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Introduction  
 

orldwide the decrease of 
physical activity (PA) and the 
increase of sedentary behavior 

are dramatically associated with the rise in 
childhood obesity (WHO 2010; WHO 2008-
2013). Obesity in youth has been correlated 
with risks of hypertension, diabetes type 2, 
bad psychosocial consistence, ill-favored lipid profile and early atherosclerotic 
lesions (Must & Straus 1999; Reilly 2003; Speiser, 2005; WHO 2000) and also is 
known to correlate with adult obesity (Williams, 2001).  Nevertheless, conservation 
of ideal body weight is an operation of equal energy intake and expenditure. Since 
PA is a potential factor associated with weight status, researchers interested in the 
relationship between PA and children body composition (Wilmore 1994). 

PA is defined as any bodily movements produced by skeletal muscles that result 
in energy expenditure (Caspersen, 1985; Raustorp 2004,). PA commonly is assessed 
by the use of questionnaires, accelerometers or pedometers. There are plenty of 
benefits which resulting of an active lifestyle which is recognized even for young 
population not only in physical but also in social and psychological health (Strong, 
2005). Public health PA guidelines recommend an amount of PA in time or in steps 
for children, adolescents and there is growing emphasis in creating specific 
guidelines for preschool children (Timmons, 2007). Participation in PA results with 
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Abstract 
 
This review examined the associations of 
physical activity (PA) and motor 
proficiency (MP) in children. The 14 
selected studies contained a variety of 
motor ability tests and the PA measured 
with the use of accelerometers, 
pedometers and questionnaires.  These 
studies provided various ways of 
estimation of PA and MP. Gender 
differences appeared in many studies for 
MP and PA but in general findings 
suggest that high time spent in sedentary 
behavior was a predictor of low motor 
coordination and MP is a significant 
predictor of PA in children. Finally are 
presented the limitations of the studies 
with the purpose to provide more valid 
and accurate measures of PA and MP in 
the future.  
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better proficiency in motor skills, but lower level of motor proficiency is correlated 
with lower levels of activity (Okely, 2001; Williams, 2008; Wrotniak, 2006).  

Fundamental movement skills (FMS) are presented as the building blocks for 
more multiplicative movement skills and demanded for participation in structured 
and unstructured physical activities for preschool children, children, adolescents 
and adults (Gallahue, 2006; Payne, 1995). FMS distinguished in three categories 
which include, locomotor skills (e.g., running, hopping and jumping), manipulative 
or object-control skills (e.g., catching, throwing and kicking), and stability skills (e.g., 
balancing and twisting) (Gallahue, 2006; Payne, 1995). Furthermore, the practice of 
FMS in early years plays an important role on preschool curricula and also depicts to 
their physical, social and cognitive development (Payne, 1995). As children develop 
their FMS it appears to be profitable to provide appropriate encouragement, 
feedback and instruction (Gallahue, 2006; Jones, 2011). 

The aim of this study was to tabulate the relationship of PA and motor skills in 
children in a survey of studies from the last 12 years.  

 
Methods 

To detect articles for the present review, searches were performed in PubMed 
and Wed of Science. Key terms consisted of a combination of organized and non-
organized PA, sedentary behavior, motor coordination, motor skills, motor 
proficiency, fundamental movement skills, which were searched in conjunction with 
each term in the following group: preschool children; kindergarten; childhood. The 
articles were limited to those which (1) included children aged from 2 to 12.5 years 
old; (2) published in an English-language; (3) examined relationship between motor 
skills and PA; (4) published from the years 2002-2013. Additionally, were selected 
studies which assessed sedentary behavior and its association with motor skills. 
Finally, intervention studies and studies which deal with developmental 
coordination disorder in children were not included in the present review. The 
extended research and after taking into consideration all the above criteria, 14 
articles were identified and included in this review.  
 
 Sample characteristics 

Nine studies prosecuted in Europe, one in Australia, two in USA and two of 
them are not mentioned (Table 1). PA assessment completed by the use of 
accelerometer in eight studies, with questionnaires or self-reports in four studies and 
by using built-in-memory pedometer in two studies. The season of PA measurement 
are not mentioned in all of the selected studies. For motor proficiency (MP) four 
researchers preferred to investigate MP with Kiphard – Schilling body coordination 
test (Kiphard – Schilling body coordination test, KTK), two researchers preferred the 
Test of Gross Motor Development-2, four the short form of the first and second 
Bruininks – Oseretsky Test of Motor Proficiency, one the Movement Assessment 
Battery, one the Children’s Activity and Movement in Preschool Study Motor Skill 
Protocol, one the Motorik Module test battery, and finally, one the predicted 
fundamental motor skill development by testing the overhand throwing and 
standing long jump.  
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Children’s weight status was calculated using objectively measured height and 
weight to compute body mass index (BMI, kg/m2) in 11 studies. Lopes (2012) used 
waist circumference and height to compute waist – to – height ratio. Additionally, 
Lopes (2011) calculated the sum of skinfolds and Houwen (2009) assessed body 
composition by using a leg-to-leg bioelectrical impedance analyzer. D’ Hondt used 
bioelectrical impedance analysis to detect levels of body fat and finally, Logkizidou 
(2012) and as well as Raudsepp & Pall (2006) did not mention any anthropometric 
characteristic of subjects. 

The most of the studies investigated the relationship between MP and PA. 
Papadopoulos (2008) compared the MP and PA of preschool children with different 
BMI. PA levels were examined in children with and without visual impairments 
(Houwen, 2009). Finally two study addressed the longitudinal relationship among 
MP and PA in children (D’ Hondt, 2013; Lopes, 2011). 
 
Results and Discussion  

Of the 14 studies, six examined if there were differences in PA and MP between 
boys and girls (Lopes, 2012; Lopes, 2011; Cliff, 2009; Wrotniak, 2006). Three of them 
found differences between boys and girls and only one concluded that there were no 
differences between boys and girls in the association of running speed and agility, 
broad jump, or copying pencils with physical or sedentary activity (Wrotniak, 2006). 
Lopes (2012) observed that boys, aged 9-10 years old, spent less sedentary time than 
girls (73.90% and 77.20%, respectively) and on the other hand, girls spent fewer 
minutes in moderate to vigorous physical activity (MVPA) than boys. Additionally, 
girls displayed lower levels of MP with only 46.3% of girls and 59.3% of boys to 
presented normal or good MP. In both genders, the low sedentary group had 
significantly greater chances of providing high MP than the higher sedentary group, 
independent of PA (Lopes, 2012). Lopes (2011) examined the relationship among 
MP, physical fitness and PA in children who were followed longitudinally from 6 to 
10 years and found boys had on average higher levels of MP and PA and greater 
scores on the fitness items than girls but for both genders presented a decrease in PA 
with age. Finally, in boys there were across year similar levels of MP while in girls 
tend to increase slightly from observations one to three and then decrease (Lopes, 
2011). According to Kambas (2012) no statistical differences detected between girls 
and boys (5-6 years), in PA and also in motor proficiency. Cliff (2009) examined 
gender differences in cross-sectional relationship among FMS subdomains 
(locomotor skills, object-control skills) and PA in preschool children and highlight 
that FMS were positively correlated with PA in preschool boys and negatively 
correlated in preschool girls. Among boys, locomotor standard score was marginally 
associated with the percent of time in MVPA, object-control standard score was 
related to percent of time in moderate physical activity (MPA) and MVPA and was 
also related to percent of total PA. Finally for boys, Gross Motor Quotient (GMQ) 
was related to percent of time in MVPA, VPA and total PA. On the other hand, 
object-control standard score was not related to PA outcomes and also, both 
locomotor standard scores and GMQ were negatively related to percent of time in 
MVPA among girls. Although girls showed greater locomotor skills and 
subsequently for the GMQ than boys, girls locomotor skills held stronger negative 
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associations with habitual PA (MPA, MVPA) than object control skills (Cliff, 2009). 
Developmental level of overhand throwing, scores of accelerometer, rapid trunk-
movement PA, and motor skill-related PA presented significantly higher in boys, 
while girls provided higher scores for lower-intensity PA such as limb movement 
and slow trunk movement and physical inactivity (Raudsepp & Pall, 2006). 

Another question deals with how and if BMI reflect in MP and PA of children. D’ 
Hondt (2013) found that there were a growing difference in KTK performance(s) of 
overweight and obese children versus normal weight children with increasing age 
and further demonstrated that participation in organized sports in a sports club 
predicts the level of gross motor coordination over a time frame of two years in 
children. Numez-Gaunaurd (2013) concluded that children who were obese 
demonstrated greater impairments in motor proficiency and participated in less 
physical activity than peers with healthy weight. Overweight and obese children 
presented lower daily steps taken and higher sedentary minutes than children with 
healthy weight and also BMI correlated negatively with BOT2-Short form (Numez-
Gaunaurd et al., 2013). Papadopoulos (2008) found that PA was significantly lower 
in obese children than normal weight peers but there were no statistically significant 
differences in motor performance between normal, overweight and obese preschool 
children. Papadopoulos (2008) assessed PA with interview and as previously 
mentioned interviews, questionnaires or self-reports tend to overestimate time spent 
in vigorous physical activities and to underestimate time spent in unstructured daily 
physical activities which may explain the non-differences between BMI categories 
(Armstrong 2006).  No significant associations were found between BMI, body fat, 
and any of the indices of physical activity for children without visual impairments 
(VI) (Houwen, 2009). On the other hand, BMI and body fat were significantly 
correlated with percentage time spent in sedentary and light activity, indicating that 
children with VI and higher BMI and body fat provided more sedentary behavior 
that children with lower BMI and body fat (Houwen, 2009). Additionally Houwen 
(2009) found that children with VI presented significantly lower PA, locomotor and 
object control scores than peers without VI which emphasize the need of developing 
programs for more active way of life for children with VI.  

To the best of our knowledge, only two studies examined the relationship 
between MP and PA in preschool children by using pedometer for assessing PA. 
Kambas and colleagues (2012) concluded that motor proficiency was positively 
correlated with steps taken, aerobic steps taken and aerobic walking time. As more 
was the physical activity of preschool children as higher motor proficiency scores 
presented and additionally when this association examined by quartiles of motor 
abilities, children in the highest quartile were presented as the most physically 
active group (Kambas et al., 2012). Logkizidou (2012) found that there was 
statistically significant relation between motor skills performance and steps.day-1. 
Significant differences presented in steps.day-1 among  
“below average” and “average” motor skill categories and also between “below 
average” and “above average”. Preschool children which categorized at “above 
average” motor skill performance taken 13346 steps.day-1, at “average”  taken 9453 
steps.day-1, and finally at “below average” taken 6250 steps.day-1. 
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Four studies assessed MP of children with KTK (D’ Hondt, 2013; Lopes, 2012; 
Lopes, 2011; Graf, 2004). Graf (2004) found that children with the greatest extent of 
exercise (take part in athletic clubs and regular sport activity and irregular PA 
achieve the highest KTK results. Lopes (2012) concluded that a lot time spent in 
sedentary behavior was a predictor of low MP and emphasized the potential of 
discouraging sedentary behavior among children so to increase MP. Lopes (2011) 
suggested that MP and 1mile run/walk are an important predictor of PA in children 
6-10 years of age because found that children with the greatest MP level had a 
higher level of PA. Finally, D’ Hondt (2013) reported significant main effects of BMI 
groups for every single item as well as for total KTK, with overweight and obese 
children providing poorer performances than their normal weight peers both at 
baseline and follow-up.  

On the other hand, Williams (2008) found that there was no association and also 
low, negative and non-significant correlation between motor skill performance 
scores, which assessed with CHAMPS Motor Skill Protocol, and sedentary or light 
PA in preschoolers. Significant positive correlations presented between motor skill 
performance and time spent in MVPA and VPA (Williams, 2008). Additionally there 
were no PA differences among tertiles of motor skill performance for object control 
scores and with respect to locomotor scores, children with high MP spent fewer time 
in sedentary activities than children in lowest tertiles and also spent more time in 
MVPA and VPA (Williams, 2008). In the same conclusion came another research 
which assessed MP with the Bruininks Oseretsky Test of Motor Proficiency-Short 
form (BOTMP) were presented significant associations between MP and PA in 
sedentary PA, MPA and MVPA (Wrotniak, 2006). Running speed and agility, broad 
jump and copying overlapping pencils were the items which associated with PA, 
while children who succeed greater on the visual-motor task of copying a picture 
and of overlapping pencils presented to provide higher percentage of time in MPA 
and MVPA than children who provided lower scores (Wrotniak, 2006).   Raudsepp 
and Pall (2006) supported that developmental level of fundamental motor skills 
would be related with skill-specific outside-school PA but not with general level of 
PA of elementary school children. Finally, Fisher (2005), observed weak cross-
sectional relationship between PA and FMS in preschool children. There were no 
significant correlation between FMS and light intensity PA but the correlation 
between FMS and time spent in MVPA provided a weakly but significantly 
positively correlation (Fisher, 2005). 

In summary, findings stress the importance of promoting programs with main 
aim the development of FMS and PA in early years of life. Most authors suggested 
that high time sent in sedentary behavior was a predictor of low motor coordination 
and conversely MP is a significant predictor of PA in children.   
 
Limitations 
 One of the most potential factors which may affected this review is the different 
way of the estimation of PA and MP. It’s really difficulty to compare results from 
questionnaires, accelerometers and pedometers, first of all due to the fact that the 
way which data presented is not the same. For example pedometers provide data as 
steps per day and accelerometers categorize PA in intensity levels. Even thought the 
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most of the MP tests include same skills the categorization, classification and the 
calculation of the results may affect the generalization of data. Questionnaires or 
self-reports tend to overestimate time spent in vigorous physical activities and to 
underestimate time spent in unstructured daily physical activities (Armstrong, 
2006). Accelerometers provide a better approach due to the way that they can 
classify PA in intensity levels (e.g. sedentary, light-intensity PA, moderate, vigorous) 
and also they offer the opportunity to collect and analyze an important amount of 
data. On the other hand, newest pedometer models have evolved from simple 
mechanical sensors to dual-axis acceleration sensors which can count steps 
horizontally and vertically. In comparison with accelerometers, pedometers are 
easily implemented and economically feasible for use in epidemic studies 
 Another measure of importance is that same authors did not specify the season 
their measurements were performed. Ambient temperature and rainfall have 
substantial effects on children’s daily step counts and should therefore be 
considered when comparing physical activity across different locations or periods. 
For example, a 10oC rise in mean ambient temperature has been associated with an 
increase in weekday steps ~1,700 steps and for week-end days ~3,400 steps in boys 
(Duncan et al., 2008).  
 In the most studies, body weight determined with BMI measurements which has 
been found previously unrepresentative of body weight and also the classification of 
BMI are not the same in all studies (Wells & Fewtrell, 2006).  Only three studies used 
different measures to estimate body weight and body composition. Waist 
circumference and height, skinfolds and bioelectrical impedance were used only in 
three studies reducing in this way the error in assessing child body characteristics 
(Lopes, 2012; Lopes ,2011; Houwen, 2009).  
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