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ABSTRACT

This study had to aim to verify the relationship between perfor-
mance in gross motor skill tasks and body mass index (BMI) in four
to six year-old boys and girls. 27 children were analyzed, 16 boys
and 11 girls, mean age of 5.64 ± 0.67 years. The children were
submitted to the Test of Gross Motor Development-Second Edi-
tion (TGMD-2), proposed by Ulrich (2000) and to the Körperko-
ordinations-test für Kinder (KTK), proposed by Kiphard and Schill-
ing (1974). The punctuation obtained in the two tests was reduced
to a scale common to both. The correlation between this scale and
the BMI of the children was verified through the Spearman corre-
lation test, with P < 0.05. No significant interaction was observed
among variables when boys and girls were analyzed or when the
analysis was conducted with gender distinction. Moreover, no in-
teraction between the BMI and tasks which required higher de-
mand of physical capacities was observed, which should be veri-
fied in further studies. It was possible to conclude from our results,
that the performance of four to six year-old children in tasks which
involved gross motor skill did not relate with BMI.

INTRODUCTION

Gross motor skill is classically defined by Clark(1) as the skill which
involves in its manifestation the mobilization of large muscular
groups which produce chest, arms and legs strength. This kind of
skill is closely connected with several actions used on daily life,
such as running, jumping, trotting, kicking, among others(1-2). Its
acquisition directly enables the development of more specialized
skills, especially sports activities and/or systematized physical ex-
ercise programs(3). Deficits in the gross motor skill reflect in low
proficiency in more refined motor tasks which require the combi-
nation of these essential movements in the trial to acquire more
elaborated skills. Moreover, such deficiency may also influence the

affection-social behaviors of children, having a negative impact over
self-esteem as well as motivation for physical activity practice(2).

Gross motor skill, similarly to motor development, is age-relat-
ed, although it has been considered independent from it(4). Such
fact implies in assuming that quantitative and qualitative changes
in movement occur as a consequence to several factors, especial-
ly the close interaction between restrictions imposed by the body,
the environment and the task(5). Thus, the development of gross
motor skill is concerned with age, presenting optimum values at
around seven years of age(4). However, it basically depends on the
amount of motor experience as well as practice faced in childhood(6).

Over the last years, a considerable increase of typically seden-
tary behavior which occurs with adults, children and adolescents
as well has been observed. Such behavior seems to be closely
connected with the lack of motor experiences and the engage-
ment in physical exercise programs, which may partly imply in the
levels of motor coordination, as well as in the increase of over-
weight and obesity, particularly in the first years of life(7-8). It is worth
mentioning that many investigations which try to verify this phe-
nomenon in these age groups have used the body mass index
(BMI) as criterion for classification of overweight and obesity(9-11).

Concerning the increase in excessive body weight cases among
children and young adults, many studies have been developed with
the purpose to investigate the interference of the overweight and
obesity indices over physiopathological aspects concerned with
the manifestation of chronic-degenerative diseases in adulthood(12-

13). On the other hand, little is known about the effect of this phe-
nomenon over aspects of motor development in children, espe-
cially concerning gross motor skill.

Within this context, Pinho and Petroski(14), point out that over-
weighed or obese children present lack of physical activity as re-
markable characteristic of their usual behavior and that this lack,
besides being linked with cardiorespiratory problems and chronic
conditions, may also reflect in an insufficient motor experience
which reflects over the development of gross motor skills. Never-
theless, such prerogative cannot be securely adopted with any
further studies which can test it.

In the common sense, there seems to be a trend to underesti-
mate the motor skills of obese or overweighed children. Notably, it
is reflected in physical education classes and professional inter-
vention programs in which the teacher many times considers these
children unable to reach success in motor tasks. Thus, such be-
havior leads to less motor experience from the children side, harm-
ing the development process of gross motor skill.

Therefore, considering the high prevalence of overweight and
obesity in children and the relevance of the development of gross
motor skill for the general motor development of these individuals,
the aim of the present study was to verify the relationship between
gross motor skill with body mass index in 4-6 year-old boys and
girls.
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METHODOLOGY

Subjects

27 children (16 boys – 5.7 ± 0.7 years and 11 girls – 5.6 ± 0.7
years), mean age of 5.6 ± 0.7 years participated in the study. They
were all students of a nursery school from Londrina-PR who par-
ticipated once a week in regular physical education classes with
duration of one hour. The authorization for the participation in the
study was obtained with the nursery school principal. Moreover,
all individuals responsible for the students after being informed on
the purpose of the investigation as well as the procedures to be
adopted signed a free a clarified consent form.

Anthropometry

Weight of the subjects was obtained on a Wiley digital scale,
with 0.05 kg precision and height was determined in wooden sta-
diometers with 0.1 cm precision, according to procedures described
by Gordon et al.(15). The body mass index (BMI) was then deter-
mined, making use of these data.

Motor tests

Concerning gross motor skill, there are difficulties in measure-
ment, once tests disseminated in the literature are scarce(16), es-
pecially concerning parameters of Brazilian children. Within this
context, two evaluation instruments were selected in this study in
order to evaluate the motor development of the children: the Test
of Gross Motor Development – Second Edition (TGMD-2), proposed
by Ulrich(2) and the Körperkoordinations-test für Kinder (KTK), pro-
posed by Kiphard and Schilling(17).

The TGMD-2 consists of an analysis of six locomotion tasks (run-
ning, jumping, jumping on one leg, horizontal jumping, jumping one
obstacle, sliding and galloping) as well as six object control tasks
(hitting back, gripping, bouncing, throwing, rolling and kicking). The
performance of each child in the tasks of this test was recorded on
VHS tape for later analysis. Each task had a certain number of per-
formance criteria concerning the quantitative analysis of the move-
ment as follows: the child received one (1) point if fulfilled the cri-
terion and no points if did not fulfill it. Later, the sum of the points
was obtained in each sub-test, named in the test as raw scores.
The analysis of the performance criteria was done by two evalua-
tors trained and experienced in evaluation of tests in two similar
situations. The intra and inter-evaluator correlation was calculated
according to the model proposed by Thomas and Nelson(18) and
surpassed 0.90 for all tests.

The KTK consists of the performance of four motor tasks: bal-
ance during backwards gait, jumps on one leg, lateral jumps and
transference on platforms. This test involves all aspects character-
istic of a motor coordination state, which has as components bal-
ance, rhythm, laterality, velocity and agility(19). The performance
analysis of the child occurs through quantitative measures of move-
ment, being the number of steps during backwards gait, jumps on
one leg at different heights, lateral jumps and performed transpo-
sitions registered. In the KTK, only one evaluator was chosen to
point out and register the punctuation of the children in each task.
Note that the decision to use two evaluators in the TGMD-2 test
was due to the fact that this test performs a qualitative analysis of
the movement.

The TGMD-2 and the KTK are tests which have not been used
so far in validation studies for Brazilian children; consequently, its
classification becomes useless in the evaluation of motor behav-
ior. Therefore, the criteria/norms adopted in the tests were not
considered, which were built from the classification of the percen-
tile curve generated by the analysis of the performance of the chil-
dren who are in the normative sample. Thus, the classification of
each child was generated by the order of punctuation in each test,
that is, from the raw scores of the TGMD-2 and the punctuation of
the KTK. The subjects were classified concerning their position in

the group, in first place, second and so forth. Had a tie occurred in
a given position, the arithmetic mean of the two positions which
the numbers occupied was calculated, establishing to the follow-
ing classified subject the following position. The term ‘classifica-
tion order’ or simply ‘classification’ will be adopted to refer to this
procedure in this investigation.

Such classification was obtained concerning the two sub-tests
of the TGMD-2 and the sum of them. In the KTK, the classification
was obtained in each of the four tests which compose it as well as
in their sum.

Statistical analysis

The data were initially treated from the descriptive procedures
of mean and standard deviation. The normality test by Shapiro Wilk
was used to verify the data distribution. The t Student test for in-
dependent samples was applied for comparison between boys and
girls concerning anthropometric variables. The association between
the BMI and the gross motor skill was analyzed through the Spear-
man correlation (rs). The significance level established was of 5%
(P < 0.05). The data were processed in the computer software
STATISTICATM, 6.0 version.

RESULTS

Table 1 shows the mean values and the standard deviation of
weight, height, and BMI of boys and girls analyzed in this study.
The t test for independent samples did not identify significant dif-
ferences between genders for weight, height and BMI. The chil-
dren presented mean BMI of 16.9 ± 2.0 Kg/m2, ranging from 14.5
to 21.3 Kg/m2. According to the classification proposed by Cole et
al.(20), five children were considered obese (18%) and four over-
weighed (15%), with a total of around 33% of the sample (obese +
overweighed).

TABLE 1

Anthropometric characteristics of the studied subjects, mean

values, standard deviation and t-test according to gender

Boys Girls t P

Age (years) 005.7 ± 0.7 005.6 ± 0.7 –0.15 0.87
Weight (kg) 022.0 ± 4.2 022.0 ± 4.5 –0.01 0.99
Height (cm) 113.3 ± 6.0 113.9 ± 5.0 –0.02 0.78
BMI (kg/m2) 016.8 ± 2.0 016.9 ± 2.0 –0.17 0.86

Initially, the Spearman correlation (rs) was conducted in order to
verify if there was a relationship between the children’s classifica-
tion in the two tests. Therefore, the classification order of the chil-
dren was obtained concerning the sum of the raw scores in the
TGMD-2. Moreover, all values obtained in the four tasks of the KTK
were added. Consequently, no significant correlation was verified
for the boys (rs = –0.48) or the girls (rs = –0.01), which shows that
if a child had high scores in one of the tests, she does not neces-
sarily will reach higher scores in the other test.

When the general performance in the motor tests were corre-
lated with the BMI a low correlation both for the TGMD-2 (rs =
–0.09) and the KTK (rs = –0.04) was verified. This analysis was
conducted from the punctuation reached by all the children.

The same situation occurred when the correlation between the
children’s classification with the BMI in each one of the tasks which
are in the TGMD-2 and the KTK was analyzed, since no significant
correlation was observed, as is seen in table 2.

When the analyses were isolatedly conducted for each gender,
once again no significant correlations were found for girls or boys
(table 3).
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DISCUSSION

The role of education in the development of the gross motor
skill of a child has been defended over the last years(21). The role of
the physical education teacher has also been involved. Actually,
education seems to be essential for the motor development since
difficulties in this continuous process of changes are usually linked
with lack of motor experience(22) or lack of suitable instruction, as
well as lack of opportunities for diverse practice(4,23) or even by
motivational factors(4). Therefore, it is essential that the physical
education professional knows the development process which the
students face in order to guarantee a safe intervention. In this in-
vestigation, we privileged the knowledge on the interaction be-
tween one of the indicators of overweight and obesity, the BMI,
and the gross motor skill.

Initially, it is important highlighting that there was no equiva-
lence concerning the children’s performance in the TGMD-2 and in
the KTK, which suggests that the children’s responses were differ-
ent in the two tests. Probably, these differences would be related
to the kinds of tasks required in each of them, once quantitative
measures of movement are predominant in the KTK, while qualita-
tive measures are the foundation of the TGMD-2 analysis. One
also sees that in the KTK a greater demand of physical capacities
such as velocity, agility or muscular power is present. The origin of
these differences and the lack of relationships between tests will
not be widely discussed here since they are not relevant to the
aim of this investigation. However, they can be understood as a
complement, since motor characteristics which are not picked by
a test may be picked by the other. Therefore, the relationship be-
tween BMI and one of the motor tests will not necessarily behave
similarly for the other test, enabling the verification of the interac-
tion between BMI and gross motor skill in different situations, in a
wider analysis.

In the analysis of the relationships between BMI and the stan-
dardized measurements of performance, no significant relationships
were identified in the general analysis of the children. That is to
say that although the tests have accessed different analyses of
movement (quantitative and qualitative) and the responses to these

analyses are different, by increasing the variability of results and
consequently the chance to exist any relationship among variables,
there was not proportionality between performance in the tests
and the BMI. Nevertheless, since differences in performance be-
tween boys and girls have been suggested(24-25), the correlation
between BMI and the classifications of the tests concerning gen-
der distinctions was also checked. There were not any significant
relationships among the variables, though.

According to Eckert(26), the differences in performance of motor
skills are attributed, among other factors, to different physical struc-
tures presented during life. Within this context, some investiga-
tions have recently tried to verify the influence of these structural
characteristics in the motor aspects. Nunes et al.(27) investigated
the influence of weight, height and body proportions in the manip-
ulative and locomotor behavior of 6 and 7-year old children and
concluded that these growth variables do not significantly influ-
ence the execution of basic motor skills for these children.

These results corroborate what was found by Machado et al.(24),
when verified the relationship between body composition and per-
formance of fundamental motor standards in 5-8-year old children,
being their motor behavior accessed through an adapted TGMD-2
test. Significant relationships were not found between performance
in the test and weight, fat mass and lean mass. These investiga-
tions reinforce the independence of performance in a task of gross
motor skill concerning anthropometric and body composition indi-
cators. Within this context, the present study also defends the
autonomy of this aspect of motor development concerning one of
the structural aspects in children: the BMI.

One may infer then that obese or overweighed children have
the same potential of normal children for developing gross motor
skill and that they are capable to perform movements with the
same quality. The differences in performance in children therefore,
must be probably more related with physiological responses than
with the organization of the movement and motor development, a
topic which should be verified in further studies. Thus, possible
motor deficits in obese children should be carefully analyzed, es-
pecially through the observation of the influence of instruction and
motor stimulation.

It is important to highlight that the fact that the KTK test, as
previously mentioned, has greater demand of components related
to physical capacities, it was expected that it presented higher
correlation with the classification in its component tests. Surpris-
ingly, the value of the correlations remained low for all conducted
analyses. Further investigations which bring as independent vari-
ables physical and motor capacities are needed in order to better
understand this fact.

As a restriction to this investigation, we especially highlight the
selected sample as well as the motor tests. There were a small
number of individuals classified as overweight or obese (33%).
Therefore, new studies which may increase the sample, contem-
plating a wider number of obese or overweighed children are need-
ed. Concerning the motor tests, the biggest issue has to do with
the interpretation of the raw values reached, since there are not
criteria/norms for Brazilian children. It is difficult to speculate about
a satisfactory level or not of development in the gross motor skills;
that is, the level of development of these skills is unknown, since
every child may be at the same level. Thus, we should search for
new studies which validate motor tests for gross motor skills.

Finally, it is worth mentioning that although the BMI is currently
considered a good indicator for overweight and obesity diagnosis,
since it presents low operational cost, is not invasive, enables com-
parisons with reference tables, has wide application in the educa-
tional environment and is of easy access to the physical education
teacher. Nonetheless, the results should be carefully seen once
the BMI may present a relatively limited discriminatory potential
for the identification of obesity cases(28-29). Therefore, it is suggest-
ed in future studies that besides the BMI, skinfolds thickness

TABLE 2

Spearman correlation coefficients (r
s
) between body mass index (BMI)

and classification of each motor task in the TGMD-2 and KTK tests

r
s

P

TGMD-2

Locomotion sub-test –0.17 0.93
Object control sub-test –0.15 0.44

KTK

Balance –0.05 0.78
Jumps on one leg –0.06 0.75
Lateral jumps –0.23 0.25
Lateral transposition –0.06 0.77

TABLE 3

Spearman correlation coefficients (r
s
) between body mass index (BMI)

and classification of boys and girls in each task of TGMD-2 and KTK

Boys Girls

r
s

P r
s

P

TGMD-2

Locomotion sub-test –0.01 0.98 –0.05 0.87
Object control sub-test –0.20 0.45 –0.14 0.67

KTK

Balance –0.21 0.41 –0.43 0.18
Jumps on one leg –0.04 0.56 –0.02 0.96
Lateral jumps –0.06 0.82 –0.42 0.20
Lateral transposition –0.02 0.93 –0.23 0.50
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measurements (tricipital and subscapular) are added in order to
obtain more accurate data on the amount of body fat.

CONCLUSIONS

We may conclude that there was not correlation between the
BMI and the classification of boys and girls in the KTK and TGMD-
2 tests, showing an equal potential of motor development for all
children, not being restricted by body adiposity. It is important to
mention that the outcomes found in this investigation as well as
the ones already mentioned by the literature do not defend or base
the stereotype of obese or overweighed children as not skilled. On
the contrary, they reinforce the idea that satisfactory execution of
actions which involve Gross motor skill, due to the involvement of
qualitative aspects of movement, is not linked with anthropomet-
ric or body composition characteristics.

ACKNOWLEDGMENTS

To Professor Dr. Fábio Yuzo Nakamura for his valuable contribution in
this paper.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.

REFERENCES

1. Clark JE. Motor development. In: Ramachandran VS, editor. Encyclopedia of
human behavior. San Diego: Academic Press, 1994;245-55.

2. Ulrich DA. Test of gross motor development. 2ª ed. Austin: Pro-Ed; 2000.

3. Gallahue DL. Conceitos para maximizar o desenvolvimento da habilidade de mo-
vimento especializado. Rev Educ Fís Uem. 2005;16(2):197-202.

4. Gallahue DL, Ozmun JC. Compreendendo o desenvolvimento motor: bebês,
crianças, adolescentes e adultos. 3ª ed. São Paulo: Phorte, 2005.

5. Newell KM. Constraints on the development of coordination. In: Wade MG, Whit-
ing HTA, editors. Motor development in children: aspects of coordination and
control. Dordrecht: Martinus Nijhoff Publishers, 1986;341-60.

6. Tani G, Manoel EJ, Kokubun E, Proença JE. Educação física escolar: fundamen-
tos de uma abordagem desenvolvimentista. São Paulo: EPU; 1988.

7. Mendonça CP, Anjos LA. Aspectos das práticas alimentares e da atividade física
como determinantes do crescimento do sobrepeso/obesidade no Brasil. Cad
Saúde Pública. 2004;20(3):698-709.

8. Silva GAP, Balaban G, Freitas MMV, Baracho JDS, Nascimento EMM. Prevalên-
cia de sobrepeso em crianças pré-escolares matriculadas em duas escolas par-
ticulares de Recife, Pernambuco. Rev Bras Saude Mater Infant. 2003;3(3):323-
7.

9. Abrantes MM, Lamounier JA, Colosimo EA. Prevalência de sobrepeso e obe-
sidade em crianças e adolescentes das regiões sudeste e nordeste. J Pediatr.
2002;78(4):335-40.

10. Martiniano H, Moraes AM. Índice de massa corporal em escolares na faixa etá-
ria de 4 a 8 do Município de Mogi-Mirim – SP. Lecturas: EF y Deportes (Revista

digital) 2005;10(88). Disponível em http://www.efdeportes.com/efd88/massa.
htm[2006fev10].

11. Monteiro POA, Victora CG, Barros FC, Tomasi E. Diagnóstico de sobrepeso em
adolescentes: estudo do desempenho de diferentes critérios para o índice de
massa corporal. Rev Saúde Pública. 2000;34(5):506-13.

12. Dietz WH. Childhood weight affects adult morbidity and mortality. J Nutr. 1998;
128(2 Suppl):411S-4S.

13. Oliveira AMA, Cerqueira EMM, Souza JS, Oliveira AC. Sobrepeso e obesidade
infantil: influência de fatores biológicos e ambientais em Feira de Santana, BA.
Arq Bras Endocrinol Metab. 2003;47(2):144-50.

14. Pinho R, Petroski EL. Adiposidade corporal e nível de atividade física em adoles-
centes. Rev Bras Cine Des Hum. 1999;1(1):60-8.

15. Gordon CC, Chumlea WC, Roche AF. Stature, recumbent length, and weight. In:
Lohman TG, Roche AF, Martorell R, editors. Anthropometric standardization refe-
rence manual. Champaign: Human Kinetics Books, 1988;3-8.

16. Silva PA, Ross B. Gross motor development and delays in development in early
childhood: assessment and significance. Journal of Human Movement Studies.
1980;6:211-26.

17. Kiphard EJ, Schilling VF. Köperkoordinations-test für kinder. Beltz Test Gmbh:
Weinhein; 1974.

18. Thomas JR, Nelson JK. Métodos de pesquisa em atividade física. Porto Alegre:
Artmed; 2002.

19. Gorla JI. Coordenação motora de portadores de deficiência mental: avaliação e
intervenção. Dissertação (Mestrado). Programa de Pós-graduação em Educação
Física, Universidade Estadual de Campinas, Campinas, 2001.

20. Cole TJ, Belizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for
child overweight and obesity worldwide: international survey. Br Med J. 2000;
320:1240-3.

21. Lopes VP, Maia JAR. Efeitos do ensino no desenvolvimento da capacidade de
coordenação corporal em crianças de oito anos de idade. Rev Paul Educ Fís.
1997; 11(1):40-8.

22. Caetano MJD, Silveira CRA, Gobbi LTB. Desenvolvimento motor de pré-escola-
res no intervalo de 13 meses. Rev Bras Cine Des Hum. 2005;7(2):5-13.

23. Valentini NC, Toigo AM. Ensinando educação física nas séries iniciais: desafios e
estratégias. Canoas: Unilassale; 2004.

24. Machado HS, Campos W, Silva SG. Relação entre composição corporal e a per-
formance de padrões motores fundamentais em escolares. Rev Bras Ativ Fís
Saúde. 2002;7(1):63-70.

25. Stabelini Neto A, Mascarenhas LPG, Nunes GF, Lepre C, Campos W. Relação
entre fatores ambientais e habilidades motoras básicas em crianças de 6 e 7
anos. Revista Mackenzie de Educação Física e Esporte. 2004;3(3):135-40.

26. Eckert HM. Desenvolvimento motor. São Paulo: Manole; 1993.

27. Nunes GF, Campos W, Schubert V, Mascarenhas LPG, Machado HS, Brum VPC.
The influence of height, weight and body proportions on the performance of
basic motor skills of locomotion and manipulation of children aged 6-7 years old.
FIEP Bulletin. 2004;74:213-6.

28. Dietz WH, Bellizzi MC. Introduction: the use of body mass index to assess obe-
sity in children. Am J Clin Nutr. 1999;70(suppl):123S-5S.

29. Sardinha LB, Going SB, Teixeira PJ, Lohman TG. Receiver operating characteris-
tic analysis of body mass index, triceps skinfold thickness and arm girth for
obesity screening in children and adolescents. Am J Clin Nutr. 1999;70(6):1090-
5.

30. World Health Organization. Physical status: the use and interpretation of anthro-
pometry. Geneva: WHO; 1995.


