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Abstract: This study investigates the relationship between reactive agility and reaction speed, sprint
speed, and muscle strength and their contribution to Y-shaped agility test and reactive agility test
(RAT) performance in handball players. Seven handball players performed a Y-shaped agility test
and RAT, simple and choice-based reaction time test, reaction test to fast and slow generated visual
stimuli, 5 m and 20 m sprint tests, a 505 Agility test, a squat jump, a countermovement jump, and a
drop jump. The results reveal a significant relationship between the times for the Y-shaped agility
test and the 20 m sprint (r = 0.777, p = 0.040, R = 0.604), as well as the time for the 505 Agility test
(r = 0.770, p = 0.043, R2 = 0.593), and RSI (r = −0.755, p = 0.050, R2 = 0.570); however, no relationship
was found with parameters pertaining to reaction speed. RAT performance did not significantly
correlate with RSI, time in the 505 Agility test, squat jump height, time in the 20 m sprint, and reaction
time to fast generated visual stimuli, although large effect sizes were found (r > 0.5). It seems that the
contribution of sensory and motor components depends on the structure of the agility test. While the
Y-shaped agility test is mainly determined by sprinting, the change of direction speed, and reactive
strength, there is the tendency for the reactive agility test to be determined by strength, speed, and
visual reaction time.

Keywords: explosive strength; change of direction speed; reaction speed; reactive agility test; reactive
strength; sprint speed; Y-shaped agility test

1. Introduction

Agility is an important skill for both attackers and defenders in invasion sports [1].
It is generally accepted that agility has both movement and reactive elements, whereas
predetermined change of direction (COD) tasks without a requirement to react to a stimulus
are described by COD ability [2]. Some authors use the term “reactive agility” to make a
clear distinction from agility including only change of direction speed (CODS) [3,4]. It is
necessary to deconstruct this skill into smaller and more manageable components to better
understand agility. The first deterministic model in this context was published in 2002 [5],
which indicated that agility includes two subcomponents, i.e., the CODS component and
perception and decision-making component, which are determined by many other factors.
The assessment of reactive agility is more complex because of the requirement to react to a
stimulus in contrast with only pre-planned COD movements. As a result, some researchers
have used a flashing light device to direct athletes to new locations [6–9].

Researchers have identified reactive agility as one of the most important determinants
of performance in team sports [3,6,10,11]. Handball, as a team sport, involves many
multidirectional changes of direction that occur mostly in response to unpredictable stimuli
(e.g., the ball or an opponent, etc.) in a 40-m-long and 20-m-wide court [12]. Reactive
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agility is assessed by both stop-and-go and non-stop running scenarios in handball [9,13].
Similar to COD assessments, there are a few key characteristics that can be used to compare
results. The first is the time to complete the test and the second is the number of directional
changes the test requires, as well as the degrees of these direction changes [2]. For example,
a change in direction in the range of 0◦ to 90◦ is velocity-oriented, whereas a change in
direction in the range of 90◦ to 180◦ is force-oriented [14]. In addition, reactive agility tests
including a perception and decision-making component may differ in terms of the number
of possible responses. For instance, a reaction to one stimulus may be recorded as 279 ms,
with the response to two stimuli as 511 ms and four stimuli as 804 ms. Notably, a reaction
time of ~0.5 s (reaction time to two stimuli) may be important in everyday situations, as
well as in sports [15].

Although the structures of reactive agility components and their subcomponents
in invasion sports are well known, there is no evidence as to what extent perceptual
and decision-making processes and motor components contribute to reactive agility in
a different sport types. Most of these studies concern only soccer/football, whereas, for
example, handball or tennis have been investigated to a lesser extent. From a practical
point of view, it would be interesting to know whether the contribution of sensory and
motor components depends on the given structure of reactive agility testing. The most
used reactive agility tests include Y-shaped agility testing and sport-specific reactive agility
testing. As such, the first test considered in this study was a Y-shaped agility test, which
is considered valid and reliable for measuring reactive agility performance [8]. This test
included forward running (5 m) and reaction to one visual stimulus which then determined
a directional change to the right or left in a 45◦ angle that was then followed by another
sprint for 5 m. The second test, which considered a reactive agility test (RAT) modified
from Sekulic et al. [10], included 20 movement reactions to 4 visual stimuli placed in a
semicircle at a distance of 2 m. This indicates that a Y-shaped agility test can be considered
as a velocity-oriented test with non-stop running, whereas a RAT is a force-oriented test
rather than a velocity-oriented stop-and-go test. This is because repeated short distance
CODS sprints in response to visual stimuli require a great amount of explosive movement;
however, the question remains regarding the extents to which speed and strength variables
are associated with reactive agility how they contribute to performance. In this study, we
test the hypothesis that Y-shaped agility test performance is mainly determined by motor
factors, whereas RAT performance is primarily determined by sensory factors rather than
motor-based factors. Verification of this hypothesis was accomplished by investigation of
the relationship between reactive agility and reaction speed, sprint and change of direction
speed, explosive and reactive strength of lower limbs and their contribution to Y-shaped
agility test and RAT in handball players.

2. Materials and Methods
2.1. Participants

Seven competitive male handball players participated in this study (20.9 ± 0.5 years,
183.3 ± 4.9 cm, 85.6 ± 8.1 kg). A requirement for selection in the study was to be an active
handball player. All of the participants were professional players of the first or second
highest league in the Slovak Republic and had 10.6 ± 2.1 years of experience in a particular
sport. They trained an average six times a week and regularly played matches. Goalkeepers
did not participate in this study. All participants were informed of the procedures and the
main purpose of the study. The procedures presented here were conducted in accordance
with the ethical standards for human experimentation as stated in the Helsinki Declaration.

2.2. Experimental Procedure

A standard warm-up routine was performed prior to the study, including light aerobic
warm-up and dynamic stretching exercises. The participants then attended a familiar-
ization session where the testing conditions were explained and trial sets were carried
out. Firstly, participants performed reaction time tests using the FiTRO Reaction Check
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(FiTRONiC, Bratislava, Slovakia) and Witty SEM (Microgate, Bolzano, Italy) diagnostic
systems. Secondly, jumping was measured by the OptoGait (Microgate, Bolzano, Italy)
system and sprint tests, change of direction speed tests, and reactive agility tests were
measured by the Witty SEM (Microgate, Bolzano, Italy) system.

Y-Shaped Agility Test

Y-shaped agility testing has previously been found to be reliable and valid [8]. A Witty
light-based timing system was used to record times and set reactive conditions. The gates
were set at a width of 1.5 m and a height of 1.2 m. A goniometer was used to determine the
45◦ angle of the change of direction. The test consisted of a 5-m-long sprint, a 45◦ change
in direction to the left or right, and finally a 5-m-long sprint to the finish gate. The timing
system dictated the direction in which participants proceeded after having completed the
first 5 m of the course. The photocell of the timing system presented an arrow denoting a
change in direction to the right or left with an approximate 40 to 45 ms delay after passing
by the starting gate. Trials were performed in triplicate and the best times were used
for analysis.

Reactive Agility Test (RAT)

The reactive agility test that was used was a modified version of the stop-and-go
reactive agility test developed by Sekulic et al. [10]. In this test, four photocells were placed
2 m from the starting point in a semi-circular arrangement. The task for the participant
was to run to the lit photocell as fast as possible, wave at this photocell, and then run back
to the starting point. The test consisted of 20 visual reactions (five in each direction) with a
generation time of 1 s. A green light was used as a stimulus, while the other photocells
remained off. The result of the test was a total time for one trial.

Simple and Choice Reaction Time Test

The FiTRO Reaction Check diagnostic system consists of two switches connected by
means of an interface to a computer. Special software measured the time between the
stimulus appearing and the participant’s response. Participants were required to respond
to either one visual stimulus (a simple reaction time test) or two visual stimuli in the form
of a circle and cross (a two-choice reaction time test) positioned on switches on a table. The
switches had to be pressed in accordance with the stimulus on the screen. Participants had
to press the right-most switch when a green circle appeared and the left-most switch when
a red cross appeared. Participants performed 2 trials of 20 responses in each test. The data
from the best trials of simple reaction time and 2-choice reaction time testing were selected
for analysis.

Reaction Time Test to Fast Generating Visual Stimuli

The Witty SEM diagnostic system used in this study included four photocells which
were situated in-line on a table with a distance of 10 cm between them. Participants were
required to react as fast as possible with their dominant hand to photocells which lit up
green. Both tests consisted of 20 visual reactions, i.e., 4 for each photocell. In this test, the
visual stimuli were generated immediately after each response. The final result was the
best total reaction time after two trials.

Squat Jump (SJ)

A squat jump is a jump without previous countermovement that starts from a 90◦

knee position (measured by a goniometer) with the hands on the hips. Participants were
instructed to jump as high as possible from a semi-squatting position without counter-
movement. The final result of the test was the highest jump of two trials.

Countermovement Jump (CMJ)

A CMJ is performed from a standing position, where participants bent their knees ap-
proximately 90 degrees and then immediately jumped as high as possible. The participants
performed two jumps and the higher of them was recorded for statistical analysis.
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Drop Jump (DJ)

For the drop jump test, participants started from an upright position on a 30-cm-high
box while keeping their hands placed on their hips. Participants were instructed to drop
down from the box between two bars of the OptoGait system and rebound with a very
quick ground contact time and minimal knee bending. The participants had to land with
both feet at the same time and not bend their knees or kick their feet when landing. The
result of this jump was a reactive strength index (RSI) that was calculated by the software
as the ratio of the drop jump height and the time contact in the best of two trials.

20 m and 5 m Sprint

A 20-m-long sprint with 5 m split time were used as an assessment of linear sprint
speed. Witty timing gates were positioned at 0 m, 5 m, and 20 m. Gates were set at a width
of 1.5 m and height of 1.2 m. Participants started sprinting 30 cm behind the start line to
trigger the first gate and were instructed to sprint maximally through each gate. The time
results of the 5 m split and 20 m sprint in the better of two trials were analysed.

505 Agility Test

CODS was assessed with a 505 Agility test. All participants performed one trial on
each leg with a 2-min rest between trials. Participants started the test 0.3 m behind the
photocell gates to prevent early triggering of the initial start gate. The timing gates were
again placed at the hip height. Participants were instructed to sprint to a line marked 15 m
away from the start line, place either their left or right foot on the line, depending on the
trial, then turn 180◦ and sprint back over a length of 5 m through the finish time gate. The
better performance of two trials was used for further analysis.

2.3. Statistical Analyses

All statistical analyses were computed using the statistical program SPSS for Windows
(version 22.0, SPSS, Inc., Chicago, IL, USA). Shapiro–Wilk testing was performed for
all variables and revealed that the data obtained were normally distributed. Pearson
correlation coefficients were used to find the relationships between the reactive agility
performance and reaction, sprint speed, and muscle strength parameters. A correlation
coefficient (r) less than 0.30 was considered small, 0.31 to 0.49 moderate, and 0.50 and
above as a large effect [16]. Additionally, coefficients of determination (R2) were used to
estimate the contributions of measured variables to reactive agility. The level for statistical
significance was set at p < 0.05. Descriptive statistics (mean ± SD) were calculated for all
results. The statistical power analysis and effect sizes were calculated using G*power 3.1 for
Windows. An a priori sample size estimate for an alpha level of 0.05, effect size of 0.5, and
power (1-ß probability error) of 0.80 was calculated. A total sample size of 26 participants
appeared to be necessary to detect the relationship between reactive agility tests and the
reaction, speed, and strength parameters; however, the post hoc sample size estimate for
an alpha level of 0.05 and effect size of 0.71 (calculated from R2 = 0.50) dropped the power
to 0.57. The sample size in this study was below the limit because the inclusion criteria
required participants to be active in handball and train regularly, which made participation
difficult due to COVID-19 restrictions at the time.

3. Results

The results of the tests described in this study are shown in Table 1.
The time in Y-shaped agility test significantly correlated with the time in the 20-m-long

sprint, time in the 505 Agility test, and RSI in the drop jump test (r = 0.777, r = 0.770, and
r = −0.755, respectively). A negative correlation means that a higher RSI resulted in a
shorter agility time in the Y-shaped agility test. All correlation coefficients are shown in
Table 2.
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Table 1. Descriptive statistics of handball player test performance.

Test Mean ± SD

Simple reaction time 315 ± 19.6

Choice reaction time 409 ± 18.9

Reaction time to fast generated visual stimuli 10.3 ± 0.5

Time in the Y-shaped agility test 2.0 ± 0.1

Time in the reactive agility test (RAT) 40.2 ± 2.3

Squat jump height 29.6 ± 4.1

Countermovement jump height 34.9 ± 5.4

RSI in a drop jump test 1.5 ± 0.4

Table 2. Relationship between Y-shaped agility test performance and the sprint speed and
strength parameters.

Y-Shaped Agility Test R p R2

Simple reaction time 0.125 0.789 0.016

Choice reaction time 0.107 0.819 0.011

Reaction time to fast generating visual stimuli 0.062 0.895 0.004

Time in 5 m sprint 0.665 0.103 0.442

Time in 20 m sprint 0.777 0.040 0.604

Time in the 505 Agility test 0.770 0.043 0.593

Squat jump height −0.608 0.148 0.370

Countermovement jump height −0.540 0.210 0.292

RSI in the drop jump test −0.755 0.0499 0.570

Further analysis was provided using the parameters which significantly correlated
with the time in Y-shaped agility test. The values for the 20-m-long sprint time, time for
the 505 Agility test, and RSI in the drop jump test significantly correlated with each other
(r = 0.813, r = −0.837, and r = −0.906, respectively). Furthermore, the time in the 20-m-long
sprint significantly correlated with time in the 5-m-long sprint and squat jump height
(r = 0.914 and r = −0.809, respectively) tests. Time in the 505 Agility test significantly
correlated with both time in the 5-m-long and 20-m-long sprint (r = 0.813 and r = 0.787,
respectively) tests, while the RSI in the drop jump test significantly correlated with the
squat jump height (r = 0.844) (Table 3).

Table 3. Relationships between sprint and strength parameters in handball players.

505 Agility Test Sprint (20 m) Sprint (5 m) RSI in the Drop
Jump Test Squat Jump Height

505 Agility test

Sprint (20 m) 0.813 *

Sprint (5 m) 0.787 * 0.914 **

RSI in the drop
jump test −0.906 ** −0.837 * −0.679

Squat jump height −0.714 −0.809 * −0.605 0.844 *

* p < 0.05, ** p < 0.01.
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Based on these findings, the hierarchical structure of the first- and second-order factors
determining the Y-shaped agility test performance in handball players was determined
(Figure 1).
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The time in the RAT did not significantly correlate with any of the measured reaction
speed, sprint speed, or muscle strength parameters; however, the relationship between the
time in the RAT, RSI in the drop jump test, time in the 505 Agility test, squat jump height,
time in the 20-m-long sprint, and reaction time to visual stimuli indicated large effect sizes
(r > 0.5) (Table 4).

Table 4. Relationship between RAT performance and the reaction speed, sprint speed, and strength
parameters.

RAT r p R2

Simple reaction time 0.439 0.324 0.193

Choice reaction time 0.220 0.635 0.048

Reaction time to fast generating
visual stimuli 0.486 0.269 0.236

Time in the 5-m-long sprint 0.341 0.454 0.116

Time in the 20-m-long sprint 0.566 0.185 0.320

Time in the 505 Agility test 0.654 0.111 0.428

Squat jump height −0.572 0.180 0.327

Countermovement ump height −0.221 0.634 0.049

RSI in the drop jump test −0.747 0.054 0.558

Parameters with large effect sizes were included for further analysis. Reactive strength,
change in direction speed, explosive strength, and reaction speed to visual stimuli were
selected as the variables for the first-order factors (Figure 2). The second-order factors
included variables that showed a significant relationship with them, which were the same
as mentioned previously in Table 3.



Appl. Sci. 2021, 11, 6531 7 of 9Appl. Sci. 2021, 11, x FOR PEER REVIEW 7 of 10 
 

 
Figure 2. Percentual contribution of factors that determined the RAT performance based on the co-
efficients of determination for handball players 

4. Discussion 
Performance in the Y-shaped agility test was significantly correlated with the 20-m-

long sprint time, time in the 505 Agility test, and RSI in the drop jump test for the handball 
players considered in this work. These results are partially in agreement with a previous 
study which revealed a significant relationship between Y-shaped agility performance 
and CODS test results, but not with 10-m-, 20-m-, and 30-m-long sprint times [13]. This 
can be ascribed by the structure of the Y-shaped agility test, which consists of a sprint of 
5 + 5 m with a change in direction of 45° as per one visual stimulus, which may be classi-
fied as a velocity-oriented test with non-stop running. This type of test is characterised by 
lower speed loss, a shorter contact time with the ground, and a smaller number of break-
ing phases [14]. It is obvious that the motor component is more dominant than the sensory 
component in this test. Motor factors such as the CODS are important for sport perfor-
mance as well as talent identification in handball [17]. As such, these results confirmed 
the assumption about the relationship between the Y-shaped agility test and speed factors. 

In addition, there was a significant relationship between the Y-shaped agility test re-
sults and RSI results. The strength parameter is associated with the sprint and change of 
direction speeds, which is where a short contact time is needed [18–20]. The Y-shaped 
agility test also includes running with a change in direction as reaction to a visual stimu-
lus. This may explain its significant relationship with the strength parameter. 

With regards to the hierarchical model of the Y-shaped agility test, its performance 
is determined by the sprint speed for a longer distance, change in direction speed, and 
reactive strength in the first-order factors in handball players. Sprint speed for a shorter 
distance and explosive strength in the squat jump test determined performance in Y-
shaped agility test for the second-order factors. 

The RAT performance showed a large but non-significant correlation with the RSI, 
time in 505 Agility test, squat jump height, time in the 20-m-long sprint, and reaction time 
to visual stimuli in handball players. This non-significant relationship can be explained 
by the low sample size in this study. The significant relationship between the reactive 
agility time and change in direction speed [9,21] and the change of direction speed and 
drop jump height has been found in studies with a higher number of participants [22]. In 
contrast to the velocity-oriented Y-shaped agility test, the RAT may be considered to be a 
force-oriented test. Participants in this stop-and-go test had to repeatedly accelerate and 
decelerate while moving over short distances in response to visual stimuli. In this type of 
testing, explosive strength plays an important role and may be corroborated by the large 
effect size of the RSI with the squat jump height. Furthermore, in the case of the 505 Agility 

Figure 2. Percentual contribution of factors that determined the RAT performance based on the
coefficients of determination for handball players.

4. Discussion

Performance in the Y-shaped agility test was significantly correlated with the 20-m-long
sprint time, time in the 505 Agility test, and RSI in the drop jump test for the handball players
considered in this work. These results are partially in agreement with a previous study which
revealed a significant relationship between Y-shaped agility performance and CODS test
results, but not with 10-m-, 20-m-, and 30-m-long sprint times [13]. This can be ascribed by
the structure of the Y-shaped agility test, which consists of a sprint of 5 + 5 m with a change
in direction of 45◦ as per one visual stimulus, which may be classified as a velocity-oriented
test with non-stop running. This type of test is characterised by lower speed loss, a shorter
contact time with the ground, and a smaller number of breaking phases [14]. It is obvious
that the motor component is more dominant than the sensory component in this test. Motor
factors such as the CODS are important for sport performance as well as talent identification
in handball [17]. As such, these results confirmed the assumption about the relationship
between the Y-shaped agility test and speed factors.

In addition, there was a significant relationship between the Y-shaped agility test
results and RSI results. The strength parameter is associated with the sprint and change
of direction speeds, which is where a short contact time is needed [18–20]. The Y-shaped
agility test also includes running with a change in direction as reaction to a visual stimulus.
This may explain its significant relationship with the strength parameter.

With regards to the hierarchical model of the Y-shaped agility test, its performance
is determined by the sprint speed for a longer distance, change in direction speed, and
reactive strength in the first-order factors in handball players. Sprint speed for a shorter
distance and explosive strength in the squat jump test determined performance in Y-shaped
agility test for the second-order factors.

The RAT performance showed a large but non-significant correlation with the RSI,
time in 505 Agility test, squat jump height, time in the 20-m-long sprint, and reaction time
to visual stimuli in handball players. This non-significant relationship can be explained
by the low sample size in this study. The significant relationship between the reactive
agility time and change in direction speed [9,21] and the change of direction speed and
drop jump height has been found in studies with a higher number of participants [22]. In
contrast to the velocity-oriented Y-shaped agility test, the RAT may be considered to be a
force-oriented test. Participants in this stop-and-go test had to repeatedly accelerate and
decelerate while moving over short distances in response to visual stimuli. In this type of
testing, explosive strength plays an important role and may be corroborated by the large
effect size of the RSI with the squat jump height. Furthermore, in the case of the 505 Agility
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test large effect size was observed. This is most likely due to the similar structure of this
test, based on stop-and-go running, as in the RAT.

With regards to the hierarchical model of the RAT, its performance in the first-order
factors is determined by reactive strength (55.8%), change in direction speed (42.8%),
explosive strength (32.7%), and reaction speed (23.6%) in handball players. The importance
of jumping capacity and reactive strength for stop-and-go CODS performance in athletes
has also been proven by another study [23]. The speeds for the 5-m-long and 20-m-long
sprints determined the performance in the RAT for the second-order factors due to the
significant relationship with time in the 505 Agility test.

The results of this study show that the Y-shaped agility test results were mainly
determined by the sprinting speed and change in direction speed, while the RAT results
were primarily determined by reactive strength and the change in direction speed. These
findings indicate that the motor component contributes to a higher extent to the reactive
agility in handball players. It may be attributed to the long-term adaptation to sport-specific
stimuli of handball players. Linear sprinting, sprinting with a change in direction with
or without reaction to visual stimulus, and jumping are the most common activities in
handball; however, perceptual and decision-making processes also play essential roles in
determining the performance of handball players. Both sensory and motor components
are very important in terms of performance in handball. In addition to motor abilities,
they should focus their training programs on both sensory-motor skills. This need is also
indicated by the study of Young et al. [1], in which the authors called for a focus on the
coupling of perception and action in invasion sports.

The non-significant relationships between reaction speed, sprint speed, and muscular
strength in the RAT was most likely due to the small sample size which was affected by
the COVID-19 restrictions at the time. Further limitations should be considered in terms
of using of pharmacological agents (e.g., caffeine), which was not controlled in handball
players and could influence the speed of responses to visual stimuli.

5. Conclusions

In this study, there was a significant relationship between the time results of the
Y-shaped agility testing and the 20-m-long sprint time, and 505 Agility test time, and RSI.
The performance in this test was determined by the linear sprint speed (60.4%), change in
direction speed (59.3%), and reactive strength (57%).

Although a significant relationship between the time in the RAT and reaction speed,
sprint speed, and muscle power parameters was not observed, large effect sizes indicate that
the RAT performance may be determined by the reactive strength (58.1%) and change in
direction speed (42.8%) parameters and less by explosive strength (32.7%), and reaction speed
(23.6%). The second-order factors included sprint speed for in sprints of 20 m and 5 m.

These findings indicate that the motor component contributed to performance in
the Y-shaped agility test here, whereas, in the reactive agility test, the motor and sensory
components contributed to performance. Consequently, speed and muscular strength can
be considered as critical factors of reactive agility in handball players. As perceptual and
decision-making processes also play an important role in reactive agility, it is necessary to
pay more attention to the improvement of their cognitive skills. Coaches should use more
exercises including running with changes of direction in reaction to visual stimuli rather
than pre-planned COD movements alone.
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