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Abstract

Purpose. The main goal of the experiment was to examine the differences between reactive agility (RA) as non-planned
(randomly selected stimuli) movement and change-of-direction speed (CODS) as pre-planned movement among different
levels of sports performance - young soccer players and physical education students.
Methods. The two groups in the study included 36 young male and female soccer players and 58 male and female physical
education students. Timing for universal agility was defined by two different specification: pre-planned agility as a change
of direction speed and non-planned (randomly selected stimuli) agility as reactive agility. The study used FitLight Trainer,
a wireless system of interconnected light powered sensors.
Results. Soccer players were significantly faster in selected test of CODS (-1.73s; 13.1%) and RA (-2.34s; 14.3%). The
greatest difference between male and female subjects was observed in the non-planned universal reactive agility UA-RA
(-2.84s; 17.9%). A t-test indicated statistically significant gender differences in the selected test of pre-planned (non-reactive)
and non-planned (reactive) agility among soccer players and students.
Conclusions. The practical message for coaches and related professionals is that agility in team sports (including soccer)
as motor skills represent various physical qualities. Therefore, it should be diagnosed and developed via separate assessments
and training.
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Introduction
Soccer represents one of the most popular team
sports in the world with an increasing numbers of
youth players that play soccer in organized programs
[1, 2]. Soccer performance is a complex interplay of
multiple interacting skills and qualities [3]. The intermittent nature of soccer places a major demand on
the physiological requirements of both the cardiovascular and metabolic capacities of soccer players [4].
Most playtime in soccer is devoted to aerobic activities,
but anaerobic metabolism also plays an important
part in the relevant actions of soccer, such as sprint-

ing with and without the ball or changing direction [5].
Soccer requires athletes to perform short sprints, repeatedly change directions, and complete numerous
jumps during a 90 minute match. For example, several investigators have demonstrated that selected
players perform better on linear sprint, agility or jump
tests compared with sub-elite and non-selected players, indicating the importance of these performance
characteristics for soccer [6–8].
Agility is recognized as a very complex biomotor
ability, which consists of several components and is
mainly dependent on internal and external factors.
Agility is an essential element of many sports disci-
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plines that are composed of complementary movement
structures [9]. In particular, agility can be defined as
the ability to change the direction of the body rapidly
and is a result of a combination of strength, speed,
balance and coordination. Numerous studies [9–11]
indicate that performance where change of direction
movements play a significant role does not depend
solely on physical abilities and special skills, but cognitive factors are also of great importance. Many authors [12–14] claim that the cognitive look at the problem of agility is very close related with visual perceptual
speed, sensory memory kinaesthetic recognition of the
space, selective focus, as well as anticipation. Therefore, athletes who demonstrate exceptional motor
abilities and special skills should be able to perform
high quality agility movements based on their ability
to integrate these components via cognitive functioning [10, 15, 16]. Agility performance is of great relevance in soccer given its multidirectional nature that
is mostly overlooked in applied research [1]. Agility
tests play a key role as indicators of performance in
soccer and tend to provide a differentiation between
non-players, recreational, and elite players [17, 18].
Moreover, agility performance has been noted to be a
predictor of playing level in youth soccer, including
differentiation of athletes that drop out of the sport
[19, 20].
Sport-specific tasks executed during the game are
generally complex with a very high dynamics coefficient of execution and a certain level of risk. In most
cases, they are performed under high stress, in a not
fully recognized environment and only allow for limited time to take concrete action. By combining all
the elements, it is clearly noticeable that all agilityrelated motor activity must be carried out on a specified basis. The terms planned and non-planned agility
occur frequently in the literature which describes different agility movement structures. In pre-planned agility,
recognized as a change-of direction speed (CODS),
the order of appearing stimuli can be predicted by
the participant. It means that the participants are
aware of the exact movement pattern required before
the start or have to react in response to given stimuli
during the test, respectively. In regard to non-planned
agility, also known as reactive agility (RA), the player
is forced react to an emerging signal (sound, light or
video-based player changing the direction) that is randomly selected by a person or system such as a computer. Therefore, in most situation in team sports
when players are challenged to unknown match-play
situations, agility tests that separate the cognitive skills
from the motor elements of performance could be coun-

terproductive when producing misleading interpretations [8].
In the theory and practice of sports there is considerable interest in the development of adequate diagnostic agility tests and specific training methods
designed to improve agility. One of the many goals in
this type of research is to create a technical basis and
protocol for measuring pre-planned and non-planned
agility. The authors have put forth a significant amount
of effort into this task and have designed a battery of
tests for assessing the differences between motor
tasks of pre-planned (CODS) agility tasks and nonplanned (RA) agility tasks. The agility movements were
executed in different directions: combined frontal,
universal, semi-circular, and lateral planes. In this
experiment we used universal agility components as
the movement structures which appear most commonly in ball sports. Up until now the number of such
studies has been relatively low, largely due to a lack
of appropriate measurement technologies. However,
the new FitLight Trainer technology enables participants to perform agility tests during the execution of
pre-planned and non-planned movement structures,
and allows for their direct comparison. Moreover,
this technology is an efficient training tool for developing sport-specific agility performance.
The review article of Hojka et al. [21] focused on
the analysis of change-of-direction movement, reactive agility, and any relationship between these skills
and sprinting and jumping abilities. Same components have been proven to be independent of one another where some were proved to be related. Therefore, the analysis of the differences between the tests
(pre-planned movement – CODS and non-planned (randomly selected) movement -RA) in the field of movement efficiency can let us specify the differences and
independent movement characteristics of these physical skills which will allow for application of the right
type of training and achieve the highest level of various agility types. In turn, such actions will allow for
application of the right type of training in order to achieve
the highest level of agility in regard to motor ability.
Therefore, the primary goal of the experiment was
to examine the differences between reactive agility (RA)
as non-planned (randomly selected stimuli) and changeof-direction speed (CODS) as pre-planned movement
among various levels of sport performance – young
soccer players and sport students. It was hypothesized that there would be comparable results between
soccer players in the RA test and female student-athletes,
although young soccer players have greater experience in using this kind of motor structure and better
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conditioning. The main difference in the level of fitness preparation (conditioning) between soccer players and students is that students demonstrate lack of
experience in performing specific motion structures
in the game (e.g. stops, change-of-direction, and restarts), which not only determines the effectiveness
of the game but may also affect the performance level of the various forms of agility. It can be supposed
that this may be due higher levels of anticipation, and
the capacity for attention, which is limited with the
amount of information provided to the brain.
Material and methods
Sample of subjects
Participants included 36 young soccer players
(12 male and 24 female) and 58 physical education
students (36 male and 22 female). The average age
for soccer players was 19.1 (± 1.18), and 20.9 years
(± 1.64) for physical education students. All of the
soccer players (both male and female) were from various sports clubs. They participated in the university
sports system and systems outside the school. Some
athletes played in leagues, e.g. IV and V league, while
others only played in student competitions like an
inter-university league which university law allows.
Team athletes were from a variety of clubs. The physical
education male and female students were assigned
do regular physicals activities, which resulted from
their study program. All the subjects were active and
fit and had no injury to their locomotor system at the
time of measurements. The subjects were informed
about the aim of the experiment and the measurement
procedures and signed a written statement of consent in compliance with the Helsinki-Tokyo Declaration, which states that their consent to participate in
the study is voluntary and can be withdrawn at any
time. Parental consent was also obtained from those
individuals under 18 years of age. The participants
were instructed to maintain their normal intake of
fluids and food during the experiment. Additionally,
they were instructed to avoid any strenuous physical
activity 24 hours prior to testing. All participants were
familiarized with the test exercises at least one week
before the beginning of the experiment.
Test procedures
The study used FitLight Trainer, a wireless system
of interconnected light powered sensors manufactured by Sport Corp. Ontario, Canada. This system is
70

used for measuring agility, reaction time, speed, and
coordination. The system is comprised of seven LED
powered lights and controlled by an Android application. Activation of each light module can be triggered
by either direct contact or proximity. The system can be
programmed as a sequence of light activations or deactivations of light rays by touch. Time is registered
on the dashboard for each of the sensory units. The
LEDs can be set for remoteness and sensitivity. In the
study, the sensitivity was set to medium, with distance activation set to 20 cm. The internal software
package enables six random LED activation program
sequences. The times recorded on the dashboard
were manually entered into a MS Excel spread sheet.
The measurements were conducted within a time
period of one week at the sports hall of the Faculty of
Sport, under favourable climatic conditions. The flooring used was tartan, which enabled optimal performance of the experiment. After a 15-minute warm-up,
the subjects were informed about the testing scenario. A demonstration of tests followed. Each test was
performed twice and the better of the two results was
then used for statistical analysis. The subjects were
allowed a 3 to 5 minute break between repetitions.
Reactive agility performance in all tests included
movements which were completely unknown as the
combination of tasks was randomly programmed by
the computer.
Timing for the universal direction agility test (UA)
began the moment each subject crossed the centrally
located LED light signal with their hand, located in
the center of the test course. When participants broke
the base light signal, a computer ignited six LED lights
placed on the top of 40-cm-high cones. A subject had to
assess which LED light was flashing first, then react
and run as fast as possible to that particular cone,
cross a designated area of 20 cm around the light with
their preferred hand, and return to the base light. After
returning to the start line, participants were required
to touch the top of the LED signal again, turn, and
start running toward the next flashing LED light in
the test course. Each time a subject crossed the center LED light the computer turned on one of the LED
lights. The UA test trial consisted of one independently
performed course, which was completed after subjects
turned off the last light in the test and returning to the
center LED light signal. Two trials of universal direction agility test (UA) were performed in the following
designated scenarios (Figure 1):
1) In order to perform the first testing specification
(pre-planned agility as the change of direction speed
(CODS)) all subjects had knowledge of the order of

Human Movement, Vol. 19, No 2, 2018
humanmovement.pl

HUMAN MOVEMENT
S. Rauter et al., Reactive agility and change-of-direction speed

cluding mean value, standard deviation, minimum,
and maximum. The differences between the CODS
and RA test scenarios were established by the result
of the analysis of variance ANOVA (F-value) at the level
of characteristic features p < 0.01 and p < 0.05. The differences between male and female student athletes
were also conducted.

Figure 1. Universal direction agility test performed
as Reactive Agility and Change of Direction speed

switching LED light in designated order: 1-2-3-4-5-6.
The best result was retained as the final score.
2) In the second testing specification (non-planned
agility as reactive agility) all subjects used the same
tests scenario as in the CODS tests. However, the order
of switching LED lights was randomly selected by the
computer in a designated order: 6-3-2-4-1-5. The best
result was retained as the final score.
Statistical analysis
The results obtained were then statistically processed
using SPSS software package. For all tests, the basic
descriptive statistical parameters were calculated in-

Ethical approval
The research related to human use has been complied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by
the authors’ institutional review board or an equivalent committee.
Informed consent
Informed consent has been obtained from all individuals included in this study.
Results
Table 1 shows anthropometric characteristics of
the sub-sample. The average body height for soccer
players was 181.8 cm ± 5.6 cm for men, and 169.37
cm ± 5.9 cm for women. In the students, both the
male and female average body height was shorter by
1.25 cm and 2.8 cm, respectively. Average body weight
for male and female soccer players was 78.3 kg ± 9.1 kg
and 63.8 kg ± 8.8 kg, respectively. The students were
slightly heavier than the athletes.

Table 1. Basic statistics (mean, standard deviation) of anthropometric characteristics.
The statistical significance was performed at the p < 0.05
N

Mean

St. deviation

95% Confidence Interval
for Mean

F

Sig.

STUDENTS
Body height

men
women
total

36
22
58

180.55
167.29
173.92

6.1
5.8
8.1

178.7
165.2
174.6

183.9
171.2
178.2

Body mass

men
women
total

36
22
58

79.1
64.9
72.0

8.8
10.4
12.6

74.8
59.9
71.1

83.1
68.2
77.2

Body height

men
women
total

12
24
36

181.8
169.37
175.58

5.6
5.9
8.3

178.4
166.9
173.9

183.3
171.2
178.2

Body mass

men
women
total

12
24
36

78.3
63.8
71.45

9.1
8.8
11.2

74.8
59.2
69.1

81.8
67.5
76.9

65.208

33.935

< 0.001

< 0.001

SOCCER PLAYERS
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The statistics of the results (Table 2) show that
soccer players were significant faster in selected CODS
tests (-1.73s; 13.1%) and RA tests (-2.34s; 14.3%).
The analysis of variance ANOVA indicated that the
sub-samples (soccer players versus students) of subjects showed a statistically significant difference in the
universal agility test scenario of CODS (pre-planned
stimuli) (p < 0.001) and non-planned RA (randomly
selected stimuli) (p < 0.001). Results also showed
that male subjects, on average, did better than female subjects on pre-planned agility performance
tasks (–0.47s; 5.5%;). The greatest difference between
male and female subjects was observed in the non-

planned universal reactive agility UA-RA test (–2.84s;
17.9%).
The results in Table 3 show gender comparison
among soccer players and students was significant
faster in UA-test of CODS (–1.73s; 13.1%) and RA
(–2.34s; 14.3%). The analysis of variance ANOVA indicated statistically significant gender differences in
the selected test of pre-planned (CODS) and nonplanned (RA) agility among soccer players and students. Results also showed (Table 3) that male students performed CODS better than female students
(–2.2; 16%). Among soccer player, there was a smaller
difference between males and females but this dif-

Table 2. Basic statistics of reactive and non-reactive agility tests (mean, standard deviation), the analysis
of variance of agility (F, sig.) between the sub-samples. The statistical significance was performed at p < 0.05
N

Mean

St.
deviation

95% Confidence
Interval for Mean

UA PP

Soccer players
Students
Total

36
58
94

13.06
14.79
13.72

1.39
1.83
1.78

12.69
14.18
13.36

UA NP

Soccer players
Students
Total

36
58
94

16.33
18.67
17.23

2.83
2.19
2.83

F

Sig.

13.42
15.41
14,09

27.153

< 0.001

15.59
17.93
16.65

17.08
19.41
17.81

17.938

< 0.001

UA PP
Women
Total

Men
46
94

48
14.10
13.72

13.36
2.14
1.78

1.27
13.47
13.36

12.99
14.74
14.09

13.73
4.213

UA NP
Women
Total

Men
46
94

48
18.68
17.23

15.84
2.04
2.83

2.79
18.08
16.65

15.03
19.29
17.81

16.65

.043

31.62

< 0.001

UA-CODS – universal direction agility of CODS, UA-RA- universal direction agility of RA
Table 3. Basic statistics of reactive and non-reactive agility tests (mean, standard deviation)
The analysis of variance of agility (F, sig.) between the sub-samples of students and soccer players.
The statistical significance was performed at p < 0.05
N

Mean

St. deviation

95% Confidence Interval
for Mean

F

Sig.

STUDENTS
UA-CODS

Men
Women

36
22

13.33
15.53

0.92
1.74

12.75
14.79

13.91
16.26

16.685

< 0.001

UA-RA

Men
Women

36
22

17.14
19.44

1.46
2.10

16.21
18.55

18.06
20.33

11.529

.002

SOCCER PLAYERS
UA

Men
Women

12
24

12.54
13.37

1.27
1.38

11.98
12.90

13.11
13.84

5.135

.027

UA NP

Men
Women

12
24

15.40
17.86

3.00
1.65

14.39
17.12

16.42
18.59

12.355

.001

UA-CODS – universal direction agility of CODS, UA-RA- universal direction agility of RA
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ference was still significantly different (-0.83s; 6.6%).
The statistically significant difference between genders among soccer players and students was also
found for the RA test.
Discussion
The development of state-of-the-art technologies
has enabled the design of test scenarios and sites for
the training of pre-planned CODS and non-planned
(randomly selected stimuli) RA agility performance.
The subjects performed CODS and RA tests in the
same manner (testing scenario). First, they carried
out the known movement routine, and then the unknown movement routine. The aim of study was also
to identify any potential differences in the CODS and
RA tests between the sub-samples of young soccer
players and the group of sport students, including gender-related differences.
Movement, which is not pre-defined, evidently requires more controlled biomotor, cognitive, and sensory skills than movements where the pattern is known
in advance. Non-planned, or reactive agility depends
on effective anticipation, visual perceptive speed, reaction speed, and the capacity for attention which is
limited by the quantity of information and the quantity of the active working memory [8]. The decisive
factors in the selected tests are a high concentration
level, 360-degree visual scanning, scope of attention,
and reaction time. The execution of movement is highly
complex, movement control is limited, and the subject
is required to operate in a multi-dimensional space.
Sensors are activated outside the field of vision in the
forward, sideways, and backward directions.
The results of the study indicate statistically significant differences in a universal direction agility
test of pre-planned (CODS) and non-planned (RA)
between soccer players and physical education students. In general, soccer players were significantly faster in selected tests of pre-planned and non-planned
agility. The statistically significant differences in the
CODS and RA tests between men and women were
hypothetically generated by the higher natural motor
potential of male subjects, in particular regarding explosive power, reactive eccentric/concentric strength,
acceleration speed, and deceleration speed. In terms
of “agility motor skills”, men dominate over women.
The differences between the pre-planned and nonplanned agility tests by female subjects give us slightly
different pictures in comparison to male subjects.
There is a considerable gap between the reactive and
non-reactive agility performance found in test, which
amounts to more than 30%.

In summary, the results of the study showed that
agility, as a motor ability, is a complex issue which depends on many psychological and movement factors
and the interaction among them. These kinds of preplanned (CODS) and non-planned (RA) agility tests
were found to be a useful diagnostic tool for assessing
different types of agility movement structures. The
limitations in this study were the analysis of only one
test with a medium level of complexity. The use of more
complex agility tests would make for interesting results and comparisons. Additionally, the hypothesis
that the results of soccer players in the RA test would
be comparable among female student athletes was
not fully confirmed. The greater conditioning level of
young soccer players showed superiority over some
cognitive factors. It can be expected that with a more
comprehensive (complex) test the results would have
been different and challenge this hypothesis.
Conclusions
Soccer players were significant faster in selected
test of CODS and RA. The greatest difference between
male and female subjects was observed in the nonplanned universal direction reactive agility test, UA-RA.
The analysis of variance ANOVA indicated statistically
significant gender differences in the selected test of preplanned (non-reactive) and non-planned (reactive) agility
among soccer players and students. The differentiation of the pre-planned and non-planned agility tests
pointed to different bio motor abilities which evidently
define the performance of athletes. The practical message for coaches and related professionals which results
from this experiment is that agility in team sports
(including soccer) as a motor skill requires specific physical qualities and skills. Therefore, agility should be
evaluated and diagnosed via separate assessments.
The more important message is that agility must be
developed through a different training regime, which
must include sport-specific (activities) and take gender into account. This mainly applies to decisionmaking movement structures (RA) that are often more
challenging during sport-specific performance. These
movements are not much different from motor ability
potential or stronger morphological components.
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