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In

Integrative and interruptive mechanisms in color masking were examined in peripheral and
hemispheric locations in the visual system. Fifteen female college students participated in two
experiments. Both experiments entailed tachistoscopic presentations of color stimuli over increas
ing stimulus onset asynchronies (SOAs). Experiment 1 involved binocular presentations of red
and green stimuli of equal size and energy. The shortest SOA revealed integration of the stimuli
which rendered the colors indistinguishable. Moderate SOAs resulted in a backward-mask sup
pression of the initial color stimuli, indicative of interruptive mechanisms. So that we could in
vestigate contralateral masking, Experiment 2 involved presentations of color stimuli followed
by either a black mask presented in the opposite visual field or a homogeneous light-mask con
trol. No masking trends were found. However, a significant visual field x mask type interaction
suggested differential masking processes between hemispheres that can be explained by their
unique manners of processing and by integration and interruption theories.

Since a sensory memory store was discovered through
the use of partial report procedures (Sperling, 1960), there
have been a variety of techniques developed to investigate
the mechanisms of a short-term sensory store (Coltheart,
1980; Long , 1980) and information transfer through the
use of techniques such as visual backward masking (Fel
sten & Wasserman, 1980). One largely unexplored proce
dure in this regard involves the use of color . Although
color information has routinely been utilized as a selec 
tion criterion in studies using partial report (Banks &
Barber, 1977; Clark, 1969; Coltheart, Lea, & Thomp
son, 1974; Von Wright, 1968), it has been employed far
less often with masking procedures (Bevan, Janides , &
Collyer, 1970; Teft , 1969) . Furthermore, color masking
has not been examined in alternate cerebral hemispheres,
even though there is some evidence that masking can oc
cur using target letters and pattern masks when they are
presented simultaneously in contralateral visual fields
(Saccuzzo, Michael, & Rowe, 1982) .

Integration and interruption theories (Eriksen & Schultz ,
1978; Kahneman, 1968) have dominated the explanations
of visual masking. Some inve stigators do not consider
these two theories to be mutally exclusive but believe they
are compatible in describing where, when , and how mask
ing operates (Liss , 1968; Scheerer, 1973; Spencer &
Shuntich, 1970; Turvey, 1973). The current study ex
amined the possibility of integrative and interruptive
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mechanisms working contiguously both in the peripheral
visual system and in alternate brain hemispheres .

Experiment 1 was des igned to investigate peripheral
mechanisms in binocular masking where red and green
stimuli of equal size and energy were presented over in
creasing stimulus onset asynchronies (SOAs) to the center
of the subject's visual field. We predicted that when SOAs
were short, the stimuli would integrate. However, as the
SOA increased and the information traveled to deeper
levels of the visual system, we predicted that there would
be a backward, rather than a forward, mask suppression
of the initial color stimuli , implicating the operation of
interruptive mechanisms (Felsten & Wasserman, 1980;
Schiller & Smith, 1965; Sharf & Lefton, 1970; Spencer
& Shuntich, 1970; Teft, 1969) . The longer SOAs were
expected to reveal the approximate speed at which the first
stimulus was able to be completely processed and the color
distinctly recognized.

EXPERIMENT 1

Method
Subjects. Seven females who were enrolled in introductory psychol

ogy classes at San Diego State University acted as subjects for this ex
periment. They were between the ages of 17 and 25.

Screening measures. The subjects for both experiments were tested
on the Snellen eye chart for visual acuity . None failed more than two
items on the 20/30 row when standing at a distance of 20 ft from the
chart. They were also screened with the Ishihari color-blindness test
as adapted by Coon (1980) and were found to have normal color dis
crimination abilities .

Apparatus and materials . A Gerbrands (Model T-3B-I) three-field
tachistoscope was employed for stimulus presentations. The fixation and
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Figure I . Mean color ratings as a function of stimulus onset asyn
chrony (SOA) for green-red and red-green color presentation order
for Experiment I.

of 50 (red- green M = 2.53, green-red M = 4 .06 ;
p < .05) and 70 msec (red-green M = 2.36, green-red
M = 3.66, p < .05). At these values the observers ' per 
ceptions leaned toward the color presented second,
whereas at an SOA value of 30 msec there was no sig
nificant difference in color ratings for red-green versus
green-red order of color presentation. The Newman
Keuls analysis also indicated that the mean color rating s
for the red-green and green-red order of color presenta
tions at an SOA value of 30 msec (red-green M = 3.20 ,
green-red M = 3.44) were significantly different from
the mean color rating s of the red-green and green-red
orders of color presentations at an SOA value of 50 msec ,
and significantly different from the mean color rating of
the red-green order of color presentation at a 70-msec
SOA ( p < .05) . The mean color rating of the red-green
order of color presentation at an SOA of 50 msec was
significantly different from the mean color rating for the
green-red order at an SOA of 70 msec ( p < .05). Fi
nally , the mean color rating for the green-red order at
50 msec was significantly different from the mean color
rating of the red-green order at an SOA of 70 msec
( p < .05).

A second analysi s was conducted to quant ify whether
the subjects perceived a single percept or two percepts
across the six SOAs. Data transformations from the origi
nal " 1, 5" or " 5, 1" dependent variable responses were
needed to test the hypothesis of no change in the percent
age of favorable replies (in this case , two percepts) over
the SOAs. For each cell (n = 10) the proportion of
responses indicating the perception of two images was cal
culated . These data were then tran sformed based on the
median of the proportions. The proportions above and be
low the median were supplanted by ones and zeros, re
spectively. Next , based on the obvious heteroscedastic
ity of the final data distribution, a Cochran ' s Q analysis
would have been appropriate. However, Winer (1971) in
dicated that treating the data 3S if it were normally dis
tributed and computing an F statistic would yield proba-

7050

.........
......

"- "'--

30

- - - Red ·gr een order of co lor presentation

- Green- red order of color presentation

Gray 3

Green 1

Grayish-Red 4

Grayish -Green 2

Mean Colo r
Rating

stimulus fields had equal luminances of 5 1.37 cd/m'. The fixation point
was centered on the preexposure field and consisted of a minute, finely
penciled cross. Viewing distance was 89 em. Color disk stimuli con
sisted of circular patches of Colormatch paper mounted on 5 x 7 in.
white index cards. The red and green colors were chosen in the follow
ing manner. First, various colors were selected based on Munsell (1965)
notations, which came as close as possible to the red and green that Banks
and Barber (1977) utilized. A check for color equivalence was carried
out based on Bevanet a1 . 's (1970) findings that various hues, even though
matched on the Munsell values, differed in detectability. Scotopic similar
ity of the colors was determined by examining them under light condi
tions in which there was a loss of foveal vision. Three pilot subjec ts
reported subjective equivalence as viewed at scotopic luminance levels
through the tachistoscope. The colors matched Munsell notations of
5R 5/12 (red) and 5G 5/8 (green).

Procedure. The mask and target stimuli subtended equal visual an
gles of approximately 2°, and each was exposed for 30 msec. The red
and green stimuli were presented at the same spatial region so that their
boundaries coincided. Tachistoscopic superimposition of the stimuli
resulted in a single dark gray disk devoid of color, consistent with what
would be expected from subtractive color mixture. The stimuli were
successively presented in the center of the visual field with SOA inter
vals of 30, 50, 70, 110, 190, and 230 msec. Each trial consisted of the
following stimulus presentation sequence: fixation, target (red or green),
fixation (SOA), stimulus (opposite color), fixation. After the screening
procedures and during a IIl-rnindim-adaptation period, the subjects were
instructed to report after each trial a number from I to 5, for example,
" 1, 5" or "5, I ." The number I was designated as green, 2 was grayish
gree n, 3 was gray, 4 was grayish red, and 5 was red. The answer' ' I,
5" meant that the subject saw green first and then red, whereas the an
swer "5, I " meant the opposite. Six blocks (one for each SOA) of 10
trials each were presented for practice and were counterbalanced across
subjects . In each block of 10 trials, stimulus presentations were ran
domized so that 5 trials were in the order green -red and 5 in the order
red-green . Formal testing was similar to the practice period, except that
each of the six blocks that corresponded to the SOA levels contained
20 trials instead of 10. The blocks were presented in a different sequence
from that of the practice trials and again were counterbalanced across
subjects. Within each block of20 trials, 10 stimulus presentations were
in the order green-red and 10 were in the order red- green in a ran
domized sequence.

Results
Inspection of the data before analysis revealed that the

subjects overwhelmingly responded with a single answer
choice 1 to 5 at SOA levels of 30, 50, and 70 msec, in
dicating that the subjects saw a single percept. However,
at 110, 190, and 230 msec , the subject s predominantly
responded with the " 1, 5" or "5, I " answer choices,
indicating that they saw two color percepts at these inter
vals. Consequently, two separate analyses were con
ducted . First , the single-percept data was analyzed in a
3 (SOA) X 2 (red-green vs. green-red order of color
presentation) repeated measures analysis of variance. A
response on the scale of 1 to 5 served as the dependent
measure. A significant difference was found due to the
main effect of order of color presentation [F(I ,6) = 16.44,
p < .0067]. The mean responses when red followed
green and when green followed red were 3.72 (SD = .55)
and 2.69 (SD = .79) , respect ively . The interaction of
SOA X order of color presentation was also significant
[F(2,12) = 9.59,p < .0032] (see Figure 1). A Newman
Keuls analysis of this interaction indicated that the differ
ences in color ratings between the red-green and green
red color-order presentations showed up at SOA values
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Figure 2, Mean proportion of responses indicating the recogni
tion of two color percepts as a function of stimulus onset asynchrony
(SOA) for green-red and red-green color presentation order for
Experiment 1.

bility statements relatively close to those obtained by use
of a Q statistic. For this reason the data were subjected
to a 6 (SOA) X 2 (order of color presentation) repeated
measures analysis of variance. A significant main effect
was found due to SOA [F(5,30) = 74 .44, P < .000]. A
Newman-Keuls analysis of the main effect for SOA level
clearly indicated that a single percept was experienced at
SOAs of 30, 50, and 70 msec and that two percepts were
seen at the longer SOA levels of 110, 190, and 230 msec .
The transformed data values for SOAs of 30, 50 , and
70 msec were not significantly different from each other
but were found to be significantly different from the data
values for SOAs of 110, 190, and 230 msec (p < .05).
The data values for SOAs of 110, 190, and 230 msec were
also not significantly different from each other. Figure 2
illustrates the main effect due to SOA.

Discussion
The hypotheses for Experiment I were upheld. At an SOA level of

30 rnsec, the subjects' stimulus perceptions were neither clearly red nor
clearly green. The information at this more peripherallevei of the visual
system integrated almost completely. thereby rendering the colors in
distinguishable. The responses of the visual system to the color stimuli
overlapped in time, summed as if they were presented simultaneously,
and fused into a unified whole (Eriksen & Schultz, 1978). A single stimu
lus was perceived for SOA values of 50 and 70 msec, but the subjects'
color experience shifted according to a backward-masking rule. At these
intervals interruptive mechanisms at higher levels of the visual system
were dominant, thus effectively erasing the color of the initial stimu
lus. This explanation is basedon past research, which indicates that back
ward masking occurs through the interruption of sensory signals at more
central locationsof information processing (Felsten & Wasserman, 1980;
Schiller & Smith, 1965; Sharf & Lefton, 1970; Spencer & Shuntich ,
1970), and on evidence that color masking is more effective with cen
tral than with peripheral mediation(Teft, 1969). It is important to remem
ber that since the stimuli were of equal size and energy, forward mask
ing rather than backward masking could have logically occurred. For
color stimuli in this experiment , backward masking was more power
ful. An SOA of 110 msec demarcated the point at which the subjects'
perceptual experience made a qualitative shift to the recognition of two
distinctcolor images. Somewhere between the SOAs of70 and 110 msec,
the two stimuli split apart and were processed as discrete units, which
resulted in the experience of both colors disjoined and in sequence.
Recognition of the first stimulus at SOAs of 110 msec and longer was
because the visual system had sufficient time to transfer color informa-

tion into durable storage and to permit the subjects to read out this in
formation and report the color of their percept (Coltheart, 1980). The
approximate speed of full processing of the first color stimulus was
110 msec. In summary, this experiment revealed both integrative and
interruptive mechanisms at work in peripheral -level color masking and
offered a crude measure of cognitive speed.

Experiment 2 addressed the question of whether integrative and in
terruptive mechanisms could explain color masking in the right versus
left cerebral hemisphere . The experiment was similar to other mask
ing studies that varied the location of the stimulus presentations in the
visual fields (Lefton, 1972; McFadden & Gummerman, 1973; Polich,
1978; Proudfoot , 1982; Saccuzzo et al ., 1982; Ward & Ross, 1977),
and it is a partial replication of the work by Saccuzzo et al. that exa
mined masking in higher cortical regions . It is believed that presenta
tions to opposite visual fields result in contralateral stimulus projections
beyond Area 17 in the visual cortex (McFadden & Gummerman, 1973;
Saccuzzo et al. , 1982). In addition to using color stimuli, this experi
ment includeda homogeneouslight-maskcontrol to rule out light masking
as an alternative explanation for the findings of Saccuzzo et al. A
backward-masking function was expected for opposite visual field stimu
lus presentations using the black mask. A masking trend was not ex
pected under the conditions of a homogeneous light mask that was flashed
after a color was presented to either the right or left visual field. This
experiment left open the possibility of differential masking processes
between hemispheres .

EXPERIMENT 2

Method
Subjects. A new group of 8 females from ages 17 to 25 who were

enrolled in introductory psychology classes at San Diego State Univer
sity acted as subjects for this experiment. All subjects were right-handed
and were screened in the same manner as were the subjects in Ex
periment I .

Apparatus and materials. The same apparatus was used as in Ex
periment I. The black disk mask for Experiment 2 consisted of a solid
circular disk cut from Colormatch paper matched to the Munsell nota
tion N 2/0 . It was mounted on a 5 x 7 in white index card . The same
color stimuli were used as in Experiment I . The homogeneouslight mask
for Experiment 2 consisted of a blank white field equivalent in luminance
to the fixation and stimulus fields. The black mask and the colored tar
get stimuli subtended visual angles of 4 0 and 2 0

, respectively . The tar
get stimulus exposure duration was set at 5 msec and the mask duration
was modulated at 100 msec.

Procedure. The procedure for this experiment was similar to that used
by Saccuzzo et al. (1982). The mask and target were presented to op
posite visual fields 2 0 to the right and left of the central fixation point.
Each trial consisted of the following backward-masking stimulus se
quence: fixation, target (red or green), fixation (SOA), mask (black disk
or homogeneous light flash), fixation . After the screening procedures
and during the dim-adaptation period, the subjects were instructed that
a red or green circular stimulus would be flashed briefly to one side
of a central point. They were told that on some trials a large black cir
cular stimulus would be flashed on the opposite side and on some trials
it would not. The subjects were informed that upon hearing a verbal
"ready" signal, they were to fixate on the central cross . The impor
tance of fixation was emphasized throughout testing. The trial com
menced, and the subjects' task was to respond immediately by stating
"red" or "green," according to the color they perceived . Twenty prac
tice trials were then administered. Presentations of the homogeneous
light mask and the black circular mask each followed the color stimu
lus for 10 of the trials. Five red stimulus presentations occurred with
the black mask and five occurred with the homogeneous light mask.
The same was true for green. Finally, the target stimulus was presented
10 times to the right and 10 times to the left visual field. Red was
presented 5 times to the right visual field and 5 times to the left field.
The same was true for the green target stimulus . Color, visual field,
and mask were presented in random orders. Formal testing was broken
into eight blocks of 20 trials . The light mask and black mask were
presented for four blocks apiece. Each set of four blocks corresponded
to the following SOA values: 5, 15,25, and 45 rnsec. Within a 2D-trial
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block, red and green stimuli were presented for 10 trial s each. Like
wise , the stimuli were presented 10 times to the left visual field and
10 times to the right field, so that red was presented to the right visual
field for 5 trial s and to the left field for 5 trials. The same was true
for green. Mask, color, and visual field were presented in random orders
across subjects.

Results
The number of correct color choice (red or green)

responses was the dependent measure for each subject at
all levels of the three independent variables. The data were
analyzed in a 4 (SOA) x 2 (visual field) X 2 (mask type)
repeated measures analysis of variance. Significance was
found only for the interaction of visual field X mask type
[F(l ,7) = 38.50, p < .0004]. The Newman-Keuls anal
ysis of this interaction indicated clearly that for right
visual -field target-stimulus presentations, greater mask
ing effects occurred when the homogeneous light mask
was flashed than when the black mask was presented to
the opposite visual field. Conversely, upon left-visual-field
target-stimulus presentations, greater masking effects oc
curred when the black mask was presented to the oppo
site visual field than when the homogeneous light mask
was flashed. The mean number of correct responses for
the right-visual-field black-mask condition (M = 6.44)
was significantly different from that of the right-visual
field homogeneous-light-mask condition (M = 5.69) , and
left visual field, black mask condition (M =5.47)
(p < .05). The mean number of correct responses for
the left-visual-field homogeneous-light-mask condition
(M = 6.09) was significantly different from the left
visual-field black-mask condition (M = 5.47) and the
right-visual-field homogeneous-light-mask condition
(M = 5.69) (p < .05).

Discussion
The hypothe ses for Experiment 2 unexpectedly were not supported .

Maskin g functions were not found for either the black- or the
homogeneous-light-mask conditions, and there were no significant differ
ences in overall performance between these two . The possibility still
exists that contralateral masking beyond Area 17 in the visual cortex,
as found by Saccuzzo et al. (1982) , may have been caused by the
homogeneous flash oflight that appeared in both visual fields along with
the pattern mask when it was presented to the opposite field . However ,
a provocative serendipitous result was the strongly significant finding
that the light mask was stronger when the color stimulus was projected
to the left hemisphere , whereas the black mask was more powerful in
right -hemisphere processing of the color. Interestingly , this suggests
laterally differentiated iconic processing due to the type of mask that
can be explained by integration and interruption theories . Integrative
mechanisms were posited to have operated in the left hemisphere. Light
masking in this hemisphere resulting from luminance summation and
contrast reduct ion (Kahneman, 1968) was stronger, even though previ
ous studies have shown that random noise and pattern masking are more
powerful than light masking in peripheral locations (Schiller & Smith,
1965). Conversely , the right hemisphere responded in a manner that
could have been predicted from interruption theory of masking . The
light mask was not powerful enough to summate with and degrade the
color stimulus . However , the black mask was of high enough energy
to more effectivel y erase the color percept. The right hemisphere effi
ciently received the black mask information from the left hemisphere ,
which then swiftly interrupted the processing of the initial color stimu
lus . These findings also suggest that masking mechanisms operate ac
cording to the nature of how each hemisphere uniquely processes in
formation. How integrative and interruptive mechanisms work in unison

between peripheral and cortical visual channel s in color masking has
yet to be explored.
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