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Recent research suggests that blink and saccadic suppression are produced by the same mechanism
(Volkmann, 1986; Uchikawa & Sato, 1995; Ridder & Tomlinson, 1993, 1995). These studies
demonstrated that blink and saccadic suppression have the same effect on various visual functions.
However, none of these studies made a comparison of blink and saccadic suppression in the same
individual. The purpose of this study was to compare the effects of blink and saccadic suppression
on contrast sensitivity functions in the same subject. The effect of saccadic suppression on the
contrast sensitivity function in three normal observers was determined. Employing a two-
alternative, forced-choice technique, thresholds were measured for seven spatial frequencies. At
each spatial frequency, the threshold was determined immediately following detection of a volun-
tary saccade. The magnitude of suppression was taken as the log ratio of the contrast sensitivities
obtained while foveating the stimulus and those obtained during saccades. The magnitude of
saccadic suppression was found to increase as the saccade amplitude increased and to be spatial-
frequency dependent. Low spatial frequencies were suppressed more than high spatial frequencies.
The blink suppression data have been measured previously (Ridder & Tomlinson, 1993). Saccadic
and blink suppression were qualitatively similar. A vertical shift of the data brought the saccadic
and blink suppression data into register. These results suggest that blink and saccadic suppression

are produced by the same or similar mechanisms. © 1997 Elsevier Science Ltd
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INTRODUCTION

Volkmann (1986) defined visual suppression as the
inability to perceive a visual stimulus under certain
viewing conditions. She suggested that normal subjects
demonstrate visual suppression as a means of selecting
relevant information in a given scene. This implies that
the mechanism of suppression serves to remove un-
necessary or distracting visual information.

Suppression of vision has been demonstrated to be
associated with several oculomotor activities. For
example, visual suppression is observed with saccades,
eyelid blinks, vergence movements, and the fast phase of
nystagmus (Volkmann, 1986). If Volkmann’s (1986)
hypothesis is correct, then the form of suppression
observed during these oculomotor activities can yield
insights into the types of information the visual system
considers relevant. In addition, information about any
mechanism employed to produce suppression would be
obtained.
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Several investigators suggested, on the basis of
similarities in the form of suppression, that the mechan-
ism of suppression may be the same for eyelid blinks and
saccades (Volkmann, 1986; Ridder & Tomlinson, 1993).
These similarities include: (1) the magnitudes of blink
and saccadic suppression are similar under appropriate
viewing conditions (Volkmann, 1986; Stevenson et al.,
1986); (2) the magnitudes of both blink and saccadic
suppression increase as the amplitude of the movement
increases (Mitrani et al., 1970; Stevenson et al., 1986);
(3) suppression begins before these movements start
(Beeler, 1967; Brooks & Fuchs, 1975; Volkmann ef al.,
1980; Manning et al., 1983; Manning, 1986; Volkmann,
1986); and (4) the effect of stimulus spatial frequency on
blink and saccadic suppression is similar (Volkmann et
al., 1978; Burr et al., 1982; Ridder & Tomlinson, 1993).
Thus, several studies indicate that blink and saccadic
suppression have similar characteristics which suggest
that they may result from a single mechanism.

However, none of the above studies have measured
blink and saccadic suppression in the same individual.
This would allow for direct comparisons between blink
and saccadic suppression to be made. The purpose of the
present study was to determine if the form of suppression
observed with saccades was similar to that produced by
eyelid blinks in the same subjects.
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FIGURE 1. Experimental setup. The subject monocularly fixated the left marker before a trial began. Stimulus initiation was
controlled by the subjects’ saccades to the right fixation marker. The saccades were monitored by an infrared eye monitor.

METHODS

Subjects

Three observers were employed in this psychophysical
study. They had 6/6, or better, corrected vision. Ocular
health was normal for all subjects. One of the subjects
was naive with respect to the purpose of the experiment.

Visual stimulus

A CRT Image Synthesizer (Innisfree, Picasso) pro-
duced the visual stimulus, a horizontally oriented, sine-
wave grating (16.67 msec stimulus duration, square-

wave onset and offset), on a Tektronix 608 monitor. The
phosphor decay rate of the monitor was approximately
1 msec for a 90% contrast, square-wave grating (Ridder
& Tomlinson, 1993). Since the contrast of the stimulus
typically employed in this study was considerably less
than 90%, the stimulus presentation time was not
appreciably lengthened by the phosphor decay rate of
the monitor. The Picasso was controlled by an 80386
computer. The stimulus screen subtended angles of
6.0 deg vertically by 8.0 deg horizontally at a 1.0m
viewing distance, and had a mean screen luminance of
22.3 cd/m>. Surrounding the screen was a white board
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(13 deg x 26 deg) with a luminance of 2.23 cd/m”. The
room luminance was approximately 1 cd/m?.

Technique

The subject viewed the stimulus under monocular
conditions (Fig. 1). Seven spatial frequencies were used
(0.5, 1.0, 2.0, 4.0, 6.0, 8.0 and 15.0 c/deg). Contrast was
defined as C = (Liax — Limin)/(Linax + Lmin)), Where L.,
and L, are the maximum and minimum luminances of
the sine-wave grating. A temporal, two-alternative,
forced-choice paradigm combined with a self-paced
method of limits was employed. Trials were only initiated
when the experimenter had determined that the subject
was fixating the center of the left fixation marker. The
subject then initiated the trial by making a saccade to the
center of the right fixation marker. Stimuli were
presented as soon as the saccade was detected or during
central viewing of the oscilloscope. During a single run
the subject was required to correctly identify the time
interval that contained the stimulus. Stimulus contrasts
were increased by 0.1 log unit for incorrect responses and
decreased by 0.1 log unit for two consecutive correct
responses. The procedure continued for 11 reversals of
stimulus contrast and the last nine reversals were
averaged to give a threshold and standard deviation.

An Eye Trac Model 200 monitored the limbal position
of the nonviewing eye. Processing times by the eye
monitor and the computer were determined by feeding
the eye monitor signal irto a Tektronix model 5441 dual
channel, storage oscilloscope. The signal to the Tektronix
608 oscilloscope from the computer was fed into the
second channel of the storage oscilloscope. The time
difference between the two signals was taken as the
processing time. An average of ten trials gave a
processing time of 20.2 msec (SD = 8.52). Thus, the
stimulus was presented approximately 20 msec after the
saccade was detected. Thresholds were obtained for
saccades of 6, 12, 18, and 24 deg amplitudes. Different
saccade amplitudes were obtained by moving the fixation
targets to the appropriate distance while always keeping
the oscilloscope centered.

Blink suppression

The blink suppression data are taken from Ridder &
Tomlinson (1993). The magnitude of blink suppression
was taken as the difference between the contrast
sensitivity data acquired at zero and 400 msec after
detection of the blink. The 400 msec data were used
because the suppression resulting from the blink had
dissipated by this time. For this study, the sine-wave
gratings were oriented vertically. Horizontal gratings
were used with the saccades to minimize the effects of
masking (minimal with horizontal saccades) and to more
readily compare these data with previous studies of
saccade suppression that used horizontal gratings. This
difference in grating orientation should not have an effect
on the results for two reasons. First, the control and
experimental data are obtained with the same grating
orientation for both blinks and saccades. Thus, we are

3173

CONTROL

6 DEGREES |
12 DEGREES
18 DEGREES
24 DEGREES
=3

100

CONTRAST SENSITIVITY

1 ‘ 1 _ 1 R

0j5 2 8 32
SPATIAL FREQUENCY (c/deg)

0.12

FIGURE 2. Contrast sensitivity functions obtained while foveating the
stimulus and during saccades of various amplitudes. The mean and
standard error is plotted for all the subjects. The solid curves drawn
through the data are the best fitting functions derived from an iterative
fitting routine. See text for further details and Table 1 for the results of
the curve fits. Saccades resulted in a decrease in sensitivity that was
dependent on the saccade amplitude and the stimulus spatial
frequency.

comparing magnitudes of suppression which are inde-
pendent of grating orientation and absolute contrast
sensitivity. Second, contrast sensitivity for vertical and
horizontal gratings are comparable so the grating
orientation should have little effect (Campbell et al.,
1966; Berkeley et al., 1975; Camisa et al., 1977,
Williams et al., 1981). Thus, the difference in grating
orientation for the blinks and the saccades should have a
minimal effect on the results.

RESULTS

The contrast sensitivity functions (mean - SE) for the
three subjects are displayed in Fig. 2. Spatial frequency is
plotted on the horizontal axis and contrast sensitivity on
the vertical axis. The control data (filled squares) were
obtained with the subjects centrally fixating the oscillo-
scope screen. The contrast sensitivity functions for the
four saccade amplitudes are also plotted (open squares
= 6 deg saccades, filled circles = 12 deg saccades, open
circles = 18 deg saccades, and filled triangles = 24 deg
saccades). Overall, the contrast sensitivity decreases as
the saccade amplitude increases. This is consistent at all
the spatial frequencies investigated. For all four saccade
amplitudes, the contrast sensitivity is decreased the
greatest at the low, relative to the high, spatial
frequencies. Similar functions have been presented
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TABLE 1. The parameters derived from the contrast sensitivity function curve fitting routine

Condition Peak CS Peak SF High slope Low slope Cut-off
No saccade 100(F) 0.74 222 1.25 20.3
6 deg 44.8 1.48 222 1.82 20.2
12 deg 25.0 1.26 2.34 1.85 16.5
18 deg 23.0 1.16 2.22(F) 3.92 16.5
24 deg 13.6 1.33 2.22(F) 2.39 14.8
Blink 39.3 1.21 1.85 2.07 21.7

The data with an (F) indicate that these points had to be fixed during the iterative routine to obtain an optimum fit. Results are shown for the
control condition and the different saccade amplitudes for the entire group of subjects. The results are also given for the blink data. The curves
are displayed in Fig. 2. Peak CS = peak contrast sensitivity, Peak SF = peak spatial frequency, High slope = high spatial frequency slope,
Low slope = low spatial frequency slope, Cut-off = high spatial frequency cut-off or resolution in c/deg.
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FIGURE 3. Loss in contrast sensitivity during saccades and blinks
(data for blinks taken from Ridder & Tomlinson, 1993). The log ratio
of the contrast sensitivity obtained under control conditions and during
the saccades or blinks is plotted. The greater the saccade amplitude, the
greater the suppression obtained. Additionally, saccadic suppression is
the greatest at low spatial frequencies, regardiess of the saccade
amplitude. The form of blink suppression across spatial frequency is
similar to that of saccadic suppression. The magnitude of blink
suppression is less than that obtained with a 6 deg saccade.

previously for saccadic and blink suppression (Volkmann
et al., 1978; Ridder & Tomlinson, 1993; Burr et al.,
1994).

The data were fit with a function that had four floating
variables (peak contrast sensitivity, peak spatial fre-
quency, high spatial frequency slope, and low spatial
frequency slope) (Harwerth et al., 1990, for a discussion
of the curve fitting routine). The curves drawn through
the data are the best fit based on this function (Fig. 2).
Table 1 contains the four floating variables determined
for each fit. There are several important features of the
curve fits. First, the peak spatial frequency of the fit to the
control data is 0.74 c/deg, whereas, for all the saccade
data the peak spatial frequency is greater than 1.0 c/deg.
Second, the low spatial frequency slopes for the saccades
are greater than for the control condition. Thus, the
saccades result in a decrease in contrast sensitivity for
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FIGURE 4. Normalized log ratio for the four different saccade
amplitudes and blinks. See text for normalization procedure. The
normalization procedure decreased the variability between the data for
different saccade amplitudes. The magnitude of saccadic suppression
decreased up to 4.0 c/deg and then leveled off. The normalized data
could be modeled with two equations; one for low and one for high
spatial frequencies. This suggests that there may be two separate
mechanisms producing the loss in sensitivity observed with saccades.
The blink suppression data were not significantly different from the
saccadic suppression data (P = 0.57).

low spatial frequencies. This changes the shape of the
contrast sensitivity function from low pass to band pass.
Third, the high spatial frequency slopes for all of the data
are similar. And lastly, the changes in peak spatial
frequency and peak contrast sensitivity with increasing
saccade amplitude produce spatial frequency cut-offs
(c/deg) that are similar for all the conditions (i.e., spatial
resolutions ranging from 20/30 to 20/40). The variables
obtained from the curve fits to the blink suppression data
are similar to the saccade suppression data.

The effect of stimulus spatial frequency on the
magnitude of suppression can be displayed more clearly
by plotting the log ratio of the control data and the
saccade or blink data (Fig. 3). Spatial frequency is plotted
on the horizontal axis and the log ratio of the control data
and saccade or blink data (i.e., Log (Control Contrast
Sensitivity/Saccade or Blink Contrast Sensitivity)) on the
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vertical axis. For all conditions, the low spatial
frequencies exhibit the greatest magnitude of suppres-
sion. As spatial frequency is increased up to approxi-
mately 4 c/deg, the magnitude of suppression decreases.
Above 4 c/deg, there is a flattening of the function. This
suggests that the mechanism of suppression changes near
4.0 c/deg. The magnitude of suppression also increases as
the saccade amplitude increases. The magnitude of
suppression obtained with the blinks is somewhat less
than that obtained with the 6 deg amplitude saccade but
the effect of spatial frequency is qualitatively the same
for both the blink and saccade data.

To determine whether a simple vertical shift would
bring the blink and saccade suppression data into register,
all the data were normalized (Fig. 4). Spatial frequency is
plotted on the horizontal axis and the normalized log ratio
on the vertical axis. The magnitude of suppression was
set to zero at 4.0 c/deg and the other spatial frequencies
were adjusted accordingly. Four cycles per degree was
chosen for two reasons. First, previous studies have
suggested that little or no neural suppression is observed
at higher spatial frequencies (Volkmann et al., 1978; Burr
et al., 1982; Ridder & Tomlinson, 1993). Examination of
our Fig. 3 also indicates that above 4.0 c/deg there is a
flattening of the function. This implies that at or near
4.0 c/deg there is a fundamental change in the mechanism
or mechanisms that produce suppression. We wanted to
normalize the data at a spatial frequency near where this
mechanism changed. And secondly, an objective method
of least squares was used to determine where two lines fit
to the data (one for high and one for low spatial
frequencies) would intercept (Bogartz, 1968). For a
discussion of the methodology see Bogartz (1968). The
non-normalized data (Fig. 3) for each saccade amplitude
were fit by this method. For the 6 and 12 deg saccade
amplitudes, the intercept was determined to be between 2
and 4 c/deg. No intercept could be determined for the 18
and 24 deg saccade amplitude data. The intercept for the
blink suppression data was between 1.0 and 4.0 c/deg.
Thus, based on previous qualitative impressions of the
data, as well as an objective mathematical fitting routine,
4.0 c/deg appears to be the best spatial frequency to use
for normalization of the data.

By making this vertical translation of data, the
variability in the magnitude of suppression for the
different saccade amplitudes was decreased. At low
spatial frequencies, the data for the four different saccade
amplitudes now overlap. Above 4 c/deg, the normal-
ization process also decreased the variability in the data,
but not as well as at the low spatial frequencies.

Examination of Fig. 4 suggests that the data can be
modeled with two different functions, one for low and
one for high spatial frequencies. The low spatial
frequencies, 0.5, 1, and 2 c/deg, are best fit with the
equation: y = 0.295 + (—0.532)*LOG(X). The R? for this
fit to the data is 0.736. The 4 c/deg data were not used in
the fit since it was the normalization point. The high
spatial frequencies (6, 8, and 15 c/deg) displayed greater
variability but the best fit was: y = 0.176 — 9.7101e — 3X,
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R*=0.191. The two equations have a crossover point
which is near 2.0 c/deg. This observation is consistent
with the notion that there is a fundamental difference
between the forms of suppression that occur above and
below 2.0-4.0 c/deg.

The vertical shift of the data decreased the discrepancy
between the blink and saccade data. The blink suppres-
sion data now lie just below the saccade data at 0.5 c/deg
and overlay the saccade data at 1.0 c/deg. Since it has
been reported that the blink suppression data approach
zero at about 4.0 c/deg (Volkmann et al., 1978; Ridder &
Tomlinson, 1993), we wanted to see if the blink and
saccade suppression data were significantly different at
these low spatial frequencies. A repeated measures
ANOVA was performed to determine if the blink
suppression data were significantly different from the
saccadic suppression data (6, 12, 18 and 24 deg data) at
0.5 and 1.0 c/deg. The results indicate that there is no
significant difference between the blink and saccadic
suppression data (P = 0.57). A post-hoc, pairwise com-
parison with the Bonferroni multiple comparisons test did
not yield any significant results (P > 0.05).

In addition to the above analysis, a repeated measures
ANOVA was run on the data at 0.5, 1.0 and 6.0 c/deg.
The 4.0 c/deg data were not used because this was the
spatial frequency that was set to zero in the normalization
procedure. Included in the ANOVA were the 6, 12, 18
and 24 deg saccade data, as well as the blink data for each
subject (similar to the previous analysis). Again, there
was no significant difference found between blink and
saccade suppression (P =0.43). A post-hoc, pairwise
comparison with the Bonferroni multiple comparisons
test did not yield any significant results between the
different saccade amplitudes and the blink suppression
data (P > 0.05).

DISCUSSION

Saccades produce a suppression of visual information
that is spatial-frequency selective (Figs 2-3). The form of
this suppression is independent of the saccade amplitude
(Fig. 4). The normalized saccadic suppression data can be
adequately modeled with two separate functions con-
sistent with the concept that a minimum of two
mechanisms are responsible for saccadic suppression
(Fig. 4). Blinks produce suppression of visual informa-
tion that is also spatial-frequency specific (Fig. 3). When
blink and saccadic suppression data are normalized, the
magnitudes of suppression across spatial frequency are
indistinguishable (Fig. 4). This indicates that blink and
saccadic suppression result from the same mechanism.

Several investigators suggested that the suppression
associated with blinks has a neural origin (Volkmann,
1986; Ridder & Tomlinson, 1993, 1995). Blinks only
result in suppression of low spatial frequency information
(Fig. 3; see also Ridder & Tomlinson, 1993). This
indicates that neural suppression only affects low spatial
frequencies. During saccades, suppression is observed for
high and low spatial frequencies, which indicates that an
additional mechanism of suppression must be present.
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Low spatial frequency suppression associated with
saccades and blinks

Previous research suggested that the suppression at low
spatial frequencies during blinks and saccades is specific
to the magnocellular visual pathway (Volkmann et al.,
1978; Burr et al., 1982; Ridder & Tomlinson, 1993; Burr
et al., 1994). The magnocellular visual pathway carries
information for low spatial frequency, high temporal
frequency, low contrast, achromatic stimuli. A parallel
pathway, the parvocellular pathway, carries visual
information for high spatial frequency, low temporal
frequency, chromatic stimuli (Merigan & Maunsell,
1990, 1993). Thus, the visual stimulus employed can be
manipulated to bias detection towards either the magno-
cellular or parvocellular pathway.

Uchikawa & Sato (1995) and Ridder & Tomlinson
(1995) have used luminance and color stimuli to bias
detection towards either the magnocellular or parvocel-
lular pathway during blinks and saccades. In both studies,
the luminance channel was suppressed more than the
opponent-color channel, which indicated that the mag-
nocellular pathway was being suppressed. Other aspects
of the stimulus can be manipulated to bias detection to
either the magnocellular or parvocellular pathway.

For example, if a low spatial-frequency stimulus with a
contrast just above threshold is presented for a brief
period of time (i.e., at a high temporal frequency), then it
would preferentially be detected by the magnocellular
pathway. The stimuli that we employed were only
presented for 16.67 msec (nominally a temporal fre-
quency of 30 Hz) and had contrasts near threshold. The
low pass function that was observed with the control
condition (Fig. 2) resembles previous contrast sensitivity
functions obtained with high temporal frequency stimuli
(Kelly, 1979, 1983, 1984). Thus, we employed a high
temporal frequency stimulus that should have biased
detection towards the magnocellular pathway.

The change in the shape of the contrast sensitivity
function from a low pass (control condition) to a band
pass function (during saccades) suggests that the
magnocellular pathway is being suppressed and now
detection is mediated by the parvocellular pathway. This
change in shape of the contrast sensitivity function can
occur by either suppressing the entire magnocellular
pathway relative to the parvocellular pathway or by
suppressing the low spatial frequency channels of the
magnocellular pathway.

Several investigators have described movement-sensi-
tive and pattern-sensitive systems (also referred to as
transient and sustained channels) that appear to correlate
with visual processing by the magnocellular and
parvocellular pathways, respectively (Keesey, 1972;
Kulikowski & Tolhurst, 1973; Harwerth et al., 1980).
These channels have been shown to each consist of
several distinct subsystems or subchannels (Pantle &
Sekuler, 1968; Tolhurst, 1973; Wilson et al., 1983). It is
possible that instead of suppressing the entire magnocel-
lular pathway, the neural suppression that occurs only
affects a portion of its channels (e.g., those tuned to
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FIGURE 5. Effect of saccade amplitude on the magnitude of saccadic

suppression for the different spatial frequencies investigated. The

magnitude of suppression increases with increasing saccade amplitude.

The functions for 4.0, 6.0, 8.0, and 15.0 cycles per degree overlap,

indicating that suppression does not change at spatial frequencies
above 4.0 c/deg.

spatial frequencies below 4.0 c/deg). This would require
varying degrees of suppression with channels tuned to the
low spatial frequencies being suppressed the greatest.
Unfortunately, our data cannot discriminate between
these two distinct hypotheses. Either mechanism would
result in a band pass contrast sensitivity function with the
peak spatial frequency gradually increasing as the
magnitude of suppression increased. However, the
simplest model of suppression would be one in which
the entire motion-sensitive system was suppressed. This
not only explains our data adequately, but would also not
require varying degrees of suppression for the different
channels.

High spatial frequency suppression associated with
saccades

Saccades also produce a decrease in sensitivity for high
spatial frequency information that is dependent on the
saccade amplitude (Fig. 5). Saccade amplitude is plotted
on the horizontal axis and the log ratio (i.e., log (control
contrast sensitivity/saccade contrast sensitivity)) on the
vertical axis. Data for all seven spatial frequencies are
displayed. The magnitude of suppression decreases up to
about 4.0 c/deg and then remains constant. A similar
observation was made with the data in Fig. 4 for the
normalized data. Thus, the normalization process had no
effect on this observation. Since saccades, but not blinks,
produce this high spatial-frequency decrease in sensitiv-
ity, there must be additional factors, other than neural
suppression, associated with saccadic suppression.

What are the differences between blinks and saccades
that produce this high spatial-frequency discrepancy in
suppression? Volkmann (1986) reviewed the major
differences between blinks and saccades that are likely
to cause the discrepancy. She cited several retinal
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mechanisms, such as: masking, retinal smear, errors of
accommodation, or retinal shear. Masking typically has
its greatest effect at high spatial frequencies where the
greatest amount of contour is found in the visual field. In
our experimental setup, small vertical drifts in the
saccade could result in masking. Retinal smear would
also have its greatest effect at high spatial frequencies.
Again, small vertical drifts in the saccades could produce
retinal smear of the horizontally oriented sine wave
stimulus. Errors of accornmodation would cause retinal
blur which would decrease sensitivity at high spatial
frequencies. Lastly, retinal shear (i.e., the shearing forces
produced in the retina when the eye rapidly rotates
around its center during a saccade) would increase as the
saccade amplitude increases. This would tend to increase
the background noise and cause the sensitivity to
decrease, regardless of stimulus spatial frequency. Thus,
masking, retinal smear, and errors of accommodation
could result in the decreased sensitivity at high spatial
frequencies observed with saccades. The effects of retinal
smear and retinal shear would be expected to increase as
saccade amplitude increases. Since retinal shear is
minimal during blinks, this may cause the overall
difference in sensitivity between blinks and saccades.
Thus, all of these factors probably play a role in the
differences in suppression observed with blinks and
saccades.

The high spatial frequency loss in contrast sensitivity
with saccades did not significantly aiter the cut-off spatial
frequencies (i.e., spatial resolution ranged from 20/30 to
20/40) determined from the curve fits to the data (Table
1). The average cut-off spatial frequency for the four
saccade amplitudes was 17.0 & 2.28 c/deg
(mean + SD), while that for the control condition was
20.3 c/deg. These values were also not different from the
value obtained for the blinks (21.7 c/deg). These extra-
polated cut-offs were not different because as the high
spatial-frequency contrast sensitivity decreased, the peak
spatial frequency of the fitted function increased. Thus,
the extrapolated cut-off frequencies remained relatively
constant. Little or no change in spatial resolution or
acuity agrees with previous literature on saccadic
suppression (Volkmann, 1962; Krauskopf et al., 1966).

The data in Fig. 5 are fit well with linear equations
(Table 2). By extrapolating these functions to a saccade
amplitude of zero, we can make a more direct comparison
between blink and saccadic suppression. Theoretically,
suppression at a saccade amplitude of zero should be free
of the retinal causes of suppression that were discussed
above and only neural suppression should remain. Thus,
there should be a good correlation between the
magnitudes of suppression at zero saccade amplitude
and during blinks. The average magnitude of blink
suppression across spatial frequency for the three
subjects was; 0.40, 0.22, 0.10, and 0.02 (0.5, 1.0, 4.0,
and 6.0 c/deg, respectively). The extrapolated saccadic
suppression values were; 0.455, 0.275, 0.030, and 0. A
statistical comparison of these data is not possible,
although, the two sets of data do appear to be similar.
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TABLE 2. The linear equations fit to the data in Fig. 5

Spatial frequency N Equation R?

0.5 c/deg 3 y=0.455 + 0.0325x 0.993

1.0 c/deg 3 y=0.275 + 0.0263x 0.919

2.0 c/deg 3 y=0.250 + 0.0248x 0.937

4.0 c/deg 3 y =0.030 + 0.0280x 0.945

6.0 c/deg 3 y = 0.000 + 0.0378x 0.988

8.0 c/deg 3 y=0.090 + 0.0305x 0.800
15.0 c/deg 3 y = 0.060 + 0.0283x 1.000

These data can be manipulated so that a statistical
analysis can be made. If for each spatial frequency, we
subtract the magnitude of blink suppression from saccade
suppression we can again produce a graph like Fig. 5. If a
linear fit to the data at each spatial frequency goes
through the origin, then there is no difference between
blink and saccadic suppression at that spatial frequency.
An analysis of covariance (ANCOVA) was used to
estimate the regression line and determine if it inter-
cepted the origin. For 0.5, 1.0, and 4.0 c/deg, the
ANCOVA indicated that the regression lines intercepted
the origin (P = 0.106, P = 0.094, P = 0.804 for 0.5, 1.0,
and 4.0 c/deg, respectively). The test for the 6.0 c/deg
regression line indicated that it may not intercept the
origin (P < 0.00005), indicating again that above 4.0
¢/deg blink and saccadic suppression are different. This
analysis indicates that for low spatial frequencies blink
and saccadic suppression are similar. Furthermore, it
provides additional evidence that retinal mechanisms
associated with the saccade are responsible for the
differences in suppression between blinks and saccades.

Masking effects

A common question in studies of blink and saccadic
suppression is, “How much of the suppression is due to
masking?”. This question is addressed quite well by
Volkmann (1986). She concludes that masking does play
arole in these forms of suppression but under appropriate
viewing conditions masking is not the primary cause of
suppression. In the past, as in this study, masking has
been minimized by presenting very brief stimuli
(<20 msec, Volkmann et al., 1978). This results in the
least amount of image spread over the retina with
saccadic eye movements. Image spread was negligible
with the paradigm that was employed with the blinks
(Ridder & Tomlinson, 1993). Another technique em-
ployed to minimize masking is to orient the stimulus
along the axis of the eye movement. Thus, image spread
would not disrupt the sine-wave pattern. A third way to
minimize masking is to use an homogeneous field of view
that reduces contour in the field. Some studies have
employed a Ganzfeld presentation to achieve this effect.
In our study, we used an homogeneous field of 13 deg
(V) x 26 deg (H) surrounding the screen. To determine if
this smaller background could have resulted in some
masking of our stimulus, we performed a control
experiment. We placed a back illuminated, translucent
screen around the oscilloscope. The dimensions were
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FIGURE 6. Effects of a larger background field on the magnitude of

saccadic suppression. The background (65 deg (V) x 70 deg (H)) was

matched in luminance to the stimulus. The saccade amplitude was

12deg. The larger background resulted in the magnitude of

suppression dropping by approximately 0.2 log units and more closely
resembling the blink suppression data.

65 deg (V) x 70 deg (H) at a viewing distance of 20 cm
and the luminance of the surround was matched to the
oscilloscope. At 20 cm, the oscilloscope dimensions were
28 deg (V) x35deg (H). The saccade amplitude was
12 deg. Figure 6 displays these control data compared
with the previous data for this subject. Spatial frequency
is plotted on the horizontal axis and the normalized log
ratio is plotted on the vertical axis. Overall, the
magnitude of suppression was about 0.2 log units less
with the larger background and stimulus screen. The
general shape of the function, across spatial frequency,
has not changed (i.e., the greatest suppression is obtained
at the low spatial frequencies). Furthermore, these data
now overlie the blink suppression data at 1.0 and 6.0
c/deg, whereas the previous data did not. Thus, by using a
larger background, the difference between the blink and
saccade data is decreased. Thus, masking may have had
an effect on the magnitude of suppression observed, but it
did not affect the shape of the function.

CONCLUSION

This investigation demonstrates that blink and saccadic
suppression measured in the same individuals result in
qualitatively similar functions. When the data are
normalized by a vertical shift, the functions become
quantitatively indistinguishable. To date, this is the most
convincing evidence that blinks and saccades invoke the
same mechanism to suppress visual information.

Volkmann (1986) suggested that suppression blocks
unnecessary or distracting information from being
perceived. Our results suggest that during saccades
retinal factors decrease sensitivity to high spatial
frequency information and neural suppression decreases
sensitivity to low spatial frequency information. Thus,

W. H. RIDDER III and A. TOMLINSON

suppression during a saccade decreases sensitivity to all
incoming visual information which could disorient the
individual. However, suppression during blinks only
affects low spatial frequencies. It was suggested that this
mechanism serves to minimize the percept of the eyelid
(a low spatial frequency stimulus) occluding the pupil
during a blink (Riggs et al., 1981). Why high spatial
frequency information is not suppressed during the blink
remains to be determined.
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