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Binocular interaction of orientation and spatial
frequency channels: Evoked potentials and

observer sensitivity

VERNON L. TOWLE, M. RUSSELL HARTER, and FRED H. PREVIC
University ofNorth Carolina, Greensboro, North Carolinia 27412

The interaction between size and orientation feature processing in the human visual system
was investigated. Both observer sensitivity (d') and the visual evoked potential (VEP) to test
gratings flashed to one eye were investigated as a function of the nature of a continuously
presented suppressing grating viewed either by that same eye or the opposite eye. The test
and suppressing gratings were varied both in bar width (9' vs. 36') and orientation (vertical
vs. horizontal). The continuous grating intra- and interocularly suppressed the monocular
VEPs to the flashed grating, the specificity of the suppression depending on the latency at
which YEP amplitude was measured. YEP amplitude measured at early latencies (100-125 msec)
was suppressed primarily when the flashed and continuous gratings were the same orientation,
regardless of size. Starting at about 200 msec, and thereafter, YEP amplitudes were suppressed
when the continuous bars were either the same orientation or size as the flashed bars. Late
latencies, starting at 220 msec, and thereafter, were suppressed primarily when the bars in
the two gratings were the same orientation and size. The reduction in observer sensitivity (d')
paralleled the changes found in the late YEP measures. These effects were evident under
both the intraocular and interocular suppressing conditions. This pattern of YEP suppression,
measured across eight points in the YEP waveform, was interpreted as indicating the existence
of a sequence of channels that are specific first to a particular grating orientation, then to

either a particular grating spatial frequency or orientation, and finally to the conjunction
of a particular orientation and spatial frequency. Both sequential and parallel feature proces
sing appears to take place in the human visual cortex, with grating orientation being encoded
earlier than grating size.

The existence of orientation and spatial frequency
channels in the human visual system has been demon
strated with adaptation paradigms using both psycho
physical (Blakemore & Campbell, 1969, Blakemore,
Nachmias, & Sutton, 1970; Gilinski & Mayo, 1971;
Pantle & Sekuler, 1968; Wyatt, 1974) and visual
evoked potential (VEP) techniques (Blakemore &

Campbell, 1969; Mecacci & Spinelli, 1976; Smith &

Jeffreys, 1978). Feature channels also have been
observed in experiments using other paradigms with
both psychophysical (Abadi, 1976; Campbell &

Kulikowski, 1966; Campbell & Robson, 1968) and
evoked potential measures (Campbell & Maffei, 1970;
Harter, Previc, & Towle, 1979; Harter, Towle, &
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Musso, 1976; Musso & Harter, 1975). The inter
ocular transfer of these effects indicates that they are
most likely mediated by binocular cortical channels
(Blakemore & Campbell, 1969; Campbell & Maffei,
1971; Gilinsky & Doherty, 1969; Harter et aI., 1976;
Harter, Towle, Zakrzewski, & Moyer, 1977; Maffei
& Fiorentini, 1972;Ware & Mitchell, 1974).

The above studies, having manipulated only one
stimulus feature at a time, have not distinguished be
tween "feature specificity" (e.g., specificity to a
particular orientation, regardless of spatial frequency)
and "grating specificity" (i.e., specificity to the con
junction of both a particular orientation and spatial
frequency.' It is possible that the suppression observed
in these experiments is due to the suppression of
"grating-specific channels," rather than channels
specific to individual stimulus features. This pos
sibility has been tested in a few psychophysical exper
iments which have manipulated more than one stim
ulus feature. These studies have indicated that the
perceived spatial frequency shift is orientation spe
cific (Blakemore & Sutton, 1969; Blakemore et al.,
1970) but that the tilt aftereffect is not size specific
(Campbell & Maffei, 1971; Parker, 1972). Other
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presented gratings were viewed by the same (right) eye while the
left eye continuously viewed a diffuse field, and the interocular
viewingcondition, where the flashed and continuous gratings were
viewed by the right and left eye, respectively, the right eye
continuously viewing diffuse light. The ambient illumination of
the subject cubicle was I mL.
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Procedure
In an initial 2-h session, the visual characteristics of the sub

ject were ascertained and the subject became familiar with the
laboratory procedures and practiced the psychophysical task. In
addition, control data were collected in which the phase of the
flashed and nonflashed gratings was varied within the intraocular
viewing condition to insure that the relative phase of the gratings
could not account for the results. The main part of the exper
iment consisted of the subjects' receiving the 16 experimental con
ditions (four continuous gratings-two bar orientations by two bar
sizes-by two flashed gratings by two viewingconditions) in a com
pletely counterbalanced Latin square design. The continuous
gratings were changed after each block of 32 flashed gratings
(which lasted about 45 sec). After all four continuous gratings

Figure 1. Experimental apparatus used to present stimuli. Sub
jects dichoptically viewed suppressing stimuli (S) (a grating for one
eye and a diffuse field of equal luminance for the other), illu
minated by a continuous incandescent light source (C) behind
a diffusing screen (D). A beam splitter (8S) caused flashed stimuli
(F) from the random-access stimulator (M) to appear super
imposed on continuous stimuli (S) viewed by the right eye. Sub
jects viewed the stimuli through + I-D spherical lenses, 8-Aprisms,
and I-mm artificial pupils from a distance of 53 em.

METHOD

studies have reported spatial frequency specificity for
orientation illusions (Georgeson, 1973; Ware &

Mitchell, 1974). In order to clarify the differences
between orientation-, spatial frequency-, and grating
specific channels, the present study investigated the
results of manipulating both the size and orientation
of bars in gratings using a YEP suppression paradigm.

One advantage of using VEPs over psychophysical
measures is that VEPs reflect the temporal sequence
of neural events antecedent to the psychophysical
response. The specificity and latency of the YEP sup
pression has implications for how size and orienta
tion channels might be organized in relation to each
other. If, for example, an early component of the
YEP is influenced by stimulus orientation while a
later component is influenced by stimulus spatial fre
quency, it may be concluded that the nervous sys
tem processes the orientation feature earlier than the
size feature. Analysis of the time-course of YEP
suppression has allowed us to investigate the progres
sion from orientation-, to spatial frequency-, to
grating-specific suppressionin the human visual system.

Visual Stimulation
The visual patterns used in this experiment were black and white

square-wave gratings photographically reproduced on transparency
film (contrast = .9). Two bar sizes (spatial frequencies) were
presented at vertical and horizontal orientations, one with 9-min
bars (3.3 cycles/deg)and another with 36-min bars (.83 cycles/deg).
These sizes were chosen because their fundamental spatial fre
quencies are separated by two octaves and, although their har
monics overlap to some degree, they primarily activate dif
ferent size channels (Blakemore & Campbell, 1969; Harter et aI.,
1976). Likewise, the 9O-deg difference in orientation is sufficient
to activate different orientation channels (Campbell & Maffei,

1970).
Independent stimulation of each eye was obtained by means

of a haploscope (see Figure I). The left and right eyes each viewed
continuously illuminated 8 x 10 deg fields, which were optically
superimposed. Depending on the viewing condition, one of these
continuously illuminated fields contained gratings of 9-min
vertical, 36-min vertical, 9-min horizontal, or 36-min horizontal
bars, while the other contained a diffuse field of equal space
average luminance (4± I mL).2 Monocular evoked potentials were
obtained by flashing a grating (7-deg-diarn field) of either 9-min
vertical or 36-min horizontal bars to the right eye. The patterns
were mounted in a random access stimulator (Musso & Harter,
1975) and were back-illuminated with a IO-/lsec light flash gener
ated by a Grass PS-2 photostimulator. The flashed gratings
appeared once every 780 rnsec and were 2.4 log units above
psychophysical threshold (as measured with neutral density filters).
There were two viewing conditions: the intraocular viewing con
dition, where both the flashed gratings and the continuously

Subjects
Five males and one female (ages 14-50 years) volunteered to

serve as subjects in this experiment. All six subjects had visual
acuities correctable to 20/20 or better, steroacuities better than
20 sec of arc as measured with a Bausch-Lomb Ortho-rater, and
no detected astigmatism (except M.R.H., who had a slight amount
in the vertical plane). Three of the six subjects had served in
previous experiments in this laboratory; two of them (M.R.H. and
V.L.T.) were aware of the purpose of the experiment.



FLASHED PATTERN VEPs AND SPATIAL CHANNELS 353

RESULTS

(Winer. 1971) were used to assess the statistical significance of
differences between treatment means when significant F ratios
were obtained. Additional ANOVAs were conducted to assess the
statistical significance of the effects of changing the features
common to the flashed and continuous gratings (spatial frequency.
orientation, and the interaction between these two features).

Psychophysical Data
The go/no RT task (Harter & Previc, 1978; Harter

& Salmon, 1972; Schwent, Hillyard, & Galambos,
1976) was quantified by calculating the detectability
(d ') of the flashed gratings with 9-min vertical and
36-min horizontal bars under each of the intraocular
and interocular viewing (suppressing) conditions. Hits
and false alarms were summed across the four repli
cations of each condition before the d's were calcu
lated (N =512). The effects of the continuous gratings
on the detectability of the flashed grating reflected
a pattern-specific interaction [F(3,15) = 69.2, p <
.01]. Newman-Keuls multiple range tests applied sep
arately to the 9-min vertical and 36-min horizontal
flashed bar conditions revealed that when the flashed
and continuous bars were identical in size and orienta
tion, the detectability of the flashed gratings was sig
nificantly lower than under the other conditions (see
Figure 2). The differences between the intraocular
and interocular viewing conditions did not approach
statistical significance.
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had been viewed in this manner, they were viewed again in the
reverse order. Responses to a total of 64 flashed gratings were
obtained under each continuous grating condition. After a 5-min
rest period, the procedure was repeated for the other flashed
grating and viewing condition. Subjects initiated the train of
flashes at the beginning of each condition and could stop them
if they needed to blink or rest their eyes. Four replications of
this procedure were obtained, each on a different day.

Figure 2. Average observer sensitivity (d') for detecting the
Dashed gratings as a function of the continuous gratings. Data
have been averaged across intraocular and interocular viewing
conditions, 4 replications, 64 Dashes, and 6 subjects (n = 3,072).
(V and H refer to vertical and horizontal grating orientation;
9 and 36 refer to bar width of gratings In minutes of are.)

Figure 3. Average evoked potentials from two subjects (R.A.B.
and V.L.T.) from Dashed gratings as a function of continuous
gratings and viewing conditions (n = 64). (See Figure 2 for
explanation of abbreviations.)
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Visual Evoked Potentials
Recording procedures were similar to those of previous studies

from this laboratory (Harter et aI., 1976). EEGs were recorded
monopolarly by means of a 9-mm Grass gold-cup scalp electrode
placed 2.5 em above the inion on the midline referenced to the
right earlobe. They were amplified with a Grass Model 7WC poly
graph with 1/2 amplitude high- and low-frequency filters set at
35 and I Hz, respectively.Evoked cortical potentials were averaged
for 512 msec after the flashed gratings with a Fabritek 1062signal
averaging computer. EEGs were monitored for movement and
other artifacts on an oscillosope. The subject was situated in an
electrically shielded, partially soundproofed cubicle, into which a
sufficient levelof white noise was piped to mask extraneous noises.

Psychophysical Task
Randomly interspersed among the 64 flashed gratings were 64

flashes of diffuse light equal in space-average luminance to the
gratings. The subject's task was to perform a finger-lift reaction
time (RT) response to the pattern flashes but not to the diffuse

flashes. If the subject did not respond within 375 msec after
the flashed grating, feedback was given in the form of a "click"
via a speaker in the ceiling of the subject cubicle. The detect
ability (d') of the flashed grating, as a function of the intra
ocular and interocular suppression effects of the continuous grat
ing, was calculated from the subject's "hits" (RTs made within
375 msec after the flashed grating) and "false alarms" (RTs made
within 375 msec after the diffuse flash), using signal detection
theory (Green & Swets, 1966).Evoked potentials were not obtained
to the diffuse flashes.

Statistical Analyses
The analysis of variance program from the UCLA Biomedical

statistical package was used to analyze the psychophysical and
evoked potential data (Dixon, 1975).A fixed effect repeated mea
sures model with subject interactions used as error terms was
used for the ANOVAs. Newman-Keuls multiple range tests
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four continuous grating conditions and subtracting
them from one another (see Figure 4). Any devia
tions from a straight line in these difference potentials
indicated the effect of changing the size, orientation,
or size and orientation of the continuous gratings.
On the basis of the latency of the' 'functional compo
nents" indicated by the difference potentials in the
present and previous experiments (Harter & Previc,
1978; Harter et al, 1976), YEP amplitude was mea
sured from baseline at 75, 100, 125, 275, and
425 msec. Table 1 gives the average amplitude and
latency of all 11 YEP measures, along with their
standard deviations. These and all subsequent values
were obtained from the raw waveforms. The dif
ference potentials are only being used to illustrate
changes in the raw waveforms. Although latency
changes can be confounded with amplitude changes
using a subtraction procedure, the latency changes
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Visual Evoked Potentials
The X-Y plots of the data from each of the four

replications of each experimental condition were
traced onto graph paper in such a way that the aver
age voltage of the first 50 msec of each YEP equaled
zero. All amplitude measurements were made rela
tive to this zero baseline. The most consistent and
recognizable deflection was a negative peak between
125 and 195 msec (NI50) that was evident in each
YEP waveform of all subjects (see Figure 3). It was
followed by a "w-shaped" complex with two positive
peaks. These two positive peaks ranged in latency
from 200 to 250 msec and from 280 to 380 msec, and
were termed P230 and P320, respectively. A final
negative deflection, which peaked between 400, and
500 msec, was evident in most subjects. The ampli
tude and latency of P230 and rna was measured
using a 50-msec window. The latency of the 50-msec
window for P320 was allowed to vary across sub
jects, the exact latency being defined by the greatest
amplitude positive peak (negative-to-positive and
positive-to-negative deflection) in all of the VEPs for
each subject.

Since the peaks of raw YEP waveforms may not
be the the most appropriate YEP measure of infor
mation processing (Donchin & Heffley, 1978; Harter
& Previc, 1978; Harter & Salmon, 1972), additional
amplitude measures were obtained at fixed latencies
based on the changes in YEP waveform due to the
effects of the continuous gratings. The specific laten
cies were determined by the maximum deflections of
"difference potentials," generated by taking the four
VEPs to a given flashed grating, obtained under the

Figure 4. (A) Quantified VEPs reflecting suppression of VEP
amplitude to the flashed grating due to the features in the con
tinuous grating which were common to the flashed grating.
(B) Difference in VEP amplitude due to changing the continuous
grating from having neither feature in common with the flashed
grating to having size (delta S) or orientation (deita 0) in common
with the flashed grating. The changes reflect "pure" size and
orientaton effects in that they were obtained when only that fea
ture was common to both the flashed and continuous grating.
(C) Difference in VEP amplitude due to changing the continuous
grating from having one feature in common with the flashed
grating, either bar size or orientation, to having both features in
common with the flashed grating. Here, the effects of changing
one feature of the continuous grating is confounded with any
effects due to changing the continuous stimulus so that it is
identical to the flashed grating. Thus, these changes may Rot
reflect "pure" size or orientation effects. (D) Difference in VEP
amplitude due to changing the continuous grating from having
neither feature to having both features in common with the
flashed grating (delta Sand 0, dotted line). Predicted difference
in VEP amplitude due to changing both features of the flashed
and continuous grating-the aigebraic summation of the indi
vidual effects of size and orientation taken from (B) (delta S +
0, dotted line). For A, B, C, and D, data were averaged across
six subjects, four replications, two methods of stimulation, and
two types of flashes.
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CONTINUOUS GRATING

Figure S. Early YEP .!!!!!!!res. Average amplitude (jlV) at
100 msec, 125 msec, and NISO as a function of flashed grating,
continuous grating, and viewing condition. Data have been
averaged across four replications, and six subjects (n = 1,536).
(SeeFigure 2 for explanation of abbreviations.)
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tion (orientation effect) or width (size effect) of the
bars in the continuous grating from different to the
same as the flashed grating, and the interaction be
tween the size and orientation effects, are shown in
Figures 4B, 4C, and 4D. The statistical significance
of these effects is shown in Figure 7.

The effects of changing one feature, the size or
orientation of the bars of the continuous grating, on
VEPs to the flashed gratings may be considered when
the other feature is either not common or common
to both the flashed and continuous gratings (see
Figures 4B and C, respectively). These two types of
effects were similar, with the following exceptions:
first, the effect of changing the continuous grating
from zero to one feature in common with the flashed
grating (see Figure 4B) was smaller in magnitude
than that due to a change from one to two features in
common (Figure 4C); and second, the effects of
changing the bar size of the continuous gratings
influenced VEPs to the flashed grating between 100
and 150 msec only when bar orientation was com
mon to both gratings (see Figure 4C). The latter
manipulation would be expected to cause more sup
pression because both "feature-specific" and "grating
specific" suppression are involved.

Time-Course of Orientation- and Size-Specific
Effects

The l00-msec, 125-msec, and Ni5O. amplitude mea
sures all reacted in a similar manner to the stimulus
manipulations. They were primarily sensitive to the
relative orientation of the flashed and continuous
bars and relatively insensitive to the relative size
of the bars. When the flashed and continuous grat
ings were of the same orientation, the amplitude

Table I
Means and Standard Deviations of All 11 YEP Parameters

Amplitude Latency

YEP
(in Microvolts) (in Milliseconds)

Measure Mean SD Mean SD

75 msec .21 1.54 75* .0*
100 msec - .20 2.20 100* .0*
125 msec -2.79 2.58 125* .0*
Nf5U -7.16 6.12 151 9.25
P230 6.16 3.76 230 15.49
275 msec 4.24 3.47 275* .0*
P320 5.10 2.74 320 22.49
425 msec -1.39 3.78 425* .0*

"'By definition.

associated with the range of spatial frequencies used
in this experiment are not large enough to present a
problem. The latency of NI'5n and P230 did not
change significantly between suppression conditions.

Definition of Terms
The following definitions will be used in this paper:

An orientation or orientation-specific effect is that
change in the YEP to the flashed grating which may
be attributed to a change in the orientation of the
continuous grating and is not dependent on the
spatial frequency of the continuous grating (the
orientation effects which may be obtained when the
spatial frequency of the continuous grating is not the
same as the flashed grating). A size or size-specific
effect is that change in the YEP to the flashed grat
ing which may be attributed to a change in the spatial
frequency, or bar width, of the continuous gratings
and is not dependent on the orientation of the con
tinuous grating (the size effects which may be
obtained when the orientation of the continuous
grating is not the same as the flashed grating). A grat
ing, or pattern-specific effect, is that change in the
YEP to the flashed grating which may be attributed
to the conjunction of the same spatial frequency and

orientation in the flashed and continuous gratings
and may not be attributed simply to the additivity of
orientation and spatial frequency effects per se.

Visual inspection of the data (see Figure 3) and
statistical analyses indicated that changes in YEP
amplitude to the flashed gratings, due to changes in
the continuous gratings, were due to the features in
common to both the flashed and continuous gratings
and not due to the features of the continuous grating
alone. For example, 9V and 36H continuous gratings
had similar effects on the VEPs to 9V and 36H
flashed gratings, respectively. To simplify the pre
sentation and statistical analyses of the data, there
fore, the data were averaged across the two flashed
grating conditions on the basis of the features com
mon to both the flashed and continuous gratings
(see Figure 4A). The effects of changing the orienta-
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period of time, also reflected the unique effects of
the conjunction of that particular size and orienta
tion contained in the flashed grating.

Summary
Changes in the amplitude of the two major deflec

tions of the YEP waveforms of this experiment, a
negative deflection from about 75 to 175 msec and a

Figure 6. Late VEP measures and observer sensitivity. Top four
graphs: Average amplitude (j.tV) of evoked potential waveform at
JIm; 275 msec, 'P3IO, and 425 msec as a function of continuous
gratings. Bottom graph: Average observer sensitivity (d') for
detecting flashed gratings as a function of continuous gratings.
Data have been averaged across two viewing conditions, four
replications, and six subjects (n = 3,072). (See Figure 2 for
explanation of abbreviations.)
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Additional Findings
Although RT latency was not directly measured in

this experiment, it apparently decreased throughout
the study, since the number of hits (RTs less than
375 msec) increased with each replication. Accordingly,
N150 decreased in latency across the four replica
tions [F(3,15) = 5.06, p < .025]. P320 peaked sig
nificantly later when the continuous and flashed grat
ings were identical [F(3,15) = 15.02, p < .01], most
likely reflecting increased processing time under the
more difficult conditions.

of these measures was less negative (more positive)
than when the flashed and continuous gratings were
of different "Orientations (see Figure 5). This effect
was truly orientation-specific, since it occurred
regardless of the spatial frequency of the continuous
grating. For example, VEPs to the 9V grating shifted
positive when the continuous grating was changed
from 36H to 36V, a change from zero to one feature
in common (see Figure 4B), as well as from 9H to
9V, a change from one to two features in common
(see Figures 4C and 5). This orientation effect was
statistically significant at 100 and 125 msec and was
more evident in the intraocular than in the inter
ocular viewing conditions (see Figure 5). Size-specific
effects were less evident between 75 and 150 msec
poststimulus. The effects of the relative size of the
flashed and continuous gratings were not statistically
significant on these YEP amplitude measures (see
Figure 5), even when these gratings were the same
orientation (dashed line, Figure 4C).

In contrast to' the earlier measures, YEP ampli
tudes measured at 230 and 275 msec were influenced
by both the relative orientation and spatial frequency
of the gratings (see Figures 6 and 7). The orientation
specific effect was greatest at ~ [F(I,5) = 105.97,
p < .002]. The size-specific effect was first statis
tically significant at 230 msec [F(l,5) = 9.44, p <
.03] and increased to its maximum at 275 msec
[F(l,5) = 34.82, p < .002]. Both the size-and orienta
tion-specific effects declined following 275 msec
poststimulus.

It should be noted that a change from one to two
features in common to the flashed and continuous
gratings confounds two effects-one due to the
change in one feature per se and the other due to the
unique effect of a change that makes both features
common to the flashed and continuous gratings. The
latter effect is reflected in the present data in two
ways. First, there were significant interactions be
tween the effects of the orientation and size of bars
in the continuous gratings, relative to the flashed
gratings, at 275 msec [F(l,5) ::: 31.09, p < .003] and
320 msec [F(I,5) = 11.94, p < .02] (also see Figure 7).
These interactions indicated that the effects of one
feature in common were, in part, dependent on the
presence of the other. Second, the suppression of
YEP amplitude due to changing both features of the
continuous stimulus from different from to the same
as the flashed stimulus (see Figure 4D, dotted line)
was greater than the summation of the individual
effects of orientation and size alone (see Figure 4D,
open circles). This unique effect, which is due to the
conjunction of a particular orientation and size of
bar, and which was greater than the summation of
the effects of the individual features contained in
the conjunction, was greatest from 275 to 320 msec
poststimulation. It may be noted that the behavioral
measure of observer sensitivity (d '), determined
from RT responses occurring at about this same
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Figure 7. Results of the analysis of variance reflecting sources
of variability due to changing the orientation (0) or size (5)
of the bars of the continuous grating from different to the same
as the bars in the flashed grating and the interaction between
these orientation and size effects (5 by 0). The horizontal axis
indicates the latency at which the effects on YEP amplitudes were
measured. The vertical axis scale indicates the magnitude of the
obtained F ratio U,5 dO in proportion to FU,5) = 6.61, associ
ated with p = .05.

positive deflection from about 175 to 375 msec post
stimulus, reflected the contributions of at least three
different suppression effects. The earliest effect was
due to the relative orientation of the continuous and
flashed gratings. This orientation-specific effect was
independent of spatial frequency, began at about
100 msec, and was most reliable at 125and 230 msec.
This effect accounted for most of the suppression of
the negative deflection and a portion of the sup
pression of the subsequent positive deflection. The
next effect was due to the relative size of the con
tinuous and flashed bars. The size-specificeffect was
independent of orientation, began at about 230 msec,
and was most reliable at about 275 msec. It was
relatively small and accounted for only a small
amount of suppression of the positive deflection. A
third effect was due to the interdependence of the
effects of the size and orientation of the continuous
grating in relationship to the flashed grating. This
grating-specific effect, associated with the conjunc
tion of a particular size and orientation in both the
flashed and continuous gratings, began at about
250 msec and reached its maximum between 275 and
320 msec. It accounted for a small amount of sup
pression of the negative deflection between 75 and
175 msec and a major portion of the suppression of
the positive deflection between 175 and 375 msec.
The effects of suppression on the behavioral mea
sure of observer sensitivity (d ') were similar to those

primarily reflected by the late positive portion of the
YEP-behavioral suppression was evident primarily
when the flashed and continuous bars were the same
sizeand orientation.

DISCUSSION

The Locus and Nature of Continuous
Grating Effects

Since pattern-specific suppression was observed in
the interocular as wellas the intraocular viewing con
ditions, it is reasonable to conclude that the locus
of the suppression is cortical rather than retinal. The
binocular interaction observed in LON cells of the
cat (Noda, Tamaki, & Iwama, 1972) is not orienta
tion specific, and therefore different in nature from
the suppression observed here. The interocular nature
of the suppression, along with the evidence that the
components of the YEP between 75 and 160 msec
are generated in visual cortex (Jeffreys & Axford,
1972a, 1972b) indicates that the size and orientation
effects in the present study are mediated by bin
ocular size and orientation channels in visual cortex.

We interpret the waveform of the YEP obtained
when the flashed grating was identical to the con
tinuous grating as reflecting the suppression of pattern
information processing. This interpretation may be
justified on two grounds: First, this interpretation is
consonant with the psychophysical data. The detect
ability of the flashed bars was lowest when they were
identical in orientation and size to the continuous
bars. Second, under what are termed the suppression
conditions in the present experiment, YEP compo
nents which have previously been demonstrated to
reflect pattern information processing exhibited
amplitudes characteristic of VEPs elicited by diffuse
flashes, even though the evoking stimulus contained
pattern. The amplitude at about 100 and 200 msec,
for example, has been found to be negative and
positive, respectively, in response to flashed patterns
and to shift positive and negative, respectively, in
response to diffuse flashes (Harter & White, 1970;
Reitveld, Tordior Hagenouw, Lubbers, & Spoor,
1967; Towle & Harter, 1977). In the present study,
when the flashed and continuous (suppressing) grat
ings were the same orientation and spatial frequency,
the l00-msec amplitude measure was relatively pos
itive and P230 (P200) relatively negative, suggesting
that these two pattern components were suppressed.
The differences in suppression which we have de
scribed are due to the interaction of various pattern
stimuli. An even greater release from suppression
would have been observed if we had included a con
dition where the continuous eye viewed diffuse light
or darkness (Harter, Conder, & Towle, in press.)
The inclusion of such control conditions would have
changed the absolute levels of suppression observed,
but not the interpretation of the results.
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The Nature of and Interaction Between
Information Channels

Single-unit measures from monkeys indicate that
similar pattern information from the two eyes is
processedby the same cortical neurons (Schiller, Finlay,
& Volman, 1976a, 1976b). It may be assumed that
this was the case in the present experiment when the
same grating was presented continuously to the left
eye and flashed to the right eye. Presumably, the
binocular neurons were saturated in response to the
continuous grating, causing the evoked response to
the flashed grating to be partially occluded, or sup
pressed. On the other hand, when the two gratings
differed in both orientation and spatial frequency,
as when the 36-min horizontal bars were being viewed
continuously and the 9-min vertical bars were flashed,
the two gratings were each being processedby neurons
with receptive fields with different orientation and
spatial frequency properties. Under this stimulating
condition, the neurons that respond to the 9-min
vertical flashed bars were not activated by the con
tinuous stimulus, and were free to respond.

The fact that we have observed suppression of the
response to a transient stimulus by a continuous stim
ulus gives general support to the contention that
sustained channels can inhibit transient channels
(Breitmeyer & Ganz, 1976). However, the pattern
specific nature of the suppression we observed did
not support this contention, because the 36-min
flashed grating was not suppressed to a greater
degree than the 9-min grating, which, because of its
higher spatial frequency content, would be con
sidered a more salient sustained stimulus.

The nature of the YEP suppression as a function
of which features were common to the flashed and
continuous gratings suggests that at least three types
of neurons contributed to the VEPs, each differing
in its specificity and time-course of activation. One
type presumably has a receptive field organization
that makes it sensitive to grating orientation but not
to grating spatial frequency. It contributes to the YEP
relativelyearly in the information processingsequence,
from 100 to 250 msec poststimulation. A second type
presumably has a receptive field organization that
makes it sensitive to grating spatial frequency, but
not grating orientation, and contributes to the VEP
from 200 to 350 msec following the flashed grating.
The greater magnitude of the orientation effects, as
compared to size effects, suggests a greater number
of orientation detectors than size detectors. A third
type of neuron presumably has a receptive field orga
nization such that it is sensitive to spatial frequency
and orientation, and contributes to the YEP from
250 to 350 msec following the flashed grating. The
response specificity and time-course of the third type
of neuron suggests that it could receive converging
inputs from the orientation- and size-specific neurons.

Since retinal ganglion and LON cells exhibit size
tuning but not orientation tuning, our conclusion
that orientation processing precedes size processing
may seem surprising. Campbell and Maffei (1971)
have suggested this possibility on the basis of psycho
physical evidence. In previous experiments, we had
observed that manipulating grating orientation
(Harter et al., in press) caused suppression at an
earlier latency than when we manipulated pattern size
(Harter et al., 1976). This situation may exist because
of the relatively poor spatial frequency tuning of
most cortical cells when compared with their orienta
tion tuning.

If the nervous system encodes a stimulus param
eter by making a comparison of the activity in differ
ent neurons or channels, the finding that orientation
specific suppression precedes size-specific suppres
sion in time may be the result of the functional orga
nization of size and orientation channels in cortex.
If the cortical organization of orientation columns
and spatial frequency rows proposed by Maffei and
Fiorentini (1977) for cat visual cortex is applicable to
humans, an interesting possibility arises. Since LON
afferents in the cat are known to synapse almost
exclusively in layer IV neurons in striate cortex,
visual information may initially arrive in many ori
entation channels (columns) but in only one size
channel (spatial-frequency row). Activity may then
spread to the cells in other layers of cortex (and other
size channels) (Bishop & Clare, 1953). Theoretically,
this type of organization would enable comparisons
between orientation channels before size channels.

The conclusion that orientation channels are active
earlier in time than size channels may be criticized
in that data have been presented indicating "size
specific" effects at and preceding 150 msec post
stimulation (Harter et al., 1976; Smith & Jeffreys,
1978). This criticism may be unfounded for a number
of reasons. The Smith and Jeffreys study differed
from the present one in that they used a masking
paradigm; they stimulated different portions of the
visual field and recorded from different electrode
positions; they did not compare the magnitude of the
effects of spatial frequency and orientation on the
early YEP components; and they used a constant
luminance pattern stimulation technique. More
relevant, in their and our earlier studies, the indepen
dence of spatial frequency and orientation effects
was not established; only one feature of the suppressing
gratings was changed from different from to iden
tical to the evoking grating. These earlier data, there
fore, are comparable to those presented in Figure 4C
in the present study. If this comparison is made, the
present data corroborate earlier data showing decreased
amplitude of a negative component peaking between
100and 150msec poststimulation (Harter et al., 1976;
Harter et al., 1977; Smith & Jeffreys, 1978; Harter
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et al., in press). As noted above, this type of change
confounds a pattern-specific effect with the feature
specific effect. It is possible, therefore, that the early
size effects in previous studies reflect a pattern
specific effect rather than a true size-specific effect.

The decrease in amplitude of the positive compo
nent (negative shift) peaking between200 and 300 msec
in the present study has not been reported in previous
studies of size- and orientation-specific suppression
(Harter et al., 1976; Harter et al., 1977; Smith &

Jeffreys, 1978; Harter et al., in press). The reason for
the differences in suppression for the late, but not
early, measures in this and the previous series of
experiments is most likely due to the nature of the
behavioral tasks that were required of the subjects.
In contrast to the previous studies, the present one
required subjects to make a psychophysical judgment
concerning the nature of each flash and to give a
"go/no-go" finger-lift reaction-time response within
375 msec after each flash. This type of task causes
a negative shift in YEP amplitude from about 150
to 260 msec following an attended or task-relevant
stimulus (Harter & Previc, 1978; Harter & Salmon,
1972). The changes in YEP amplitude after about
200 msec poststimulation, therefore, may not directly
reflect the suppression of activity in sensory infor
mation channels, but may reflect the effect of
changes in difficulty in performing the reaction time
task under the various suppression conditions
(Donchin, Ritter, & McCallum, 1978; Ritter, Simson,
& Vaughn, 1972; Squires, Donchin, Squires, &
Grossberg, 1977). In the latter interpretation, how
ever, the changes in YEP amplitude could still reflect
the suppression of activity in sensory information
channels, although indirectly, in that such supprssion
would account for the changes in task difficulty and
congitive processing.
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NOTES

I. See "Definition of Terms" section.

2. To compensate for the 50% reduction in light flux due to the

beam splitter in the right half of the haploscope, either a checker

board or a 9-min grating was placed behind the diffusing screen
in the left eye. It was later discovered that the luminance trans

mittance of these two patterns was not exactly the same. When the
grating was positioned behind the diffusing screen, the display

was about 1 ml brighter than when the checkerboard was in

position. The net effect was to make the continuous grating

slightly brighter when it was being viewed by the left eye (inter
ocular viewing condition).
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