
&p.1:Abstract We investigated the effects of stationary and
moving textured backgrounds on the initiation and
steady state of ocular pursuit using horizontally moving
targets. We found that the initial eye acceleration was
slightly reduced when a stationary textured background
was employed, as compared to experiments with a ho-
mogeneous background. When a moving textured back-
ground was introduced, the initial eye acceleration was
significantly larger when the target and the background
moved in opposite directions than when the target and
the background moved in the same direction. The use of
stationary and moving textured backgrounds resulted in
comparable effects on the initial eye acceleration when
they were presented either as a large field or as a narrow,
horizontal small field, only covering the trajectory of the
target. Moreover, small-field stationary backgrounds
slightly reduced the eye velocity during steady state pur-
suit. A small-field background moving in the opposite
direction to the target distinctly reduced eye velocity,
while a target and a background moving in the same di-
rection sometimes even improved pursuit performance,
when compared with a homogeneous background. The
influences of small-field textured backgrounds on steady
state pursuit were comparable with those of large-field
backgrounds in both stationary and moving conditions.
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Introduction

Human and nonhuman primates have the ability to focus
on moving objects with the fovea, by executing volun-
tary smooth-pursuit eye movements. In natural environ-
ments objects frequently move relative to stationary tex-
tured backgrounds. Moreover, these backgrounds can

also be in motion. The background motion may either be
induced externally, for example, treetops moving in the
wind or flowing water, or induced by self-motion when
walking or driving.

However, when moving objects are tracked against a
stationary background or one moving in the opposite di-
rection, inhibitory interactions between the optokinetic
and smooth-pursuit system may occur. During pursuit
the whole background drifts across the retina, and this
coherent movement represents an optimal stimulus for
the optokinetic system. In fact, these two systems do not
seem to work independently, as studies on humans (e.g.,
Merrill and Stark 1963; Yee et al. 1983; Collewijn and
Tamminga 1984; Howard and Marton 1992; Niemann et
al. 1994; Masson et al. 1995) and on nonhuman primates
(Keller and Khan 1986; Ilg et al. 1993; Mohrmann and
Thier 1995) indicate. Eye velocity is reduced when ob-
jects are tracked over textured backgrounds, compared
with the eye velocity with objects tracked over homoge-
neous backgrounds. When the target and the background
move in the same direction, pursuit is even enhanced
(Merrill and Stark 1963; Yee et al. 1983; van den Berg
and Collewijn 1986; Masson et al. 1995). Recent neuro-
physiological data of single neurons in the nucleus of the
optic tract (NOT) seem to support the idea of such an in-
teraction (Mustari and Fuchs 1990; Ilg and Hoffmann
1991). Ilg and Hoffmann (1991) reported a reduced re-
sponse in target-sensitive NOT neurons in monkeys
when they pursued a target across a structured back-
ground, as compared with the neurons’ response when a
uniform background was in place. These interactions be-
tween the target and the background, and the effects on
the steady state pursuit performance have so far only
been investigated for large-field backgrounds. We were
interested in the influence of stationary or moving small-
field textured backgrounds on pursuit in order to deter-
mine whether the interactions could be attributed to local
rather than to global mechanisms. In fact, we found that
the effects on the pursuit performance, using small-field
backgrounds or large-field backgrounds were compara-
ble.

T. Niemann · K.-P. Hoffmann (✉)
Allgemeine Zoologie und Neurobiologie, Ruhruniversität,
D-44780 Bochum, Germany&/fn-block:

Exp Brain Res (1997) 115:531–540 © Springer-Verlag 1997

R E S E A R C H  A RT I C L E

&roles:T. Niemann · K.-P. Hoffmann

The influence of stationary and moving textured backgrounds
on smooth-pursuit initiation and steady state pursuit in humans

&misc:Received: 14 December 1996 / Accepted: 30 December 1996



Furthermore, we focused on pursuit initiation. The
smooth-pursuit system is not influenced by visual feed-
back during the initial phase because of the delay in the
visual system. The eye acceleration is only dependent on
the retinal events preceding the onset of eye movement
(e.g., Lisberger and Westbrook 1985; Keller and Khan
1986; Tychsen and Lisberger 1986; Carl and Gellman
1987; but see also Kao and Morrow 1994). The influenc-
es of stationary textured backgrounds have so far only
been investigated in monkeys and have produced contra-
dictory results (Keller and Khan 1986; Kimmig et al.
1992; Mohrmann and Thier 1995). While Keller and
Khan (1986) and Kimmig et al. (1992) demonstrated that
the initial eye acceleration is distinctly impeded by a
structured background, Mohrmann and Thier (1995)
found only a small inhibitory effect. Mohrmann and Thi-
er (1995) mainly attributed these differences to the mon-
key’s experience in the paradigm and to a good target
visibility. We tested the influence of stationary structured
backgrounds on humans and found effects comparable
with those of Mohrmann and Thier (1995) when both ex-
perience and good target visibility were provided. Addi-
tionally, we examined the influence of moving textured
backgrounds on smooth-pursuit initiation. Target and
background movement in opposite directions resulted in
greater accelerations than when the target and back-
ground moved in the same direction. The experiments on
initial pursuit were also performed using small-field sta-
tionary and moving textured backgrounds. They yielded
results very similar to those obtained with large-field
backgrounds.

In order to faciliate the comparison of smooth-pursuit
performance in our experiments with other studies, we
repeated some pursuit initiation and steady-state pursuit
experiments with homogeneous, large-field, stationary
and moving textured backgrounds. The results obtained
concur with the studies cited above for smooth pursuit in
humans (e.g., Yee et al. 1983; Tychsen and Lisberger
1986).

Materials and methods

Subjects

The experiment employed three subjects ranging from 29–32
years old with normal or corrected-to-normal vision. Two subjects
had prior experience of psychophysical oculomotor experiments.

Eye movement recording

The horizontal eye movements of one eye were measured with an
infrared eye-tracker (Ober 2). The sampling rate of the 12-bit ana-
log-to-digital converter was 500 Hz.

Experimental setup

The two monitors used to present the stimuli were positioned at
right angles to each other. A semisilvered mirror was positioned at
a 45° angle between the monitors in order to optically superim-

pose both stimuli. The presentation of the superimposed stimuli
was coplanar. The subject viewed the stimuli from a distance of
57 cm. The subject’s head was stabilized using chin and forehead
supports. The ambient luminance of the laboratory was
<0.01 cd/m2.

Stimuli

Two types of stimuli were presented simultaneously, a target stim-
ulus and a background stimulus. Both stimuli were generated by
computers (two PCs 486DX with VGA graphic cards) and devel-
oped using Nyström, a stimulus generation software implemented
in the eye movement recording system (Ober 2). The two stimuli
were superimposed optically. Thus, two stimuli, the target and the
background stimulus, were viewed by both eyes at the same time.
The physical parameters of the two stimuli shown on each monitor
were as follows.

On one monitor was a target stimulus comparable with the
step-ramp stimulus of Rashbass (1961). Preceding each trial, a sta-
tionary target, which had to be fixated, was presented at the center
of the screen. After a randomly chosen time between 500 and
1000 ms, the target started to move horizontally to the right or left
immediately after it had stepped instantaneously away, right or left
of the center. Thus four possible target trajectories could be pre-
sented: the ramp moved either in the same direction as the step,
(1) to the right or (2) to the left (foveofugalstimulus); or in the op-
posite direction to the step, bringing the target toward the center,
(3) to the right or (4) to the left (foveopetalstimulus). The direc-
tion of the steps and ramps was presented randomly. The step of
the target was selected in such a way that the target always needed
200 ms to return to the center during a foveopetal target trajectory
irrelevant of the target velocity. In these circumstances foveation
saccades on the moving target either do not occur at all or only oc-
cur after a delay (Gellman and Carl 1991). Thus the initial pursuit
is rarely disturbed by saccades. Two different target velocities
were tested (2.5°/s and 10°/s). The target moved for 1000 ms. It
had a diameter of 0.2° of visual angle with a luminance of
50 cd/m2.

The second monitor served to present either a homogeneous or
a textured (stationary or moving) background. The moving back-
ground was a large-field pattern consisting of black and white
stripes (spatial frequency 1 cycle/deg) moving horizontally. The
velocity of the pattern was adjusted to the tested target velocities
(2.5°/s and 10°/s, respectively). The moving background was con-
tinuously in motion during an experimental session. The stationary
background consisted of the same stripes as the moving back-
ground. Both backgrounds were 30° × 20° (large field) or
30° × 0.5° (small field) of visual angle (see Fig. 1). The luminance
of the homogeneous and dark parts of the textured background and
of the light parts was 1 cd/m2 and 4 cd/m2, respectively. In both
backgrounds conditions, small field and large field, the target
moved across the background.

Experimental procedure

All the trials were viewed binocularly. At the beginning of each
session the eye-movement recording system was calibrated by in-
structing the subject to alternately fixate two dots 25° horizontally
apart. The subjects had to initially fixate the target until they de-
tected the onset of movement. Subsequently, the subject had to ac-
tively follow the target.

When investigating the influence of small-field backgrounds
on smooth-pursuit performance, the step of the target was provid-
ed with an additional vertical component of 1.5° of visual angle
downward. The target trajectory was placed in the middle of the
small-field background (see Fig. 1). This experiment was per-
formed with a target and background velocity of 10°/s. All the
subjects had to perform at least 50 trials with each background
within 3 days, the one exception being the moving background,
where 100 trials were required.
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Data analysis

Eye velocity was determined by digital differentiation of eye posi-
tion over time. To reduce the noise of eye velocity, data was digi-
tally low-pass filtered (0–25 Hz bandwidth).

Each trial was displayed on a computer monitor with a position
and velocity trace. Saccades were excluded from eye velocity. The
beginning and end of the saccades were determined by a key-
board-controlled cursor. The segment of eye velocity between the
beginning and end of a saccade was interpolated linearly. The eye
acceleration of an initial pursuit and the eye velocity during the
steady state in individual trials were calculated within user-defined
time intervals. The manually controlled cursor was positioned at
the beginning of the pursuit when the eye velocity started to in-
crease. The mean eye acceleration of an initial pursuit was then
calculated over an interval of 100 ms, commencing at the onset of
pursuit. Steady state pursuit was characterized by its gain, defined
as the mean eye velocity calculated over a 300-ms interval
200–400 ms after pursuit onset divided by target velocity. The tim-
ing of the steady state interval remained variable in order to exam-
ine catch-up saccade free intervals.

In addition, a control analysis was carried out to determine the
pursuit acceleration according to the method used by Carl and
Gellman (1987). At first a regression line was calculated over a
140-ms interval, beginning 100 ms before the onset of target
movement and ending 40 ms later. When the eye velocity of pur-
suit deviated from this line by 3 SDs, a second regression line was
fitted to the next 100 ms of eye velocity starting from this point.
Pursuit eye acceleration was given as the slope of this velocity re-
gression line. However, values obtained using this method deviat-
ed less than 10% from the values obtained in the original data
analysis. Moreover, in some experiments we averaged eye velocity
for the same stimulus conditions. Trials were aligned to the onset
of target motion and averaged. The mean eye acceleration was
also determined according to the method used by Carl and Gell-
man (1987). Again, the averaged records yielded results compara-
ble with those obtained by the mean of the eye accelerations ob-
tained in the individual trials.

Results

Steady state pursuit

Figure 1 shows the ratio of eye velocity and target veloc-
ity (gain) of three subjects pursuing a target over differ-
ent backgrounds. The data of target movement to the left

and right were pooled. A Kruskal-Wallis ANOVA
showed that small-field stationary and moving back-
grounds had significant effects on pursuit (P≤0.0001, all
subjects). The small-field, stationary structured back-
ground had an inhibitory effect on the steady state pur-
suit. This is reflected in a reduction in gain of about 6%,
compared with the pursuit over a homogeneous back-
ground (subject T.N. with P≤0.05, Dunn’s test). More-
over, the smooth-pursuit performance depends on the di-
rection of the pattern movement. When the target and
pattern move in the same direction (synergistic stimula-
tion), the tracking is comparable with or slightly better
than tracking over a homogeneous background (signifi-
cant improvement in gain for subject J.L. with P≤0.05,
Dunn’s test). When the target and pattern move in oppo-
site directions (antagonistic stimulation), the tracking is
distinctly impaired, when compared with the tracking
where a homogeneous background is present (subjects
T.N. and V.S.with P≤0.05, Dunn’s test). Thus, the effect
of the moving pattern on pursuit gain is more pro-
nounced in the antagonistic than in the synergistic stimu-
lation.

As a control, we also investigated the influence of
large-field stationary and moving backgrounds on the
steady state pursuit (Fig. 1). The effects of large-field
backgrounds on steady state pursuit were similar to those
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Fig. 1 Gain (ratio of eye and target velocity) of steady state pur-
suit with different backgrounds. Target velocity was 10°/s. Indi-
vidual (JL, TN, VS; gray bars) and accumulated (Σ; black bars)
data of all the subjects are shown. Each bar represents the mean
gain in a 300-ms interval of steady state pursuit averaged from at
least 40 identical trials. The background conditions are indicated
below each bar(HB homogeneous, SB stationary textured, MB
moving background). Target movement with or againstthe back-
ground movement in the MB condition is marked under the corre-
sponding bars as syn (synergistic stimulation) and ant (antagonis-
tic stimulation), respectively. The diagrams shown on the left of
the corresponding graphs indicate the spatial extent and relation-
ship between the stationary and moving background and the tra-
jectory of the target. Note that in the case of a small-field back-
ground, the target also moved across the background&/fig.c:



of small-field ones (Table 1; Kruskal-Wallis ANOVA,
P≤0.0001, all subjects; stationary background: signifi-
cant reduction in gain with P≤0.05, subject V.S.; syner-
gistic movement of the background: significant improve-
ment with P≤0.05, subject V.S.; antagonistic movement
of the background: significant reduction with P≤0.05, all
subjects; compared with the tracking over a homogene-
ous background, Dunn’s test). The results obtained with
large-field backgrounds concur with other studies inves-
tigating the influence of stationary structured and optoki-
netic backgrounds on steady state pursuit in humans
(Merrill and Stark 1963; Yee et al. 1983; Collewijn and
Tamminga 1984; van den Berg and Collewijn 1986;
Howard and Marton 1992; Niemann et al. 1994; Masson
et al. 1995).

Initial pursuit

A representative example of initial pursuit in a foveofu-
gal and foveopetal target paradigm is shown in Fig. 2.
After a short latency the eye started to move and acceler-
ate up to the velocity of the target. A saccade intruded
upon the pursuit initiation with the foveofugal target
movement. Saccades occurred frequently during the ini-
tial phase with the foveofugal and rarely with the foveo-
petal target movement. This behavior was also observed

in nonhuman primates (Keller and Khan 1986). Foveo-
petal stimulation leads to distinctly longer latencies than
foveofugal stimulation (approx. 50 ms).

Figure 3 shows the eye acceleration of the initial pur-
suit with homogeneous and stationary structured back-
grounds. Accelerations to the right and left of foveofugal
and foveopetal stimulation have been pooled. The fol-
lowing observations were made:

1. The acceleration increases with the faster target velocity.

2. When compared with the foveofugal stimulation,
foveopetal stimulation results in distinctly higher accel-
erations.

3. A stationary structured background only seems to
have a slightly inhibitory influence on the initial phase in
the foveopetal condition. The effect was significant on
subjects V.S. and J.L. with a target velocity of 10°/s
(P≤0.005, U-test). Eye acceleration was reduced by ap-
proximately 10%.

The experiments with foveofugal and foveopetal stim-
ulation with a homogeneous background were again per-
formed as a control. The results concur with other stud-
ies investigating the initial pursuit in humans (Tychsen
and Lisberger 1986; Carl and Gellman 1987; Kao and
Morrow 1994).

Figure 4 shows the eye accelerations in case of target
movements with a large-field moving background. When
a moving background is used, four different stimulus
configurations can be distinguished: a foveofugalmove-
ment of the target moving in the same (Fig. 4A) or oppo-
site (Fig. 4B) direction and a foveopetalmovement mov-
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Table 1 Relative values of gain reduction (negative values) or im-
provement (positive values) of steady-state pursuit with different
backgrounds compared with homogeneous background (HB

homogeneous, SB stationary textured, MB moving background,
syn synergistic stimulation, ant antagonistic stimulation).
Mean±SD from three subjects&/tbl.c:&tbl.b:

Fig. 2 Representative initial pursuit with a foveofugal (fugal) and
foveopetal (petal) step-ramp target paradigm. The upper trace
shows the eye and target position, the lower tracethe eye velocity.
The target moved to the right with a velocity of 10°/s. The onset of
the target movement is marked by a vertical dashed line&/fig.c:

Background condition Small-field background (%) Large-field background (%)

HB → SB −6.16±1.05 −6.31±1.17
HB → MB syn +5.09±3.79 +5.94±4.71
HB → MB ant −11.09±2.04 −14.8±9.41

&/tbl.b:
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Fig. 3 Eye acceleration of the initial pursuit with different back-
grounds, target velocities, and target paradigms. Individual (JL,
TN, VS; gray bars) and the accumulated (Σ; black bars) data of all
subjects are shown. Each bar represents the mean eye acceleration
in the first 100 ms of pursuit averaged from at least 20 identical
trials. Accelerations with foveofugal (fugal) and foveopetal (petal)
are shown above, with homogeneous (HB) and stationary textured
background (SB) below the corresponding bars. The velocity of
the target is shown on the left of the corresponding graphs (2.5°/s,
10°/s)&/fig.c:

Fig. 4 Eye acceleration during initial pursuit with a large-field
moving background. Acceleration when the target moved with (A,
C synergistic stimulation) or against (B, D antagonistic stimula-
tion) the movement of the large-field background (LMB) are
shown below the corresponding bars. For further details see Fig. 3
&/fig.c:

ing in the same (Fig. 4C) or opposite (Fig. 4D) direction
of the large-field moving pattern.

An asymmetry in acceleration, which is dependent on
the foveofugal and -petal stimulation, was also observed
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with the large-field moving pattern. However, the initial
acceleration was more pronounced when the target and
background moved antagonistically (Fig. 4B, D) com-
pared with the synergistic movement direction (Fig. 4A,
C; all the data were significant with P≤0.01, U-test, ex-
cept the foveofugal condition at a target velocity of
2.5°/s).

Two reasons might account for this result:

1. Recent investigations concerning the initial pursuit in
humans and nonhuman primates have revealed that eye
acceleration depends on the retinal image motion preced-
ing the onset of eye movements (“open-loop” mode; e.g.,
Keller and Khan 1986; Tychsen and Lisberger 1986; Carl
and Gellman 1987). Thus, the motion of the background
could also be integrated and would be reflected in the ac-
celeration. The acceleration may not only be modulated
by the absolute velocity of the target in relation to the
retina, but also by relative movements between the target
and background.

2. During optokinetic stimulation an optokinetic nystag-
mus (OKN) should not occur when a target for fixation
is simultaneously presented (e.g., Barnes and Crombie
1985). However, in the case of the large-field pattern
moving at 10°/s, the eyes drifted during the fixation
phase with a mean velocity of 2.05 ± 2.54°/s SD

(n = 213) compared with –0.103 ± 0.67°/s SD (n = 66)
when a homogeneous background was presented (300-
ms interval; see also Murphy et al. 1975). The drift
would result in smaller retinal velocities of the target
when it moves in the direction of the pattern, and higher
retinal velocities when the target moves in the opposite
direction. As a consequence, different accelerations
might occur because different retinal velocities of a tar-
get result in different amounts of acceleration (see Fig. 3;
Tychsen and Lisberger 1986).

Control experiment

A control experiment was carried out in order to test
which of the two mechanisms described above could be
involved. We ensured that the fixation was also stable
when a moving background was presented. On the one
hand, we reduced the size of the background and, on the
other hand, we separated the fixation target from the
background (see Materials and methods; Fig. 1). The
necessary additional vertical step of the target in this
configuration only has a negligible effect on the acceler-
ation (see Tychsen and Lisberger 1986).

Again, we analyzed the eye velocity during the fixa-
tion phase with a homogeneous and a moving back-
ground. The eyes had a mean velocity of –0.03 ± 0.73°/s
SD (n = 140) with a homogeneous and 0.162 ± 0.58°/s
SD (n = 142) with a moving background (300-ms inter-
val). Thus, when the moving background was presented
practically, no drift occurred during the fixation phase.

However, an antagonistic movement of the target and
background still resulted in significantly higher accelera-
tions than in the case of a synergistic movement

Fig. 5 Eye acceleration during initial pursuit with stationary and
moving small-field backgrounds. Upper row: homogeneous and
stationary textured backgrounds; lower row: moving textured
background. Individual (JL, TN, VS; gray bars) and accumulated
(Σ; black bars) data of all the subjects are shown. (SMB small-
field moving background) For further details see Figs. 3 and 4&/fig.c:
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(P≤0.005, U-test; all subjects and target movement con-
ditions; Fig. 5). Compared with the homogeneous back-
ground, a small-field stationary textured background de-
creased the acceleration slightly (P≤0.005, U-test; sub-
ject T.N.and V.S.in the foveopetal condition).

The influence of small-field stationary and moving
structured backgrounds is also exemplified in the trial
means in Fig. 6. Figure 6A, B shows the averaged desac-
caded eye velocities of one subject as he tracked a mov-
ing target over a homogeneous and a small-field, station-
ary structured background in the foveofugal and foveo-
petal stimulus condition. The two curves in both condi-
tions start to diverge at the beginning of the pursuit be-

cause of the inhibitory influence of the stationary struc-
tured background during the initial and steady state pur-
suit. Figure 6C, D shows the averaged desaccaded eye
velocities of all the subjects when they tracked a moving
target over a small-field moving background. The solid
regression lines of the first 100 ms of pursuit initiation
reveal, in both the foveofugal and foveopetal stimulus
condition, that the slope of the line and consequently the
degree of acceleration is more pronounced when the tar-
get and background move in opposite directions (antago-
nistic movement). However, approximately 200 ms after
the onset of target movement, the velocity of the initial
pursuit changes; the corresponding dotted regression
lines of the ensuing 100 ms of pursuit show that the ac-
celeration is more pronounced when the target and back-
ground move in the same direction (synergistic move-
ment). Eye acceleration derived from the slope of each
regression line is also documented in the inserts in
Fig. 6C, D. This finding will be discussed in the context
of visual feedback onset.

Discussion

The main results documented here indicate that steady
state pursuit is affected by small-field stationary and
moving textured backgrounds. The initial pursuit is only
marginally influenced by stationary and to a greater ex-
tent by moving textured backgrounds.

Our observation, namely that a slightly smaller gain is
obtained during smooth-pursuit performance over sta-
tionary structured backgrounds, is similar to that found
by other studies in humans and nonhuman primates (e.g.,
Collewijn and Tamminga 1984; Keller and Khan 1986;
Howard and Marton 1992; Mohrmann and Thier 1995).

Fig. 6 Averaged initial pursuit velocities with homogeneous and
small-field backgrounds and target paradigms. Target velocity was
10°/s and the onset of target movement was at 0 ms (thin dashed
line). A, B The averaged initial pursuit velocity of the subject T.N.
with a foveofugal (fugal) and foveopetal (petal) step-ramp target
paradigm. The solid traces represent the initial pursuit velocity
with a homogeneous background (foveofugal n = 21, foveopetal
n = 26), the dotted traces with a stationary structured background
(foveofugal n = 26, foveopetal n = 19). C, D Averaged initial pur-
suit velocities and latencies of pursuit onset of all the subjects with
a foveofugal (fugal) and foveopetal (petal) step-ramp target para-
digm. The solid traceswith a negative slope at the bottomrepres-
ent the initial pursuit velocity in the antagonistic condition (ant;
foveofugal n = 110, foveopetal n = 113), the solid traceswith a
positive slope at the top indicate the initial pursuit velocity in the
synergistic condition (syn; foveofugal n = 98, foveopetal n = 91).
Solid regression linesare plotted through the first 100 ms of pur-
suit beginning from the pursuit onset; dotted regression linesare
plotted through 100 ms of pursuit beginning at 200 ms after the
onset of target movement. The bars in the insetsin C and D com-
pare eye accelerations derived from the slopes of each regression
line (synsynergistic, ant antagonistic stimulation, onsetregression
through 100 ms beginning from onset of pursuit, 200 msregres-
sion through 100 ms beginning at 200 ms after onset of target
movement)



Furthermore, our investigation into the influence of a
moving large-field pattern obtained results comparable
with those found in literature (Merrill and Stark 1963;
Yee et al. 1983; van den Berg and Collewijn 1986; Nie-
mann et al. 1994; Masson et al. 1995). Thus, large-field
stationary or moving patterns reveal an antagonistic or
synergistic interaction between smooth-pursuit and opto-
kinetic systems. However, we were able to show that
small-field stationary or moving textured backgrounds
covering the trajectory of the target influence the
smooth-pursuit performance in a similar fashion. Thus,
the local interactions between the target and background
seem to be of greater significance than the global inter-
actions.

Recent neurophysiological data of single neurons in
the NOT of monkeys appear to support the idea of such
an interaction (Mustari and Fuchs 1990; Ilg and Hoff-
mann 1991). During pursuit across a structured back-
ground, two types of neurons were described in NOT,
one coding target slip and one coding background slip.
Target-sensitive neurons in NOT showed reduced re-
sponses to the target during a smooth-pursuit over a tex-
tured background, compared with the responses during a
pursuit across a uniform background. Cortical areas such
as the middle temporal area (MT) and the medial
superior temporal are (MST), projecting to NOT and
pontine nuclei, might represent a site where the target
and background interactions during steady state pursuit
occur. For example, MST cells in monkeys discharge in
relation to smooth-pursuit eye movements as well as to
image motion during fixation (Newsome et al. 1988):
MT and MST are parts of the parieto-occipito-pontocere-
bellar circuit for smooth pursuit in alert monkeys (e.g.,
Komatsu and Wurtz 1988). Moreover, MT cells in awake
monkeys show reduced responses when, in addition to
the preferred direction, a nonpreferred direction is pre-
sented (e.g.Snowden et al. 1991).

The initial acceleration phase of smooth pursuit was
observed to be dependent on the target velocity and on
the foveofugal or foveopetal target trajectory. These re-
sults are comparable with those obtained by Tychsen and
Lisberger (1986) and Carl and Gellman (1987). The in-
fluence of a stationary structured background on the ini-
tial acceleration of pursuit was only tested on nonhuman
primates. Contradictory results were found by Keller and
Khan (1986), Kimmig et al. (1992), and Mohrmann and
Thier (1995). While Keller and Khan (1986) and Kim-
mig et al. (1992) found distinct reductions of up to 50%
in the acceleration with a textured background, Mohr-
mann and Thier (1995) only found marginal reductions
(only about 7% smaller accelerations). According to
Mohrmann and Thier (1995), the differences in the size
of the reduction are mainly due to the monkey’s experi-
ence in the paradigm and the spatial frequency of the tar-
get and background. Large reductions in acceleration
were only observed when the monkey was inexperienced
and when the target and background had similar spatial
frequencies. When good target visibility is provided, a
textured background might have little effect on the accel-

eration. Our results appear to support the observations
made by Mohrmann and Thier (1995), as we also ob-
served only a slight reduction of about 10% in eye accel-
eration with stationary textured backgrounds. All of the
tested subjects were familiar with the stimulus configu-
ration, and two of them even had prior experience of oc-
ulomotor experiments. Moreover, target visibility was
good because of a high contrast between the target and
background (K = 0.85). Masson et al. (1995) investigated
the initial eye velocityof pursuit when tracking a target
over a stationary textured background. They reported a
decrease in the initial eye velocity of up to 12% com-
pared with the initial eye velocity when tracking a target
over a dark background. This correlates quite well with
the reduction in eye acceleration in humans we mea-
sured and those found by Mohrmann and Thier (1995) in
monkeys.

However, the initial eye acceleration also depends on
a moving background. If the target and background
move in opposite directions, this results in higher accel-
erations than if they move synergistically. Thus, to accel-
erate the eye up to the target velocity, the smooth-pursuit
system does not only analyze the motion of the target,
but also the motion of the background. Apart from the
retinal velocities of the target, movements of the back-
ground are important for the initial pursuit. Our results
apparently contradict the results of Masson et al. (1995)
who found an increasedinitial pursuit when the target
and background moved in the same direction (synergistic
movement). However, Masson et al. (1995) measured
initial eye velocitieswhile we were interested in the ini-
tial eye acceleration.Their evaluation (based on eye po-
sition rather than eye velocity) perhaps accounts for why
they discovered latencies of ocular pursuit that are well
above those obtained in other studies (approx. 180 ms la-
tency compared with 100–135 ms recorded by Tychsen
and Lisberger, 1986, and Carl and Gellman, 1987). In
contrast, our latencies of ocular pursuit agree with those
documented by Tychsen and Lisberger (1986) and Carl
and Gellman (1987); (see our Figs. 2, 6). The first
100 ms of pursuit reveal that pursuit acceleration is
greater with an antagonistic target and background
movement. However, approximately 200 ms after the on-
set of target movement, the course of eye velocity chang-
es: the acceleration increases when the target and back-
ground move in the same direction and decreases when
the target and background move in opposite directions
(Fig. 6, dotted regression lines compared with solid re-
gression lines). Moreover, the acceleration during this
temporal interval can even be reversed by antagonistic
and synergistic stimulation, compared with the accelera-
tion when measuring the first 100 ms of pursuit (see also
inserts in Fig. 6C, D). The results of Masson et al. (1995)
correspond to our result for the later temporal interval.
They started their analysis approximately 180 ms after
the onset of target movement. We suppose that the early
temporal interval of the initial acceleration reflects the
open-loop behavior of initial pursuit over moving back-
grounds. In contrast, Masson et al. (1995) measured the
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initial pursuit when the first corrective feedback of the
visual system comes on (see also Tychsen and Lisberger
1986).

Our control experiments with the small-field station-
ary and moving backgrounds reveal that the initial pur-
suit is also influenced by local rather than global interac-
tions between the target and background. The experi-
ments on initial pursuit with large-field moving back-
grounds could also be interpreted with different retinal
target velocities due to the drift of the eye. But, as the
control experiment showed, the integration of back-
ground motion rather than different retinal target veloci-
ties is important for controlling initial pursuit.

Ferrera and Lisberger (1995) investigated the initial
pursuit in monkeys with a moving target when a second
small moving target was simultaneously presented as a
distractor. They interpreted the results in terms of target
selection. As we also used a second moving stimulus
(background stimulus) together with the moving target in
our experiments, our results may also be interpreted in
the context of target selection rather than background in-
teraction. We disagree with such an interpretation for the
following reasons. First of all, the monkeys in the experi-
ments carried out by Ferrera and Lisberger (1995) al-
ways had to choose a “goal target” from two moving tar-
gets just before the onset of target movement. In con-
trast, our subjects always knew in advance which stimu-
lus they had to pursue and which stimulus would serve
as a background. Thus, target selection could readily be
made beforehand throughout the experiments. Secondly,
the results of Ferrera and Lisberger (1995) are quite dif-
ferent to ours. Whereas Ferrera and Lisberger (1995)
found distinct differences between the pursuit latencies
dependent on the movement of the distractor (approx.
70 ms), the pursuit latencies in our experiments, al-
though not quantitatively investigated, showed no dis-
tinct differences in the antagonistic and synergistic stim-
ulus condition (see Fig. 6C, D). Moreover, contrary to
our experiments, Ferrera and Lisberger (1995) found no
significant effect on the acceleration profile. Altogether,
this suggests that our results on initial pursuit during si-
multaneous presentation of moving backgrounds can be
accounted for by background interaction rather than by
target selection.

Electrophysiological recordings of MT neurons in
anesthetized monkeys revealed modulatory influences of
textured backgrounds outside the classical receptive field
(CRF) on the response of these neurons (Allman et al.
1985). The CRF of direction-selective neurons were
stimulated in the preferred direction. Additionally, a
moving background outside the CRF in the preferred di-
rection of this neuron was capable of inhibiting the re-
sponse completely, while a background movement in the
opposite direction could enhance the neuronal response
rate. Similar observations were made by Tanaka et al.
(1986) in neurons in MT and MST. As MT and MST are
part of the parieto-occipito-pontocerebellar circuit for
smooth pursuit in monkeys (e.g., Lisberger et al. 1987;
Komatsu and Wurtz 1988; Newsome et al. 1988; Keller

and Heinen 1991), these findings might represent a neu-
ronal substrate of our observed behavior of eye accelera-
tion with moving backgrounds. As the electrophysiologi-
cal experiments of Allman et al. (1985) were done with
anesthetized monkeys, the animals’ eyes were immobile.
The motion information responsible for the eye accelera-
tion is collected and analyzed approximately 100 ms be-
fore the onset of eye movement during the fixation
phase, in which the eyes are also immobile (Carl and
Gellman 1987). During this period, the antagonistic
movement of the target and background could enhance
the neuronal response rate, resulting in higher eye accel-
erations. Synergistic stimulation would result in the re-
verse effect.

The initial acceleration bias depending on the foveo-
fugal and foveopetal paradigm may be caused by the
neuronal behavior of NOT neurons being involved in
pursuit. NOT neurons in anesthetized and awake mon-
keys show an increase in response during ipsiversive ob-
ject motion (Hoffmann and Distler 1989; Mustari and
Fuchs 1990; Ilg and Hoffmann 1991). Ipsiversive move-
ments toward the fovea in the contralateral visual field or
across the nasal retina evoke stronger responses than
movements away from the fovea in the ipsilateral visual
field or across the temporal retina. As the results of
Mustari and Fuchs (1990) and Ilg and Hoffmann (1991)
indicate a functional connection between the smooth-
pursuit and optokinetic system, the asymmetry in eye ac-
celeration due to foveofugal or foveopetal stimulation
might reflect features of receptive fields of neurons in
NOT.

Stationary textured backgrounds only have marginal
effects, while moving backgrounds have noticeable ef-
fects on steady state and initial pursuit. In natural cir-
cumstances the object and background usually occur at
different depths. In psychophysical experiments investi-
gating the smooth-pursuit gain with moving objects at a
depth other than the textured background, no or only a
negligible influence of the background on the smooth-
pursuit performance has been found (Howard and Mar-
ton 1992). Thus, in naturally occurring situations a sta-
tionary or moving background probably has only a negli-
gible influence on the smooth-pursuit system.
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