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Objective: The assessment of motor coordination is a very complex process and demonstrates a high
degree of sport specificity. There are a limited number of tests, if any, where results correlate with the
success rate of athletes in different sports.
Methods: Free style gymnastic exercise (FSGE) and coordination ball dribbling exercise (CBDE) were used
to see whether the execution quality of these tests is related to the quality of athletes from team
handball, water polo, kayak, rhythmical gymnastics (RG) and aerobics (222 athletes - 75 male, 147 fe-
male; 23 non-athletes - 9 male, 14 female).
Results: FSGE results related to the quality of performance in all sports (r =-0.232, p < 0.01 in handball,
water polo, kayak and r = -0.26, p < 0.05 in aerobics and RG), while CBDE did not. Older players had
higher ranking as they had more time to be successful at their sport (r = -0.498, p < 0.01 in handball,
water polo, kayak; r = -0.298, p < 0.05 in aerobics and RG). The scores of FSGE were independent from
the age and gender of the subjects.
Conclusions: The main findings were: (i) that athletes did significantly better than the controls in both
tests; (ii) RG and aerobics athletes did better on the FSGE than handball, water polo players and kayakers;
(iii) handball players did better than kayakers, RG and aerobics athletes on the CBDE test; and (iv) better
ranked athletes performed better on the FGSE test. Therefore, FSGE test appears to be a reliable test to
assess coordination in variety of sport and different levels of sport performance.
© 2019 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

rather to the complexity and sport specificity of motor coordi-
nation.! A high level of motor coordination is obligatory in those

There are a great number of factors which influence the
development and preparation of elite athletes. An abundance of
studies relates to conditional abilities (strength, endurance,
speed, agility, flexibility) but there is a dearth of information on
coordination abilities. Motor coordination is the combination of
body movements created with the kinematic (such as spatial
direction) and kinetic (force) parameters that result in intended
actions. The reason behind the lack of related studies is not due
to the marginal effects of coordination on sport performance but

* Corresponding author. Research Center for Molecular Exercise Science Institute
for Sport and Health Science University of Physical Education Alkotas u. 44,
Budapest, H-1123, Hungary.

E-mail address: radak.zsolt@tf.hu (Z. Radak).

https://doi.org/10.1016/j.jesf.2019.11.002

sports in which speed is a critical element of performance,
because a proper contraction/relaxation pattern of agonist and
antagonist muscles is required.” Moreover, with increasing speed
of technical execution, the role and importance of coordination
exponentially increases.

Fundamental movement skills, like running, jumping or
throwing are not obligatory for everyday life. However, they are
considered to be necessary for the development of complex, sport
specific motor skills.> The assessment of fundamental movement
skills has been evaluated,* but the assessment of complex motor
skills is not very well defined.

Motor coordination is extremely important in high level sport.
Moreover, there are sports, such as gymnastics, rhythmical gym-
nastics, aerobics, figure skating, and synchronized swimming,
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where artistic elements are important, and the judges directly
evaluate the level of coordination by the number of points awarded.
Hence, it is impossible to reach even a moderate level of sport
performance with inadequate quality of coordination.’

Therefore, motor coordination is generally important in all
sports, but it has significant sport specificity as well. It could be
important to create general coordination tests, which could be
linked to sport performance in general, and also to have highly
correlative coordination tests for each sport. Coordination in sport
includes balance, rhythm, rhythm-maintaining ability, controlling
and orienteering abilities, among others, always remembering that
coordination is strongly dependent upon kinesthesis and brain
function.” The speed and efficiency of motor learning are also
crucial for high level sport. The optimal age of motor learning is
around 6—10 years, where the development of motor cortex allows
very efficient learning. However, motor learning is a continuous
process in most sports.® The efficiency of motor learning is also
strongly dependent upon previous experiences, i.e. the similarities
or differences in kinematic, spatial, rhythmical characteristics of
newly learned and earlier learned movements.

The aim of our study was to develop an easy but appropriate
test to assess coordination which can be used in variety of sports
from beginners to professional athletes. Our hypothesis was that
athletes with superior performance would do better at free style
gymnastic exercise (FSGE) and coordination ball dribbling exercise
(CBDE) tests. Moreover, we suggested that ball players would do
better at CBDE test than those athletes who do not use ball at their
sport. We did not expect gender dependent differences at the
tests.

One way to create and evaluate the validity and usefulness of a
general coordination test is to differentiate among athletes from
different sports with different levels of success. We have created a
coordination test by which we hope to test general coordination
ability as well as specific coordination ability for ball games. In the
test we recruited Olympic champions, members of national teams
and other athletes from different sports with different levels of
success, in order to measure the validity of the test. Our results
revealed that the freestyle gymnastic exercise (FSGE) test has a
significant relationship with sport performance (p < 0.05 in
handball, water polo, kayak and p < 0.01 in aerobics and rhythmic
gymnastics (RG)), while the ball test was not supportive enough to
be linked to sport performance.

Methods
Subjects

We recruited 222 professional athletes and 23 untrained healthy
individuals for the study. All subject voluntarily take part in the
study and sign the approval form. The study was approved by the
Research Ethical Committee, University of Physical Education: TE-
KEB/N07/2019. We aimed to select athletes with different levels
of sport performance in various sports in order to have a hetero-
geneous population at success levels in each sport. Subjects were
asked to complete a questionnaire on their anthropometric pa-
rameters, sport carrier and training history, and descriptive data
(Table 1A, B). Both professional athletes and control subjects were
asked to come to the test before training (professionals) and in a
physically fit condition (controls). The test was done early after-
noon at the same time with all subjects, as in this period the level of
physical fitness is the highest according to the daily circadian
rhythm. The given load was moderate according to the Borg scale,
hence the level of fatigue did not interfere with the results of the
study.

Design and methodology

Subjects were shown the free style gymnastic exercise (FSGE)
and the coordination ball dribbling exercise (CBDE) three times to
get accounted them to the test. They practiced each for 1 min and
then completed two test trials. Each test was carried out individ-
ually, following a warm up, which was individually selected. All
tests were recorded by digital video camera (Sony DCR-SR32E,
Japan). The detailed description of the coordination tests is the
follows:

a. Freestyle gymnastic exercise (FSGE)

Subjects were asked to perform a simple FSGE-A at the first test.
Then we changed the FSGE-A movements of arm and legs in the
following FSGE-B, FSGE-C, and FSGE-D exercises. The freestyle
gymnastic exercise is a 4-phase-skipping exercise, which could be
practiced by all subjects for 1 min. The four phases of FSGE-A were
the following (Fig. 1A).

1. Phase: jump to straddle stand, arm swinging to sideways
position;

2. Phase: jump to starting position;

. Phase: jump to straddle stand, arm swinging to high position;

4. Phase: jump to starting position.

w

In the FSGE-B, only the arm movement was changed compared
to the previous one, so that during the 4-phase-exercise the arm
took the same positions, only the starting position was different, so
after joining the arm and foot movement (Fig. 1B).

1. Phase: jump to straddle stand, arm swinging to low position;
2. Phase: jump to starting position;
3. Phase: jump to straddle stand, arm swinging to high position;
4. Phase: jump to starting position.

In the FSGE-C we changed the foot movement compared to the
basic exercise. A simple variation was our choice. No new and extra
tasks were given to athletes, we simply changed the beating of the
basic skipping so that skipping had to be doubled in every position
and hence the harmony between the arm and the foot was
completely disrupted (Fig. 1C).

1. Phase: jump to straddle stand, arm swinging to sideways
position;

2. Phase: jump upwards, arm swinging to low position;

3. Phase: jump to basic stand, arm swinging to high position;

4. Phase: jump upwards, arm swinging to low position.

In the FSGE-D, the arm and footwork changed in the second and
third exercises were put together which resulted in a new variation
compared to the basic exercise (Fig. 1D).

1. Phase: jump to straddle stand, arm swinging to low position;
2. Phase: jump upwards, arm swinging to sideways position;
3. Phase: jump to basic stand, arm swinging to high position;
4, Phase: jump upwards, arm swinging to sideways position.

b. Coordination Ball Dribbling Exercise (CBDE)

In the first ball exercise (CBDE-A), two size 7 basketballs of equal
pressure had to be dribbled in alternate rhythm for 30 s, making
sure that the rhythm is maintained and the 2 x 2 meter area is not
left by the athlete (Fig. 2A).

In the second variation (CBDE-B), two different balls of varying
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Table 1a
Descriptive data’s of the participants 1, Mean =+ SD.
Gender N Height (cm) Bodyweight (kg) Age (y)
HB Female 48 85 172,7 + 5,1 180 + 10,4 66,6 + 8 77,8 + 16,2 20,3 +5,2 26,1 + 4,8
Male 37 1894 +7,7 924+ 119 26,1 + 4,8
wp Female 27 49 176 £ 58 181,7 £ 8,7 70 +£7,6 79,8 £ 13,7 229 +47 245+ 58
Male 22 188,8 + 6,3 91,9 + 8,8 26,5 + 6,6
RG Female 38 38 1649 + 5,8 1649 + 5,8 483 + 6,7 483 +6,7 16,6 + 3 16,6 + 3
Male 0 0 0 0
KY Female 11 27 169 + 6,1 1784 + 10 63,4 + 6,4 76,5 + 12,9 229 +6,1 224+ 42
Male 16 1848 + 6,5 855+7 221+24
AE Female 23 23 1648 + 3,9 1648 + 3,9 559 + 12,9 559 + 12,9 19,2 +39 192 +39
Male 0 0 0 0
NA Female 14 23 168,1 +7,2 1732 +9.22 63 + 13,1 67,3 + 14,6 21,1+18 214 +21
Male 9 181,1 +5,8 742 + 14,9 22425
SUM Female 170 245
Male 75
Abbreviations: HB: Handball, WP: Water polo, RG: Rhythmic Gymnastics, KY: Kayak, AE: Aerobic, NA: non-athletes.
Table 1b
Descriptive data’s of the participants 2, Mean + SD.
Gender Sport age (y) National team Rank
member
HB Female 12 +52 13,5+53 10 15 44,6 + 23,2 46,1 + 19,7
Male 15,6 +49 5 48 + 139
wpP Female 158 £ 5,1 169 + 5,1 18 24 22,7 + 24,5 26,6 + 22,5
Male 183 +49 6 314193
RG Female 10,7 £ 2,8 10,7 + 2,8 14 14 51 +23.2 51 + 23,2
Male 0 0 0
KY Female 14 £5,3 135+4 8 15 20,2+ 116 253 +12,1
Male 13,129 7 288 + 115
AE Female 11,8 +4,7 11,8 +4,7 7 7 41 + 24,6 41 + 24,6
Male 0 0 0
NA Female 0 0 0 0 0 0
Male 0 0 0
SUM Female 57 75
Male 18

Abbreviation: HB: Handball, WP: Water polo, RG: Rhythmic Gymnastics, KY: Kayak, AE: Aerobics, NA: non-athletes.

size and weight, one tennis ball and one basketball had to be
dribbled under the same conditions as in the fifth exercise. Par-
ticipants had an opportunity to choose in which hand they would
like to use the tennis ball (Fig. 2B).

In the next difficulty level (CBDE-C), different type of movement
with two balls with different sizes had to be executed. The tennis
ball had to throw up and the basketball had to be dribbled again. It
was also an opportunity to choose which hand the ball was thrown
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Fig. 1. Description of the Freestyle gymnastic exercise (FSGE).

by the athletes (Fig. 2C).

In the final exercise (CBDE-D), the basketball movement was the
same, while a balloon had to be kept hitting in the air. In this ex-
ercise they also had an opportunity to choose which hand they
would like to use the balloon or the ball. In this test, rhythm
maintenance was only a criterion for basketball (Fig. 2D).

All trials were evaluated by a highly qualified judge. Judges were
former athletes and internationally qualified judges working with

30s 30s

30s 30s

Fig. 2. Description of the Coordination ball dribbling exercise (CBDE).
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Fig. 3. Panel A: Representative correlation of the scoring of the four judges. Panel B: Comparison of the evaluation of the judges by Bland-Altman plots. Graphs show comparison of

judges 1-2 (a), 1-3 (b), 14 (c), 2—3 (d), 2—4 (e), 3—4 (f). From 2.5% to 11.25% of the points are out of the limits of agreement.

Table 2

Table 3

Evaluation of Free style gymnastic exercises (FSGE).

Evaluation of Coordination ball dribbling exercises (CBDE).

Score (point) Rate Arms work (A) Legs work (L) Rhythm Score (point) Duration (sec) Rhythm
1 2 3 4 1 2 3 4 0 0-2 _
1 x4 AL + — AL AL - + AL -— - +
3 6—-10 —

2 x4 + + -

4 6—10 +
3 1x4 + + + 5 11-15 -~
+3 Trial 1 with perfect execution 6 11=15 N
Abbreviations: A/L: successful arms or legs work, + successful execution, - unsuc- 7 16—20 -
cessful execution. 8 16—-20 +
9 21-25 —
. . . . . 10 21-25 +
intercontinental license of Federation Internationale de Gymnas- 1 26-30 _
tique (FIG). Each evaluation was randomly confirmed by four judges 12 26—30 +
who possessed international judge licenses for artistic sports 15 26-30 +

(gymnastics, rhythmical gymnastics and aerobics). The mean of
correlation between the testers evaluation was r = 0.983 (Fig. 3A
and B). As seen on Fig. 3B, from 2.5% to 11.25% of the points are out
of the limits of agreement. This is clearly the limitation of the study,
but this is the limitation of objective evaluation in all of the sports,
where judges evaluate the performance by scores. The criteria for
evaluation are shown at Tables 2—3. The other limitation of this
study was that the judges were not completely blinded to the

Trial 1 with perfect execution

Abbreviations: + successful execution, - unsuccessful execution.

athletes because some of them were known internationally, and
this is a potential source of bias.

For the statistical evaluation, sport performance of the athletes
was divided into 20 categories ranging from Olympic champions
(ranked 1) to amateur athletes (ranked 75—80) (Table 4). In each
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Table 4

Division of the category according to the sport quality.
Category Competition Results Representatives of different sports Ranking

Sum HB WP RG KY AE

1 OG, WCh, EC 1-3 28 4 17 0 3 4 1-9
2 4—-6 5 3 0 0 0 2 10—-12
3 7-10 3 1 0 1 1 0 13
4 0OG, WCh, EC 11-25 5 0 1 4 0 0 14-17
5 U23, U21, U18 WCh, EC 1-3 34 9 13 0 12 0 18-26
6 CL, CWC,WC, WG, AG 1-6 9 4 1 4 0 0 27-30
7 WwWucC, U 1-3 4 1 3 0 0 0 31-32
8 U23, U21, U18 WCh, EC 4-12 13 3 2 3 4 1 33-36
9 EHFC, YOF 1-6 4 0 0 0 4 0 37-39
10 WUuC, U 4—6 1 0 0 0 1 0 40
11 CL, CWC, WC, WG, 7-10 1 0 0 1 0 0 41
12 NC, HCh, HC,HFD 1-6 47 25 5 8 2 7 42-53
13 NC, HCh, HC,HFD 7-10 1 0 0 1 0 0 54
14 HSD 1-3 6 6 0 0 0 0 55-57
15 HTD 1-3 7 2 0 0 0 5 58-59
16 OIG 4-6 2 2 0 0 0 0 60
17 HSD 1-6 22 22 0 0 0 0 61-70
18 HTD 1-6 14 0 6 4 0 4 71-73
19 HYC 1-6 12 2 0 10 0 0 74-80
20 — - 4 1 1 2 0 0 81

Abbreviations: HB: Handball, WP: Water polo, RG: Rhythmic Gymnastics, KY: Kayak, AE: Aerobics, OG: Olympic Games, WCh: World Championship, EC: European Cham-
pionship, CL: Champions League, CWC: Cup Winners Cup, WC: World Cup, WG: World Games, AG: Asian Games, WUC: World University Championship, U: Universiade, EHFC:
EHF Cup, YOF: Youth Olympic Festival, NC: National Championship, HCh: Hungarian Championship, HC: Hungarian Cup, HFD: Hungarian First Division, HSD: Hungarian
Second Division, HTD: Hungarian Third Division, OIG: Other International Games, HYC: Hungarian Youth Championship.

category the athletes were ranked according to their best sport
performance.

We set up 20 categories to rank the sport performance in every
sport, such as national and international (European-World)
Championships, Olympic Games and Cups. Higher sport perfor-
mance was associated with superior ranking values (Olympic
Games/World Championships/European Championships 1-3
results = category 1), and all the 222 subjects were evaluated in the
20 categories (Table 4). In one category we could have number of
subjects in different sport, Olympic champions in the category 1,
got the rank 1 regardless of sport, if we had 2 times Olympic
champion she or he got higher rank than one times Olympic
champion. According to our evaluation system, category is inde-
pendent from sport, while ranking is sport specific. The rank
number in each category is the same as the larger number of sub-
jects from a specific sport (if in the category 1 we have 17 water
polo players and some of them have the same ranking, 3 kayak, 4
handball and 4 aerobics athletes, then at the category 1 we have 9
ranking number). The category 2 starts from the ranking number of
10 in each sport. This method prevented the jumping between
categories and was independent from the number of subjects in
each sport. In the present study the most successful athletes were
from kayak-canoe, water polo, and team handball, while the less
successful athletes were from rhythmic gymnastics.

Statistical analysis

According to the type of parameters, analyzing the differences
between groups, statistical significance was assessed by the
nonparametric Mann-Whitney U test and Kruskal-Wallis ANOVA.
Spearman’s rank correlation was used to evaluate the relationships
between parameters. The significance level was set at p < 0.05.

Results

Firstly, the results of athletes and non-athletes were compared.
Not surprisingly, the data clearly showed that athletes have better
results in both tests than controls (Fig. 4). Next, the FSGE and CBDE

160

B Non athletes Athletes %%
140
120
=100
£ * sk
& 80
g | T
% 60
"4 |
20 “'
0 [
FSGE CBDE FSGE+CBDE

* p<0.05
#% p<0.01

Fig. 4. Comparison of athletes and non athletes in the coordination tests.

results of different sports were compared and the data revealed,
that RG and aerobics athletes had significantly better results for the
FSGE than ball players (team handball and water polo) and kayak
athletes (Fig. 5A). This could be due to the fact that RG and aerobics
are focusing on the perfect execution of the movements, while in
other measured sports not the “beauty” but the effectiveness is
more important. The results of the ball test, CBDE, demonstrated
that ball players, especially handball players, had higher scores
than kayakers, and athletes from rhythmic gymnastics and aerobics
(p < 0.01, Fig. 5B). Handball players even had better results in this
test than water polo players.

Looking at the sport quality ranks of athletes in different sports,
water polo players and kayakers had the lowest scores (=highest
efficiency) (medalist at Olympic or word championships), while
ranking of handball players, RG and subjects from aerobics were
similar.

Importantly we tried to explore the link between the quality
(based on the top results of the athletes) and the results in our
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Fig. 5. Scores of FSGE (A) and CBDE (B) at different sports.

applied coordination tests. It is important to note, that due to
robust differences in the characteristics of sports and biological
parameters (age, body mass, height), between athletes from RG,
aerobics and other subjects, significant correlations were looked for
aerobic-RG and handball-water polo-kayak subgroups separately.
The ranking and the scores of FSGE correlated significantly (r = -
0.232, p < 0.01 in handball, water polo, kayak and r =-0.26, p < 0.05
in aerobics and rhythmic gymnastics), so superior rank showed
higher score of this coordination test, parallel in both subgroups,
which represent better performance at FSGE (Fig. 6A). On the other
hand, there is not any significant link between the results of CBDE
and ranking (p > 0.05, Fig. 6B).

On the other hand, gender specific significant differences were
not found between female and male subjects in the coordination
tests (Fig. 7A) and sport ranking (Fig. 7B). The effects of age on the
results of FSGE and ranking in sports (Fig. 8) were also calculated.
Overall, significant relationships were found between age and
ranking (r =-0.498, p < 0.01 in handball, water polo, kayak and r = -
0.298, p < 0.05 in aerobics and rhythmic gymnastics, Fig. 8A2, 8B2).
Older players had superior ranking as they had more time to be
successful at their sport. Nevertheless, in the case of ball players
and kayakers, where the average age is around 23 years, the score
on the FSGE test was not correlated with age (p > 0.05, Fig. 8A1).
Therefore, the results of this coordination task represent the level of
coordination skills in all probability. Age does not correlate with
better coordination in adulthood. In contrast, testing the rhythmic
gymnastics and aerobics subgroups, where the majority of the
examined subjects were younger than 18 years, positive correlation
was found between the FSGE scores and age (r = 0.391, p < 0.01,
Fig. 8B1), thus demonstrating advanced coordination through the
period of biological maturation.

We also examined the relationship between weekly training
hours and the results of FSGE and ranking (Fig. 9). In the cases of
handball, water polo and kayak, higher FSGE scores related to
greater weekly training hours (r = 0.163, p < 0.05, Fig. 9A1) which

was linked to greater success (superior ranking) in sport (r =-0.522,
p < 0.01, Fig. 9A2). In the case of RG/aerobics athletes, probably
because of the extremely high weekly training hours, no significant
correlation was observed between the coordination test results or
sport ranking (p > 0.05, Fig. 9B1, 2).

The results obtained for the CBDE test were not significantly
correlated with ranking, age, or training hours (p > 0.05).

Discussion

There is a great need to assess the level of complex motor co-
ordination, involving orientation, differentiation, balance, rhythm,
and learning capacity, which correlates with sport performance. To
establish such a method is risky due to the extreme complexity of
sport.? FSGE and CBDE tests were utilized to seek relationship with
sport performance, age, gender, training history and sport speci-
ficity. The data revealed that the performance in the FSGE corre-
lated with sport performance of the subjects who were recruited
from water polo, team handball, kayak-canoe, rhythmical gym-
nastics and aerobics. To the good performance at FSGE, high levels
of kinesthesia is necessary which is ability is one of the basis for
motor learning.'® Moreover, kinesthesia is linked to sensorimotor
rhythms in which trained and untrained individuals differ
significantly."!

Taken into account the diversity of the sports and the diversity
of subjects which ranged from Olympic champions to the un-
trained, it is suggested that the FSGE test can be used to assess
complex coordination ability in a variety of sports. The FSGE shows
sport specificity, since RG and aerobics athletes have higher scores,
but in all sports higher scores were associated with higher levels of
sport performance. These data are in accordance with the obser-
vations of Kioumourtzoglou et al. (1997) who suggested that higher
levels of kinesthesia are sport specific.

Interestingly, the results of the CBDE test did not show a sta-
tistical correlation. However, the inclusion of water polo and
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handball players among the subjects skewed the data. According to
our hypothesis, ball players achieved higher scores in the CBDE
tests, revealing expected sport specificity.

The date showed no gender dependent differences in the per-
formance of the applied tests. Findings point out that although
there are significant differences in conditional abilities between
males and females (strength, endurance and speed),'? but this
existing difference does not interact with the performance of the
applied coordination tests. This is an important point, which nicely
distinguishes the different backgrounds of conditional and coor-
dination abilities. We are not questioning the importance of con-
ditional abilities on the development of techniques in different
sports, but merely emphasizing the fundamental differences in
these abilities.

The finding that those athletes with more recorded training
hours have better performance on the FSGE test is not surprising.
Indeed, this is an encouraging observation which reflects the
importance of practice on the development of coordination. Here
again, we are not questioning the possible importance of genetic
effects on coordination, which still has yet to be shown, but

highlighting the importance of training.

Interestingly enough, contrary to our expectation, the ball test
used to assess coordination, CBDE, did not show significant re-
lationships with ranking, age, or training hours. A recent study
using male and female handball players as subjects, showed that,
although males are faster, females do better at handball specific
tests than males.”® Indeed, it would be surprising if ball game
players had not done better than kayakers on ball tests, but our
current test was not adequate to show a significant relationship
with ranking in sport. Indeed, it has been shown that elite male
basketball players scored higher on hand coordination and lower
on dynamic balance.'

Practical applications

The applied FSGE could be very helpful to test the general
progress in coordination tasks during preparation. One of the
novelty of our findings are the discovery the relationships between
FSGE and sport ranking in various sports, therefore general com-
parison would be possible. It can be suggested that someone with
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excellent FSGE results has a coordination bases to be successful
athlete.

Even low correlation coefficients showed significant relation-
ships, which might suggest that sport performance is a very com-
plex ability, which only in a certain degree is dependent on
coordination. The contribution of coordination in sport perfor-
mance can be quite different in rhythmical gymnastics and
kayaking, as an example, but this does not mean that coordination
is not important in both of them.

The aim of the study was to create a general test for assessing
the level of coordination, which itself is a very complex ability.
Coordination is important in all sport, however in different degree
and can be a limitation of the development of sport performance. If
this can be used to assess the level of coordination, as was expected
based on our results, than coaches can use it to find out the level of
coordination. Without knowing the limiting factors of further
development, it is difficult to design training plan which is based on
scientific knowledge. Therefore, our study could be a useful tool for
the development of sport performance. It can be also used for talent

identification, but additional studies are important to clarify this.
One of the limitations of the current investigation is that our
data are cross-sectional results and it would be very exciting to see
the validity of FSGE testing in the talent selection in different
sports. Currently we are working the set this test in the athlete
selection protocol and check the long term validity of this test.

Conclusions

The execution of free style gymnastic exercises, after a short
period of learning, is an effective test to assess complex coordina-
tion ability. The rate of the execution is related to the quality of
sport performance in a variety of sports with athletes ranging from
Olympic champions to untrained individuals. It would be worth-
while to investigate whether this freestyle gymnastic exercise
could be used as a tool to select children for various sports, and to
test how the quality of this exercise is changing during the prepa-
ration for competition.



56

A.A. Olajos et al. / Journal of Exercise Science & Fitness 18 (2020) 47—56

Funding

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

No financial or material support of any kind was received for the

work described in this article.

Declaration of competing interest

The authors have no conflicts of interest relevant to this article.

References

. Martin D. Training im Kindes und Jugendalter. In:

. Hands B, Licari M, Piek ]. A review of five tests to identify motor coordination

difficulties in young adults. Res Dev Disabil. 2015;41—42:40—51.
Martin DKH, Carl K,
Lehnertz K, eds. Deutschland: Schorndorf; 1988.

. Stodden DF, Goodway ]D, Langendorfer SJ, et al. A developmental perspective

on the role of motor skill competence in physical activity: an emergent rela-
tionship. Quest. 2008;60:290—306.

. Cools W, Martelaer KD, Samaey C, Andries C. Movement skill assessment of

typically developing preschool children: a review of seven movement skill
assessment tools. ] Sport Sci Med. 2009;8:154—168.

. Williams GK, Irwin G, Kerwin DG, Hamill J, Van Emmerik RE, Newell KM.

10.

11.

12.
13.

14.

Coordination as a function of skill level in the gymnastics longswing. J Sport Sci.
2016;34:429—-439.

. Vilar L, Araujo D, Davids K, Travassos B, Duarte R, Parreira ]. Interpersonal

coordination tendencies supporting the creation/prevention of goal scoring
opportunities in futsal. Eur J Sport Sci. 2014;14:28—35.

. Graham ]D, Li YC, Bray SR, Cairney J. Effects of cognitive control exertion and

motor coordination on task self-efficacy and muscular endurance performance
in children. Front Hum Neurosci. 2018;12:379.

. Torres-Oviedo G, Vasudevan E, Malone L, Bastian AJ. Locomotor adaptation.

Prog Brain Res. 2011;191:65—74.

. Rees T, Hardy L, Gullich A, et al. The great British medalists project: a review of

current knowledge on the development of the world’s best sporting talent.
Sport Med. 2016;46:1041—1058.

Roloff LL. Kinesthesis in relation to the learning of selected motor skills.
Research quarterly. American association for health. Phys Educ Recreat.
1953;24:210-217.

Zapala D, Zabielska-Mendyk E, Cudo A, Krzysztofiak A, Augustynowicz P,
Francuz P. Short-term kinesthetic training for sensorimotor rhythms: effects in
experts and amateurs. ] Mot Behav. 2015;47:312—318.

Radak Z. The Physiology of Physical Training. London: Academic Press; 2018.
Wagner H, Fuchs P, Fusco A, Fuchs P, Bell W], Duvillard SP. Physical perfor-
mance in elite male and female team handball players. Int J Sports Physiol
Perform. 2018:1—-24.

Kioumourtzoglou E, Derri V, Tzetzis G, Theodorakis Y. Cognitive, perceptual,
and motor abilities in skilled basketball performance. Percept Mot Skills.
1998;86:771-786.


http://refhub.elsevier.com/S1728-869X(19)30130-3/sref1
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref1
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref1
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref1
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref2
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref2
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref3
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref3
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref3
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref3
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref4
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref4
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref4
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref4
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref5
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref5
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref5
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref5
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref6
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref6
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref6
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref6
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref7
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref7
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref7
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref8
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref8
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref8
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref9
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref9
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref9
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref9
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref10
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref10
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref10
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref10
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref11
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref11
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref11
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref11
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref12
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref13
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref13
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref13
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref13
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref14
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref14
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref14
http://refhub.elsevier.com/S1728-869X(19)30130-3/sref14

	Freestyle gymnastic exercise can be used to assess complex coordination in a variety of sports
	Introduction
	Methods
	Subjects
	Design and methodology
	Statistical analysis

	Results
	Discussion
	Practical applications

	Conclusions
	Funding
	Declaration of competing interest
	References


