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Summary

Study aim: To determine the level and internal structure of profiles of coordination motor abilities in elite judokas and badmin-
ton players compared to a group of non-athletes.
Material and methods: The material for the study was the results collected from 12 competitors of the Polish national badmin-
ton team (age: 22.7 ± 4.5), 10 members of the national judo team who represented mean weight categories (age: 23.0 ± 3.3) and 
25 non-athletes, who were male university students of the Faculty of Physical Education and Sport (age: 23.0 ± 0.8). The scope 
of the study included basic somatic features and selected coordination motor abilities measured by means of computer tests.
Results: Statistically significant differences between badminton players and judokas were obtained for reaction times (visual, 
auditory and selective) as well as spatial orientation. In all cases, a higher level was found for badminton players. Furthermore, 
analysis of differences between badminton players and non-athletes revealed statistically significant differences only for the 
selective reaction time. A substantial differentiation of the internal structure of the models of coordination motor abilities was 
obtained. This pattern was particularly noticeable in the group of judokas and badminton players, where the difference between 
characteristics was ca. 0.76 SD. Substantially smaller differences (0.21 SD) between particular variables included in the coor-
dination profile were found for non-athlete university students. 
Conclusion: The lower results of the elite judokas show the need for developing the coordination motor abilities during train-
ing. The largest reserves are to be found in raising the level of reaction times and spatial orientation.
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Introduction

Badminton is one of the most popular and spectacu-
lar sports in the world. It requires cognitive abilities of 
a  higher level in order to achieve success during com-
petition [35]. Badminton players must perform complex 
movements that require adaptation to constantly changing 
situations on the court [29]. This leads to the necessity to 
make immediate decisions in conditions of time limita-
tions. Their accuracy determines the success of the actions 
and the final score [8]. The analysis of matches allows for 
determination of the character of badminton exercise as 
speed-endurance. During a  match, around 60 to 70% of 
energy is supplied from aerobic sources whereas the re-
maining 30% is from anaerobic sources [29]. The literature 
review reveals that studies have placed the most emphasis 
on the analyses of physiological aspects of players’ level 

of preparation, strength and conditioning, and the level of 
somatic characteristics of players at various stages of train-
ing and different sports skill levels [28, 29, 32]. Another 
group of studies has been devoted to the biomechanical 
characteristics of the upper and lower limbs in badminton 
players [12, 16, 41]. However, the fewest studies to date 
have concerned the development of coordination abilities 
and their importance in terms of the achievement of sports 
results in badminton players [15].

In judo tournaments, athletes also have to compete in 
exceptionally variable conditions with open movement 
structures most frequently observed (movement stimuli 
come from the external environment). The effective time 
of a  judo match for adult judokas is 4 minutes. Its tem-
poral structure is formed by alternating bouts of fighting 
and breaks. If the contest is not resolved within the regular 
time, the match is continued based on the Golden Score 
rule. On the day of the competition, the medal winners 
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of an elite championship usually have to compete in 4 
to 6 matches. The exercise performed by judokas during 
a competition is usually at maximal intensity for a given 
level of fatigue (mainly anaerobic). This is evidenced by 
concentrations of lactic acid (LA) recorded in the players 
following the tournament matches. Its levels range from 
14.6 ± 4 [7] to 25.1 mmol/l [17] in individual cases. In-
terestingly, aerobic capacity (reflected by minute oxygen 
uptake/kg body weight) also plays a significant role in this 
sport. It was shown that its higher values were associated 
with higher activity of the competitors in the second part 
of the fight and the Golden Score [18]. Also in badmin-
ton, many studies (overview [29]) have analysed exercise-
induced lactate levels in simulated games. However, the 
values obtained were significantly lower than in judokas 
(from 1.9 ± 0.1 to 12.2 ± 2.1 mmol/l)

The material structure of the match is formed by spe-
cific actions of the competitors. A large number of these 
activities (the current classification of the Institute of Sci-
entific Research – Kodokan Judo [44] includes 110 tech-
niques) and the number of possible combinations places 
high demands on the competitors in terms of technical and 
tactical training. It is commonly believed that the competi-
tive value of an athlete in this sport results from a combi-
nation of technical skills, the level of motor abilities and 
superior tactical skills [21]. Therefore, scientific research 
related to this sport concerns mainly the above-mentioned 
aspects of players’ preparation [1, 2, 10].

The analysis of the literature allows for classification 
of sports into separate categories differing in the struc-
ture of stimuli (internal or external), the use of energy, 
coordination and somatic potential, and complexity [38]. 
Both badminton and combat sports (such as judo) belong 
to the most difficult categories of sports. These sports are 
characterized by the highest level of variability of move-
ment structures due to the dominance of external stimuli 
and open movement structures. Competitors are forced 
to process a  lot of information in a  fast-changing and 
unpredictable environment, which can lead to improved 
effectiveness of actions that require good eye-hand co-
ordination, a high level of perception, and ability to re-
spond adequately to situations [22]. All this also leads 
to the development of visual attention and making right 

decisions, since the effectiveness of a  game or a  sport 
fight depends on the speed of movement reactions, the 
level of cognitive abilities and the choice of the right 
movement pattern [24].

The aim of the study was to address the following re-
search questions:
•	 Are there statistically significant differences in the le-

vel of selected coordination motor abilities between 
elite judo competitors, badminton players and non-
athlete university students?

•	 What is the internal structure of the coordination motor 
ability profiles in the groups studied?

Material and methods

The research material consisted of the results collected 
from 12 male players of the Polish national badminton 
team, 10 male members of the national judo team repre-
senting medium weight categories, holding judo master 
ranks, and 25 non-athletes (who were male university 
students of the Faculty of Physical Education and Sport). 
All students had not practised any sport in the past or dur-
ing the time of the examinations. The examinations were 
conducted according to the Declaration of Helsinki. Each 
participant gave his consent for participation in the exami-
nations and was informed of the purpose of the study and 
the possibility of withdrawal from the examinations at any 
stage. The examinations were approved by the Bioethics 
Committee at the Regional Medical Chamber in Kraków, 
Poland (approval No. 159/KBL/OIL/2017). Examinations 
of judo and badminton competitors were conducted in the 
final phase of the competitive season in these sports.

Table 1 presents the characteristics of chronological 
age, training experience and basic parameters of somatic 
body build of study participants.

Scope of the study
The scope of the study included basic somatic char-

acteristics: body height (b-v) and body mass, determined 
by a TANITA TBF-551 scale. Selected coordination motor 
abilities were also evaluated. For this purpose, a set of Ja-
worski’s computer tests [33] was used to evaluate:

Variable
Judo (n = 10) Badminton (n = 12) Non-athletes (n = 25)

x̄  ± SD x̄  ± SD x̄  ± SD
Age [years] 23.00 ± 3.27 22.69 ± 4.49 23.00 ± 0.77
Training experience [years] 14.20 ± 3.39 13.66 ± 5.33
Body height [cm] 179.60 ± 5.32 182.03 ± 6.09 180.93 ± 6.86
Body mass [kg] 82.35 ± 6.40 75.60 ± 5.51 79.63 ± 8.51

Table 1.  Characteristics of basic somatic characteristics and training experience in the studied athletes
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•	 kinaesthetic differentiation of temporal movement pa-
rameters, score in pixels,

•	 frequency of movements: the number of touches of 
squares within 15 s was recorded,

•	 mean simple reaction time to visual stimuli (10 stimu-
li), score in ms,

•	 mean simple reaction time to auditory stimuli (10 sti-
muli), score in ms,

•	 mean selective reaction time (to auditory and visual 
stimuli, 20 stimuli), score in ms,

•	 rhythmization, score in ms,
•	 coupled motions, score in s (or with the number of mi-

stakes), 
•	 eye-hand coordination, score in s,
•	 spatial orientation, score in s.

All the tests were performed in a  separate room that 
ensured silence and quiet for the study participant. The 
tests were always conducted from 10 a.m. to 3 p.m. in the 
same order. After completion of the rhythmization test, 
a short (10 minutes) rest was administered. Duration of the 
examination of each study participant was ca. 15 minutes. 
The tests were conducted using a Toshiba Satellite R15 
portable tablet computer with a touch screen. The research 
protocol and variables were described in detail in the pa-
per by Sterkowicz and Jaworski [33].

A  short version of the International Physical Activ-
ity Questionnaire (IPAQ) was used to assess the level of 
students' general physical activity related to daily living, 
work, leisure time and compulsory physical activity class-
es [6]. Physical activity during a typical week of the aca-
demic year was also assessed.

Statistical analysis 
The following statistical methods were used in the 

study: 

1.	 Basic descriptive statistics of somatic characteristics 
and coordination motor abilities selected for the analy-
sis were calculated.

2.	 The analysis of variance was based on the F test or 
Kruskal-Wallis H test, depending on the distribution 
and homogeneity of variance. Tukey’s HSD test for 
unequal sample sizes and the Mann-Whitney U-test 
were used to examine the differences between the me-
ans from particular groups. The Bonferroni correction 
was used in the Mann-Whitney U-test, which consisted 
in dividing the level of significance p = 0.05 by the 
number of comparisons [39]. The Shapiro-Wilk W test 
was used to examine normality of distributions. Homo-
geneity of variance was verified by means of Levene’s 
test. 

3.	 The profiles of selected coordination motor abilities in 
the three analysed groups were then calculated. Norma-
lization of the results to means and standard deviations 
was conducted for the entire material (T scale). 
Calculations were performed in the STATISTICA PL v. 

12.0 package with the level of significance set at p ≤ 0.05. 

Results

Comparison of the results of the tests of coordination 
motor abilities between the groups studied revealed statis-
tically significant differences in 4 cases (see Table 2).

The following homogeneous groups were formed 
based on multiple comparisons in the case of mean visual 
reaction time, mean auditory reaction time and spatial ori-
entation:

•	 Badminton players and non-athlete university stu-
dents,

•	 Judokas and non-athlete university students. 

Table 2.  Mean results of the tests of coordination motor abilities in groups of athletes studied

Stimulants are given in bold; * – p < 0.05; ** – p < 0.01. In multiple comparisons with the Mann-Whitney U-test: # – p < 0.016; ## – p < 0.01.

Variable Unit Judo (n = 10)
x̄  ± SD (1)

Badminton  (n = 12)
x̄  ± SD (2)

Non-athletes  (n = 25)
x̄  ± SD (3)

Kinaesthetic differentiation pixel 39.60 ± 21.01 28.75 ± 15.30 36.00 ± 17.14
Frequency of movements n-number 49.70 ± 6.53 50.33 ± 6.91 48.96 ± 9.40
Mean visual reaction time ms 252.20 ± 11.79 (2##) 220.83 ± 12.56 237.96 ± 24.51
Mean auditory reaction time ms 216.20 ± 25.04 (2*) 195.75 ± 13.78 209.56 ± 15.63
Mean selective reaction time ms 385.10 ± 55.24 (2##) 319.91 ± 33.53 (3#) 364.08 ± 58.44
Rhythmization ms 115.00 ± 74.25 115.42 ± 72.54 130.24 ± 70.34
Coupled motions (time) s 48.10 ± 11.74 40.58 ± 5.66 45.36 ± 8.45
Coupled motions (mistakes) n- mistakes 12.10 ± 7.31 13.00 ± 5.57 12.56 ± 8.62
Eye-hand coordination s 37.40 ± 2.59 34.83 ± 3.41 35.32 ± 8.10
Spatial orientation s 57.40 ± 4.38 (2##) 48.75 ± 4.69 55.20 ± 8.70
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Analysis of the means shows that the lowest value (the 
best result) in terms of the above indices was found in the 
group of badminton players while it differed significantly 
from the mean in the group of judokas, where it was the 
worst.

In terms of selective reaction time, the lowest (the best) 
mean occurred in the group of badminton players and it 
differed significantly from the mean in the groups of ju-
dokas and non-athletes forming a homogeneous group. 

Based on the arithmetic means and standard deviations, 
normalized values of tested coordination abilities (on the 
T scale) were calculated in the entire material. The ob-
tained results were used to determine coordination profiles 
in three analysed groups. The basic statistical characteris-
tics are presented in Table 3 and illustrated graphically in 
Fig. 1.

A preliminary comparative analysis of the three aver-
aged profiles of coordination motor abilities allows for 

Variable x̄  ± SD Min. Max. V[%]
Judo (x̄  = 47.18)

Kinaesthetic differentiation 47.35 ± 11.88 21.12 62.96 25.08
Frequency of movements 50.29 ± 8.04 38.34 61.74 15.98
Mean visual reaction time 43.01 ± 5.29 32.33 52.97 12.29
Mean auditory reaction time 45.32 ± 13.38 24.59 66.80 29.52
Mean selective reaction time 45.09 ± 9.76 30.44 60.12 21.64
Rhythmization 51.16 ± 10.53 29.62 61.65 20.58
Coupled motions (time) 46.20 ± 13.20 26.07 63.18 28.57
Coupled motions (mistakes) 50.63 ± 9.70 32.18 61.38 19.15
Eye-hand coordination 47.19 ± 4.14 39.84 54.21 8.77
Spatial orientation 45.59 ± 5.71 36.98 55.25 15.40

Badminton (x̄  = 53.78)
Kinaesthetic differentiation 53.49 ± 8.78 32.99 65.22 16.41
Frequency of movements 51.07 ± 8.52 42.04 69.13 16.68
Mean visual reaction time 57.08 ± 5.63 47.14 65.08 9.74
Mean auditory reaction time 56.25 ± 7.37 45.96 70.01 13.10
Mean selective reaction time 56.60 ± 5.92 46.34 63.47 10.45
Rhythmization 51.11 ± 10.28 32.45 62.22 20.11
Coupled motions (time) 54.66 ± 6.37 44.07 63.18 11.65
Coupled motions (mistakes) 49.44 ± 7.40 36.16 58.73 14.96
Eye-hand coordination 51.29 ± 5.44 43.04 63.79 10.60
Spatial orientation 56.88 ± 6.12 48.72 68.30 10.75

Non-athletes (x̄  = 49.31)
Kinaesthetic differentiation 49.39 ± 9.70 21.12 65.22 19.63
Frequency of movements 49.37 ± 11.54 21.10 67.89 23.37
Mean visual reaction time 49.40 ± 10.99 14.39 64.18 22.24
Mean auditory reaction time 48.87 ± 8.35 28.33 64.66 17.08
Mean selective reaction time 48.80 ± 10.32 15.08 67.18 21.14
Rhythmization 49.00 ± 9.97 24.09 63.78 20.34
Coupled motions (time) 49.28 ± 9.50 27.20 65.43 19.27
Coupled motions (mistakes) 50.02 ± 11.44 8.29 64.03 22.87
Eye-hand coordination 50.51 ± 12.93 31.86 106.90 25.59
Spatial orientation 48.46 ± 11.31 14.79 66.99 23.33

Table 3.  Structure of coordination profiles in the tested groups expressed in points of the T scale
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capturing the characteristic system of means (Fig. 1): 
badminton players > non-athlete university students > ju-
dokas. As can be seen from Table 3, the mean score on the 
T scale in the group of judokas for all ten variables was 
47.18 points. On the other hand, differentiation between 
characteristics was around 0.76 of the standard deviation. 
It is also important to emphasize the substantial differenti-
ation in individual abilities included in the profile. In gen-
eral, coefficients of variation for particular abilities ranged 
from 13% to 30%. The only exception to this rule was 
the coefficient of variation for visual-motor coordination 
(about 9%). In the group of badminton players, the mean 
of all variables was as high as 53.78 points, with the range 
of differentiation between characteristics of 0.76 of the 
standard deviation. It should also be emphasized that the 
differences within the analysed abilities were much small-
er than in the group of judokas. In general, coefficients of 
variation ranged from 10% to 17%. The only exception 
to this rule was the coefficient of variation for rhythmiza-
tion (ca. 20%). In the group of non-athletes, the mean for 
the entire analysed coordination profile was 49.31 points. 
The differentiation between characteristics was 0.21 of the 

standard deviation. Most coefficients of variation in indi-
vidual coordination motor abilities were around 20%. Very 
interesting information can be obtained from the analysis 
of differentiation within the three groups by taking into 
account individual coordination motor abilities. As can be 
seen from Fig. 1, there is virtually no differentiation for: 
coupled motions (mistakes), frequency of movements and 
rhythmization. Definitely, the greatest differences were 
observed between judokas and badminton players for vis-
ual reaction time, which was 14.07 points. Furthermore, 
higher results (by about 11 points) were found in badmin-
ton players for complex reaction time, spatial orientation 
and auditory reaction time. The smallest differences in fa-
vour of badminton players were obtained for kinaesthetic 
differentiation (6.14 points) and coupled motions – time 
(8.46 points). 

Table 4 presents the level of general physical activity 
of students related to activities of daily living, work and 
leisure time, and obligatory physical activity classes in-
cluded in the university curriculum.

Analysis of the results obtained based on the IPAQ 
questionnaire revealed that the average level of overall 

Fig. 1.  Profile of coordination variables in groups of judokas, badminton players and students
KD – kinaesthetic differentiation, FM – frequency of movements, MVRT – mean visual reaction time, MART – mean auditory reaction time, 
MSRT – mean selective reaction time, R – rhythmization, CMt – coupled motions (time), CMm – coupled motions (mistakes), EHC – eye-hand 
coordination, SP – spatial orientation

Physical activity Vigorous intensity Moderate intensity Walking Obligatory activity Total
x̄ 1937.27 730.91 1278.75 663.75 4610.68

SD 956.47 548.93 1016.00 117.99 1487.61
Xmin 320.00 0.00 0.00 495.00 2229.00
Xmax 3840.00 2160.00 3564.00 742.50 7474.50

Table 4.  Level of physical activity of university non-athlete students (MET-minutes/week)
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physical activity of non-athlete students during the week 
was 4610.68 MET-min/week.

Discussion

Most sports require high-performance processing of 
neurophysiological information from athletes. Coordina-
tion motor abilities are therefore among the important fac-
tors in the achievement of a champion sports skill level. 
With a  very similar level of fitness-related abilities, re-
serves in improving results are expected to lie in improv-
ing coordination and perceptual abilities [25]. Hence, the 
search for their importance to many different sports is ob-
vious, including in judo and badminton [11, 14, 19, 20, 23, 
30, 34]. 

Badminton is one of the fastest racket sports, with the 
maximum shuttlecock flight speed reaching almost 500 
km/h [29]. For this reason, players must have a high lev-
el of divisibility of attention, precision and accuracy of 
movements, speed of movements and spatial orientation 
and anticipation [31]. Among the identified coordination 
motor abilities, the most frequently analysed were reac-
tion time levels of badminton players relative to com-
parative groups, mostly non-athlete peers or competi-
tors from other sports [3, 5, 9, 34]. The literature review 
shows that badminton players have better reaction times 
compared to non-athletes from control groups. These 
findings are consistent with our results obtained for all 
three analysed reaction time types. The analysis of the 
system of normalized differences clearly indicates that 
the largest differences are observed between the group 
of badminton players and judokas. These differences 
were also statistically significant in four cases. This may 
indicate the importance of the reaction time in badmin-
ton, and regular training of this ability. Determining the 
level of these characteristics among young athletes can 
be helpful for the effectiveness of the recruitment and 
selection process for badminton [3]. 

The reaction time depends on the type of stimulus to 
which the respondents react. The shortest reaction times 
were found for auditory stimuli, followed by visual stim-
uli, whereas the longest were found for selective reaction 
[42]. The results of our study confirmed this characteristic 
distribution of arithmetic means of reaction times in all 
three analysed groups.

Badminton belongs to the group of sports with non-
standard properties and requires a high level of movement 
coordination. Several comparative studies have confirmed 
the importance of visual and motor coordination and reac-
tion time for the effectiveness of the game [3, 15, 37, 40]. 
The role and importance of coordination motor abilities in 
the teaching of game technique has also been emphasized 
[27, 32, 36]. 

Jaworski and Żak drew attention to the clear effect of 
coordination variables in the development of the sports 
skill level at three stages of badminton training [15]. 
These authors postulated the early development of coordi-
nation motor abilities with a higher degree of organisation 
and specificity: spatial orientation, selective reaction time, 
coupled motions and kinaesthetic differentiation.

The worst values of mean reaction times (visual, audi-
tory and selective) and spatial orientation recorded in judo 
players should be explained by the specific training in this 
sport. It is likely that the development of strength and en-
durance limits the development of these aspects of coordi-
nation motor abilities. Previous studies have demonstrated 
that the above-mentioned indices correlated with the indi-
ces of courses of the match in the group of adult athletes 
[18]. Spatial orientation was correlated with the activity 
of the athletes, visual reaction time was linked to activity 
in the first part of the match, auditory reaction time with 
activity in the second part of the match, and selective reac-
tion time with the effectiveness of actions in the first part 
of the fight. The fact that the values of these indices were 
higher than in the population and that their values were re-
lated to the course of the match clearly indicates the need 
for developing them.

The analysis of the results obtained in our study indi-
cates a  relatively high level of coordination motor abili-
ties among non-athletes. The reasons for this status can 
be found in the high physical activity of physical educa-
tion and sport students, which probably results from their 
interests and the following the obligatory university cur-
riculum. According to the generally accepted recommen-
dations [6], all students showed high levels of physical 
activity. Previous studies have shown that according to the 
adopted classification, physical activity of the university 
students of the University School of Physical Education 
in Kraków is high [43]. The mean level of overall physi-
cal activity of the examined Polish men was 5.953 MET-
minutes/week [4]. It is generally accepted that regular 
physical activity has a positive effect on the level of both 
fitness and coordination abilities. Thus, the high level of 
coordination motor abilities in the group of university stu-
dents may have been related to their high physical activity. 
It is known that coordination motor abilities show a varied 
strength of genetic determinants. Depending on the type, 
they can be trained to a significant degree [13, 26]. 

Conclusions

In the case of most of the analysed abilities, the best 
values were found in the group of badminton players, 
worse in non-athlete university students, and the worst in 
judokas. Significant differences concerned reaction times 
(visual, auditory and selective) and spatial orientation. 



Coordination in elite judokas and badminton players 23

The analysis of averaged profiles of coordination motor 
ability allows a characteristic system of mean values to be 
found: badminton players > untrained university students 
> judokas. It should also be emphasized that the internal 
profiles in the group of judokas and badminton players 
were relatively diversified. The lower results in judokas 
indicate reserves in coordination preparation, especially in 
terms of reaction times and spatial orientation.

Despite the domination of open motor structures in 
both sports (motor stimuli come from the external envi-
ronment), it is likely that the model of competition, i.e. 
direct contact, and the related transfer of significant mus-
cle torques, affect the lower values of the tested coordi-
nation abilities in judo players. The observed differences 
should be interpreted with caution since the measurement 
concerned general rather than special motor coordination 
(manifested in sports fighting conditions).
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