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Abstract

A large number of psychophysical and neurophysiological studies have demonstrated that
smooth pursuit eye movements are tightly related to visual motion perception. This could be
due to the fact that visual motion sensitive cortical areas such as meddle temporal (MT),
medial superior temporal (MST) areas are involved in motion perception as well as pursuit
initiation. Although the directional-discrimination and perceived target velocity tasks are
used to evaluate visual motion perception, it is still uncertain whether the speed of visual
motion perception, which is determined by visuomotor reaction time (RT) to a small target,
is related to pursuit initiation. Therefore, we attempted to determine the relationship between
pursuit latency/acceleration and the visual motion RT which was measured to the visual
motion stimuli that moved leftward or rightward. The participants were instructed to fixate on
a stationary target and press one of the buttons corresponding to the direction of target
motion as soon as possible once the target starts to move. We applied five different visual
motion stimuli including first- and second-order motion for smooth pursuit and visual motion
RT tasks. It is well known that second-order motion induces lower retinal image motion,
which elicits weaker responses in MT and MST compared to first-order motion stimuli. Our
results showed that pursuit initiation including latency and initial eye acceleration were sup-
pressed by second-order motion. In addition, second-order motion caused a delay in visual
motion RT. The better performances in both pursuit initiation and visual motion RT were
observed for first-order motion, whereas second-order (theta motion) induced remarkable
deficits in both variables. Furthermore, significant Pearson’s correlation and within-subjects
correlation coefficients were obtained between visual motion RT and pursuit latency/accel-
eration. Our findings support the suggestion that there is a common neuronal pathway
involved in both pursuit initiation and the speed of visual motion perception.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243430 December 14, 2020

1/13


https://orcid.org/0000-0002-5265-0529
https://orcid.org/0000-0003-2522-6236
https://doi.org/10.1371/journal.pone.0243430
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243430&domain=pdf&date_stamp=2020-12-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243430&domain=pdf&date_stamp=2020-12-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243430&domain=pdf&date_stamp=2020-12-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243430&domain=pdf&date_stamp=2020-12-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243430&domain=pdf&date_stamp=2020-12-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243430&domain=pdf&date_stamp=2020-12-14
https://doi.org/10.1371/journal.pone.0243430
https://doi.org/10.1371/journal.pone.0243430
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Smooth pursuit and reaction time to second-order motion

Introduction

When we look at a moving target, smooth pursuit eye movements ensure to hold the image of
a moving target on or near the fovea in order to obtain clear vision. The control mechanism
involved in smooth pursuit has been eagerly explored by the use of sub-human primates and
single-unit recording. Smooth pursuit is driven by visual motion of the attended target on the
retina and especially pursuit initiation is closely related to retinal image motion. Retinal image
motion signals are transformed into pursuit commands and thereby smooth pursuit is initi-
ated [1-3]. It is well established that the initial part of smooth pursuit, the open-loop period,
reflects visual motion processing. Several studies have revealed that the initial part of smooth
pursuit is driven by visual motion related signals from cortical areas including the middle tem-
poral (MT) and medial superior temporal (MST) areas [4, 5]. In fact, Osborne and colleagues
have demonstrated that the variability of pursuit initiation is mostly due to sensory errors in
estimating target motion in monkeys [6, 7]. Besides, they have reported that almost all avail-
able directional information can be extracted from the first few spikes of the response of MT
neuron, which is comparable with the pursuit initiation in terms of time scale [8].

A large number of psychophysical studies have shown that smooth pursuit is closely related
to motion perception such as the direction-discrimination and perceived velocity of a moving
target [9-12]. For instance, the steady-state smooth pursuit gain and the perceived target
velocity are altered in association with the contrast of visual motion stimuli [13] and are in the
same manner affected by type of random-dot kinematograms [14]. Moreover, a smooth pur-
suit adaptation paradigm leads to changes in not only smooth pursuit per se but also perceived
target velocity [15]. Furthermore, during a isoluminant motion stimulus, both initial eye accel-
eration and perceived velocity are decreased compared to luminance-based stimuli which have
comparable contrast [16]. The relevance between smooth pursuit and motion perception is
plausible because the MT and MST play a pivotal role in motion perception as well as smooth
pursuit [17, 18]. Furthermore, lesions of MT lead to selective deficit of smooth pursuit as well
as motion perception in monkeys [19] and humans [20].

Although those studies have revealed that smooth pursuit is associated with motion percep-
tion by using the direction-discrimination task and a perceptual target velocity task, only a few
studies have focused on the speed of visual motion perception [21]. Visual-motor reaction
time (RT) is known as one of the common methods to evaluate speed of visuomotor process-
ing which is the time lapse between the onset of the visual stimulus and the appearance of a
motor response [22]. Previous studies have demonstrated that visual-motor RT is dependent
on the speed of visual signal perception and sensory motor processing [23, 24]. Generally, an
appearance of symbol or light as a visual stimulus is used in the visual-motor RT task [25, 26].
Ono and colleagues have applied the visual motion target to visual-motor RT task (visual
motion RT) where a centered target moves toward right or left. The visual motion RT has
shown that the horizontal asymmetry of initial eye acceleration is correlated with asymmetry
of visual motion RT, suggesting the existence of a common neuronal pathway involved in both
pursuit initiation and visual motion RT [21]. However, the relationship between altered pur-
suit initiation and visual motion RT remains largely unclear. Assuming that there is a common
neuronal pathway, a factor that leads to reduction in pursuit initiation would induce delay of
visual motion RT as well. Therefore, we attempted to apply different visual motion stimuli to
visual motion RT tasks to clarify the agreement between pursuit initiation and visual motion
RT.

Smooth pursuit eye movements are known to be induced by a visual stimulus which has
not a primary luminance cue. The first-order motion is defined by the low level visual motion
such as luminance, whereas the second-order motion is defined by the higher level visual
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motion such as contrast, flicker of motion [27-29]. A difference in visual motion stimuli affects
the behavioral property of smooth pursuit eye movement, such as pursuit latency, initial eye
acceleration and steady-state eye velocity [30-33]. Furthermore, neurons in area MT and MST
that code for the direction of target motion show the weaker responses when the visual motion
stimulus is formed by second-order motion compared to first-order motion [31, 33, 34].
Therefore, we hypothesized that the visual motion RT would be altered dependent on visual
motion stimuli in association with pursuit initiation.

Material and methods

To test our hypothesis, we set two separate experiments (smooth pursuit eye movement task
and visual motion RT task) rather than a single experiment based on a methodological advan-
tage. In the visual motion RT task, the participants were required to judge the visual motion
direction after the target onset (see below for details). Such visual motion induces catch-up
saccades after the onset of visual motion. Although the pre-saccadic pursuit initiation reflects
the open-loop pursuit that is generated by retinal image motion [30], a large number of trials
are needed to evaluate the pursuit initiation in the single visual motion RT task. Furthermore,
a dual task of pursuit and pressing a button may inhibit pursuit initial responses compared to
a single task of pursuit. Thus, we set another experiment focusing on pursuit initiation using a
step-ramp paradigm [35]. In this paradigm, the target stepped in one direction and immedi-
ately moved at a constant speed in the other direction, which allows us to examine the initial
pursuit response without occurrence of saccades and makes it possible to evaluate pursuit initi-
ation by fewer trials compared to the single visual motion RT task.

Participants

The participants were eight males and four females with a mean age of 23.3 years (range 22—
25) and they reported having normal or corrected to normal vision and no known motor defi-
cits. The participants were diagnosed neither as a stereoscopic problem nor strabismus. This
study was conducted in accordance with the Declaration of Helsinki, and all protocols were
approved by the Research Ethics Committee at the Faculty of Health and Sport Sciences, Uni-
versity of Tsukuba.

Smooth pursuit eye movement task

The participants were seated 70 cm in front of a CRT monitor (22-inch, Diamond Pro 2070SB,
Mitsubishi, refresh rate of 100 Hz, background mean luminance 60 cd/m?) with head stabi-
lized by a chin rest and a forehead restraint. Eye position signals from the right eye were cali-
brated by requiring the participants to fixate a target spot (diameter of 0.3 deg) at known
horizontal and vertical eccentricities in binocular viewing condition. The visual stimuli and
target motion were generated by Psychophysics Toolbox extensions on MATLAB (Math-
works, MA). Smooth pursuit was produced by a step-ramp paradigm [35] with a constant
speed of 18.5 deg/s. The pursuit stimuli (diameter of 2 deg) were random dot fields (each dot,
5 x 5 pixels) whose contrast was modulated by a Gaussian window with a space constant of 20
pixels. Dots had a density of 50% and dot lifetime was equal to presentation duration (1000
ms). We used five types of visual motion target. For the first-order motion target, both the
Gaussian window and random dots texture moved in the same direction at the same speed
(Fig 1A). For the first-order+ motion target, the Gaussian window and random dots texture
moved in the same direction but random dots texture moved at twice the speed of the Gauss-
ian window (Fig 1B). For the second-order static motion target, the Gaussian window moved
over a static-background that consists of random dots texture (Fig 1C). For the second-order
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Fig 1. Space-time diagrams of five motion stimuli. (A) For the first-order motion target, both the Gaussian window
and random dots texture moved in the same direction at the same speed. (B) For the first-order+ motion target, the
Gaussian window and random dots texture moved in the same direction but random dots texture moved at twice the
speed of the Gaussian window. (C) For the second-order static motion target, the Gaussian window moved over a
static-background that consists of random dots texture. (D) For the second-order dynamic motion target, the Gaussian
window moved over a dynamic-background where random dots texture was replaced on every frame. (E) For the theta
motion target, the Gaussian window and the random dots texture moved at the same speed but in the opposite
direction.

https://doi.org/10.1371/journal.pone.0243430.9001

dynamic motion target, the Gaussian window moved over a dynamic-background where ran-
dom dots texture was replaced on every frame (Fig 1D). For the theta motion target, the Gauss-
ian window and the random dots texture moved at the same speed but in the opposite
direction (Fig 1E) [36]. The participants first fixated on a central stationary target (diameter of
0.3 deg) that appeared on uniform gray background for 3.0 s and a pursuit target appeared 1.4
deg left or right from the center. The target then started to move either leftward of rightward.
The participants were instructed to track a moving target with their eyes. The smooth pursuit
eye movement tasks consist of 100 trials as 10 trials were conducted for each direction (20 trials
x 5 different visual motion). Ten possible combinations (2 directions x 5 motion targets) were
presented by random order.

Visual motion RT task

The participants were seated in front of a CRT monitor as a smooth pursuit eye movement
task with holding buttons in each hand. A central fixation target appeared on uniform gray
background for 1.0-1.5 sec and then the target started to move leftward or rightward randomly
at a constant speed of 18.5 deg/sec. The participants were instructed to fixate on the stationary
target and press one of the buttons corresponding to the direction of target motion as soon as
possible once the target starts to move. Visual motion RT was determined by the time lapse
between the onset of target motion and press a button. Five visual motion targets used in
smooth pursuit were also applied to visual motion RT tasks (Fig 1). Visual motion RT tasks
were continued until 60 successful trials were obtained. Then, 6 successful trials were con-
ducted for each direction (12 trials x 5 different visual motion). The leftward and rightward
directions for smooth pursuit were randomized. Although it was theory possible that one
direction was presented six times in a row, such an order bias was not observed. To reduce an
influence of directional prediction on visual motion RT, the last trial (6th trial) on each direc-
tion was removed for following data analysis. The five blocks were set by random order. Visual
motion RT of each visual motion condition was determined by a mean value of all the trials for
each condition regardless of the target motion direction. The protocol of visual motion RT
task was set with reference to the study by Ono and colleagues [21].

Light on RT task

To clarify the properties of visual motion RT, a light on RT task without visual motion was
conducted as the control task. After a central fixation target was presented on uniform gray
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background for 1.0-1.5 s, the target appeared 2.8 deg left or right side of central position. The
participants pressed one of the buttons corresponding to the target position as soon as possible
once the target appears. The presented target consisted of a Gaussian window and a stationary
random dots texture as well as the visual motion RT task. The sides the target appeared were
randomized. Twelve successful trials were conducted and then the mean value was calculated
from all the successful ten trials except for the last trial on each side.

Data collection and analysis

Eye movements during smooth pursuit were detected using a video-based eye tracking system
[37]. Eye position signals were digitized at 1 kHz with 16-bit precision using CED-Micro 1401
hardware (Cambridge Electronic Designs, Cambridge, England). Eye velocity and acceleration
were generated by digital differentiation of the position arrays using a central difference algo-
rithm in MATLAB (Mathworks, MA, US). Velocity and acceleration data were filtered using
an 80-point finite impulse response (FIR) digital filter with a passband of 80 Hz. Saccades were
identified by velocity of 30 deg/s or acceleration of 1000 deg/s, and were replaced with NaN
before averaging data. The remained eye velocity traces were aligned on the onset of target
motion and averaged from 20 trials (summation of both direction) in each condition. Pursuit
initiation during step-ramp tracking was taken as the time that average eye velocity

reached > 3 times standard deviation (SD) above the pretrial values during fixation. Initial
acceleration on smooth pursuit was determined as a mean value in the first 100 ms period of
smooth pursuit [38, 39]. Latency on pursuit initiation was defined by the time lapse between
the onset of target motion and onset of smooth pursuit.

Statistical analysis

To examine the influences of visual motion targets (the first-order motion, first-order+ motion,
second-order static motion, second-order dynamic motion and theta motion) on initial eye
acceleration, pursuit latency and visual motion RT, a one-way analysis of variance (ANOVA)
with repeated measures was performed. Significant results on the ANOVA were followed up
with post-hoc multiple comparison with Bonferroni correction. Effect size of ANOVA were
reported as partial 77°. Partial 77” were defined as for small when partial > < 0.1, moderate
when 0.1 < partial n° < 0.08, large when 0.08 < partial n* < 0.2, and very large when

0.5 < partial 7%, respectively.

To evaluate the relationship between visual motion RT and pursuit initiation (i.e., initial
eye acceleration and pursuit latency), we used within-subjects correlation coefficient which is
a method to focus on the changes of variable within each participant, described by Bland and
Altman [40]. This method treats individual participant as a categorical factor and applies it to
multiple regression. A significant within-subjects correlation coefficient indicates that both
pursuit initiation and visual motion RT are altered conjunctively regardless of potential differ-
ence in the individuals regarding smooth pursuit and motion perception. In addition, we cal-
culated the mean values of visual motion RT, pursuit latency and initial eye acceleration across
all the motion types and then tested the relationship between visual motion RT and pursuit ini-
tiation by Pearson’s correlation coefficient. Moreover, Pearson’s correlation coefficient
between the light on RT and averaged pursuit latency/acceleration across all the visual motion
was calculated. All statistical tests were executed with a significance level of 0.05 and conducted
by IBM SPSS software version 26 (SPSS Inc., IL, US).

Results

Unless noted otherwise, data are presented as mean + SD.
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Fig 2. Typical traces of pursuit eye velocity for each target motion from a representative participant. Each trace
indicates the mean value of de-saccadic eye velocity of 20 trials for each motion stimulus. Horizontal dashed line
indicates the target velocity (18.5 deg/s). Pursuit latency of this participant for five target motion were 142 ms for first-
order motion, 162 ms for first-order+ motion, 170 ms for second-order static motion, 179 ms for second-order
dynamic motion, and 215 ms for theta motion. Initial eye acceleration of this participant for five target motion were
110.8 deg/s* for first-order motion, 107.5 deg/s” for first-order+ motion, 85.6 deg/s for second-order static motion,
81.5 deg/s” for second-order dynamic motion, and 58.4 deg/s for theta motion. Upward deflections show rightward
eye motion.

https://doi.org/10.1371/journal.pone.0243430.9002

Smooth pursuit eye movement

Fig 2 shows typical traces of eye velocity for each visual motion target from a representative
participant. Significant main effects of visual motion targets were observed in both pursuit
latency (Fy 44 = 51.39, p < 0.01, partial ”° = 0.82, power > 0.99) and initial eye acceleration
(Fy44 = 13.25, p < 0.01, partial i° = 0.55, power > 0.99). Post-hoc test showed that pursuit
latency for theta motion (199.3 + 27.1 ms) was significantly longer than the other visual
motion targets. Although no significant difference was observed between first-order+ motion,
second-order static and dynamic motions, these visual motion tasks yielded longer pursuit
latency compared to first-order motion (Fig 3A). Similarly, initial eye acceleration for theta
motion (68.6 + 34.3 deg/s”) was smaller than that for the other target stimuli. Furthermore, ini-
tial eye acceleration for second-order static and dynamic motions were smaller than first-
order and first-order+ motions (Fig 3B).

Visual motion RT

A significant main effect of visual motion target was observed in visual motion RT (Fy 44 =
69.32, p < 0.01, partial n° = 0.86, power > 0.99) as well as smooth pursuit. A remarkable delay
in visual motion RT was yielded by theta motion (272.8 + 26.4 ms) compared to the other
visual motions. The fastest visual motion RT was obtained for first-order motion

(220.1 £ 23.9), although statistical difference was not observed between first-order motion and
first-order+ motion (Fig 4).
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Fig 3. (A) Pursuit latency and (B) initial eye acceleration in different smooth pursuit tasks. The lowercase letters above
each bar indicate significant differences (a: vs. first-order; b: vs. first-order+; c: vs. second-order static; d: vs. second-
order dynamic). All the significant levels were set at p < 0.05.

https://doi.org/10.1371/journal.pone.0243430.g003
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Fig 4. Visual motion reaction time (RT). The lowercase letters above each bar indicate significant differences (a: vs.
first-order; b: vs. first-order+; c: vs. second-order static; d: vs. second-order dynamic). All the significant levels were set
at p < 0.05.

https://doi.org/10.1371/journal.pone.0243430.9004

Relationship between visual motion RT and pursuit initiation

Significant within-subjects correlation coefficients were found between visual motion RT and
pursuit latency (1o = 0.82, p < 0.01, Fig 5A) and between visual motion RT and initial eye
acceleration (10 = -0.72, p < 0.01, Fig 6A). Furthermore, Pearson’s correlation coefficients
were also observed between visual motion RT and pursuit latency (r;o = 0.63, p = 0.03, Fig 5B)
and between visual motion RT and initial eye acceleration (r;o = -0.76, p < 0.01, Fig 6B). Con-
trast to visual motion RT, the light on RT (214.5 + 27.2 ms) showed no relationship to pursuit
latency (7,0 = 0.33, p = 0.29) and initial eye acceleration (r;o = -0.37, p = 0.23).

Discussion

In this study, we attempted to apply five visual motion stimuli to visual motion RT task to clar-
ify the relevance between visual motion RT and pursuit initiation. Pursuit latency and initial
eye acceleration were altered by different visual motion stimuli including first- and second-
order motion, which is consistent with previous studies [30-33]. Out of five visual motion tar-
gets, theta motion induced a remarkable reduction in pursuit initiation even though pursuit
initiation to opposite direction of target movements was not observed as a previous study has
reported [30]. Intriguingly, similar changes dependent on motion stimuli were observed in
visual motion RT. We then used two types of correlation coefficient (Pearson’s correlation and

350 350
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Fig 5. Relationship between visual motion reaction time (RT) and pursuit latency. (A) shows the within-subjects
correlation between visual motion RT and pursuit latency. Error bars indicate standard error of the mean (SEM) for
each motion stimulus. Open circles and connected dotted lines indicate the data and liner regression of each
participant. (B) shows the relationship between these variables by the mean values across all the visual motion.

https://doi.org/10.1371/journal.pone.0243430.g005
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https://doi.org/10.1371/journal.pone.0243430.9006

within-subjects correlation coefficients) to determine the relationship between visual motion
RT and pursuit initiation among our participants. The results of the significant within-subjects
correlation coefficients between visual motion RT and pursuit initiation indicate that the
extent of delay in visual motion RT for second-order motion stimuli is associated with reduc-
tion in pursuit initiation dependent on different motion stimuli. Furthermore, the Pearson’s
correlation coefficients by the mean values across all the visual stimuli showed that visual
motion RT was significantly correlated with both pursuit latency and initial eye acceleration,
indicating that individuals who have shorter pursuit latency have faster visual motion RT.
Here we discuss underlying mechanisms related to the relationship between visual motion RT
and pursuit initiation.

Neuronal mechanisms of visual motion RT and pursuit

Two types of significant correlation coefficients between visual motion RT and pursuit initia-
tion indicate that both variables are altered in similar manners by different motion stimuli.
This was the case even though the velocity of the Gaussian window of visual motion stimuli
was constant. It has demonstrated that second-order motion elicits an weaker response in MT
and MST to the direction of target motion compared to first-order motion [34, 41] and the tar-
get motion defined by theta motion is not explicitly encoded in the neuronal activity in areas
MT and MST [31, 33]. The weaker response in these cortical areas is due to low retinal image
motion induced by second-order motion. For example, the direction of retinal image motion
evoked by random dot motion is not consistent with the direction of window during second-
order motion stimuli, which does not evoke explicitly optokinetic nystagmus (OKN) [42, 43].
It is well known that the MT and MST play pivotal roles in pursuit initiation and motion per-
ception [5, 19, 44, 45]. In fact, both pursuit initiation and motion perception become conjunc-
tively changed dependent on targets” physical feature [16]. Moreover, these parietal cortical
areas have reciprocal connection with the frontal eye field (FEF) and frontal pursuit regions,
which also play important role in visual motion perception [46-49]. Our results imply that
changes in neuronal activity of visual motion sensitive areas by different visual motion stimuli
alter visual motion RT as well as pursuit initiation.

Several studies focusing on relationship between steady-state smooth pursuit and direction-
discrimination or perceived target velocity have proposed a model where there is an initial
common stage of motion processing before two independent processes for smooth pursuit
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and motion perception [11, 50]. In addition, Mukherjee and colleagues has demonstrated that
pursuit initiation and short-timescale motion perception share the dominant source of varia-
tion, indicating the existence of a common neuronal pathway for both visual motion process-
ing [51]. The results of this study using visual motion RT support the suggestion that there is a
common neuronal pathway involved in both pursuit initiation and motion perception, espe-
cially for the speed of visual signal perception and sensory motor processing. Considering that
neither pursuit latency nor initial eye acceleration were correlated with the light on RT, it is
most likely that the light on RT and visual motion RT are supported by different visual infor-
mation processing rather than global visual processing.

Relationship between visual motion RT and pursuit

Our findings showing second-order motion leads to a delay in visual motion RT suggest that
the speed of judgement of target direction is a different ability from the direction-discrimina-
tion and perceived target velocity tasks. Previous studies have reported that the performances
of the direction-discrimination and perceived target velocity tasks are not affected by different
visual motion stimuli. For instance, primates correctly perceive the direction of a moving tar-
get even though pursuit initiation is inhibited by second-order motion [33]. In human sub-
jects, it has been demonstrated that perceived target velocity is consistent for target motion at
or above 4 deg/s regardless of motion stimuli [52], which is termed as form-cue invariance by
Albright [41]. Although second-order motion inhibits pursuit initiation due to low retinal
image motion [42, 43], it is well known that smooth pursuit can be maintained by not only the
retinal image motion signal but also the extraretinal oculomotor feedback where the efference
copy and the retinal image motion signal are compared [53-55]. In the light of the close rela-
tionship between the steady-state smooth pursuit gain and perceived target velocity [13, 14, 50,
56], reduction in pursuit initiation may not influence deficits in direction-discrimination and
perceived target velocity. In contrast, quick visual motion RT needs information regarding the
initial phase of target motion rather than steady-state phase, visual motion RT could be tightly
related to pursuit initiation.

Previous studies using sinusoidal pattern grating stimulus have reported that the direction
of first-order motion can be discriminated at very brief stimulus attendant time, whereas that
of second-order motion needs more exposure duration of up to 200 ms [57, 58]. Similarly,
visual-motor RT using grating stimuli is shorter when the stimulus is defined by first-order
motion than second-order motion [59, 60]. Note that the grating stimulus used in these studies
induces OKN but not smooth pursuit since it does not have an explicit target. Although both
behaviors are generated by cortical activity involved in retinal image motion, smooth pursuit
is driven by the signals on or near the fovea. Single-unit recording studies have identified that
MST neurons with the foveal/parafoveal visual receptive fields show no response to visual
motion in peripheral visual fields [3, 61]. Therefore, the visual motion RT task used in this
study reflects the speed of visual motion perception and sensory motor processing on or near
the fovea, whereas the traditional visual-motor RT task using grating stimulus evaluates RT for
a large field of vision.

Visual motion RT task has some methodological advantages. The significant relationship
between visual motion RT and pursuit initiation indicates that visual motion RT would be an
alternative methodology for degerming initial pursuit responses to target motion as more sim-
ple methods. A previous study using visual-motor RT by grating stimulus for a large-field of
vision defined by first- and second-order motion has reported that this evaluation is highly
sensitive to visuomotor anomalies induced by mild traumatic brain injuries [62]. Therefore,
visual motion RT task could detect a neuronal anomaly related to the foveal/parafoveal visual
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receptive fields more specifically. Further study will be needed to clarify the practical utility of
visual motion RT using target motion stimuli.

Conclusion

Our findings expand previous studies regarding the relationship between smooth pursuit and
the speed of visual motion perception using a small target. We attempted to determine the rel-
evance between visual motion RT and pursuit initiation using five different visual motion sti-
muli including first- and second-order motion. Both pursuit initiation and visual motion RT
were altered in similar manners dependent on the visual motion stimuli. Furthermore, both
Pearson’s correlation and within-subjects correlation coefficients were significant between
visual motion RT and pursuit initiation, indicating an ability of visual motion RT is tightly
associated with pursuit initiation. This is the first study to clarify that pursuit initiation is asso-
ciated with the speed of visual motion perception and sensory motor processing. These results
support the suggestion regarding the existence of a common neural pathway involved in both
pursuit initiation and motion perception.
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