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Abstract

The purpose  of  the  research  was  to  find  the  differences  in  motor  abilities  between 
Slovenian gymnasts and Serbian gymnasts. We tested 94 male gymnasts from Slovenia 
and Serbia who were nine to fourteen years old and at the time of testing had been 
competing for at least two years. We classified gymnasts into three different age groups 
according to the competition system. We found that statistically significant differences 
between Slovenian and Serbian gymnasts existed in 18 out of 27 variables and were 
mostly  in  favour  of  Slovenian  gymnasts.  Most  of  the  differences  were  detected  in 
specific motor abilities. In our opinion Slovenian gymnasts performed the tests better 
mostly because of the lack of coaching knowledge and lack of working conditions in 
Serbian gymnastics.
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Introduction

For the competitive sport, the process of selection is highly important. It is vital that we select 
children for the certain sport discipline who have all necessary predispositions for achieving 
their  competitive  goal.  Every  sport  discipline  has  its  own  demands  in  morphologic 
characteristics, motor, functional and other abilities. For every sport discipline exists a perfect 
type of competitor, who can represent the model for selection – the model of a champion. 
The process of selection in gymnastics is based on assessment of model's characteristics 
which are dominant and have a significant influence on gymnast's outcome. 

Slovenian gymnastics school has developed a battery of tests for young gymnasts, which 
enables  a  successful  assessment  of  gymnast's  perspectivness.  The  tests  have  been 
developed upon practical knowledge, long lasting observations and longitudinal studies.

Piletic, Kolar and Cuk (1997) started to develop the project for the new competition system 
for young Slovenian gymnasts. The competition system consists of:
- compulsory exercises for each age group
- assessment of technical knowledge
- assessment of morphological characteristics
- assessment of motor abilities

The gymnasts are divided in four age groups:
- first category from 6 to 8 years
- second category from 9 to 10 years
- third category from 11 to 12 years
- fourth category from 13 to 14 years
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The potential efficiency of the gymnast is assessed on the basis of results from the single 
test  (Cuk,  Kolar,  Crnjac  and  Piletic,  1997;  Crnjac,  1998).  The  potential  efficiency  helps 
coaches with their planning and to compare their gymnasts with others.

Slovenian  gymnastics  has  developed  a  lot  since  the  early  90s.  Since  the  European 
Championships  1994  in  Prague,  Slovenian  gymnasts  have  won  several  World 
Championships titles (WC 2005, WC 2007) and European Championship titles (EC 1994, EC 
2000, EC 2004, EC 2006, EC 2008). These titles have been won by Mitja Petkovsek and 
Aljaz Pegan. These two gymnasts have won 47 times on the World Cup competitions till the 
present dates. In recent years Slovenian gymnastics has produced an additional six senior 
gymnasts that have performed in at least one of the world cup finals. Slovenian gymnasts 
also won at the Mediterranean Games (MG 2005) and World University Games (WUG 2007). 
These  results  indicate  systematically  planned  trainings  that  are  supported  with  human 
performance research work. Many of the above mentioned gymnasts were included into the 
above mentioned competition system for young Slovenian gymnasts (Piletic, Kolar and Cuk, 
1997) which proves the quality of the system.

On the other hand Serbian gymnastics have not done as well as Slovenian gymnastics since 
early 90s. Serbian gymnasts participated at the biggest competitions but never reached the 
finals.  In  recent  years  Serbian  gymnastics  has  been  improving.  In  2006  Serbian  senior 
gymnast Milos Paunovic ended up 3rd on vault finals at one of the world cup competition and 
21st in all around finals at the World University Games in 2009. Young Serbian gymnasts are 
successful at many international competitions but seniors have not yet reached the success 
of Slovenian gymnasts. 

Table 1. Working conditions in male gymnastics with regard to the country and category
Country Category Number of 

training 
units/week

Number of 
training 
hours/unit

Number of 
training 
hours/week

Slovenia 9 – 10 years 4 2,5 10
11 – 12 years 5 3 15
13 – 14 years 6 3 18

Serbia 9 – 10 years 4 2,5 10
11 – 12 years 5 3 15
13 – 14 years 6 3 18

The gymnasts from both countries carry out the same amount of training (Table 1). Number 
of training units per week and the hours per week rise with the age of the gymnasts. In this 
sense  there  are  no  differences  in  amount  of  training  between  Slovenian  and  Serbian 
gymnasts.

Table 2. Working conditions in male gymnastics with regard to the country
Country Number of 

gymnastics 
clubs

Number of 
gymnastics 
halls

Number of 
professional 
coaches

Number of 
voluntary 
coaches

Number of 
coaches with 
university 
degree in 
kinesiology

Slovenia 7 6 7 8 7
Serbia 5 3 6 3 6 

At the time the testing was carried out Slovenia had better working conditions compared to 
Serbia  (Table  2).  There  were  more  Slovenian  gymnastics  clubs  involved  in  top  level 
gymnastics than there were Serbian clubs. There were twice as many gymnastics halls in 
Slovenia as in Serbia. Slovenia had better conditions concerning the number of coaches that 
worked in top level gymnastics. Slovenia also had more professional coaches and coaches 
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that  have  had  university  degree  in  kinesiology.  There  were  more  than  twice  as  many 
voluntary coaches in Slovenia at the time this research was carried out as there were in 
Serbia.

The goal of this research was to find differences in motor abilities between young Slovenian 
and Serbian male gymnasts. 

Method

We tested young Serbian and Slovenian male gymnasts who were nine to fourteen years old 
and were at the time of testing competing in top level programme for at least two years. The 
following number of gymnasts was tested: 40 gymnasts 9 – 10 years of age (20 from each 
country), 34 gymnasts 11 – 12 years of age (17 from each country), 20 gymnasts 13 – 14 
years of age (10 from each country). All together we assessed 94 gymnasts (47 from each 
country). They represent all gymnasts who are included in competitive gymnastics in both 
countries.

Table 3. Number of tests for each age group (Kolar and Cuk, 1999)

Age group General tests Specific flexibility Specific strength
9 to 10 years 5 5 8
11 to 12 years 5 5 8
13 to 14 years 5 5 7

For the assessment of motor abilities we used different number of tests for each age group 
(Table 3). Tests were well known and highly valid and reliable (Strel and Sturm, 1981; Cuk 
and Novak, 1985; Strel et al., 1996; Kolar and Cuk, 1999). We excluded the first category 
from the research because of not enough entries.

For the assessment of motor abilities we used following general tests for all categories:
OCB – obstacle course backwards
TAP – hand tapping
SBJ – standing broad jump
SU – 60-second sit-ups
BAH – bent arm hang

For the assessment of specific flexibility we used following tests for all categories:
FBF – forward bench fold
BRIDGE – bridge
CS – cross split
SSL – side split with left leg in front
SSR – side split with right leg in front

For the assessment of specific strength we used following tests:
RCNL – rope climbing 5m without help of the legs (9-14 years)
LSITR – L sit on the rings (9-10 years)
BLR – back lever on the rings (9-10 years)
FLR – front lever on the rings (11-14 years)
VPR – vertical pull up with bent arms to support on the rings (9-10 years)
VSIT – V sit on parallel bars (9-10 years)
CHNP – double leg circles in cross-support on the horse without pommels facing to the other 
end of the horse (9-10 years)
CP – double leg circles on the pommels (11-12 years)
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CHP –  double  leg  circles  in  cross-support  on  the  pommel  horse  facing  away  from  the 
pommels (13-14 years)
HPB – handstand on the parallel bars (9-10 years)
HF – handstand on the floor (11-12 years)
HR – handstand on the rings (13-14 years)
PHPB – press to handstand on the parallel bars (9-12 years)
PHR – press to handstand on the rings (13-14)
PUMP – push-ups in handstand on the parallel bars (11-14 years)
SALTO – saltos backward in 20 seconds (11-14 years)
LL – leg-lifts on the stall bar (11-12 years)

All gymnasts agreed on performing the tests and they warmed up before they proceeded to 
the measurements. They were all assessed on the same day. The execution of the tests was 
performed according to the predetermined rules (Piletic, Kolar and Cuk, 1997).

The  data  were  analysed  using  the  SPSS  12.0  statistical  package.  We  calculated  the 
descriptive and comparative statistics. For the descriptive statistics we used mean value – 
Mean,  standard  deviation  –  Std.  and  standard  error  –  Std.  Error.  For  the  comparative 
statistics  we used T test  for  small  independent  samples (value of  the T test  –  T Value, 
significance of the T test – Sig. t). The Levene's test of variance was done first to determine 
whether the variances of both groups are homogeneous. According to the Levene’s test the 
appropriate T test was chosen.

Results

In general tests many differences between Slovenian and Serbian gymnasts exist (Table 4). 
All differences but one are in favour of Slovenian gymnasts (BAH in categories 11 – 12 years 
and 13 – 14 years). We found statistically significant differences in all categories for the test 
OCB and SU. In both test in all categories the Slovenian gymnasts performed better than 
Serbian gymnasts. 

Table 4. Differences between Slovenian and Serbian gymnasts in general tests

9 – 10 years (N = 40) 11 – 12 years (N = 34) 13 – 14 years (N = 20)
Test Country Mean ± Std Sig. t Mean ± Std Sig. t Mean ± Std Sig. t

OCB Slovenia 75.50 ± 18.35 .000 71.94 ± 8.05 .000 60.50 ± 3.81 .000 Serbia 97.40 ± 15.24 83.88 ± 9.41 76.90 ± 8.10
TAP Slovenia 36.05 ± 3.39 .154 41.94 ± 3.17 .001 51.60 ± 4.50 .000 Serbia 34.05 ± 5.12 36.41 ± 5.08 41.10 ± 4.65
SBJ Slovenia 185.80 ± 13.19 .004 202.06 ± 16.32 .065 259.60 ± 13.57 .000 Serbia 171.10 ± 16.66 190.59 ± 18.60 201.70 ± 14.69
SU Slovenia 56.10 ± 5.83 .026 62.35 ± 7.34 .000 68.50 ± 6.10 .000 Serbia 51.40 ± 6.93 52.47 ± 5.73 52.60 ± 9.48
BAH Slovenia 72.90 ± 25.17 .776 60.12 ± 25.40 .033 40.80 ± 23.60 .002 Serbia 70.50 ± 27.66 78.71 ± 23.25 79.40 ± 24.25

* Equal variances not assumed

In  the  test  TAP and  BAH there  were  no  statistically  significant  differences  between  the 
gymnasts of both countries in the 9 – 10 years category (Table 4). However, the differences 
in  the  same  tests  existed  in  the  year  groups  11  –  12  years  and  13  –  14  years.  The 
differences in the test TAP were consequence of the faster increase in speed of alternate 
movement of the Slovenian gymnasts over the age groups. The differences in the test BAH 
were consequence of decrease in muscular endurance of shoulder girdle and arms of the 
Slovenian gymnasts compared to the Serbian gymnasts over the age groups. This was the 
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only case where gymnasts of both countries decreased in one of the motor ability when they 
got older. We found statistically significant differences between the Slovenian and Serbian 
gymnasts in the test SBJ (Table 4). Results show that Serbian gymnasts increased their leg 
power at the age of 11 – 12 years more than their Slovenian contemporaries. Because of 
that they reduced the difference that existed between them in the 9 – 10 years category. On 
the other hand Slovenian gymnasts tend to develop their leg power at the age of 13 – 14 
years more than Serbian gymnasts. 

Table 5. Differences between Slovenian and Serbian gymnasts in specific flexibility

9 – 10 years (N = 40) 11 – 12 years (N = 34) 13 – 14 years (N = 20)
Test Country Mean ± Std Sig. t Mean ± Std Sig. t Mean ± Std Sig. t
FBF* Slovenia 58.40 ± 2.87 .094 59.65 ± 3.08 .205 65.00 ± 3.53 .000 Serbia 55.75 ± 6.19 58.06 ± 4.02 56.80 ± 3.26
BRIDGE* Slovenia 95.00 ± 10.39 .322 95.29 ± 12.68 .376 75.00 ± 20.28 .126 Serbia 90.00 ± 19.60 90.29 ± 19.08 90.00 ± 21.47
CS Slovenia 1.35 ± 1.69 .266 2.59 ± 2.32 .923 8.10 ± 7.36 .911 Serbia 2.80 ± 5.48 2.71 ± 4.37 7.70 ± 8.42
SSL Slovenia 2.85 ± 3.38 1.000 4.71 ± 3.69 .653 7.50 ± 6.50 .270 Serbia 2.85 ± 4.49 4.06 ± 4.58 4.00 ± 7.23
SSR Slovenia 3.15 ± 3.73 .734 5.06 ± 4.23 .721 8.60 ± 8.34 .265Serbia 3.60 ± 4.55 4.53 ± 4.32 4.90 ± 5.82
* Equal variances not assumed

In specific  flexibility  test  there were  not  many statistically  significant  differences between 
Slovenian and Serbian gymnasts. The only statistically significant difference was found in the 
13 – 14 years category in the test FBF (Table 5). In this test of flexibility of legs and torso 
Slovenian  gymnasts  performed  better  than  their  Serbian  contemporaries.  Slovenian 
gymnasts performed on average for 3.53 cm better FBF at the age 13 – 14 years from when 
they were 11 – 12 years old. On the other side Serbian gymnasts performed the same test 
on average 1.26 cm worse at the age 13 – 14 years from when they were 11 – 12 years old 
(Table 5).

Table 6. Differences between Slovenian and Serbian gymnasts 9 – 10 years of age in 
specific strength

Test Country Mean ± Std Std Error T Value Sig. t
RCNL Slovenia 141.80 ± 87.10 19.48 1.239 .223 Serbia 104.75 ± 101.49 22.69
LSITR* Slovenia 23.75 ± 5.95 1.33 -1.704 .102 Serbia 30.60 ± 16.97 3.79
BLR* Slovenia 25.70 ± 31.96 7.15 3.194 .004 Serbia 2.20 ± 7.81 1.75
VPR* Slovenia 3.55 ± 2.89 .65 3.579 .001 Serbia 1.00 ± 1.34 .30
VSIT* Slovenia 104.00 ± 28.49 6.37 .745 .465 Serbia 80.80 ± 136.31 30.48
PHPB Slovenia 5.40 ± 3.20 .72 2.766 .009 Serbia 2.50 ± 3.43 .77
CHNP Slovenia 30.05 ± 12.22 2.73 4.577 .000 Serbia 13.40 ± 10.74 2.40
HPB Slovenia 63.82 ± 113.00 27.41 .821 .417 Serbia 40.20 ± 57.01 12.75
* Equal variances not assumed

In the age group 9 – 10 years we could determine statistically significant differences between 
Slovenian and Serbian gymnasts in following tests: BLR, VPR, PHPB, and CHNP (Table 6). 
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In all  mentioned tests Slovenian gymnasts showed better results than Serbian gymnasts. 
Thus, Slovenian gymnasts at the age of 9 – 10 years were better in repetitive power of arms 
and shoulders (VPR, PHPB), specific endurance (CHNP) and statistical power of shoulder 
girdle and back (BLR).

Table 7. Differences between Slovenian and Serbian gymnasts 11 – 12 years of age in 
specific strength

Test Country Mean ± Std Std Error T Value Sig. t
RCNL* Slovenia 99.35 ± 18.40 4.46 -1.856 .079 Serbia 128.71 ± 62.55 15.17
FLR* Slovenia 5.41 ± 11.99 2.91 1.246 .226 Serbia 1.47 ± 5.12 1.24
HF* Slovenia 44.12 ± 11.25 2.73 .741 .468 Serbia 37.24 ± 36.60 8.88
CP Slovenia 17.35 ± 11.99 2.91 -.256 .800 Serbia 18.29 ± 9.29 2.25
LL Slovenia 14.59 ± 7.93 1.92 .538 .594 Serbia 13.18 ± 7.36 1.78
PUMP Slovenia 6.53 ± 3.76 .91 .573 .571 Serbia 5.76 ± 4.02 .98
SALTO Slovenia 8.88 ± 3.76 .91 3.423 .002 Serbia 4.18 ± 4.25 1.03
PHPB Slovenia 6.24 ± 3.11 .76 2.779 .009 Serbia 3.47 ± 2.67 .65

* Equal variances not assumed

We  could  confirm  statistically  significant  differences  between  Serbian  and  Slovenian 
gymnasts in 11 – 12 years category in the tests SALTO and PHPB (Table 7). Slovenian 
gymnasts in this age group achieved better results than their Serbian contemporaries in the 
leg  power  and  coordination  (SALTO)  and  repetitive  power  of  shoulder  girdle  and  arms 
(PHPB). 

Table 8. Differences between Slovenian and Serbian gymnasts 13 – 14 years of age in 
specific strength

Test Country Mean ± Std Std Error T Value Sig. t
RCNL* Slovenia 48.20 ± 4.71 1.49 -6.598 .000 Serbia 153.00 ± 50.01 15.81
FLR* Slovenia 43.50 ± 28.73 9.09 3.444 .003 Serbia 6.00 ± 18.97 6.00
HR* Slovenia 39.60 ± 12.84 4.06 7.833 .000 Serbia 5.80 ± 4.61 1.46
CHP Slovenia 21.70 ± 7.15 2.26 2.648 .016 Serbia 11.80 ± 9.41 2.98
PUMP Slovenia 13.80 ± 3.65 1.15 6.169 .000 Serbia 4.10 ± 3.38 1.07
SALTO* Slovenia 13.40 ± 2.01 .64 5.469 .000 Serbia 5.10 ± 4.36 1.38
PHR Slovenia 5.20 ± 1.87 .59 6.115 .000 Serbia .90 ± 1.20 .38
* Equal variances not assumed

We found the most of the statistically significant differences between Slovenian and Serbian 
gymnasts in specific tests in the age group 13 – 14 years (Table 8). There were statistically 
significant differences detected in all specific tests and were also significant at the very high 
level. Slovenian gymnasts had more developed leg power and coordination (SALTO), arm 
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power (RCNL), equilibrium and muscular endurance of shoulder girdle and arms (FLR, HR), 
repetitive power of shoulder girdle and arms (PUMP, PHR) and specific endurance (CHP). 

Discussion

While  helping  to  develop  young  gymnasts  motor  abilities  coaches  have  to  be  very 
systematical. They have to be aware that development of motor abilities is one of the most 
important issues in gaining motor efficiency. Only physically good prepared gymnasts will be 
able  to  perform  gymnastic  skills  and  routines  technically  correct  and  without  any 
unnecessary  injuries.  Therefore,  it  is  highly  important  to  dedicate  enough  time  to  the 
development of motor abilities. 

We made this research in order to find out in which motor abilities Serbian gymnasts differ 
from Slovenian  gymnasts.  From the  results  we  can  conclude  that  statistically  significant 
differences between  Serbian and Slovenian  gymnasts  existed  in  18 out  of  27 variables. 
Statistically significant differences were mostly in favour of Slovenian gymnasts. 

Serbian gymnasts achieved significantly better results only in one test (BAH; 13 – 14 years 
category) which is classified as the general test (Kolar and Cuk, 1999). The reason for this 
difference is decrease in muscular endurance of shoulder girdle and arms of the Slovenian 
gymnasts  compared  to  the  Serbian  gymnasts  from  the  previous  age  group.  However 
Slovenian  gymnasts  showed more developed  coordination  of  the whole  body movement 
(OCB), muscular endurance of the torso (SU) and speed of alternate movement (TAP).

In special flexibility tests there was just one significant difference between the mean values 
of the groups (FBF; 13 – 14 years). The reason for this difference is actual decrease in leg 
and torso flexibility of Serbian gymnasts from the category 11 – 12 years. 

Slovenian gymnasts achieved better results than their Serbian contemporaries in most of the 
specific strength tests. Slovenian gymnasts presented more developed fast power of legs 
and arms (SBJ, RCNL, and SALTO), muscular endurance of the shoulder girdle and arms 
(PHPB, PHR, PUMP, and VPR), static muscular endurance (BLR, FLR, and HR) and specific 
endurance (CHNP and CHP).

The most differences between Slovenian and Serbian gymnasts existed in specific strength 
subsystem  of  motor  abilities.  For  the  development  of  specific  strength  selection  of 
appropriate exercises and systematical work is needed. We believe that Serbian coaches 
lack the knowledge of exercise selection and systematical work. In Slovenia there are more 
coaches  with  the  university  degree  in  kinesiology  than  in  Serbia  who  have  adequate 
knowledge for efficient coaching. 

Slovenia had better working conditions for coaching at the time this research was carried out. 
Above all reasons, which in our opinion, influenced on the differences in motor abilities we 
would like to expose number of gymnastics halls and number of voluntary coaches. 

From the results we can conclude that the differences in motor abilities between Slovenian 
and Serbian gymnasts arose because of the lack of coaching knowledge and lack of working 
conditions in Serbian gymnastics. 
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