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The purpose of the present study was to examine: a. the development of primary
school students’ motor coordination (MC) within three years, b. gender as a crucial
factor of this development, c. the relationship between MC and Body Mass Index
(BMI). Students’ performances as well as the BMI of 20 boys and 22 girls were
measured throughout a three-year period. Students’ MC was evaluated with
Korperkoordination Test fiir Kinder (KTK) a test with four subtests in order to
evaluate Motor Coordination (MC) of 5-14-year-old children. Results indicated
that: a. the MC increased during the two first years of program b. that there was a
negative correlation between BMI and KTK results/every year: Increases in BMI
were correlated with decreases in a rating of KTK results/every year c. there was a
statistically significant interaction between motor coordination and BMS. From the
analysis of the results and the discussion that followed we came to the following
conclusions: a. the participation in organized physical activities could help students
who were at the first and second class to improve-develop their motor
coordination, b. the increase in body mass index had a negative impact on the size
of children's knee joints, c. the body mass index can successfully predict the extent
of the knee joint and the gender of the boys contributed to this prediction.
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INTRODUCTION

The modern sedentary lifestyle and lack of physical activity in children and adolescents
is a major problem since chronic diseases in adults such as heart disease, type II diabetes
and obesity appear in childhood (Tzetzis, Kakamoukas, Goudas, & Tsorbatzoudis,
2005). Concerned by Greek society (Tokmakidis, Bogdanis, Sindonis, Mougios, &
Mamen, 2000) and the global community, the lack of physical activity due to low levels
of physical activity in the world and the ensuing poor eating habits (Laukkanen, Pesola,
Finni, & Sédkslahti, 2017), which has doubled in the last 20 years among young people
(children and adolescents) (Center for Disease Control and Prevention, 2004).

Trost, Kerr, Ward, and Pate (2001), recorded the participation, both in intense and
moderate physical activity, of 133 high school students (11.4 £+ 0.6) with normal BMI
and 54 obese pupils. Their results showed that obese children had statistically lower
daily and weekly physical activity. Janssen, Katzmaryk, Boyce, Vereeken, Mulvihill,
Vereeken, Mulvihill, Roberts, Currie, and Picket (2005) examined the incidence of
obesity among students in 34 countries and a sample of 137,593 children aged 6 to 16
years and found that in countries where youth physical activity is low and children watch
television for several hours, mobility levels increase and obesity is increased.

In Greece, the Greek Obesity Medical Society (2005), with a sample of 18,045 children
and adolescents, found that at the age of 7 to 12 years, 12.7% of boys and 11.1% of girls
are overweight, while the corresponding figures for the 10% and the 7.2% of
adolescents are obese (13-19 years), the 20.7% of boys are overweight while the 8.9%
are obese. Among girls, over thel2.5% is considered overweight and 3.6% obese. In
their research, Tzetzis, Kakamoukas, Goudas, and Tsorbatzoudis, (2005) examined the
physical activity of 35 non-obese and 34 obese first-year students using the CSA
accelerometer for four days. The results showed that obese children had statistically less
daily physical activity and participated in little moderate exercise and almost no intense
exercise.

The survey results reveal beneficial benefits for the physical, mental and psychological
health and well-being of children and adolescents who participate in regular physical
activity (Hagger, Chatzisarantis, & Biddle 2001). According to a report by the US
Department of Health, "physically active people are living longer and have a lower
incidence of disease" (US Department of Health and Human Services, 2001).
Researchers in the fields of public health, epidemiology, and physical education
emphasize the importance of systematic participation in health promotion exercises
(Martin & Kullina, 2004).

Physical education classes play an important role in the physical, mental and mental
health and well-being of students. According to Kioumourtzoglou and Derri (2003),
physical education is the only area of the school curriculum that is directly related to
health status, aims to form behaviours, improves self-esteem and positively affects a
number of parameters of students' character and personality. The purposes of the
physical education course are manifold and concern the psychomotor, emotional,
cognitive and social development of the child (Bournelli, Koutsouki, Zografou,
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Maridaki, Chatzopoulos, and Agalianou, 2007). The ultimate goal of this lesson is to
increase children's overall physical activity and to develop attitudes and behaviours
towards physical education that will enable children to exercise and play sport
throughout their lives (Alderman, Beighle, & Pangrazi, 2006). Physical education
lessons, in addition to learning motor skills, promotes students' health by providing them
with knowledge and making them active in a society characterized by subjectivity and
lack of physical activity. Childhood obesity is a growing problem (AGA, 2004; Kavey,
Daniels, Lauer, Atkins, Hayman, & Taubert, 2003). School and physical education
lessons can play an important role in students' health and commitment to physical
activity. Participation in physical activity from an early age contributes significantly to
the acquisition and construction of a healthy skeletal system, develops muscle strength
and endurance, reduces the risk of chronic disease, strengthens the body, and reduces
stress (Physical Activity Guidelines, 2008).

Participation in Physical Education, which improves children's physical activity, leads to
the improvement of their kinetic abilities lessons (Cools, De Martelaer, Samaey, and
Andries, 2010). Children with developed levels of kinetic ability, compared to their
classmates of the same age, have a higher average rate of participation in Physical
Education programs (Schott, Alof, Hultsch, and Meermann, 2007). Surveys have shown
that children who do not participate in physical activity programs inside and outside
school have lower motor skills and high BMI, meaning they are overweight and obese
(Stodden, Langendorfer, and Roberton, 2009). As a result, D' Hondt et al. (2011)
surveyed of 954 students aged 5 to 12 years to investigate the relationship between the
kinetic assembly and body mass index. The survey results revealed that students with
good kinetic alignment have a normal body mass index in both boys and girls and
systematically participate in organized physical activity programs. D' Hondt, Deforche,
Gentier, De Bourdeaudhuij, Vaeyens, Philippaerts, and Lenoir (2013), based on a
sample of 712 students from 13 schools in Belgium, argued that the cumbersome kinetic
assembly of obese and overweight children is significantly lower than that of their peers
with normal weight. The researchers noted that the evolution of the level of motor
coordination and the improvement of motor skills is statistically significant with the
weight status of children and especially with obesity. Mond et al. (2007) surveyed
students aged 4.5 to 8.5 years on the role of obesity in children's kinetic development.
The researchers argued that lack of motor performance was more evident in obese boys
than in boys of normal weight. Graf et al. (2005) studied the impact of the Children's
Health Interventional Trial (CHILT) program, which combines increased participation
in physical activity and student education on the health, body mass index and motor
skills of students aged 5.5 to 9 years. The study was 2 years in duration and
measurements were taken in the fall of the 1% year and the spring of the 2™ year.
Research results showed that motor performance improved statistically in the
experimental group.

From what has been mentioned above, it is clear that there is no survey to examine the
impact of physical activity participation during the school program on improving the
motorization of first-year students. Thus, the purpose of this document was: a. to study:
a. the improvement of the motor coordination of students attending primary school
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within three years through participation in physical activities; b. gender as a
differentiating factor in this development; and c. the increasing relationship between the
motor coordinator and body mass index.

The questions asked to answer the survey are:

a. If participation in organized physical activities contributes to the improvement of the
motor coordinator.

b. If there is a correlation between the motor coordinator and the body mass index.
c. If gender is a factor of differentiation of motor coordinator.

METHOD

Subject

The survey covered one hundred (100) students attending the first grade of primary
schools in the city of Komotini. The selection of students who participated in the survey
was made following a random selection of schools, where the survey would have taken
place. A basic prerequisite for the school's participation in the research was that physical
education teachers should be permanent ones and remain in the school for the next four
school years. Students were then asked to participate in physical activities organized in
their school at least three times a week, and of the respondents, 50 boys and 50 girls
were selected by random draw. Twenty boys and 22 girls participated in the final
survey, 58 of whom dropped out of the survey for personal reasons such as reluctance to
participate in the research in the second year of research, change in the school
environment, family relocation or absence from most research due to health problems.

Procedure

Before the survey was launched, a meeting was held with the teachers who then
implemented the program, during which they explained the research objectives and the
entire research process. It was mentioned that their participation requires their training
in measuring instruments and their use. On behalf of the teachers, questions were asked
about the organization and conduct of the research as a whole, as well as about whether
or not students were required to participate in it.

As mentioned above, the first step of the survey was the training of teachers invited to
implement the program. The training took place over a period of 10 months, from
September 2012 to May 2013, and included the demonstration and use of measuring
instruments and internships in these instruments. The program included two measures, at
the beginning and end of each school year, of anthropometric characteristics and the
quality test for overall neuromuscular coordination (KTK).

With respect to student participation in the program, parents/guardians were informed
and after the program objectives were explained in detail and they were assured that
participation in the research was voluntary and that they could leave at any time and that
the research results would be anonymous and would be used solely for research
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purposes, they were asked to give their written permission for the student to participate
in the program

Data collection
Data collection included:

a. anthropometric measurements: The somatometric characteristics measured were
height, using a 1 cm scale, and weight, using a precision balance (0.1 kg) to calculate the
body mass index (BMI = weight / height?). BMI is used to assess the body composition
of adults and children (Chumlea, Knittle, Roche, Siervogel, & Webb, 1981). Waist and
hip circumference and tibia length were also measured. The limits proposed by the
IOTF (Cole, Bellizzi, Flegal, & Dietz, 2000) were used to classify students into normal,
overweight and obese weight classes.

Table 1
Means & Standard Deviation Boys’ Anthropometric Measurements in 6 Measures
(boys)
Boys Measures
1* class 2" class 3" class

1 st 2nd 1 st 2nd 1 st 2nd
Age 75.7+£3.1 82.7+3.1 87.7£3.1 94.743.1 99.743.1 106.7+3.1
Height 119.345. 120.9+5.6 124.1£5.6 128+£5.1 131.8+5.7 136.6+4.7
Weight 22.34+4.5 25.6+5.1 27.4+5.3 29+6.1 30.7+6.9 32.3+8.3
BMI 15.5£2.2 17.4+2.7 17.7£2.7 17.543 17.6£3.4 17.1+£3.8

Tables 1 and 2 present the students' anthropometric characteristics and the 6 measures,
while Table 3 presents the annual means.

Table 2
Means & Standard Deviation Girls’ Anthropometric Measurements in 6 Measures (girls)
Girls Measures

1% class 2™ class 3" class

lst 2nd lst 2nd 1st 2nd
Age 75.8+3 82.8+3 87.7+£3 94.7+3 99.8+3 106.8+3
Height 121.4+5.4 122.8+5.2 125.5+6 129.3+4.9 133.7+4.8 137.6+4.6
Weight 25+5.4 28.7£5.7 30.4+6.4 32.246.7 3547 35.1+£7.5
BMI 16.842.9 18.94+2.8 19.243.1 19.1£3.2 19.543.2 18.3£3.3

As illustrated in Table 3, first-grade boys are slightly weighted normal while the girls
are overweight. In the second year, boys are again of normal weight and the girls are
overweight, whereas in the third year, boys are of normal weight and girls are slightly
overweight. More specifically, in the first class, 17 boys and 13 girls were at a normal
weight, 2 boys and 7 girls were overweight and 1 boy and 2 girls were considered obese.
In the second year, 12 boys and 8 girls are classified as of normal weight, 5 and 8 as
overweight and 3 and 6 as obese. Finally, in the third year, 12 boys and 9 girls are
classified as having a normal weight, 5 and 6 are overweight and 3 boys and 7 girls are
considered obese.
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Table 3
Means & Standard Deviation of Anthropometric Measurements Per Class
Students st class 2nd class 3rd class
Boys Girls Boys Girls Boys Girls
Age 79.243.1 79.3£3 91.243.1 91.3£3 103.2+3.1 103.3+3

Height 120.1+£5.3 122.1£5.2 126.6£53  127.2+£53  134.7£5.1 135.7+5
Weight 23.9+4.6 26.8£5.5 28.2+5.7 31.3+6.6 31.5¢7.5 35.1+7.1
BMI 16.5£2.4 17.9+£2.8 17.6+2.8 19.2+43.2 17.3£3.6 18.943.2

b. Evaluation of motor coordination

The Korperkoordinationstest fiir Kinder (KTK test battery) by Kiphard and Schilling
(2007) was used to assess students' motor coordination, including:

1. Evaluating balance ability - walking on a balance beam backwards: The tested person
should balance, walking backwards, along three beams 3 meters long and 6, 4.5 and 3
cm respectively. The number of steps on the beam is recorded until one foot is in touch
with the ground or eight (8) steps are reached. If there is a loss of balance (contact
between foot and ground) in the test effort, the effort continues until the end of the
beam. In case of loss of balance in normal attempts, execution is interrupted and the
next attempt of the same (2nd and 3rd attempt) or another beam starts immediately, from
the starting point, namely the address surface.

The step counting starts from the moment that the second foot is placed on the beam.
The highest performance recorded is eight (8) steps. However, even if more than 8 valid
steps are performed, only eight (8) are recorded. For each beam, the sum of the three (3)
performances is calculated. The maximum score for each beam is 24 step points (3
attempts x 8 steps/effort). The maximum score for this competency is 72 steps - points
(3 beams x 24 steps-notes/beam).

2. Jumping skills: The materials required to perform the measurement are 12 hurdles of
rectangle sponges of 50 cm length, 20 cm width and 5 cm height each. The examiner,
after taking a range (about 1.50 m), jumps with one leg over a hedge, the height of
which changes. Immediately after landing, it must continue with at least two bounces on
the supporting leg. The record for each height and effort is as follows: For the 1%
successful round, 3 points are scored, for the 2™ attempt 2 points and the 3™ attempt 1
point. After a first successful attempt at execution from a starting height of 5 cm, 3
points are awarded for each previous height. An attempt is considered unsuccessful
when the oscillating foot is in contact with the ground, moving the obstacle during the
jump or less than 2 bounces after landing. Failure in all three attempts at a certain height
means that the effort must be stopped. Efforts will only continue if the two previous
heights have reached a total of 5 points. The above applies separately for each leg. The
maximum result that can be obtained for each foot is 36 points, and a total of 72 points
for both legs.

3. Ability to quickly move the body with lateral jumps: The materials required for the
measurement are a rectangular wooden surface of 100 cm wide, 60 cm long and 3 cm
thick, divided in two by a60x3x3cm bar. The test-man performs oblique jumps to the
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right and left over the separation bar with both legs joined for 15 seconds. Note the
number of valid lateral jumps (right = 1, left = 2) of two (2) valid attempts of 15 seconds
each. As a final result, we add the number of valid jumps of the two (2) attempts.

4. Side-by-side movement and repositioning (ITM): The materials required to perform
the measurement are two 20cm x 20cm x 20cm X 2cm square wooden constructions,
with rounded corners, where under each corner is screwed a rubber base 3.7cm high.
The examiner moves with both legs on a square plate - one surface, folds, takes the
second in his hands, places it next to others and pushes it with both legs. Then he takes
the surface on which he was originally moved, put sit back next to the other and presses
it down. The process takes 20 seconds. The number of surface movements and their
placement over 20 seconds is recorded. When the surface to the right of the child is
placed on the left, we measure 1 and when the child is placed with both feet on the
surface we measure 2. The scores of each effort are recorded and then summed.

According to Vandorpe, Vandendriessche, Lefevre, Pion, Vaeyens, Matthys,
Philippaerts, and Lenoir (2011), the KTK is an appropriate tool for assessing severe
motor coordinator in children aged 5 to 14 years. According to the same researchers, the
bundle is a useful tool for detecting sports talent and especially talent that could become
among elite athletes in the gym (Vandorpe, Vandendriessche, Vaeyens, Pion, Matthys,
Lefevre, Philippaerts, & Lenoir, 2012). Moreover, it helps to assess the quality and
development of motor coordinator, diagnose motor problems that are not evident in
daily life, identify kinetic deficits due to brain damage and, finally, determine the degree
of intelligence or kinetic damage in children with special needs.

The KTK score of each of the four tests is converted into a kinetic quotient (MQ)
according to which 131 to 145 points is considered very good kinetic performance, 116
to 130 points good, 86 to 115 points normal, 71 to 86 there is motor dexterity and
finally 56 to 70 points the person has a kinetic disorder (Kiphard and Schilling, 2007).

Statistical analysis
The following statistical analyses were carried out:
1) Descriptive statistics,
2) Reliability analysis,
3) Repeated Measures ANOVA,
4) Pearson Correlation analysis and
5) Regression analysis.
FINDINGS
Repeated Measures for Each Class Separately

The Repeated measures ANOVA analysis was applied for the “KTK 1* class” factor.
The analysis model (2X2) included the variable “measurement” (initial - final) as the
repetition variable and the variable “gender” (boys - girls) as the independent variable.
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The results showed that there was a statistically significant interaction between the
variable “measurement” for the “KTK 1% class” [F(1,40=53.19, p<.001, PES=.57]. The
interaction analysis, with the use of the multiple comparison test (Post Hoc Bonferroni),
showed that the sample had a statistically significant improvement after the end of the
program (table 4).There was not a statistically significant interaction between boys and
girls[F(1,40)=2.79 p>05]

Table 4
Initial & Final Measurement for Every Class
KTK Measurement M SD Measurement Interaction
1™ class Initial 80.55 12.20 F (1,40 =53.19; p<.001; n2=.57
Final 91.5 16.12
2%class  Initial 94.98 14.86 F (140 =33.53; p<.001; =46
Final 102.71 16.91
3" class Initial 98.29 15.57 F (140 =-004; p>.05;71°=. 00
Final 98.21 18.20

The Repeated measures ANOVA analysis was applied for the “KTK 2™ class” factor.
The analysis model (2X2) included the variable “measurement” (initial - final) as the
repetition variable and the variable “gender” (boys - girls) as the independent variable.
The results showed that there was a statistically significant interaction between the
variable “measurement” for the “KTK 2™ class” [F(1.40=33.53, p<.001, PES=.46]. The
interaction analysis, with the use of the multiple comparison test (Post Hoc Bonferroni),
showed that the sample had a statistically significant improvement after the end of the
program at the second class (table 4). There was not a statistically significant interaction
between boys and girls [F(; 40=.401 p>.05].

The Repeated measures ANOVA analysis was applied for the “KTK 3™ class™ factor.
The analysis model (2X2) included the variable “measurement” (initial - final) as the
repetition variable and the variable “gender” (boys - girls) as the independent variable.
The results showed that there was not a statistically significant interaction between the
variable “measurement” for the “KTK 3™ class” [F @, 40=-004, p>.05] (table 4). There
was not a statistically significant interaction between boys and girls [F; 40=.401 p>.05].

Repeated Measures for Total/Three Classes

The Repeated measures ANOVA analysis was applied for the «KTK» total/three classes.
The analysis model (3X2) included the variable “measurement” (first, second & third
measurement/class) as the repetition variable and the variable “gender” (boy-girl) as the
independent variable. The results showed that there was a statistically significant
interaction between the variable “measurement” for the «KTK» total/three classes
[F2,80=55.36, p<.001 & n2=.58].The interaction analysis, with the use of the multiple
comparison test (Post Hoc Bonferroni), showed that the sample in the first year had the
worst result while there was not a statistically significant interaction between the second
and third years (table 5). There was not a statistically significant interaction between
boys and girls [F(, s0=1.23, p>.05] (table 5).
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Table 5
Measurement Interaction between the Three Classes
KTK Total SD Measurement Gender M SD Measurement
class Interaction Interaction
™ 86.02 13.42 Boy 88.43 14.33
Girl 83.84 12.47
2nd 98.85 15.33 F.80) Boy 99.03 1680 Fa.s0)
=55.36;p<.001;  Girl 98.68 14.26 =1.21;p>.05;
31 98.25 16.49 n°=.58 Boy 99.38 12.38 n’=.03
Girl 97.23 17.44

Correlation Analysis

A Pearson product-moment correlation coefficient was computed to assess the
relationship between the amount of student Body Mass Index (BMI) and KTK
results/every year. Results indicated that there was a negative correlation between BMI
and KTK results/every year. Increases in BMI were correlated with decreases in the
rating of KTK results/every year (Table 6).

Table 6
Bivariate Correlations among KTK Results/Every Year and BMI
KTK BMI
Pearson Correlation Sig. (2- tailed) N
1 class -384" p<.05 42
2" class - 4247 p<.001 42
3 class -4117 p<.001 42

Regression Analysis

From the results of regression analysis it seems that the motor coordination has
statistically significant interaction with BMS only for the boys of the sample for all
years. For the total of the sample, it seems that there was a statistically significant
interaction between motor coordination and BMS (table 7).

Table 7
Regression Linear Analysis for Motor Coordination & BMI
Year Boys Girls Total
R> f p R? f p R’ f p
1% year .19 470 <.05 .109 246 >.05 15 7.05 <.05
2" year 291 7.40 <.05 133 3.07 >.05 194 9.60 <.05
3" year 23 5.80 <.05 .032 666  >.05 .10 4.05 <.05
DISCUSSION

According to the survey results, in terms of body mass index, it appears that the first-
class sample has a significant percentage of children (28.57%) whose weight is above
normal, while in the second and third classes the percentage of children exceeding
normal weight is 52.38% and 50% of the total sample. The results of the study are
consistent with other studies that indicate high rates of overweight and obesity in
children (Afthentopoulou, 2018; Hassapidou et al, 2017; Kyriazis et al, 2012).
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As for the influence of participation in organized physical activities, it seems to
contribute positively to the improvement of motor coordinator. Thus, in the first and
second classes, the sample significantly improved its performance in all four beam tests.
However, in the third year, student performance did not improve. Concerning the
evolution of kinetic splicing, there is an improvement from the first to the second while
there seems to be stagnation between the second and the third. The survey results appear
to be partially consistent with other surveys (Lopes, Rodrigues, Maia, & Malina, 2011;
Starosta & Hirtz, 1989), confirming that early school age is the appropriate age to
improve the motor coordinator. The results of the survey show that gender is not a factor
of differentiation and the changes observed in motor coordination are due both boys and
girls. The results of survey contradict the results of Holfelder and Schott (2014) as well
as Laukkanen, Pesola, Finni and Sé#kslahti (2017) and according to which boys benefit
more from girl.

As the results of the study have demonstrated, obesity appears to affect the motor
coordinator, with overweight students exhibiting lower kinetic performance than their
normal classmates. The results of this study are consistent with the results of similar
studies that have examined the kinetic relationship between BMI and the ability to
perform motor skills between norm bar children and obese or overweight children
(Cheng et al., 2016; D' Hondt et al., 2013; D' Hondt et al., 2011; Graf et al., 2005;
Marmeleira et al., 2017; Mond et al. 2007; Ruzbarska, Zvonar, Ole$niewicz,
Markiewicz-Patkowska, Widawski, Puciato, 2016). The percentage (28%) of
overweight/obese children in this research corresponds to the high incidence of
childhood obesity and requires drastic measures to treat and prevent it. The correlation
is negative, which means that when the body mass index increases, children's motor
coordinator decrease. This means that sedentary lifestyles and physical inactivity result
in overweight children and a deficit in motor coordinator.

The results of regression analysis show that BMI appears to be a prediction factor of
MC, especially in boys. This means overweight children will be adults with reduced
MC. Or, reduced physical activity in childhood results in overweight adults and
probably with many health problems. Similarly to the results of our study D’ Hondt et
al. (2014) and Laukkanen, Pesola, Finni and Séadkslahti (2017) that childhood
overweight and obesity significantly contributed to a lower level of motor abilities as
adults.

CONCLUSION
The results of the survey and the ensuing discussion led to the following conclusions.

a. Participation in organized physical activities can help improve the motor coordination
of first-year students.

b. The increase in body mass index (obese and overweight children) has a negative
impact on the size of children's motor coordinator.

c¢. The body mass index can successfully predict the motor coordination and the gender
of the boys contributes to this prediction.
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SUGGESTIONS FOR PRACTICAL APPLICATIONS

Children spend about half of their day in school, which allows them to develop their
motor skills without any cost, which are important for their entire lives, and to educate
them for a lifelong lifestyle. The PE lesson plays an important role in childhood and
should be available every day in the school program. One of the main objectives of the
physical education course is to promote physical activity throughout life. School-based
physical education classes could play an important role in promoting students'
systematic participation in physical activity for exercise, physical and mental health and
well-being. Motor coordination is one of the critical factors for athlete development, the
foundations of which are in the school years and perhaps even much earlier.

Therefore it is recommended that PE teachers of primary schools should be particularly
cautious about the weight of their pupils. They will have to diagnose their pupils’ trends
for extra kilos and their non-participation in the physical education lesson. They should
attract the interest of their pupils so that participate actively in the course with ultimate
aim of developing habits for lifelong sports.
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