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Abstract

sport participation.

Sports participation can improve many cognitive and physical performances. It is important to test different
sports in different perceptual and motor tests in order to expose the demands of sports. Thus, in this study, we
investigated if there are some perceptual and motor performance differences between fencers and aged match
sedentary group. Nineteen fencers and nineteen non-fencers performed choice reaction time in an aiming task.
Reaction time (RT), accuracy, and velocity of the movements were measured. Results displayed that fencers had
significantly faster RT, better accuracy with faster movements compared to non-fencers. These findings suggest
that participating a sport requiring fast and accurate pointing movements can modify perceptual and motor
performance parameters. Thus, it could be better to select participants who have better perceptual and motor
performances. Moreover, speed-accuracy trade off proposed by Fitts (1954) can be altered through long-term
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Introduction

Participating physical activities and exercise can improve
the physical, perceptual, and cognitive well-being (Chan,
Wong, Liu, Yu, & Yan, 2011; Hassmén, Koivula, & Uutela,
2000; Lee, Hsieh, & Paffenbarger, 1995). Overall, it has been
generally accepted that athletes have better performance
in some motor tasks, like balance (Davlin, 2004), strength
(Sleivert, Backus, & Wenger, 1995), and speed than non-ath-
letes. Moreover, superior performance of athletes with the re-
sult of the long-term practice has also been observed in some
perceptual motor skills, like reaction time (Chan et. al., 2011;
Di Russo, Taddei, Apnile, & Spinelli, 2006). Superior perfor-
mance of any athletes can be linked to some neurophysiologi-
cal characteristics. Neurophysiological characteristics help de-
termine superior athletes’ level of performance in that athletes’
brains must adapt their behaviors to perform skilled move-
ments under different and changing environment (Nakata,
Yoshie, Miura, & Kudo, 2010). Such neural activities in the
brain include perception, decision-making, motor prepara-
tion, and execution of the movement. Several studies reported

changes and shifts in brain activity due to long-term practice
among both musicians (Ridding, Brouwer, & Nordstrom,
2000) and athletes (Pearce, Thickbroom, Byrnes, & Mastaglia,
2000). Thus, the brain shows great plasticity in its ability to
acquire skills over the long-term, and in turn to improve per-
formance when executing skilled movement.

Besides the perceptual motor skills, athletes also displayed
better sensorimotor performance in comparison to non-ath-
letes both their dominant and non-dominant arms in ma-
ny sports (Akpinar & Bicer, 2014; Akpinar, 2015: Akpinar;
2016: Akpinar, Sainburg, Kirazci, & Przybyla, 2015; Ramsay
& Riddoch, 2001). The effect of long-term practice on sen-
sorimotor performance has also been observed in musicians
(Rodrigues, Loureiro, & Caramelli, 2013). The observed
improvements in physical and perceptual functioning are
somehow associated with the length of sport participation
(Brisswalter, Collardeau, & René, 2002). Therefore, the im-
provements can be seen with the long-term participation.

One of the sports that requires a high level of perceptual
and motor performance is fencing. Fencing is a combat sport
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in which two athletes fight indirectly, through their weap-
ons (the foil, the sabre, or the epee), and mainly includes fast
movements directed toward the opponent. Those movements
need to be fast and accurate so that the fencer can get a point.
Regarding the speed and accuracy, Fitts (1954) stated that
when the speed of the movement increased then this reduces
the accuracy of movement. In opposite, decreasing the speed
of the movement increase the accuracy of the movement. This
phenomenon, speed accuracy trade-off, can be often seen in
many movements. It is still crucial to state that nature of the
task can determine how this phenomenon affects the perfor-
mance. When the task is mainly a fine motor skill or when it
is a gross motor skill, then the effect of speed accuracy trade-
off may be different in those skills. Some skills require both
to be accurate and fast to accomplish the task (i.e. batting in
baseball). In these cases, studies suggest that moving with an
optimal speed will yield an accurate movement performance
(Belkin & Eliot, 1997; Freeston & Rooney, 2014).

Years of training improve coordination of both arms of
right-handed fencers, making them less lateralized than are
non-athletes (Akpinar et al., 2015). Fencing was chosen in this
study because it challenges upper limb coordination. As it was
stated above, sports participation can increase the well being
of physical, perceptual, and cognitive parameters, we tried
to investigate if the fencers have better perceptual and mo-
tor performance in an aiming task compared to non-fencers.
Moreover, we wanted to figure out if fencers will display differ-
ent pattern in speed accuracy trade-off compared to non-fenc-
ers. The reason to ask this question is basically fencers make
fast pointing movements and those movements also need to
be accurate. Thus, they may show different pattern in terms of
speed accuracy compared to non-fencers.

Method

Nineteen fencers (10 female) between 19 and 24 years old
(M, =22.8+2.45) and nineteen healthy young non-fencers (10
female) between 18 and 25 years old (21.3+2.12) signed vol-
untarily informed consent form approved by Nevsehir Haci
Bektas Veli University which was conducted in accordance

with the Declaration of Helsinki as amended by the World
Medical Association Declaration of Helsinki (World Medical
Association, 2013). Fencers’ experiences changed between 4
and 9 years and non-fencers self reported no training experi-
ence in any sports. All the participants reported right hand-
edness and scored above 60% on the extended 35-item hand-
edness questionnaire (Hull, 1936), which is similar to widely
known Edinburgh Inventory (Oldfield, 1971).

Experimental Setup

The detail of the experimental setup was previously ex-
plained (Akpinar, 2016). The participants seated an adjustable
chair with a sensor of the electromagnetic movement tracker
(TrackSTAR, Ascension Technology, USA) put to their right
forearm. 2D view for reaching was provided to the partic-
ipants. There was a mirror above the participants’ arms and
this mirror displayed one cursor, one start circle for each hand,
and 3 different targets that were projected from 55” flat TV.
This configuration was designed from a custom virtual reality
interface. This cursor was associated with the index finger of
each arm and its position on the mirror was updated in real
time that was limited to TV screen update of 100 Hz.

There were three targets in different directions (80° 90°,
and 100°, please see Figure 1) and the task was to reach these
targets with maintaining accuracy. One target was shown for
each trial randomly. The start circle was 2 cm in diameter and
was 20 cm away from the body midline to the right side. Each
target was shown as 3.5 cm in diameter. There was a cursor
representing the tip of the index finger. The cursor was 1 cm
in diameter with cross hair. The distance between the start cir-
cle and target was set to 30 cm so that each participant could
reach the target easily. We gave an imperative audio-visual “go”
signal, upon which participants were required to move to the
target. The imperative signals were delayed until the partici-
pants positioned their right hand in start location for 300 mil-
liseconds. The task was to move the cursor to the target, which
was displayed when the cursor placed in the start circle. Thus
it was restricted pace, that is, the participants did not know
which target would pop-up in the screen.

30cm

~— Start Circle

Figure 1. The distribution of the targets
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Experimental Task

As it was stated above, there were three different targets and
participants performed the total of 30 trials (10 trials to each tar-
get). Participants were asked to make fast reaches to the targets
(trials were 1 sec) while maintaining accuracy with possibly no
additional corrections. In order to motivate the participants, ac-
curacy of the trials were rewarded with 10, 3 and 1 point for land-
ing within 3.5 cm, 4.5 cm and 5.5 cm diameter from the center of
the target respectively. After each trial, feedback about the score
and performed cursor path were displayed for 1 sec. The task
condition can be considered as choice reaction time condition
because there was more than one stimulus. Experimental task
only performed with the right dominant arm by the participants.

Data and Statistical Analysis

In order to determine perceptual and movement perfor-
mance, we quantified three measures: 1) The reaction time (RT)
was defined as the elapsed time between the presentation of a
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target on the workplace and the initiation of the movement to
that target; 2) Movement accuracy (Final Position Error=FPE);
3) Movement speed was defined as the peak amplitude of the
velocity profile. The collected data were analyzed using Matlab
software and, dependent variables were calculated.

For the statistical comparison, the mean score of each de-
pendent measures was calculated and subjected to the statisti-
cal analysis. For the statistical comparison, t-test was used and
statistical significance level was set as .05.

Results

Both groups, fencers and non-fencers, made reaches to
the three different targets located across horizontal space in
front of the body with the dominant arm. Figure 2 shows
the average magnitude of the reaction time (RT).The statis-
tical analysis displayed a significant result for RT, t, =3.35,
p=.001.Fencers’ RT was (M=273+42 ms) faster compared to
non-fencers (M=327+56 ms).

NON-FENCERS

Figure 2. The average magnitude of the reaction time (RT) between fencers and non-fencers

The other dependent variable was final position error
(FPE). The mean value for FPE for both groups was displayed
in Figure 3. The statistical analysis showed a significant re-
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sult for FPE, t, =14.93, p=.0001. Fencers had significant-
ly less errors (M=3.79+1.74 cm) compared to non-fencers
(M=23.04+5.33 cm).

NON-FENCERS

Figure 3. The average magnitude of final position error (FPE) between fencers and non-fencers
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We have lastly measured movement speed during the
reaches. The mean value for movement speed for both groups
was given in Figure 4. The statistical analysis showed a signif-
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Figure 4. The average magnitude of movement speed between fencers and non-fencers

Discussion

In study, we examined perceptual and motor performances
between fencers and non-fencers during a reaching task with
a choice reaction time (RT) condition. The variables depicting
the perceptual (RT) and motor performances (accuracy and
movement speed) were analyzed. In all those variables, fenc-
ers displayed better performances compared to non-fencers.
That is, fencers performed the reaching task with better RT,
less final position error, and faster movements compared to
non-fencers.

Superior performance of fencers compared to non-fencers
was observed in many tasks. For instance, greater performance
of the right arm in fencers over non-fencers has been reported
for discriminative reaction time tasks (Chan et al., 2011; Di
Russoet al., 2006). In their study, Chan et al. (2011) concluded
that the combination of physical fitness and level of expertise
get more benefit for cognitive control mechanism compared to
when each of them applied singly. In the current study, we also
found that fencers have better perceptual performance com-
pared to non-fencers. Both cognitive and perceptual skills are
acquired through training, and the long-term participation of
training required to attain high level of skill makes the compo-
nent processes mainly automatic (Logan, 1988). Thus, expert
skills are often flexible, so they can be utilized in various task
contexts (MacKay, 1982), like what was observed in the cur-
rent study. In another study, Williams and Walmsley (2000)
introduced recordings of EMG activity during measurement
of response times between elite fencers and novice subjects.
They have found that elite fencers displayed more coherent
muscle synergies and more consistent pattern of muscle co-
ordination than novice subjects. Thus, more coherent mus-
cle synergies for fencers may lead to have fewer errors than
non-fencers, which was observed in the current study. We
have also found that fencers’ reaches were significantly fast-
er than non-fencers. It has been previously found that fenc-
ers were faster than non-fencers in movements of the upper
limbs (Roi & Bianchedi, 2008); thus, our finding on reaching
movement speed is in agreement with that previous study re-

icant result for movement speed, t, =-7.49, p=.0001. Fencers’
reaches were significantly faster (M=183.6+22.3cm) compared
to non-fencers (M=124.5+26.1 cm/s).

NON-FENCERS

sult. Participation of long-term practice may lead the fencers
to develop this skill over the time. In addition, as they main-
ly practice fast pointing movements in their exercise settings,
this can lead them to have faster movements than non-fenc-
ers. In fact these results are not in agreement with speed ac-
curacy trade-off proposed by Fitts (1954). As we stated earlier,
Fitts stated that when the movement velocity increased, the
errors in the aiming movements increased as well. This trend
was not observed for the fencer. The speed accuracy trade-off
has been an interesting topic for researchers especially focus-
ing on choice RT tasks (Bogac, Wagenmakers, Forstmann, &
Nieuwenhuis, 2010). This phenomenon is also very important
for the sports performance. For instance, Freeston and Rooney
(2014) conducted a study with baseball and cricket players to
determine the speed that optimizes accuracy in a throwing
task. They found that speed accuracy trade-off was worse for
the cricket players compared to baseball players. Thus, even
though these two sports seem to be similar in many ways, they
do not show the similar pattern in motor performance. In our
study, fencers showed faster reaches with significantly less er-
rors compared to non-fencers. Thus, speed accuracy trade-off
is not predetermined entity and can be modified by long-term
sport participation. It has been also previously stated that
the classical Fitts’ law can be violated in tasks that involve a
ballistic component (Juras, Slomka, & Latash, 2009). In this
study, we compared fencers and non-fencers in the same task
that can include a ballistic component, and fencers showed a
different pattern compared to non-fencers and violated the
speed accuracy trade-off. In conclusion, although we do not
know if the fencers had already superior perceptual and motor
skill capabilities before they started fencing, we can point that
this sport requires high perceptual and motor skill require-
ment. Moreover, fencers can control better the speed accuracy
trade-oft, and thus the phenomenon cannot be valid for some
groups.
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