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Abstract

The purpose of the present study was to determine if it is possible to affect the level of simple (SRT) and
choice (CRT) reaction time of fencers with a specific 9-week (in total 350 minutes) training intervention.
The research sample consisted of 19 healthy fencers (12 boys, 16x1.1 years and 7 girls, 16.4+0.9 years).
Five of the tested subjects were selected as the control group that did not participate in the reaction time
training. The training of the experimental group was conducted on an Electronic Fencing Target (EFT-
1). All tested individuals completed an entrance and exit reaction time test on the Fitrosword device,
which consisted of hitting the target with an epée from the guard position after lighting of an LED light
(green, red, yellow) by using various motor responses of the armed arm. No difference in reaction time
(SRT, CRT) was found between the experimental and control groups for the entrance test. A significant
difference between groups was found for results of the CRT (p = 0.116, d = 0.722) after the 9-week
training. A significant difference in CRT was also found between the entrance and the exit tests in the
experimental group (p = 0.013, r = 0.469). This difference was not significant in the case of the control
group (p = 0.345, r = 0.298). Based on these results, we can assume a positive impact of specific reaction
time training on response speed. We can use these results in the training process to improve reaction
time, which is an important component of overall sports performance in many combat disciplines, such as
karate, boxing, taekwondo, judo, and fencing, as well as motorsports, ball games, etc.
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INTRODUCTION

Reaction time plays a key role in everyday life situations (e.g., fast reaction of a driver,
catching an item falling off a table, etc.). Reaction speed is no less important among elite athletes
in several ball sports (e.g., goalkeeper’s reaction to a flying ball, batter’s reaction to an incoming
ball) and in combat sports (e.g., blocking an attack during a karate match). In different sport
areas, athletes must react rapidly to different stimuli (tactile, visual, and audio). It is obvious
that the major types of stimuli in fencing are tactile and visual, as was demonstrated previously
by Borysiuk and Waskiewicz [1]. It is thus necessary to keep in mind that there are other
significant factors that influence fencing performance. These factors include intermuscular
coordination, the level of technique, tactics [2], psychological aspects [3] and several other
influences. Reaction time also contributes to the overall duration of specific movement tasks. It
is then possible to say that, for example, in boxing, karate, taekwondo or fencing, this variable is
highly important because the overall movement time can be shortened thanks to a faster
reaction. Unlike other combat sports, in which physical strength plays an essential role in
performance [4], in fencing the important components of performance are reaction time and the
level of muscle coordination during the movement (e.g., lunge, fleche, etc.). The athlete's
performance is reflected in the effectiveness of motor control [5,6]. If some of the factors
responsible for sports performance are not sufficiently included or if the athlete has not
achieved a required level of proficiency, the so-called “compensation” process or “highlighting”
of other factors comes in place. During practice, the fencer is faced with a vast variety of
variables that he/she must react and adapt to.

It is natural to expect a decrease in reaction time duration in relation to experience in a
particular sport, which was confirmed by Tyshler and Tyshler [7]. Differences in the reaction
time in relation to the length of sport practice have been identified in studies by Czajkowski [8],
Johne, Poliszczuk, Poliszczuk, and Dabrowska-Perzyna [9] and Schmidt and Wrisberg [10]. It is
therefore necessary to identify techniques and methods that will influence this variable. Fencing
belongs to the anticipation category of sport disciplines. Many authors agree that reaction time
plays a key role in fencing performance [11,12,13,14,15]. When comparing the reaction times of
karate fighters and fencers, Colin [16] found that fencers exhibited shorter reaction times. The
significance of simple reaction time in terms of sports performance was discussed in a study by
Gierczuk et al. [17]. In this study, the researchers found that elite Greco-Roman wrestlers, who
achieved higher levels of sport performance, did not experience significant changes in reaction
time during matches.

If we consider the significance of visual stimulation in fencing, it is necessary to bear in
mind that the stimulus processing consists of detection via the sensory organs to muscle
activation across the central nervous system (CNS). The detected information is analyzed in the
somatosensory area of the cortex, which processes over 60% of visual stimuli, and is then
compared with previous experience in association areas of the brain [18]. The passage of the
signal through nerve pathways and the CNS (the associative brain areas) is the most time-
consuming processing activity; thus, processing in this part of the CNS can influence reaction
time. In this context, Steffl and Bartiiiikova [19] state that reaction time is affected by the
number of synaptic connections in the retina and the rate of release of neurotransmitters in
these synapses, which are responsible for sending information to the brain. Based on these facts,
one can conclude that there are potential techniques that will positively influence reaction time.
However, questions remain as to which methods and procedures can be used in practice, as
reaction time can only be influenced by up to 10-15% of its original level. This change in
reaction time may affect disciplines where only a fraction of a second determines the winner of
the match.
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MATERIAL AND METHODS

Participants

The research sample consisted of 19 epée fencers ages 15-18 years (12 boys, 16+1.1 years
and 7 girls, 16.4+0.9 years). Five test subjects were selected as a control group. This group was
measured only on the entrance and exit tests and did not undergo any specific reaction time
training. The others (14 subjects) formed the experimental group and underwent reaction time
training. The research study was approved by the ethical committee of the J.E. Purkyné
University in Usti and Labem under the registration no. 2/2015/11 on the 6% of November 2015.
The test subjects provided their informed consent. In the case of youths under 18 years of age,
parents were asked to sign the informed consent form indicating voluntary participation of
their child in the research. Before the first testing took place, the test subjects were informed
about the measurement and testing procedures. None of the test subjects had health difficulties
during the testing period.

Procedures

The results for simple and choice reaction time were first collected on a Fitrosword
device (Fitronig, s. r. 0., Slovak Republic) during the entrance test (TEST1). Test subjects reacted
with a specific movement maneuver of the armed arm and tried to hit the target, which was set
specifically to the height of a particular fencer (the middle of the target was placed at the height
of the fencer’s xiphisternum while standing in an upright position). The software SWORD
(Fitronic, s. r. 0., Slovak Republic) generated three different LED stimuli (red, green, yellow)
above the target according to a predetermined protocol. Test subjects had to perform a direct hit
with the Uhlmann epée (750 g) by extension of the elbow joint when the red LED light was
illuminated, or bounced the horizontal obstacle and then hit the target when the green LED
light was illuminated. When the yellow LED light was illuminated, the test subjects were told
not to react to the stimulus by any movement. Each fencer stood in a guard position before the
stimuli occurred (the angle in the elbow joint was 90 degrees) with the weapon guard placed on
the horizontal obstacle (Figure 1), which was 125 cm away from the target. A vertical obstacle
was placed halfway to the target (for right handed fencers to the left, for left-handed to the
right) (Figure 2).

Figure 1. Fencer in guard position before the LED light stimulus.
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Figure 2. The position of the weapon of the right-handed fencer before the LED light stimulus.

For the simple reaction time (SRT), 20 stimuli were generated during the testing when
the red LED light was illuminated (interval of the stimuli occurrence was 500 - 2000 ms). For
the CRT, a randomized sequence of 10 stimuli of the red LED, 10 stimuli of the green LED, and
7 stimuli of the yellow LED was set with different durations between the occurrence of the
stimuli (500 - 2000 ms). The reaction time training was conducted using the Electronic Fencing
Target (Favero EFT-1), which makes it possible to let the fencer hit one of five small targets after
it lights up. Participants of the experimental group trained twice a week for a 9-week period.
The overall training time was 350 minutes. In each training session, they used a repetition
method to affect the reaction time level. For the SRT training, they hit one of the five small
targets on the EFT-1. During the choice reaction time (CRT) training, the program was set so
that the light would illuminate randomly on one of the five targets. A total of 50 stimuli
occurred during one sequence for both the SRT and CRT training. Between the SRT and CRT
trainings, a two-minute rest period was provided. This process continued until the test subjects
had finished the 15-minute training. This maximum training duration was determined by
potential fatigue of the muscles of the arm in which the test subjects had a weapon. Both groups
(experimental and control) underwent an exit test (TEST2) using the Fitroword device after the
9-week training period. The reaction time training took place during the preparatory period
(January - February 2016) so as not to interfere the performance during championship
competitions.

Statistical Analysis

The results from the SWORD software were processed with the software Statistica
(StatSoft Inc, 2016). Anticipated and error attempts were excluded from the sample; in the case
of the SRT, this included times under 100 ms or above 1000 ms, and in the case of CRT, this
included times under 160 ms or over 2000 ms. For statistical analysis, 15 “correct” attempts (i.e.,
excluding the anticipated and error attempts) in a sequence were used. The Shapiro-Wilks test
confirmed that the data were not normally distributed. The median difference between the
groups (experimental vs. control) was determined with the Mann-Whitney test. Median
differences in one group (TEST1 vs. TEST2) were examined with the Wilcoxon test. Because of
the small number of test subjects, the effect size was also calculated. Statistical significance was
defined as p < 0.05. The significant difference was determined when a middle effect size was
found.
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RESULTS

Based on the statistical procedures, we can conclude that the levels of selected variables
manifested significant differences. The results show that the level of SRT and CRT may have
been affected by the reaction time training intervention. The differences are presented in Figure
3 and Table 1.

Table 1 shows that the reaction time of the experimental group was significantly
improved in terms of CRT (p = 0.013, r = 0.469). The middle effect size was also found for SRT (p
=0.109, r = 0.303).

Table 2 shows that the experimental and control group had no difference in CRT in the
entrance test (TEST1) and in the exit test (TEST2). No difference between the groups was
apparent, even in SRT on the exit test (TEST2). Interestingly, CRT in the exit test (TEST2) was
shorter in the experimental group than the control group. This difference was determined as
significant in terms of effect size (p = 0.116, d = 0.722).

mSRT mCRT
500 238 455
450 423
393
400
350
289
300 274 2575 269
€ 250
200
150
100
50
0
TEST1 - EX TEST2 - EX TEST1-CN TEST2 - CN

TEST1-EX= entrance test in experimental group; TEST2-EX= exit test in experimental group; TEST1-CN= entrance
test in control group; TEST2-CN= exit test in control group; SRT= simple reaction time; CRT= choice reaction time

Figure 3. Reaction time among the observed groups.

Table 1. Differences in reaction time after the training intervention.

Group Reaction p r
EG SRT 0.109 0.303*
CRT 0.013 0.469**
G SRT 0.418 0.256
CRT 0.345 0.298

*r>0.3; **p<0.05 and r>0.3; EG = experimental group; CG = control group; SRT simple reaction time; CRT = choice
reaction time

Table 2. Differences between the experimental and control group of fencers.
Type of test p d

SRT (TEST1) 0.211 0.573t
SRT (TEST2) 0.781 0.127
CRT (TEST1) 0.991 0.000

CRT (TEST2) | 0.116 | 0.722%
10.5<d>0.8; SRT (TEST1) = simple reaction time in entrance test; SRT (TEST2) = simple reaction time in exit test; CRT
(TEST1) = choice reaction time in entrance test; CRT (TEST2) = choice reaction time in exit test.
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DISCUSSION

The ability to influence reaction time is difficult, and authors have reported varied
findings in this regard. Wang [20] states that the level of simple reaction time can be efficiently
influenced by training. Based on the genetic predispositions of this variable, Mékota and
Novosad [21] and Barcelos et al. [22] state that reaction time improvement is limited. Most
studies investigating reaction time have included comparisons of reaction time among different
performance groups of athletes. Athlete levels are then compared with the non-sport active
population. Less frequent are studies that observe the progression of reaction time in relation to
training. To a certain extent, the level of reaction time can be influenced by the repetition,
sensory or analytical methods [23].

The critically sensitive period for reaction time improvement occurs approximately 13 -
14 years of age. The sensitive period for choice reaction time is slightly shifted to 15 - 20 years.
However, Havel and Hnizdil [24] stated that the positive trend in reaction time progression is
possible to observe in the fifteenth year of life, and after that phase the reaction time
stabilization period follows. In the present study, fencers were selected within the range of the
“sensitive age period,” where it is possible to expect progression in the observed variables. It is,
however, important to add that a certain amount of progression depends on many individual
factors. Authors of many publications state that reaction time also depends on factors such as
age, warm-up, air temperature, type of the occurring stimuli, nerve pathways quality, receptor
sensitivity, etc. Alter [25] states that an optimally performed warm-up can positively influence
the conductivity of the nerve pathway and signal transfer. On the other hand, Behm et al. [26]
state that there is a negative influence of static stretching on the reaction time. Given this
finding and in order to assure standardized and equal conditions for all test subjects, the same
type of stretching and warm-up was utilized (either static or dynamic) before the entrance and
exit test. Numerous prior studies have analyzed differences in reaction time with the use of
different intervention techniques (caffeine, nicotine, changes in the light or sound conditions,
exhaustion thresholds, etc.). Further, the possibilities of influencing reaction time and the speed
of stimuli processing have been investigated from a variety of views by many authors
[27,28,29,30].

It is universally acknowledged that experienced athletes are faster and better in terms of
information processing than beginners. Schmidt and Wrisberg [10] state that the sufficient
amount of experience could significantly influence reaction time. In extreme cases, elite athletes
seem to have automatic reactions. On the other hand, Barcelos et al. [22] state that there are no
significant differences in simple reaction time between athletes that have been active and sport
inactive people (p = 0.8065). This finding correlates with the study results of Kida et al. [31],
who also did not find a statistically significant difference in this variable between a group of
elite baseball batters and beginners. These conclusions support the assumption that in some
sports, the reaction time is not the main predictor of a successful sport performance.
Anticipation plays an important role in sport performance. In many sport areas, athletes are
able to predict the following turn of events and adequately choose the type and timing of a
suitable reaction movement [10]. This relates to the so-called “automatization” during
information processing in the central nervous system. The automatization training is more
efficient in situations when we use the same stimulus, which always initiates the same response.
The shortening of reaction time occurs not only during repeating the same stimuli combination
for a simple reaction but also during choice reaction time when one reacts to two or more
stimuli. We are convinced that based on these findings, it is possible to verify whether there are
efficient methods that could decrease the levels of reaction time in a sports area where this
variable plays a key role in overall sport performance. The results of the statistical analysis in
the present study show that the levels of simple and choice reaction time manifest differences.
The level of choice reaction time during which test subjects reacted to three stimuli significantly
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decreased in the experimental group following the training (p = 0.013, r = 0.469). A middle effect
size between the entrance and exit test among this group of fencers was also overt in the case of
a simple reaction to one stimulus (p = 0.109, r = 0.303).

Based on the results of the present study, it is possible to conclude that choice and
simple reaction time can be positively influenced by suitable training. In terms of assessing
changes in reaction time, differences in simple and choice reaction time among the experimental
and control groups were observed. No significant difference between the groups was observed
in terms of simple reaction time for the exit test after the training process. The interesting
finding was that choice reaction time of the experimental group was significantly shorter than
that of the control group after the training intervention. This difference was in the middle effect
size level (p = 0.116, d = 0.722). A shorter simple reaction time was also identified for the
experimental group in the entrance test (p = 0.211, d = 0.573) in comparison to the results of the
control group. The reaction time training utilized conditions that were similar to real fencing
situations, during which fencers reacted to visual stimuli from the guard position by an
adequate movement of the armed arm. This procedure assured the training was “optimal”
according to actual fencing conditions. Some previous studies have used interventions that
should influence reaction time, but in these studies, the entrance and exit tests were conducted
on a table reactimeter (the device for the measurement of the reaction time) in a seated position.
However, the reaction time measured by a reactimeter cannot be equal to the reaction speed
that corresponds to real conditions in a particular sport. For this reason, the results from the
table reactimeter cannot always be considered to be predicative of performance because
differences in reaction time are observed between the table reactimeters and other devices. That
simply means that the reactions of a particular body part responsible for fine motor control are
not as fast as the responses of body parts for gross motor control. We can say that the entrance
and exit tests were measured under standard conditions for fencing. In some studies [32,33],
authors have stated that reaction time is shorter in men than in women. However, there are
studies where the opposite phenomenon has been demonstrated [34]. For this reason, it is not
possible to say with certainty that reaction time is shorter in men than in women. It should also
be noted that in most studies, only mature individuals were observed. It despite the results of
the reaction time it is necessary to mention that obtaining of maximum effectiveness in
championship competitions is associated with effort, complex skills, predisposition and other
factors [35,36,37].

CONCLUSION

Based on the results of the present study, we can conclude that reaction time training
utilizing real situations of a particular sport can positively influence the reaction time level.
More test subjects of different age groups should be used in future research in this area. Results
from other studies could be supported by utilizing a longer time period of specific training for
improvement of reaction time. Furthermore, it would be appropriate to compare the differences
in reaction time between girls and boys in future studies. We are aware that the reaction time
level is just one of many possible factors influencing overall performance in fencing. Bearing in
mind the limitations of this study, trainers could use the knowledge provided to construct
suitable training methods that would lead to improved performance of their athletes.
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