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ABSTRACT
Numerous recent studies indicate the significant impact of fundamental motor skills on the psychological and 

social development of young boys and girls. However, it is not well-known if there are differences between boys and 
girls aged 7 to 9 in terms of the fundamental development of motor skills. 

Purpose: The aim of this study is to address the question of the fundamental issues between boys and girls using 
upper limb coordination evaluated by the Bruininks-Oseretsky test of motor proficiency (BOT-2), including seven 
sub-scales of measurement. 

Method: The participants (n=79) were 41 boys and 38 girls aged 7 to 9 years old. BOT-2 test scores were used 
for upper limb coordination (ULC) differences by gender. 

Results: The BOT-2 measurements of upper limb coordination show a significant difference in favor of the 
boys only for 6ULC=7±2.77 relative to 5.66±2.66, (d=.49, ES=.24, p=.03) and 7ULC=2±1.45, relative to 1.32±1.21, 
(d=.51, ES=.25 p=.02), while for the other tests there are no significant differences. The magnitude of the impact was 
on the values of the alternate hand dribble, p=.23, while the little effect was achieved for throwing a ball at a target, 
p=.25. Conclusion: Our results showed that there are no significant differences between boys and girls in terms of the 
fundamental development of motor skills, indicating a strong biological determinant of homogenous development.

Keywords: upper limb coordination, motor skills, sex differences, school children, motor development.

INTRODUCTION

Motor development is considered an 
exceptionally important area in the 
integral development of children and is 

therefore the focus of numerous studies (Cairney et 
al., 2005; Goodway, Ozmun, & Gallahue, 2019). It is 
well-known that the theory of integral development 
indicates an association between motor, cognitive, 
and emotional development (Ismail & Gruber, 
1971) and states that progress in one area impacts 
progress in other areas (Trajkovski, Tomac, & 
Maric, 2014). Therefore, numerous researchers 
have pointed out the importance of problems in the 

motor development of children, especially in the age 
of modern technology, where children spend half of 
their waking hours seated, which results in a very 
low level of physical activity (Colley et al., 2013; 
Rajović, Berić, Bratić, Živković, & Stojiljković, 
2017). It has been proven that a sedentary lifestyle, 
along with hypokinesis and a low-quality diet, 
lead to numerous health problems among children 
such as obesity, diabetes mellitus type 2, asthma, 
hypertension, psycho-social problems, early 
onset atherosclerosis, etc. (Mendonca & Anjos, 
2004; Planinšec & Matejek, 2004; Dikanović 
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& Vignjević, 2009). Also, researchers have 
determined that physical inactivity in childhood has 
a negative impact on motor development as well 
(Lubans, Morgan, Cliff, Barnett, & Okely, 2010). 
Numerous studies indicate that the level of motor 
performance is associated with the level of physical 
activity and is reversely proportionate to the 
sedentary lifestyle of children (Wrotniak, Epstein, 
Dorn, Jones, & Kondilis, 2006), whereby children 
with the best motor performances have the highest 
level of physical activity (Cairney et al., 2005; 
Goodway et al., 2019). Therefore, the World Health 
Organization (WHO) adopted a Global Strategy 
on Diet, Physical Activity and Health to preserve 
health and proper physical and motor development, 
whereby the recommendation for children aged 5 to 
17 is 60 minutes of physical activity daily (WHO, 
2021).

Motor development refers to the gradual process 
during which a child achieves coordination of large 
muscle groups of the legs, torso, and arms, and of 
the smaller muscle groups, such as the hand (Ghosh, 
Chonjdhury, Chandra, & Ghosh, 2013), which 
renders motor coordination an essential element 
of motor development. Coordination is a motor 
skill that involves the control and management 
of movements of the entire body or body parts in 
space, as well as the precise and quick performance 
of complex motor tasks (McGinnis, 2013). In other 
words, when the movements of several parts of the 
body are combined in a flowing, well-organized and 
successful movement in the context of performing 
a task, then coordinated movement is achieved 
(Salter, Vishart, Lee, & Simon, 2004). It should be 
pointed out that coordination is linked with at least 
one motor system and that it is always used when 
studying differences in terms of gender, while 
it also plays a key role in cognitive development 
(Chraif & Dumitru, 2015).

Upper limb coordination is included in the BOT-
2 test, which is the seventh sub-test from the group 
of tests used to evaluate gross motor skills. The 
system of evaluation depends on each test, and the 
evaluation ranges from zero points to a maximum 
of five. The number of attempts during testing also 
varies depending on the test itself. A difference 
is made between the number of measured dribble 
examples and the overall grade evaluation based 
on the number of successful dribbles (Bruininks, 
1978). The upper limb coordination test is used 
to evaluate the level of coordination development 
and is harmonized with hand and arm movement, 

virtually control of the object itself (Dighe et al., 
2017). The factors studied by researchers, which they 
concluded do have an impact on the development 
of coordination and the motor development of 
children, include age, gender, frequency of sports 
recreational activity, diet, hormone status, and 
socio-demographic characteristics (Hassan, 
2001; Barnet, van Beurden, Morgan, Bruks, & 
Berd, 2010; Vandendriessche et al., 2011; da Silva 
Pacheco, Gabbard, Ries, & Bobbio, 2016). 

A literature review focusing on the problem of 
coordination as a motor skill indicated a gap in white 
hat research solely with the influence of gender on 
the development and differences in coordination 
among children of young school age. As a result, 
there is the question of whether there are any 
significant differences in the levels of development 
of upper limb coordination among children and just 
how functional the changes between the genders 
are. Therefore, the study aimed to determine the 
differences in upper limb coordination between 
boys and girls of young school age, aged 7 to 9. 

METHODS
Participants
The total number of participants, 79, comprised 

school children of the “Mika Antic” elementary 
school in Nis. The age of the participants was 7 to 9. 
A total of 41 boys and 38 girls took part in the study; 
a detailed overview of their basic characteristics is 
shown in Table 1.

Table 1. Sample characteristics in morphological characteristics 
and age

Variables Boys (n=41)
Mean SD

Girls (n=38)
Mean SD

Body height (cm) 135.2 ± 8.7 135.2 ± 8.4

Body weight (kg) 33.5 ± 8.5 37.4 ± 9.3

BMI (score) 18.1 ± 3.0 18.1 ± 3.7

Age (year) 8.1 ± 1.0 8.3 ± .9

Measurements
To obtain the variables which were later 

analyzed, the Bruininks-Oseretsky test of evaluation 
of motor proficiency BOT-2 (Bruininks, 1978) was 
used. This consists of 46 parts which are grouped 
into eight different sub-tests for the evaluation of the 
motor proficiency of children aged between 4 and 
15: four sub-tests for the evaluation of gross motor 
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skills, three for the evaluation of fine motor skills, 
and one test for the combined evaluation of gross 
and fine motor skills (Duger, Bumin, Uyanik, Aki, 
& Kayihan, 1999). The variables analyzed included 
gender, so the participants were grouped into two 
groups (Boys and Girls). Based on the data for body 
height, weight, and BMI, variables obtained using 
the BOT-2 test include: Releasing and catching a 
ball–both hands (0–5 score); Catching a ball in 
flight – both hands (0–5); Releasing and catching a 
ball-dominant arm (0–5); Catching a ball in flight–
dominant arm (0–5); Dribble–dominant arm (0-10); 
Dribble – alternate hands (0–10); Throwing a ball at 
a target (0–5), Full upper limb coordination (0–45).

Experimental design and course and 
measurement procedures 

Seven experienced researchers were tasked 
with conducting the experimental transversal 
study at the “Mika Antic” elementary school in 
Nis. The testing was carried out at four different 
times in November 2019. The tasks of the seventh 
BOT-2 sub-test were used to evaluate upper limb 
coordination among younger school-age children. 
Prior to the study, in accordance with the Declaration 
of Helsinki, agreement from the parents was sought 
and obtained for participation in the study. Testing 
on all four occasions began at 11 am and lasted for 
1.5 hours, or two school classes. The temperature 
in the gym was within the prescribed 22 to 26°C. 
Each researcher had a previously prepared set of 
two tests and explained and outlined the test in 
detail to the participants, after which the given test 
was also demonstrated. For each student, a repeated 
oral explanation of the test was given in order to 
assure better concentration. In addition, stimulating 
verbal support was given by the researcher to each 
participant equally during testing. The measuring 

instruments which were used in the study to 
obtain data include digital scales (Tanita Body 
Composition Analyzer, BC-418MA), measuring 
tape, a stopwatch, and a tennis ball. 

Data analysis
The data analysis and evaluation of upper limb 

coordination were carried out using the program 
for statistical analysis SPSS (IBM Corp. Released 
2020. IBM SPSS Statistics for Windows, Version 
26.0. Armonk, NY: IBM Corp.). A descriptive 
analysis was used to distribute data based on the 
number of participants, means, and standard 
deviation.  An Independent-Samples T-test was 
used to determine differences in terms of gender 
among the first and third-grade students together. 
For effect size, Cohen’s d was used. Criteria for 
determining the magnitude of the impact were 0.2 = 
small effect size; 0.5 = medium effect size; 0.8 = 
large effect size (Cohen, 1988). Matrices containing 
data in the program were coded with numbers 
for the demographic, and general data of the 
participants, while the columns included variables 
that were used during measurement, with the aim 
of protecting privacy. Statistical significance was 
accepted at p<0.05.

RESULTS

A detailed overview of the basic characteristics 
of the participants (Descriptive statistics) is shown 
in Table 2.

The results of the Independent-Samples t-test 
were used to determine the differences between 
the groups (boys and girls) and determined a 
statistically significant difference at the p<.05 
level in favor of the boys for the variables of upper 
limb coordination (Dribble – alternate hands boys 

Variables
Girls Boys T-test

Mean SD Mean SD t p d

Releasing and catching a ball – both hands 4.5 1.08 4.66 .76 .756 .45 .17

Catching a ball in flight – both hands 4.29 1.18 4.07 1.33 -.761 .45 .17

Releasing and catching a ball – dominant arm 3.87 1.73 4.27 1.23 1.179 .24 .27

Catching a ball in flight – dominant arm 2.89 1.86 2.56 1.78 -.817 .42 .18

Dribble – dominant arm 6.95 2.62 7.54 2.45 1.033 .3 .23

Dribble – alternate hands* 5.66 2.66 7 2.77 2.152 .03 .49

Throwing a ball at a target* 1.32 1.21 2 1.45 2.268 .02 .51

Full upper limb coordination 29.47 9.14 32.07 8.87 1.283 .2 .29

Table 2. Differences 
between groups (De-
scriptive statistics and 
Independent-Samples 
T-test)

Legend: *=statistical sig-
nificance at p<.05; t=T-
test; р=statistical signifi-
cance; d=Cohen’s d
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7±2.77 and girls 5.66±2.66, p=.03; and Throwing 
a ball at a target boys 2±1.45 and girls 1.32±1.21, 
p=.02), while the remaining results do not show any 
statistical significance. 

For half of the participants the values of 
the dribble test with alternate hands (Dribble – 
alternate hands, d=.49, ES=.24) have a small effect 
size, and throwing a ball at a target (Throwing a 
ball at a target, d=.51, ES=.25) has a medium effect. 
This indicates that boys of both grades were better 
at the dribble with alternate hands and throwing a 
ball at a target compared with girls of both grades 
(Тable 2).

DISCUSSION

The results of this study indicate that there is 
no statistically significant difference between boys 
and girls for Full upper limb coordination obtained 
from the results of the seven BOT-2 tests. Even 
though there are not many studies that focused 
solely on differences in terms of gender in upper 
limb coordination, over the past few years that 
number has increased. Several studies focused 
on comparing the total coordination based on the 
results of the BOT-2 test for boys and girls of younger 
school age, which in addition to these differences, 
studied other samples to track the development of 
the motor system in children. The development of 
coordination as a motor skill is considered one of 
the most important skills in a child’s development 
and is usually used to evaluate differences in 
terms of gender, and cognitive abilities, and to 
help determine more adequate exercises for proper 
growth (Barnett, van Beurden, Morgan, Brooks, 
& Beard, 2010; Chraif, & Dumitru, 2015). The 
aim of this study was to apply the BOT-2 sub-test 
to evaluate upper limb motor coordination and 
determine the level of development of coordination 
among younger school-age children attending the 
first and third grades

In terms of the individual results of the tests 
for the evaluation of the level of upper limb 
coordination, statistically significant differences 
were found which indicate differences in the 
Dribble with alternate hands test and Throwing a 
ball at a target in favor of the boys, for which a small 
effect size was determined. The results for which 
no differences in the tests (Releasing and catching 
a ball – both hands, Catching a ball in flight – both 
hands, Releasing and catching a ball – dominant 
arm, Catching a ball in flight – dominant arm, 

Dribble – dominant arm). These findings align with 
those of the study of Balakrishnan and Rao (2007), 
who did not, working on a sample of participants 
from India, obtain statistically significant results. 
Furthermore, very similar findings were obtained 
by authors in a more recent study by Samara et al. 
(2015) who obtained results which do not indicate 
differences between boys and girls in Full upper limb 
coordination. The age groups of the participants, 
which completely align with this study, are found in 
the work of Al-Thumali (2016), who also obtained 
statistically insignificant differences between boys 
and girls on the Full upper limb coordination. An 
advantage can still be determined in favor of the 
boys on the catch test, releasing and catching a ball 
with the dominant and both hands. At the same time, 
claims which are consistent with these results were 
made by Duger et al. (1999). By analyzing the tests 
individually, results were obtained with indicate 
differences in the sub-tests of BOT-2 six (Dribble – 
alternate hands), and seven task (Throwing a ball 
at a target), in favor of the boys. Prescribed norms 
of coordination are being used with increasing 
frequency, defined based on gender and age, which 
provide the best guidelines for comparing results, 
as in the study by Dighe et al. (2017). Their findings 
indicate that boys have an advantage over girls in 
terms of upper limb coordination by 8.87%. The 
girls scored results below the prescribed values, 
while only 1.87% of the boys had results below the 
average prescribed values.

Results which differ from the claims made 
based on differences in upper limb coordination 
can be noted in the work of Chow, Henderson, 
and Barnett (2001). In their findings, girls are 
better on four tests of fine motor skills compared 
with boys, while boys are better on tests of upper 
limb coordination involving the dribble with the 
dominant hand. It should be mentioned that the 
researchers had a great number of participants, 
1,234 children from Hong Kong, which might have 
provided more precise results for the differences 
between boys and girls. Support for these findings 
can be found in a claim made in older studies, a 
meta-analysis by Thomas & French, (1985) which 
also indicates a difference between boys and girls 
in favor of girls on tests of fine motor skills, but also 
shows that boys are better on tests with a ball and 
upper limb coordination tests.

In order to assess whether boys had better 
results on the dribble with alternate hands test and 
throwing a ball at a target test, it was necessary 
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to obtain data on the physical activity of children 
outside of class. These include whether and how 
much they take part in sports training, as well as 
which ones, whether their training sessions include 
games and exercises with a ball which might 
lead to better results on these tests of upper limb 
coordination. Based on these findings, a precise 
explanation could be given which would confirm 
or negate the claim that boys take part in more 
exercises with a ball, which are more similar to 
the BOT-2 tests of upper limb coordination. An 
analysis and explanation of the differences in terms 
of gender could be based on certain metabolic and 
physiological differences among children, which are 
determined by age. It should be mentioned that this 
study was to a great extent limited by the number 
of participants, which made it impossible to carry 
out a more precise analysis and provide results 
that could give a true representation of upper limb 
coordination among younger school-age children. 

Limitations of the study
A limitation of the study is reflected in the 

small number of participants, which decreases the 
effect size of the results. 

CONCLUSION

This study has determined the level of 
coordination of the upper extremities in the 
population of younger school age children, and 
indicated that there are no differences in Full upper 
limb coordination, based on seven motor tasks, 
among boys and girls at this age. 

Acknowledgments
There are no acknowledgments.

Conflict of Interest
The authors declare that there is no conflict of 

interest.

REFERENCES

Al-Thumali, F. (2016). Assessment of Motor Proficiency 
Levels in Children in Saudi Arabia. Riyadh, Saudi 
Arabia: School of Education and Professional Studies.
Asonitou, K., Koutsouki, D., Kourtessis, T., & 
Charitou, S. (2012). Motor and cognitive performance 
differences between children with and without 
developmental coordination disorder (DCD). Research 
in Developmental Disabilities, 33(4), 996–1005. doi: 
https://doi.org/10.1016/j.ridd.2012.01.008
Balakrishnan, T., & Rao, C. S. (2007). Interrater reliability 
of bilateral coordination of Bruininks Oseretsky Test of 
Motor Proficiency (BOTMP) & Performance of Indian 
Children compared with USA norms. The Indian Journal 
of Occupational Therapy, 38(3), 55–60.
Barnett, L. M., van Beurden, E., Morgan, P. J., 
Brooks, L. O., & Beard, J. R. (2010). Gender differences 
in motor skill proficiency from childhood to adolescence: 
A longitudinal study. Research Quarterly for Exercise 
and Sport, 81(2), 162–170. doi: https://doi.org/10.1080
/02701367.2010.10599663
Bruininks, R. H. (1978). Bruininks-Oseretsky test of 
motor proficiency. Circle Pines, MN: American Guidance 
Service.
Cairney, J., Hay, J. A., Faught, B. E., Wade, T. J., 
Corna, L., & Flouris, A. (2005). Developmental 
coordination disorder, generalized self-efficacy toward 
physical activity, and participation in organized and free 
play activities. The Journal of Pediatrics, 147(4), 515-
520. doi: https://doi.org/10.1016/j.jpeds.2005.05.013
Chow, S. M., Henderson, S. E., & Barnett, A. L. (2001). 
The Movement Assessment Battery for Children: A 
comparison of 4-year-old to 6-year-old children from 

Hong Kong and the United States. American Journal 
of Occupational Therapy, 55(1), 55–61. doi: https://doi.
org/10.5014/ajot.55.1.55
Chraif, M., & Dumitru, D. (2015). Gender differences 
on wellbeing and quality of life at young students 
at psychology. Procedia-Social and Behavioral 
Sciences, 180, 1579–1583.
Cohen, J. (1988). Statistical power analysis for the 
behavioral sciences (2nd ed.). Hillsdale, NJ: Erlbaum.
Colley, R. C., Garriguet, D., Adamo, K. B., Carson, V., 
Janssen, I., Timmons, B. W., & Tremblay, M. S. (2013). 
Physical activity and sedentary behavior during the early 
years in Canada: a cross-sectional study. International 
Journal of Behavioral Nutrition and Physical Activity, 
10(1), 1–9.
da Silva Pacheco, S. C., Gabbard, C., Ries, L. G. K., 
& Bobbio, T. G. (2016). Interlimb coordination 
and academic performance in elementary school 
children. Pediatrics International, 58(10), 967–973. doi: 
https://doi.org/10.1111/ped.12972
Dewey, D., Kaplan, B. J., Crawford, S. G., & 
Wilson, B. N. (2002). Developmental coordination 
disorder: associated problems in attention, learning, and 
psychosocial adjustment. Human Movement Science, 
21(5–6), 905–918. doi: https://doi.org/10.1016/S0167-
9457(02)00163-X
Dighe, A. D., Dhote, D., Palekar, D., Pande, A., 
Yengde, P., & Singh, G. (2017). Assessment of upper 
limb coordination using bruininks-oseretsky test of 
motor proficiency, (BOT-2), in 5–15 years school going 
children. International Journal of Healthcare and 
Biomedical Research, 5(3), 62–69.

https://doi.org/10.1016/j.ridd.2012.01.008
https://doi.org/10.1080/02701367.2010.10599663
https://doi.org/10.1080/02701367.2010.10599663
https://doi.org/10.1016/j.jpeds.2005.05.013
https://doi.org/10.5014/ajot.55.1.55
https://doi.org/10.5014/ajot.55.1.55
https://doi.org/10.1111/ped.12972
https://doi.org/10.1016/S0167-9457(02)00163-X
https://doi.org/10.1016/S0167-9457(02)00163-X


40

Nikola Prvulović, Borko Katanić, Boris Banjević 

BOT-2 Evaluation of Gender Differences in Upper Limb Coordination among Children 7 to 9 Years Old

Received on June 21, 2022
Accepted on August 26, 2022

Dikanović, V., i Vignjević, Z. (2009). Gojaznost dece 
uzrasta 7 do 15 godina i rizik za pojavu dijabetes 
mellitusa tipa 2. U Živić, S. (Ur.). 42. Pedijatrijski 
Dani Srbije Sa Međunarodnim Učešćem (str. 117). Niš: 
Udruženje pedijatra Srbije.
Duger, T., Bumin, G., Uyanik, M., Aki, E., & 
Kayihan, H. (1999). The assessment of Bruininks-
Oseretsky test of motor proficiency in children. Pediatric 
Rehabilitation, 3(3), 125–131.
Goodway, J. D., Ozmun, J. C., & Gallahue, D. L. (2019). 
Understanding motor development: Infants, children, 
adolescents, adults. Burlington, Massachusetts: Jones & 
Bartlett Learning.
Hassan, M. M. (2001). Validity and reliability for 
the Bruininks-Oseretsky Test of Motor Proficiency-
short form as applied in the United Arab Emirates 
culture. Perceptual and Motor Skills, 92(1), 157–166. 
doi: https://doi.org/10.2466/pms.2001.92.1.157
Hill, E. L. (2001). Non‐specific nature of specific language 
impairment: a review of the literature with regard to 
concomitant motor impairments. International Journal 
of Language & Communication Disorders, 36(2), 149–
171. doi: https://doi.org/10.1080/13682820010019874
Ismail, A. H., & Gruber, J. J. (1971). Integrated 
Development – Motor Aptitude and Intellectual 
Performance. Columbus: Charles Merrill Books.
Lubans, D. R., Morgan, P. J., Cliff, D. P., Barnett, L. M., 
& Okely, A. D. (2010). Fundamental movement skills 
in children and adolescents. Sports Medicine, 40(12), 
1019–1035. doi: https://doi.org/10.2165/11536850-
000000000-00000
Macnab, J. J., Miller, L. T., & Polatajko, H. J. (2001). 
The search for subtypes of DCD: Is cluster analysis the 
answer? Human Movement Science, 20(1–2), 49–72. 
doi: https://doi.org/10.1016/S0167-9457(01)00028-8
McGinnis, P.M. (2013). Biomechanics of sport and 
exercise (3 rd edition). Champaign, IL: Human Kinetics.
Mendonça, C. P., & Anjos, L. A. D. (2004). Dietary and 
physical activity factors as determinants of the increase 
in overweight/obesity in Brazil. Cadernos de Saúde 
Pública, 20(3), 698–709. doi: https://doi.org/10.1590/
S0102-311X2004000300006
Pantelić, S., Uzunović, S., Đorđević, N., Stošić, D., 
Nikolić, D., & Piršl, D. (2019). The impact of the 
experimental dance program on the motor coordination 
of children. Facta Universitatis, Series: Physical 
Education and Sport, 557–567. doi: https://doi.
org/10.22190/FUPES181004050P

Planinšec, J., & Matejek, Č. (2004). Differences in 
physical activity between non-overweight, overweight 
and obese children. Collegium antropologicum, 28(2), 
747–754.
Rajović, R., Berić, D., Bratić, M., Živković, M., & 
Stojiljković, N. (2017). Effects of an “NTC” exercise 
program on the development of motor skills in preschool 
children. Facta Universitatis, Series: Physical Education 
and Sport, 315–329. doi: https://doi.org/10.22190/
FUPES1603315R
Rivilis, I., Hay, J., Cairney, J., Klentrou, P., Liu, J., & 
Faught, B. E. (2011). Physical activity and fitness in 
children with developmental coordination disorder: 
a systematic review. Research in developmental 
disabilities, 32(3), 894–910. doi: https://doi.
org/10.1016/j.ridd.2011.01.017
Salter, J. E., Wishart, L. R., Lee, T. D., & Simon, D. 
(2004). Perceptual and motor contributions to bimanual 
coordination. Neuroscience letters, 363(2), 102–107. 
doi: https://doi.org/10.1016/j.neulet.2004.03.071
Samara, D., Sidharta, N., Mediana, D., & Noviyanti, N. 
(2015). Gender impacts on motor skill proficiency-
physical activity relationship in children. Universa 
Medicina, 31(3), 192–199. 
Thomas, J. R., & French, K. E. (1985). Gender 
differences across age in motor performance: A meta-
analysis. Psychological bulletin, 98(2), 260.
Trajkovski, B., Tomac, Z., & Maric, Z. (2014). Trend in 
motor skills development among preschool children as 
affected by a kinesiology program-longitudinal study. 
Sport Science, 7(2), 22–27.
Vandendriessche, J. B., Vandorpe, B., Coelho-e-
Silva, M. J., Vaeyens, R., Lenoir, M., Lefevre, J., & 
Philippaerts, R. M. (2011). Multivariate association 
among morphology, fitness, and motor coordination 
characteristics in boys age 7 to 11. Pediatric Exercise 
Science, 23(4), 504–520. doi: https://doi.org/10.1123/
pes.23.4.504
World Health Organization. (2021). Obesity and 
overweight. Retrieved from https://www.who.int/en/
news-room/fact-sheets/detail/obesity-and-overweight 
(accessed on November 24, 2021).
Wrotniak, B. H., Epstein, L. H., Dorn, J. M., Jones, K. E., 
& Kondilis, V. A. (2006). The relationship between motor 
proficiency and physical activity in children. Pediatrics, 
118(6), 1758–1765. doi: https://doi.org/10.1542/
peds.2006-0742

https://doi.org/10.2466/pms.2001.92.1.157
https://doi.org/10.1080/13682820010019874
https://doi.org/10.2165/11536850-000000000-00000
https://doi.org/10.2165/11536850-000000000-00000
https://doi.org/10.1016/S0167-9457(01)00028-8
https://doi.org/10.1590/S0102-311X2004000300006
https://doi.org/10.1590/S0102-311X2004000300006
https://doi.org/10.22190/FUPES181004050P 
https://doi.org/10.22190/FUPES181004050P 
http://dx.doi.org/10.22190/FUPES1603315R
http://dx.doi.org/10.22190/FUPES1603315R
https://doi.org/10.1016/j.ridd.2011.01.017
https://doi.org/10.1016/j.ridd.2011.01.017
https://doi.org/10.1016/j.neulet.2004.03.071
https://doi.org/10.1123/pes.23.4.504
https://doi.org/10.1123/pes.23.4.504
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1542/peds.2006-0742
https://doi.org/10.1542/peds.2006-0742

	_Hlk102319519
	_Hlk102375877

