurth N, Schonnop L, Volckmar AL (2015) 
Genetic and epigenetic mechanisms in obesity. Bundesgesund-
heitsbl 58:154–158

	36.	 Wang Y, Wang QJ (2000) Standard definition of child overweight 
and obesity worldwide. BMJ 321:1158

	37.	 Neumann DA (2002) Kinesiology of the musculoskeletal system, 
2nd edn. Mosby, London

	38.	 Zago M, Mapelli A, Shirai YF, Ciprandi D, Lovecchio N, Galvani 
C, Sforza C (2015) Dynamic balance in elite karateka. J Electro-
myogr Kinesiol 25(6):894–900

	39.	 World Health Organization (2000) Obesity: preventing and man-
aging the global epidemic. WHO Technical Report Series 894, 
WHO, Geneva

	40.	 Dos Santos MAM, Nevill AM, Buranarugsa R, Pereira S, Gomes 
TNQF, Reyes A, Barnett LM, Maia JAR (2018) Modeling chil-
dren’s development in gross motor coordination reveals key modi-
fiable determinants. An allometric approach. Scand J Med Sci 
Sports 28(5):1594–1603

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Association between motor coordination, body mass index, and sports participation in children 6–11 years old
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Participants
	Procedure
	Anthropometric characteristics
	Motor coordination
	Sports participation
	Data analyses
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




