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ABSTRACT 

The differences in the reaction times of finger flexion and pro-saccade were investigated between sports in which information 
processing related to pro-saccade would be markedly different. Subjects comprised 21 and 22 young adults belonging to a table tennis or 
badminton club (RS group) and a basketball club (BB group), respectively, for 3 years or more. Pro-saccade and index finger flexion on 
the dominant hand side were performed based on the appearance of targets in the peripheral and foveal visual fields, respectively. The 
reaction times of pro-saccade and finger flexion were analyzed. The pro-saccade reaction time to a peripheral visual target was 
significantly shorter in the BB group than in the RS group, while no significant difference was found between these groups in finger 
reaction time to a foveal visual target. These findings suggest that the functions related to gaze shift, including attention to the peripheral 
visual field, identification of a visual target and release of fixation, change according to sports experience. 
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INTRODUCTION 
Athletes in various sports must be able to react quickly 

to a visual target. The visual resolution of the retina is 
higher at the central fovea, especially the foveola (about 1 
degree in diameter), and exponentially decreases with 
distance from the foveola (Trobe, 2001; Findlay and 
Gilchrist, 2003). The acquisition of visual information 
with gaze at the fovea is defined as central vision, and that 
without the gaze is peripheral vision. Peripheral vision is 
used to monitor the outer visual field beyond 2.5 degree in 
visual angle (Findlay and Gilchrist, 2003), and attention 
toward the peripheral visual field reportedly facilitates the 
neural processing of visual information (Posner, 2004). 
Such visual acquisition and attention would be markedly 
different in various sports. Central vision would be more 
important for table tennis and badminton, since these 
sports require players to maintain their gaze on a visual 
target (the ball and shuttlecock) to analyze its information 
in detail (Seiderman and Schneider, 1983). On the other 
hand, peripheral vision would be more important for 
basketball. This sport requires players to shift their gaze 

frequently to a number of different visual targets in the 
peripheral visual field to immediately recognize and judge 
the position and movement of other players on the court as 
well as the ball or an opponent in front of them 
(Seiderman and Schneider, 1983). Therefore, basketball 
players direct their attention to the whole visual field and / 
or frequently shift their attention to various targets in the 
whole visual field when gazing at a target. Furthermore, 
frequent shifting of the gaze target requires rapid release 
of fixation. 

The gaze shift to the peripheral visual field is performed 
by a pro-saccade. The pro-saccade is controlled only via 
the supraspinal pathways, including the lateral geniculate 
nucleus, occipital cortex, posterior parietal cortex, parietal 
eye field, frontal eye field, superior colliculus, and 
reticular formation (Pierrot-Deseilligny et al., 1995; 
Fujiwara et al., 2000; Hikosaka et al., 2000; Leigh and 
Kennard, 2004). The reaction time of a pro-saccade is an 
index of the time required for its information processing, 
and is reported to become shorter by exercise experience 
or training. Di Russo et al. (2003) reported that clay 
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shooters, who need to quickly shift their gaze to the 
peripheral visual field, had extremely shorter pro-saccade 
reaction times, compared with nonathletic adults. 
Furthermore, Kunita and Fujiwara (2009) showed that in 
nonathletic young adults, saccade training for 3 weeks 
clearly shortened the saccade reaction time. According to 
these findings, it is expected that the pro-saccade reaction 
time would be shorter in basketball players than in those 
who play racket sports, such as table tennis and 
badminton. 

In a finger flexion task involving a visual stimulus, in 
which gaze shift is not necessary, the reaction time is 
reported to become shorter by sports experience or 
training (Ando et al., 2001; 2002). The finger flexion 
reaction time is related to the information processing time 
of the visual area, parietal association area, middle 
temporal gyrus, supplementary motor area, premotor area, 
motor area, and the corticospinal tract (Hülsdünker et al., 
2017). Basketball as well as racket sports players react 
based on foveal visual information, so there should be no 
significant difference in the finger flexion reaction time 
between these sports. 

In the present study, we investigated the pro-saccade 
and finger flexion reaction times for basketball and racket 
sports players. The working hypotheses are as follows: (1) 
The pro-saccade reaction time would be significantly 
shorter in the basketball (BB) group than in the racket 
sports (RS) group. (2) No significant difference in the 
finger flexion reaction time would be found between the 
groups. 
 
METHODS 
Subjects 

Subjects comprised 21 young adults (13 men and 8 
women) and 22 young adults (12 men and 10 women), 
belonging to a table tennis or badminton club (RS group) 
and a basketball club (BB group), respectively, for 3 years 
or more. Mean age (standard deviation (SD)) was 19.8 
(1.4) years for the RS group and 20.5 (1.5) years for the 
BB group. No subject reported any history of neurological 
or orthopedic impairment. In accordance with the 
Declaration of Helsinki, all participants provided written 
informed consent after receiving an explanation of the 
protection of privacy rights and experimental protocols, 
which were approved by the ethics committee at 
Kanazawa Gakuin University. 
 

Apparatus and data recording
Measurement I: pro-saccade reaction time 
Subjects sat on a steel-framed chair with their back 

resting against a vertical wall and their trunk secured by a 
cotton band to prevent anterior-posterior movement. They 
kept their knees and ankles flexed at approximately 90° 
and rested their feet on a low table. A visual stimulator 
with light-emitting diodes (LEDs) (SLE-5100; Nihon 
Kohden, Tokyo, Japan) was used. LEDs located at the 
central fixation point and at the lateral target positions 
were illuminated for time periods set by a function 
generator (WF1966; NF, Yokohama, Japan). Each LED 
was 0.23° high and 0.80° wide, with luminous flux of 0.02 
lumen. LEDs were placed at the height of the nose root, 
and the distance between the LED at the central fixation 
point and the nose root was set at 50 cm. The central 
fixation point was illuminated for a random duration of 1 - 
3 s, and one of the lateral targets was subsequently 
illuminated for 1 s. The four lateral targets were located at 
5° and 10° to the left and right of the central fixation point, 
and were illuminated with equal probability at random. 

To measure horizontal eye movement, electrooculogram 
(EOG) was recorded from surface electrodes (P-00-S; 
Ambu, Ballerup, Denmark) placed at the outer canthus of 
each eye. A ground electrode was placed at the center of 
the forehead. Electrode input impedance was < 10 k . The 
signal from the electrodes was amplified (×2000) using a 
DC amplifier (AN-601G; Nihon Kohden, Tokyo, Japan). 
To obtain stable EOG, recording began at least 20 min 
after placement of the electrodes. Visual stimuli and EOG 
data were sent to a computer (Dimension E521; Dell, 
Kawasaki, Japan) via an A/D converter (ADA16-32/2(CB) 
F; Contec, Osaka, Japan) at 2000 Hz with 16-bit 
resolution. 

 
Measurement II: finger flexion reaction time 
Subjects maintained the same sitting posture as in 

measurement I. Another visual stimulator with an LED 
(Reaction time mini- , FT Lab Support, Kanazawa, Japan) 
was used. The LED (0.38° high, 0.38° wide; luminous 
flux: 0.02 lumen) was placed at the center position 50 cm 
in front of the nose root. The LED was illuminated after a 
random duration of 2 - 4 s from onset of a start signal by 
an experimenter. 

To record electromyographic (EMG) activity related to 
finger flexion, surface electrodes (P-00-S; Ambu, Ballerup, 
Denmark) were arranged in a bipolar configuration over 
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the palmaris longus (PL) muscle on the dominant hand 
side. The electrodes were fixed after shaving and cleaning 
the skin with alcohol and were aligned along the long axis 
of the muscle with an interelectrode distance of 
approximately 3 cm. A ground electrode was placed at the 
ulnar head on the same side. Electrode input impedance 
was < 5 k . Signals from electrodes were amplified 
(×2000) and band-pass filtered (5 - 1000 Hz) using an 
EMG amplifier (MA1000; DIGITEX, Tokyo, Japan). 
Visual stimuli and EMG data were sent to a computer 
(Dimension E521; Dell, Kawasaki, Japan) via an A/D 
converter (ADA16-32/2(CB) F; Contec, Osaka, Japan) at 
2000 Hz with 16-bit resolution. 
 
Procedure 

In measurement I, subjects shifted their gaze as quickly 
as possible to the illuminated target. Experimental trials 
for 30 s were repeated five times with a 1-min rest. In 
measurement II, subjects flexed their index finger on the 
dominant hand side as quickly as possible in response to 
the illuminated target. Thirty trials were carried out with a 
10 s rest. 
 
Data analysis 

Analysis of visual stimuli, eye movement and EMG 
activity were performed using BIMUTAS II signal 
analysis software (Kissei Comtec, Matsumoto, Japan). 
Pro-saccade reaction time was defined as the latency 
between the onset of target illumination and the beginning 
of eye movement. The onset of eye movement was 
determined by visual inspection of EOG displacement that 
was easily discernible from baseline.  

Finger flexion reaction time was defined as the latency 
between illumination of the visual target and burst onset of 
the PL. The burst onset of the PL was defined as described 
below. EMG signals of the PL were band-pass filtered at 
40 - 500 Hz using a seventh-order Butterworth method to 
exclude electrocardiographic and movement artifacts, then 
full-wave rectified. Mean and SD of the amplitude for 
background activity of the PL was calculated for 150 ms 
just before illumination of the visual target. Burst 
activation of the PL was identified when onset was within 
+100 to +500 ms after the target illumination, and when 
the envelope line of the burst activity deviated more than 
the mean +2 SDs from background activity for at least 50 
ms. The burst onset was defined as the time point when the 
above deviation began in the EMG wave included in the 

envelope line. 
 

Statistical analysis 
All data were analyzed using the Shapiro-Wilks test for 

normality and Levine’s test for equal variance. Pearson 
correlations were used to evaluate the magnitude of 
correlation in each subject group between the pro-saccade 
and finger flexion reaction times. Student’s t-test was used 
to investigate differences between subject groups in the 
pro-saccade and finger flexion reaction times. The alpha 
level was set at p < 0.05. All statistical analyses were 
performed using IBM SPSS Statistics version 21 (IBM 
Japan, Tokyo, Japan). 

 
RESULTS 

No significant differences of variance in reaction times 
were found between pro-saccade and finger flexion and 
between RS and BB groups. Mean pro-saccade reaction 
times (SD) were 164.3 (12.7) ms in the RS group and 
152.0 (11.4) ms in the BB group, with a difference of 12 
ms (Fig. 1). The pro-saccade reaction time was 
significantly shorter in the BB group than in the RS group 
(t41 = 3.35, p < 0.01). On the other hand, mean finger 
flexion reaction times were 136.7 (10.5) ms in the RS 
group and 136.3 (10.9) ms in the BB group, with a 
difference of only 0.4 ms (Fig. 2). No significant 
difference between the RS and BB groups was found in 
the finger flexion reaction time. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Mean and standard deviation of pro-saccade reaction 
time. RS: racket sports, BB: basketball. **: p < 0.01 
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A plot of correlations between the pro-saccade and 
finger flexion reaction times in both groups is shown in 
Figure 3. No significant correlations between these 
reaction times were found in either group (RS group: r = 
-0.17, BB group: r = -0.1), or when subjects in both 
groups were combined (r = -0.17). 
 
DISCUSSION 

No significant correlations were found between 
pro-saccade and finger flexion reaction times. This likely 
results from a difference in the neural pathways related to 
these responses. The pro-saccade is controlled only via the 
supraspinal pathways, including the regions for visual 
information processing such as the lateral geniculate 
nucleus, visual cortices and posterior parietal cortex, and 
the regions related to eye movement such as the parietal 
eye field, frontal eye field, superior colliculus, and 
reticular formation (Pierrot-Deseilligny et al., 1995; 
Fujiwara et al., 2000; Hikosaka et al., 2000; Leigh and 
Kennard, 2004). On the other hand, neural pathways 
related to finger flexion include the supplementary motor 
area, premotor area, motor area, and even the corticospinal 
tract, in addition to the regions for visual information 
processing (Hülsdünker et al., 2017). 

Mean pro-saccade reaction time was 164 ms in the RS 
group and 152 ms in the BB group, while the pro-saccade 
reaction times in young nonathletic adults were 180 - 200 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
ms in previous studies using the same visual stimuli and 
posture as in the present study (Fujiwara et al., 2006; 
Kunita and Fujiwara, 2009). In basketball and racket 
sports, quick eye movement to a visual target would be an 
important skill. Furthermore, the reaction time in the BB 
group was significantly shorter than that in the RS group. 
To perform an earlier pro-saccade, subject would need to 
attend to their peripheral visual field, identify the visual 
target and release fixation (Hikosaka et al., 2000). It has 
been reported that training improves not only eye 
movement (Di Russo et al., 2003; Kunita and Fujiwara, 
2009) but also attentional function (Baluch and Itti, 2010; 
Ducrocq et al., 2016; Itthipuripat et al., 2017). In 
basketball players, the functions related to quick gaze shift, 
including attention to the peripheral visual field, 
identification of a visual target and release of fixation, 
would be improved through experience playing the sport. 
The brain regions strongly related to these functions would 
be the parietal cortex, superior frontal cortex, frontal eye 
field, basal ganglia, and superior colliculus (Corbetta et al., 
1993; Fischer and Weber, 1993; Dorris et al., 1997). 

On the other hand, no significant difference was found 
between the RS and BB groups in the finger flexion 
reaction time, in which gaze shift is not necessary. 
However, the reaction times of both groups (about 135 ms) 
were shorter than those in nonathletic subjects (about 155 
ms) using similar visual stimuli (Pascual-Leone et al., 

Figure 2. Mean and standard deviation of finger flexion  
reaction time. RS: racket sports, BB: basketball. 

Figure 3. Correlation between pro-saccade and finger flexion 
reaction times. RS: racket sports, BB: basketball. 
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1992). Training has been reported to shorten the reaction 
time to a foveal visual target (Ando et al., 2002). In both 
basketball and racket sports, players frequently react based 
on the foveal visual information, which would contribute 
to the shorter reaction time seen in the present study. 
Furthermore, it has been reported that finger reaction 
training using peripheral visual targets shortens the 
reaction time to a foveal visual target (Ando et al., 2002). 
Therefore, it is conceivable that such factors could be 
involved in the finger flexion reaction time in the BB 
group. However, it is unclear whether finger flexion 
training using peripheral visual targets affects the saccade 
reaction time. We plan to investigate the saccade and 
finger reaction times to a visual target shifting within the 
peripheral visual field or saccade reaction time within the 
central visual field in future studies. In addition, training 
effect of finger reaction and pro-saccade should be 
investigated for these athletes. 

In conclusion, the pro-saccade reaction time to a 
peripheral visual target was significantly shorter in the BB 
group than in the RS group, while no significant difference 
was found between these groups in finger flexion reaction 
time to a foveal visual target. These findings suggest that 
the functions related to gaze shift, including attention to 
the peripheral visual field, identification of a visual target 
and release of fixation, change according to sports 
experience. 
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