
SUMMARY
In this research we attempted to define the procedure which could be used to provide optimally 

distinct groups of  school children in terms of  the morphological structure of  their bodies, and which 
could further be used to define the possible differences in explosive and repetitive strength. With this 
aim in mind, a sample of  269 school children aged 12 ± 6 months were included in a study where 
three of  their morphological measures were taken (body height, body mass, skinfolds) and five motor 
tests for the evaluation of  explosive and repetitive strength carried out. First the K-means cluster 
analyses were used to define three distinct groups of  participants in each individual morphological 
segment, with low, average, and high values. On the basis of  the maximal number of  possible com-
binations of  previously defined groups from the overall sample of  school children, three groups with 
different morphological structures of  the body were determined, including: 104 school children with 
low values, 113 school children with average values and 52 school children with high values for all 
three morphological measurements. These defined groups of  school children were used to determine 
the possible differences in the tests of  explosive and repetitive strength. 

On the basis of  the obtained results we can conclude that the group with low values of  morpho-
logical indicators (height, body mass, skinfolds) achieved the best results on the test for the evaluation 
of  repetitive strength of  the arms (MSKL), the group with average values on the tests for the evalu-
ation of  explosive strength (MSDM and MT20V), while for the rest of  the tests there was no statisti-
cally significant difference between the distinct groups. 

The definition of  the potential possibilities for the manifestation of  certain motor skills, on the 
basis of  these morphological indicators for each age category of  school children, would be made 
possible through the application of  a small number of  anthropometric measures. The classification 
of  a certain child into a suitable (appropriate for his affinities) group would enable the realization of  
a special work program which would enable the most effective improvement of  his qualities.
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INTRODUCTION 

As part of  the curriculum for physical education 
classes, the evaluation, that is, the definition of  the 
levels of  physical characteristics and the abilities of  
school children represents one of  the more important 
preconditions for the realization for adequate curri-
cular content. Depending on the extent of  the mani-
festation of  the individual qualities, it is necessary to 

predict and realize the adapted curricular content 
which would have the most optimal effect. Experts 
in the field of  physical education methodology 
(Анастасовски, Клинчаров, & Анастасовски, 2000; 
Findak, 2003; Matić, 1978; among others) point out 
that the evaluation of  special segments of  the morpho-
logical and motor status of  the school children should 
be used for gaining insight into the abilities and skills 
of  school children, and on the basis of  real indicators 
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which are manifested by the school children, for ga-
ining access to a differentiated (individual) approach 
during the realization of  the curriculum itself. 

Physical education classes play an important part 
in the education of  an individual, and have as their 
aim to, through adequate physical activities, contri-
bute to the optimal development of  the abilities of  
an individual, his growth, physical and psycho-social 
features (Hardman, 2007). Being familiar with the 
principles and guidelines of  the abilities of  school 
children in the manifestation of  certain motor skills 
is one of  the primary needs of  every physical educa-
tion teacher. Considering the specific nature of  a 
child's body (International Life Sciences Institute, 
2000; Тодоровска, 1997), it is possible to define and 
implement suitable curricular content (Šukov, Živković, 
Šukova-Stojmanovska, & Klinčarov, 1998) in order 
to achieve the desired effects. 

The determination of  the relations between cer-
tain anthropometric measures and motor skills has 
been the focus of  a lot of  attention, and the significant 
interdependencies in the case of  various groups of  
the population have been defined (Клинчаров, 2003; 
Клинчаров & Христовски, 2003; Klinčarov & Sto-
janović, 2001). In the period of  the growth and de-
velopment of  a child’s body (Kuczmarski et al., 2000) 
these interdependencies are individually expressed 
and inevitably must be taken into consideration during 
the realization of  physical education classes. The 
guidelines defined in the principle of  individualizati-
on and the availability of  the classes should represent 
the starting point for the application of  impulses 
which will have a positive influence on transformati-
on. The monitoring and valuing of  the physical fea-
tures of  school children must lead to determined 
scientific views on the relationships between anthro-
pometric characteristics and motor skills, which are 
specific for each age group, developmental group and 
gender category. 

In this research, we have analyzed the prediction 
of  the general ability for the manifestation of  explo-
sive and iterative qualities of  strength among school 
children aged 12, as well as the attempts to define the 
procedure which would determine the distinct groups 
with optimally different manifestations in terms of  
morphological indicators, with the aim of  homoge-
nizing the groups in the classroom, for the purpose 
of  the optimization of  the effects of  physical educa-
tion on the development of  psycho-somatic charac-
teristics of  school children, as the basic subject 
matter of  this research. 

The development of  iterative and explosive strength 
of  school children, as the two general abilities which 

are to be found at the core of  the realization of  human 
movement in sports (Verhošanski, 1979), requires an 
individual approach to their training. In order to 
provide optimal conditions during physical education 
classes, for the application of  an individual approach 
to the development of  these abilities and the unifor-
mity of  the load on the school children, it is neces-
sary to define the procedure of  group homogeniza-
tion, which is the subject matter of  this research. 

The aim of  this research was to use these results 
to facilitate the procedure of  group differentiation 
of  students with the same and similar abilities for 
physical education teachers in schools, so as to enable 
the planning of  in-class load, which would be optimal 
for each individual child. 

The assumption behind the research (hypothesis) 
is that the differentiation of  the homogenized groups 
of  school children, based on their morphological 
measures, will project statistically significant differen-
ces between distinct groups in terms of  explosive and 
iterative strength, so that the group with high morpho-
logical measures will have significantly smaller results 
in comparison to the remaining two groups. 

METHODS

Sample of participants

The sample of  participants was extracted from a 
population of  school children, fifth-graders, all males, 
with a chronological age of  12 (± 6 months), who at 
the time of  the research took part in their regular 
physical education classes, who satisfied all of  the 
health criteria, and who regularly attended physical 
education classes. The sample included 269 school 
children, fifth-graders from elementary schools in the 
Paraćin region.

Sample of measuring instruments 

The following morphological characteristics and 
motor tests were included: 

• Body height (AVIS)
• Body mass (AMAS)
• Skinfolds (upper arm - triceps surae) (KNNL)
• Standing depth jump (MSDM)
• Triple standing jump (MTRS)
• 20 meter run with a high start (MT20V)
• Push-ups (MSKL)
• Torso lifts on a vaulting box (MDTK).
The morphological characteristics were measured 

by specialists of  sports medicine, and according to 
the recommendations of  the International Biological 
Program (Weiner & Lourie, 1969). Measuring body 
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height was carried out by using a standardized anthro-
pometer based on Martin with an accuracy of  .1 cm, 
the measuring of  subcutaneous fatty tissue was car-
ried out with a caliper of  the »John Bull« type with a 
measuring span of  0 to 40 mm (the pointer goes two 
rounds around a scale calibrated 0 to 20 mm), with a 
standard pressure with which the grippers of  the 
instrument press the skin and the subcutaneous fatty 
tissue of  10gr/mm2 and an accuracy of  .2 mm, whi-
le body mass was measured using the Body Compo-
sition Analyser scales (Gaia Jawon 357), with an 
accuracy of  .1 kg. The motor tests were carried out 
by the authors according to the recommendations of  
Kurelić et al. (1975).

Procedure and statistical analysis

For the determination of  the optimally distinct 
groups in the determined segment of  morphological 
space, by applying the cluster analysis in the space of  
the participants, with the aim of  the decrease in the 
variability within groups and a maximization of  the 
variability between groups (K-means clustering), 
with the added condition of  the existence of  3 groups 
(Number of  clusters = 3), groups with low, average 
and high values of  certain morphological characteri-
stics were defined. Through the application of  com-
binatorics, on the basis of  all of  the possible permu-

tations with repetitions, following two iterations 
(Number of  iterations = 2), three groups with diffe-
rent values in all three measures were defined. 

On the basis of  this these kinds of  various morpho-
logical types of  participants, with the aim of  the 
extraction of  distinct groups, three groups were 
extracted with low, average and high values in terms 
of  body height, body mass and skinfolds of  the upper 
arm. Between these groups of  participants differen-
ces were determined in the manifestation of  the 
analyzed motor skills of  explosive and iterative strength 
by using a multivariate analysis of  variance (MANO-
VA), a univariate analysis of  variance (ANOVA) and 
the last significant differences test (LSD - test).

All of  the statistical analyses were carried out using 
the STATISTICA for Windows 8.0 statistical packa-
ge.

RESULTS

First by using the cluster analysis (K-means clu-
stering), groups with various manifestations of  all the 
measured morphological measures were defined, 
where groups with low (G-N), average (G-P) and 
high (G-V) manifestations OF the variables of  body 
height, body mass and upper arm (triceps surae) 
skinfolds were determined (Table 1). 

TABLE 1
Arithmetic means of  the morphological characteristics of  distinct groups.

Variables
G-N (n = 104) G-P (n = 113) G-V (n = 52)

M SD M SD M SD
AVIS 141.02 3.55 149.75 4.01 151.35 5.12
AMAS 32.22 3.26 38.73 3.21 51.72 4.12
AKNN 11.97 3.23 13.92 3.76 20.51 3.75

Legend: G - Group; N - Low; P - Average; V - High; n - Number of  respondent (; M - Me-
an; SD - Standard deviation; AVIS - Body Hight; AMAS - Body mass; AKNN - Skin-
folds (upper arm - triceps surae).

On the basis of  the applied cluster analysis of  the 
overall sample of  participants, 104 participants were 
included in the group with low values of  morpholo-
gical characteristics, whose mean values for height, 
body mass and skinfold thickness were AVIS (M = 
141.02; SD = 3.55), AMAS (M = 32.22; SD = 3.26) 
and AKNN (M = 11.97; SD = 3.23), 113 participants 
were included in the group with average levels, who-
se means had a value of  AVIS (M = 149.75; SD = 
4.01), AMAS (M = 38.73; SD = 3.21) and AKNN (M 
= 13.92; SD = 3.76), while the group with high valu-

es of  morphological characteristics consisted of  52 
participants, whose means had a value of  AVIS (M = 
141.02; SD = 3.55), AMAS (M = 32.22; SD = 3.26) 
and AKNN (M = 11.97; SD = 3.23).

The noted differences in the analyzed motor spa-
ce between these extracted groups, were determined 
using a multivariate analysis of  variance (MANOVA), 
univariate analysis of  variance (ANOVA) and the last 
significant differences test (LSD - test) for variables 
where a difference was determined between groups 
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for certain motor variables, and are shown in tables 
3, 4, 5, 6, and 7.

By analyzing these tables we can conclude that the 
groups displayed statistically different manifestations 
in the variables for the standing depth jump (MSDM), 
the 20 meter run with a high start (MT20V) and 
push-ups (MSKL). From the analyzed differences 
between the pairs of  groups by using the LSD – test, 
it was concluded that the participants with average 

values for all of  the morphological variables (group 
G-P) have a significantly pronounced manifestation 
of  explosive strength, but in comparison to the par-
ticipants from the groups with pronounced low 
manifestations, this difference is statistically significant 
only for the 20 m run with a high start test. 

The group with pronounced low manifestations 
in all of  the morphological variables (group G-N) 
had statistically better results in the manifestation of  

TABLE 2
Arithmetic means of  the motor skills of  distinct groups.

Variables
G-N (n = 104) G-P (n = 113) G-V (n = 52)

M SD M SD M SD
MSDM 166.17 1.75 170.88 1.68 148.29 2.48
MTRS 482.22 4.37 474.24 4.20 474.60 6.18
MT20V 4.28 .04 4.12 .04 4.42 .06
MSKL 11.72 .66 10.35 .63 5.73 .93
MDTK 7.17 .45 6.46 .43 5.44 .63

Legend: G - Group; N - Low; P - Average; V - High; n - Number of  respondent; M - Mean; 
SD - Standard deviation; MSDM - Standing depth jump; MTRS - Triple standing 
jump; MT20V - 20 meter run with a high start; MSKL - Push-ups; MDTK - Torso 
lifts on a vaulting box.

TABLE 3
Differences in the variables of  explosive and iterative strength between the distinct groups at the multivariate level.

Λ F Effect - df Error - df p
.743 8.39 10 524 .000

Legend: Λ - Wilks' lambda – the value of  the coefficient of  Wilks' test for the equality of  
group centroids; F - Value of  the coefficient of  the F-test for testing the significance 
of  the differences; df - Degrees of  freedom; p - Probibility.

TABLE 4
The differences in the variables of  explosive and iterative strength between the distinct groups at the univariate level.

Variables
Group

MS MSE F (df1,2)
2.226 p

G-N G-P G-V
MSDM 166.17 170.88 148.29 9271.00 320.00 28.96 .000
MTRS 482.22 474.24 474.60 1978.00 1989.00 .99 .371
MT20V 4.28 4.12 4.42 1.78 .18 9.67 .000
MSKL 11.72 10.35 5.73 634.99 45.33 14.01 .000
MDTK 7.17 6.46 5.44 52.53 20.84 2.52 .082

Legend: G - Group; N - Low; P - Average; V - High; MSDM - Standing depth jump; MTRS 
- Triple standing jump; MT20V - 20 meter run with a high start; MSKL - Push-ups; 
MDTK - Torso lifts on a vaulting box; MS - Mean square; MSE - Mean square error; 
F - Value of  the coefficient of  the F-test for testing the significance of  the differen-
ces; df - Degrees of  freedom; p - Probibility.
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iterative strength than the group with high values of  
morphological characteristics, but this was not the 
case in comparison to the group with average values. 
This difference is pronounced for the push-ups test, 
while for the torso lift on the vaulting box test it was 
not statistically significant. 

DISCUSSION

These results can be accounted for in a logical way, 
considering that in the manifestation of  iterative 
strength, greater body mass and subcutaneous fatty 
tissue represent a ballast weight, and as such decrea-
se the ability of  school children for any long-term 
repetition of  movements which are not aided by the 
effects of  gravity, which in turn increases with body 
mass. It is also important to point out that the extent 
of  the load force velocity hinders the manifestation 
of  iterative strength, and that in such cases of  greater 
velocity, greater muscle strength will be needed to 
establish a greater force momentum in comparison 

to the load momentum, which is necessary for over-
coming mechanical work which could overcome it 
[Fm • f  > G • q (where Fm – muscle force, f  – its 
velocity, G – gravity, q – its velocity)]. Thus, we can 
conclude that the participants with greater longitudi-
nal measures and greater body mass will need greater 
muscle force to overcome the resistance of  the load 
which acts upon the greater velocity, and thus the 
duration of  the repetitive work in that case will be 
significantly shorter than in the case of  participants 
with low values of  morphological measures, due to 
quicker muscle force expenditure. 

In order to explain the mechanisms for long-term 
repetitive work, it is necessary to explain the relation-
ship between relative strength and body mass, consi-
dering that by definition the concept of  relative 
strength is bound to overcoming the resistance of  
one’s own body mass. From the definition itself  it can 
be understood that the participants with the same 
muscle force and smaller body mass will have greater 
relative strength, and that the mechanical work of  the 

TABLE 5
LSD test for variable MSDM.

Group G-N (166.17) G-P (170.88) G-V (148.29)
G-N           .054           .000
G-P           .054           .000
G-V           .000           .000

Legend: G - Group; N - Low; P - Average; V - High.

TABLE 6
LSD test for variable MT20V.

Group G-N (4.28) G-P (4.12) G-V (4.42)
G-N           .007           .044
G-P           .007           .000
G-V           .044           .000

Legend: G - Group; N - Low); P - Average; V - High.

TABLE 7
LSD test for variable MSKL.

Group G-N (11.72) G-P (10.35) G-V (5.73)
G-N           .136           .000
G-P           .136           .000
G-V           .044           .000

Legend: G - Group; N - Low; P - Average; V - High.
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muscles which overcomes the resistance of  the load 
of  the bodies of  these participants will last longer in 
the case of  participants with a smaller relative strength 
(greater body mass). 

Explosive strength primarily depends on the pos-
sibility of  manifesting maximal strength in as short a 
period of  time as possible. Considering that in the 
manifestation of  explosive strength, the relationship 
between strength and speed is primarily defined by 
the extent of  the outer resistance when performing 
explosive movements, we should point out that explo-
sive strength of  the speed kind is characterized by the 
extent of  relative muscle strength and the maximum 
speed of  movement performance, where the external 
resistance is minimal. 

The relationship between body mass and maximal 
strength is significantly high if  the dependence refers 
only to the maximal strength of  the muscles, and not 
to the speed of  its manifestation. If  we take into 
consideration the speed of  the manifested strength, 
then the connection between body mass and the 
manifested strength significantly decreases, that is, 
has no significant importance, or to be more precise, 
has no significant effect on the exercises of  the explo-
sive type, especially jumping exercises (Verhošanski, 
1979).

Force and strength can also significantly influence 
muscle architecture (Blazevich, Cannavan, Coleman,  
& Horne, 2007), that is, the relationship between the 
length of  muscle fibers and the surface of  their 
physiological cross-section. The length of  the fibers 
especially has an effect on the extent of  the movement 
which a muscle can perform, with a maximal speed 
of  the reduction, as well as the relation of  force-extent 
(Knežević & Mirkov, 2011). This can be explained by 
the example of  the determination of  the muscle torque 
force, when the muscle is viewed in natural conditions. 
Thus, muscle force momentum can be manifested in 
the production of  a tangential (active) component of  
muscle force and the distance between the center of  
the joint and the center of  the mobile muscle con-
nection. This fact leads us to the conclusion that 
under the conditions of  equal muscle force, its mo-
mentum increases with the increase in the length of  
the lever, that is, the athletes with the same muscle 
force and longer levers will manifest a greater force 
momentum in relation to athletes with shorter levers, 
under the conditions of  muscle work without exter-
nal resistance, which is the case in the manifestation 
of  explosive strength of  the speed type. With an 
increase in muscle momentum, the tangential speed 
of  the distal parts of  the lever increases, and thus the 
product of  these two components will be a greater 
explosive strength in the given movement. 

The results of  our research are in agreement with 
the results obtained in previous studies, and indicate 
the negative influence of  increased body mass and 
subcutaneous fatty tissue on the level of  motor skills 
among male school children aged 12, but also on the 
positive relations between longitudinal measures and 
explosive strength. A certain number of  studies have 
confirmed these positive relations (Jarić & Kukolj, 
1996; Pincivero, Campy, & Karunakara, 2004).   

A great number of  studies indicate the increase 
in obesity among children and adolescents and the 
great negative influence of  obesity and extensive 
body weight on the health of  individuals (Eisenmann, 
Welk, Wickel, & Blair, 2007; Kovač, Leskošek, & Strel, 
2008; Starc & Strel, 2010; Steele, Brage, Corder, 
Wareham, & Ekelund, 2008). The negative influence 
of  body mass, and especially subcutaneous fatty tissue, 
on the success in the realization of  various motor 
tasks has been confirmed in a great number of  stu-
dies (Deforche et al., 2003; Kim et al., 2005; Mota et 
al., 2002; Strel, 2006). The findings from the national 
study of  the health and diet of  12-19-year-old ado-
lescents of  both genders in the USA indicate that the 
motor skills of  adolescents with normal body weight 
are greater than of  those considered overweight in-
dividuals (Pate, Wang, Dowda, Farrell, & O’Neill, 
2006).

This research is in accordance with previous 
analyses obtained from research that dealt with the 
same issue (Клинчаров, 2003; Клинчаров, 2008; 
Клинчаров, Христовски, & Ацески, 2005; Klinčarov 
& Stojanović, 2005; Klinčarov & Stojanović, 2006), 
which indicates that in this period of  adolescence, in 
the case of  young boys, motor skills were analyzed 
under the significantly negative influence of  body 
mass and subcutaneous fatty tissue (estimated via 
skinfolds of  the triceps).

In the end, we can conclude that even though the 
interdependence in the motor space of  a school age 
population were studied further, there is still room 
for seeking deeper insight into this segment, especi-
ally in the period of  early adolescence. 

CONCLUSION 

With the aim of  differentiating groups with low, 
medium and high values of  body height, body mass 
and subcutaneous body tissue, and thus determining 
the differences between groups differentiated in terms 
of  explosive and iterative strength, a study was carri-
ed out on a population of  12-year-old boys. 

The obtained results have confirmed the results 
from previous studies, and thus we can conclude that 
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it is necessary, in the realization of  the content of  
physical education classes, to differentiate between 
homogenous groups of  school children with the 
same or similar characteristics. The definition of  
homogenous groups on the basis of  morphological 
parameters of  the body, as practically the easiest 
measurable indicators, would enable a more efficient 
organization of  physical education classes. The defi-
nition of  potential possibilities for the manifestation 
of  certain motor qualities, on the basis of  these 
morphological indicators for each age group of  school 
children would be made possible through the imple-
mentation of  a small number of  morphological 
measures. This would enable the classification of  a 
certain child into a suitable group and the realization 
of  a special work program, which would enable the 
most effective improvement in his qualities. In this 
paper we have attempted to define the procedure 
which would optimally evaluate the motor qualities 
of  explosive and iterative strength among distinct 
groups of  morphological types of  participants.
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