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Hemispheric differences in
stimulus identification
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Subjects were presented with either verbal (letters) or nonverbal (outline forms) stimuli to
their left or right cerebral hemispheres. Verbal items presented with a lateral masking stimulus
were identified more quickly and accurately when presented to the right hemisphere rather
than to the left. When the letters were presented without a masking stimulus, weak hemispheric
effects were obtained. Nonverbal forms demonstrated faster reaction time and fewer errors for
right-hemisphere presentations under both masked and unmasked conditions. Retinal locus of
the display item was also varied and produced faster responding with fewer errors when the
stimulus was presented foveally rather than peripherally under all display conditions. These
effects were attributed to the use of a manual response procedure that effectively reduced the
ability of subjects to employ names for the stimulus objects.

The usual paradigm for measuring hemispheric
processing effects on the accuracy of stimulus identi
fication consists of tachistoscopically presenting
items in either the right or left visual field. If the
subject is fixating on a central point and the stimulus
is presented at an exposure duration of less than
250 msec, the item is projected to the hemisphere
contralateral to the visual field in which it appears.
The subject is then required to indicate, either
verbally or by pointing to the test item from an array
of possible items, what he saw. Considering identifi
cation studies that presented stimulus items to only
one visual field on any given trial, verbal items are
correctly identified more often when they are pro
jected to the left than when they are projected to
the right hemisphere. These verbal stimulus materials
have included single letters (Bryden, 1965, 1966;
Bryden & Rainey, 1963; Hines, Satz, & Clementino,
1973; Kimura, 1966; McKeever & Gill, 1972b; WorraI
& Coles, 1976), letter strings (Cohen, 1976; Fontenot,
1973; Fontenot & Benton, 1972; Hannay & Malone,
1976; Hilliard, 1973; Neil, Sampson, & Gribben, 1971;
White, 1969, 1971), and words (Forgays, 1953;
Mishkin & Forgays, 1952; McKeever & Huling, 1970;
Orbach, 1953).

Similar findings have been obtained when reaction
time (RT) is used to measure hemispheric differences
for speed of stimulus identification. When vocal RT
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is measured, the subject is required to name the stim
ulus. Faster responding has been observed for left
hemisphere presentations of verbal items than for
right hemisphere presentations (Carmon, Nachshon,
Isseroff, & Kleiner, 1972; Cohen, 1975; Isseroff,
Carmon, & Nachshon, 1974; McKeever & Gill, 1972a;
McKeever, Gill, & VenDeventer, 1975; Moscovitch &
Catlin, 1970; White, 1973). If manual RT is the
dependent variable, the subject's task is to press a
button whenever a specific item from a set of possible
items is presented. For verbal stimulus items, manual
RT is also shorter for left hemisphere than for right
hemisphere projections (Isseroff et al., 1974;Rizzolatti,
Umilta, & Berlucchi, 1971; Umilta, Frost, & Hyman,
1972; White, 1973a).

Because of the nature of the stimuli, identification
accuracy for nonverbal stimulus items is usually
measured by initially presenting the subject with a
target stimulus or group of stimuli for memorization
and then projecting a test stimulus to the left or right
hemisphere. The subject's task is to indicate whether
or not the test stimulus was the same as the target
stimulus or a member of a positive subset of the
group of items. When faces have been used as non
verbal stimulus materials, this procedure has demon
strated superior accuracy for right hemisphere presen
tations (Hilliard, 1973; Young & Ellis, 1976). Similar
results have been obtained with solid random shapes
(Dee & Fontenot, 1973; Fontenot, 1973). In addition,
manual RT for faces as nonverbal stimuli is shorter
when the test stimulus items are presented to the right
hemisphere for identification rather than the left
(Geffen, Bradshaw, & Wallace, 1971; Moscovitch,
Scullion, & Christie, 1976; Rizzolatti, Umilta, &
Berlucchi, 1971).
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A second class of nonverbal stimulus materials,
however, has not demonstrated consistent hemi
spheric differences for accuracy in identification.
When geometric forms (e.g., squares, circles, etc.)
or outlines of common objects (e.g., tree, house, etc.)
are used as nonverbal stimuli and the subject is to
identify the object by name or by pointing, generally
no hemispheric differences have been observed for
identification accuracy (Bryden, 1960, 1973; Bryden
& Rainey, 1963; Kimura, 1966; Kimura & Dunford,
1974; Wyke & Ettlinger, 1961). Occasionally, left
hemisphere presentations have yielded superior per
formance (Paivio & Ernest, 1971). Inconsistent
results have also been obtained for these nonverbal
stimuli when manual RT is employed as the dependent
measure (Juola, 1973; Klatzky & Atkinson, 1971;
Umilta, Rizzolatti, Marzi, Zamboni, Franzini,
Camarda, & Berlucchi, 1974).

Thus, identification performance for verbal stim
ulus materials has demonstrated consistent left
hemisphere effects, but the identification performance
for nonverbal stimulus materials has demonstrated
inconsistent hemispheric effects. An important con
sideration -in evaluating these results is the effect of
the identification task itself. For studies employing
accuracy or vocal RT as the dependent variable, the
subject literally names the item to identify it. When
manual RT is employed, the subject usually identifies
the test stimulus by matching it to a target item or
to a positive subset taken from a larger pool of items.
Naming the item would necessarily involve a verbal
code for the stimulus (Posner & Mitchell, 1967;
Posner, 1969) and therefore the language capabilities
of the left hemisphere (Cohen, 1972; Gazzaniga &
Sperry, 1967; Geffen, Bradshaw, & Nettleton, 1972;
Geschwind, 1970; Levy & Trevarthen, 1976; Milner,
1971). When the stimulus matching paradigm is used,
however, the subject is responding manually and the
opportunity for using explicit stimulus labels is greatly
reduced, thereby encouraging some form of visual
coding (Bartram, 1974; Klatzky, 1972). Thus, men
tally matching a target item to previously memorized
items could require a holistic or visuospatial process,
a primary attribute of the right hemisphere (Bogen,
1969; Levy, 1974; Levy, Trevarthen, & Sperry, 1972;
Paterson & Zangwill, 1944; Sperry, 1974). These two
Types of responses, then, stimulus naming and stim
ulus matching, each generate task demands that
could affect hemispheric differences for stimulus
identification:

Accuracy studies have generally employed stimulus
naming to identify both verbal and "nonverbal"
items (e.g., common objects and geometric forms).
Since the naming procedure itself would employ left
hemisphere processing, it could greatly reduce or
even reverse any potential right-hemisphere effects
(e.g., Bryden, 1960; Kimura, 1966; Paivio & Ernest,

1971). Thus, the influence of the type of stimulus
on identification performance for this task is difficult
to determine. A matching-to-memory procedure, by
eliminating any overt stimulus labeling, could
provide a means to evaluate just the effects of the
type of stimulus, but very few studies have employed
such a task for both types of stimulus materials.
When this has been done with outlines of common
objects as the nonverbal stimuli and letters or words
as the verbal stimuli, inconsistent hemispheric effects
have been obtained (Juola, 1973; Klatzky & Atkinson,
1971), possibly because the outline forms have readily
available labels (e.g., "tree," "house," etc.) which
could affect hemispheric differences for stimulus
identification. However, when faces have been used
as nonverbal stimuli and letters as verbal stimuli
in a matching task, RT was shorter for right
hemisphere presentations of the faces and left
hemisphere presentations of the letters (Rizzolatti
et aI., 1971)-the classic specialization for types of
stimulus finding.

Given these few studies and their various findings,
one cannot determine whether hemispheric differ
ences for stimulus identification, within a nonnaming
response paradigm, are due to the specific type of
stimulus (i.e., faces/solid objects) or to the task
demands of memory matching. The present study
was designed to help clarify this situation by employ
ing a well-practiced manual identification task for
both verbal stimuli (letters) and nonverbal outline
stimuli (label resistant forms). If the primary deter
minant of hemispheric differences in stimulus identi
fication is the availability of a label for a stimulus
item, then verbal stimuli should demonstrate shorter
RT for left-hemisphere presentations, while the non
verbal stimuli should demonstrate shorter RT for the
right-hemisphere presentations, despite the type of
response situation. However, if the memory match
ing response task controls the outcome of hemispheric
differences, then both verbal and nonverbal stimulus
items should demonstrate short RT for right
hemisphere presentations, since the subject must
employ a nonnaming strategy for both types of
stimuli.

In addition to the type of stimulus and type of
response task, two other variables relevant to stim
ulus identification were investigated. The presence of
a stimulus item with similar features to the target
item on either side of the target item can act as a
lateral mask to affect stimulus identification
(Hollingsworth & Wolford, cited in Wolford, 1975;
Wolford, 1975) and has demonstrated some hemi
spheric effects (Bouma, 1974; Bradshaw, Bradley,
Gates, & Patterson, 1977). The retinal locus of the
stimulus image has also been shown to affect iden
tification of verbal stimuli (Estes & Wolford, 1971;
Hershenson, 1969; White, 1970; Wolford &



Hollingsworth, 1974) and has demonstrated some
hemispheric differences (Hirata & Bryden, 1976;
Lefton & Haber, 1974; McKeever & Gill, 1972a;
Scheerer, 1974; White, 1973b; Wolford &
Hollingsworth, 1974). Therefore, to help clarify the
influence of lateral masking and retinal locus effects
on hemispheric differences and to extend these find
ings to nonverbal stimulus items, these variables were
included in the present study.

METHOD

Subjects
A total of 16 subjects were employed. Eight of these re

sponded to verbal stimuli and eight responded to nonverbal
stimuli, with an equal number of males and females within
each stimulus condition. All subjects were dextrals without any
sinistrality in their immediate families. All subjects had normal
or corrected-to-normal vision and received course credit for
their participation.

Materials
Stimuli for the verbal condition consisted of the capital letters

K, T, Y, and Z. Stimuli for the nonverbal condition consisted
of the tormsfil.Ill, B, and m. The latter took significantly longer
to label and were judged significantly more nonverbal, unfamiliar,
and meaningless than the letters of the alphabet, common
typographical symbols, and various other shapes and line figures
in a pretest.' All stimulus items were.4° wide and .6° high.

The stimuli were presented on a Data Media Elite 1520A
cathode ray tube (CRT) computer terminal. The terminal had
been modified to allow presentation of the nonverbal items via
software control. The screen of the CRT was covered with a
black paper mask such that only a display area of the screen
measuring 18° x .8° was visible to the subject. Attached to the
CRT console was a viewport tube measuring 15 x 15 em square
and 35 ern long. The viewport kept the subject's head orientation
and viewing distance constant and provided a means of focusing
the subject's gaze on the stimulus presentation area. The key
board of the terminal was covered with a black Plexiglas cover
such that only the external buttons controlling the keyboard
characters Q, D, J, and @ were operational. These characters
were chosen as the response keys because their locations on the
keyboard produced approximately equal spacing for the first
two fingers of the subject's left and right hands.

A Polytronic Universal Response Timer (Model 401 A) was
used to record the subject's response and reaction time to an
accuracy of ± .01 msec. The timer was interfaced between the
CRT and a time-sharing computer and measured the time from
the onset of the stimulus display to the subject's buttonpress
response (see Potts, 1976). The responses and reaction times for

. each trial were transmitted and stored automatically in the
computer. All stimulus presentations and data collection were
under software control. The apparatus was located in a small
laboratory room with only the signal from the terminal telephone
coupler providing minimal illumination during the experimental
trials. The height of the viewport and chair were adjusted for
each subject.

Design
Each subject within a stimulus set condition received all ex

perimental treatments. The independent variables were visual field
(left vs. right), presence of lateral mask (masked vs. unmasked),
and retinal locus (1.9° V5. 3.8°). When factorially combined with
each of the four stimulus items of either the verbal or non
verbal set, a total of 32 different combinations of stimulus
presentation conditions produced one block of trials. Each
subject was run for five blocks in a session, for a total of six
sessions, distributed over 3 days.
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Each stimulus item was displayed for 153 msec (the display
and stimulus control times resulted from the hardware constraints
of the system). The retinal locus of the display was varied by
manipulating the distance from the subject's center of fixation
to the location of the stimulus item. When the stimulus display
was masked, the target item was presented with a rectangle of the
same size as the letters and nonverbal items on either side of the
stimulus (e.g., DKD or 0 @ 0 ). When the stimulus was presented
in the unmasked condition, just the target item was presented in
one of the four possible locations.

Each of the four available response keys represented one 01 the
four possible stimulus items. The subject rested the index and
second fingers of his left hand on the buttons correspondiijg to the
Q and D keys and the same two fingers of his right fiand on
the buttons corresponding to the J and @ keys. The assignment
of specific key to stimulus character was random for each
subject, although no two subjects had the same order. In
addition, the stimulus presentation sequence for each block of
32 trials was randomized for each subject.

Procedure
Subjects were run individually. They were shown a card that

illustrated the four stimulus items in the same order as their
button response sequence (e.g., if the response button sequence
was from left to right-K, T, Y, Z-the card illustrated the same
order). They were told to remember the particular stimulus items
and to note the assignment of each item to its response button.
They were then shown examples of the left and right visual field
presentations, the different possible retinal locations; and the
masked and unmasked stimulus items. The subjects were in
structed to maintain central fixation. They were informed that
the stimulus items for each trial would be "flashed" to any
one of the four possible presentation positions. They were told
that their task was to press the button that corresponded to
the item they perceived. The experimenter emphasized that speed
was a primary requirement for the task, but that they were
not to sacrifice accuracy.

The sequence of events for each trial was as follows: When
the subject was ready to begin a block of trials, he pressed one
of the response buttons designated previously as the control
button. A few seconds later, a fixation cross appeared in the
middle of the presentation field and an electronic tone sounded.
This was the subject's signal to fixate on the cross and to prepare
for the stimulus item. Approximately Y2 sec later (493 msec), the
fixation cross disappeared and the stimulus display occurred in one
of the target areas. The subject then responded by depressing
the response button which had been assigned to the stimulus item
he saw. If the subject was correct, he heard one tone; if he
had made an error, he heard two tones. The next trial occurred
automatically 5 to 7 sec after the feedback had been given.
This same sequence continued for the 32 trials of a given block.
A series of four tones alerted the subject to the end of a
block and to the beginning of a 45-sec rest period. At this time,
the subject was shown his mean correct reaction time and his
percentage of correct responses for the block of trials. A sin
gle tone signaled the end of the rest period (although subjects
were permitted to rest longer if they wished). The next block
was initiated by depressing a control button. After five such
blocks, the subject was required to rest for a minimum of 5 min
before continuing. The subject performed another five blocks
to complete a single day's trials. The two sessions and rest
period lasted a total of I hand 15 min. The subject repeated
this sequence for 3 days. At the end of the 3rd day, the
subject was debriefed about the nature of the experiment.

RESULTS

Both RT and accuracy data were recorded. The
data obtained from the first two sessions were con
sidered as practice and excluded from all statistical
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Table I
Mean Reaction Time (RT) in Milliseconds and Percentage of Incorrect Responses (lR) for AIl Stimulus Conditions

Verbal Nonverbal

Unmasked Masked Unmasked Masked

1.90 3.80 1.90 3.80 1.90 3.80 1.90 3.80

Hemisphere RT IR RT IR RT IR RT IR RT IR RT IR RT IR RT IR

Left 453 4.5 469 4.9 538 6.8 607 16.4 570 2.7 694 23.8 685 14.6 856 41.4
Right 453 4.3 462 4.7 516 8.6 579 10.4 533 2.2 624 11.7 633 10.2 779 27.9

analyses. The data obtained from the first block of
32 trials for each of the four remaining experimental
sessions were considered as warm-up and excluded
from all statistical analyses. All RTs greater than
2 sec were considered as errors (these were mainly
equipment failures and accounted for less than
.5070 of all responses). All trials on which response
errors occurred were dropped from the RT analysis.
Reaction times within a trial block were averaged
over the four different stimuli within each stimulus
condition. If a subject made an error on one of these
four trials, it was not included in the averaging
process. However, the proportion of errors was com
puted using the total number of experimental trials.

Reaction Time Data
The RTs averaged over the eight subjects for each

stimulus condition are presented in Table 1. Each
mean represents 512 presentations for a particular
stimulus viewing condition. A four-factor (Hemi
sphere by Stimulus Type by Masking Condition by
Visual Angle) analysis of variance was performed
on the mean RT of each subject's experimental
trials for each stimulus viewing condition. An over
all significant main effect for the hemisphere of
projection was obtained, F(1,14) = 13.8, p < .01,
with the right hemisphere demonstrating shorter
identification RT than the left (572 vs. 609 msec).
The verbal stimulus items produced significantly
shorter response times than the nonverbal stimulus
items (510 vs. 672 msec), with F(I, 14) = 12.0,
P < .01. These two factors, hemisphere of projection
and type of stimulus interacted significantly, F(1,14)
= 5.2, P < .05, and reflect the larger difference in
RTs between the left- and right-hemisphere presen
tations for nonverbal stimuli (59 msec) as compared
to the hemispheric differences for verbal stimuli
(14 msec), This interaction is important, as it
implies that the two types of stimuli were treated
differently by the left and right hemispheres.

RT for both sets of stimulus items was sig
nificantly longer in the masked condition than in
the unmasked condition (649 vs. 532 msec), with
F(1,14) = 100.2, P < .001. In addition, retinal locus
of the stimulus item also significantly affected

identification speed, F(I,14) = 44.6, P < .001, with
the 1.9 0 presentations producing faster responding
than the 3.8 0 presentations (548 vs. 634 msec).
Retinal locus interacted significantly with the pre
sence of a lateral mask, F(I,14) = 18.8, P < .001,
indicating a smaller difference between masked and
unmasked items when they were presented nearer
the fovea than when they were presented away from
the fovea (91 vs. 143 msec). The retinal locus of the
stimulus display also interacted significantly with
stimulus type, F(1,14) = 12.9, P < .01, reflecting
a shorter response time difference between verbal
and nonverbal stimuli for displays presented near
the fovea (115) than for displays presented away
from the fovea (209 msec).

Because stimulus type interacted significantly with
the hemisphere of projection, the RT data from the
verbal and nonverbal stimulus conditions were an
alyzed separately with a three-factor analysis of
variance (Hemisphere by Masking Condition by
Visual Angle). For the verbal stimuli, hemisphere
of projection demonstrated only a marginally signif
icant main effect, F(1,7) = 4.8, p = .06, with the
right hemisphere producing shorter identification
RT than the left (503 vs. 517 msec). This effect
appears to have resulted from the significant inter
action between the masking condition and hemi
sphere of projection, F(I,7) = 7.3, P < .05.
Only when the verbal stimuli were presented with a
mask was the right hemisphere appreciably faster
than the left (25 msec). When the stimuli were
presented without a mask, the overall difference
between the hemispheres for identification speed was
small (4 msec). A main effect for the presence of
a mask was obtained, F(I,7) = 60.0, p < .01, as
it was for retinal locus of the stimulus display,
F(I,7) = 100.3, P < .001. Masked items yielded
longer RTs than unmasked items (560 vs. 459 msec),
with foveal presentations producing shorter RTs
than peripheral presentations (490 vs. 529 msec).
Retinal locus of the verbal stimulus items also
interacted significantly with the presence of a
lateral mask, F(I,7) = 30.2, P < .01. This inter
action reflected less masking effect for stimulus
displays presented nearer the fovea than for those
presented away from the fovea (74 vs. 128 msec).



The nonverbal stimulus items did produce a
significant main effect for hemisphere of projection,
F(l,7) = 10.0, p < .05, with right-hemisphere pre
sentations demonstrating shorter RT than left
hemisphere presentations for stimulus identification
(642 vs. 701 msec). Main effects for the presence of a
masking stimulus and retinal locus of the display
were obtained, F(1,7) = 47.5, P < .001, and F(1,7)
= 27.0, p < .01, with masked presentations demon
strating longer RT than unmasked items (738 vs.
605 msec) and foveal presentations demonstrating
shorter RT than peripheral presentations (605 vs.
738 msec). Retinal locus and masking condition
produced a marginally significant interaction, F(l,7)
= 5.3, P < .06. The difference between the masked
and unmasked conditions was less for presentations
nearer the fovea than away from the fovea (108
vs, 159 msec),

Error Data
The mean percentage of incorrect responses (lR)

averaged over subjects for each stimulus display
condition are presented in Table 1. Comparing
the pattern of errors and corresponding RTs, an
increase in errror percentage is associated with an
increase in RT. Thus, no speed accuracy trade off
occurred and, in general, the accuracy data closely
mimic the RT data. A four-factor analysis of
variance identical to that performed on the RT data
was also performed on the mean percentage of
errors made by each subject under each experimental
condition. Overall accuracy of response demon
strated significantly fewer errors for right-hemi
sphere presentations than for left-hemisphere
presentations (10.0% vs. 14.4070), F(1, 14) = 20.3,
p < .001. The verbal stimulus items produced sig
nificantly fewer errors than nonverbal stimulus
items (7.6% VS. 16.8%), with F(1,14) = 10.1,
p < .001. Hemisphere of projection and type of
stimulus yielded a significant interaction, F(1, 14)
= 11.0, p < .001, which reflected a larger difference
in identification accuracy between the left- and
right-hemisphere presentations for nonverbal (7.6%)
as compared to the hemispheric difference for verbal
stimuli (1.2%).

The presence of a masking stimulus produced
significantly more errors than stimulus presentations
occurring without a mask (17.0% vs. 7.4%), with
F(1,14) = 21.8, P < .001. The retinal locus of the
stimulus display produced a significant main effect,
F(l,14) = 25.1, p < .001, with the 1.90 displays
obtaining fewer errors than the 3.8 0 displays (6.7%
vs. 17.7%). Retinal locus of the stimulus display
also interacted significantly with hemisphere of
projection, F(l, 14) = 8.6, p < .05, indicating a
smaller difference in error percentage between the
hemispheres at the 1.90 presentations relative to the
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3.80 presentations (0.8% vs. 8.0%). In addition,
the retinal locus of the stimulus items interacted
significantly with the type of stimulus material,
F(l,14) = 13.1, p < .01. This interaction reflected a
smaller difference between types of stimuli in the
number of errors made when the presentations were
nearer the fovea than when they were away from the
fovea (1.3% vs. 17.1%).

Because stimulus type interacted with hemisphere
of projection for the error data, a three-factor
analysis of variance identical to that perfojmed on
the RT data was also performed on the error data
obtained from just the verbal stimulus responses
and just the nonverbal stimulus responses. For the
verbal stimuli, the right hemisphere demonstrated
fewer errors than the left (7.0% vs. 8.2%), but this
effect was not significant (p < .20). Although the
presence of a masking stimulus produced a greater
number of errors than stimulus displays presented
without a mask (10.6% vs. 4.6%), this effect was
only marginally significant for the verbal items,
F(1,7) = 5.0, P < .06. The retinal locus of the
stimulus display did demonstrate a significant main
effect, however, with items presented nearer the
fovea producing fewer errors than items presented
away from the fovea (6.1% vs. 9.1%), with F(1,7)
= 9.7, p < .05.

The nonverbal stimulus items demonstrated a
similar pattern of results. Right-hemisphere pre
sentations produced significantly fewer errors than
left-hemisphere presentations (13.0% vs. 20.6%),
F(1,7) = 18.4, p < .01. The main effects of mask
ing condition and retinal locus were both significant,
with F(l,7) = 17.8, P < .01, and F(l,7) = 19.6,
P < .01, respectively. More errors were obtained
when the stimulus displays were presented with a
mask than when they were presented without a
mask (23.5% vs. 10.1%), and the 1.90 stimulus
presentations produced fewer errors than the 3.8 0

presentations (7.4% vs. 26.2%). Retinal locus in
teracted significantly with hemisphere of projection
for the nonverbal items, F(l,7) = 6.9, p < .05,
reflecting the smaller diffference in error percentages
between the hemispheres for presentations nearer
the fovea than for presentations away from the
fovea (2.5% vs. 12.8%). Retinal locus also inter
acted significantly with the presence of a lateral
mask, F(1,7) = 7.0, P < .05. This interaction i re
flected the smaller difference in the number of
errors made between masked and unmasked items
when presented at the 1.90 locus as compared with
the 3.8 0 presentations (10.0% vs. 16.9%).

DISCUSSION

Verbal stimulus items presented with a lateral
mask to the right hemisphere demonstrated shorter
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RT for identification and generally fewer errors
than did presentations to the left hemisphere.
Verbal stimulus items presented without masking
stimuli also obtained this result but the magnitude
of the effect was small and not significant. When
hard-to-label nonverbal stimulus items were pre
sented to each hemisphere for identification, the
right hemisphere produced faster responding and
fewer errors for both masked and unmasked
presentations. Taken together, this pattern of results
indicates that the matching-to-memory stimulus
identification procedure does have an effect on
hemispheric differences. However, the effect is
greater for nonverbal stimulus materials than for
verbal stimulus materials.

When presented without a lateral mask, very
little hemispheric difference in processing speed or
accuracy for verbal stimuli was observed. Previous
studies employing verbal items and a manual RT
non naming identification task have generally found
a left-hemisphere advantage (Isseroff et al., 1974;
Rizzolatti et al., 1971; Umilta et al., 1972; White,
1973b). However, these previous studies employed
a go/no-go procedure which had subjects respond
only when a positive member of a set of items was
presented. When a positive item did not appear, the
subject was to do nothing. The left-hemisphere
advantage for these studies could have arisen from
the subject's attempts to maintain the positive set
by rehearsing the names or labels of the items.
This effect has been reported by Hellige and Cox
(1976), who found a strong left-hemisphere ad
vantage for the recognition of verbal stimuli when
subjects were concurrently rehearsing additional
verbal items.

The present study's procedure attempted to
reduce these rehearsal effects with a response
situation that would encourage a visual coding of the
stimulus and hence a right-hemisphere advantage.
However, the obtained effect was weak for the
unmasked letters and may indicate that not all the
subjects were employing right-hemisphere processes
to respond to these stimulus items. Examination of
individual subject RT profiles for this stimulus con
dition revealed that out of eight subjects, two demon
strated slightly faster response times for stimuli
projected to the right hemisphere, two demonstrated
slightly faster response times for stimuli projected'
to the left hemisphere, and four subjects demon
strated a mixed pattern (the response times depend
ing upon the retinal locus of stimulation as well as
the hemisphere of projection). This analysis implies
that, although a visual code can be employed for
unmasked letter stimuli, the highly overlearned letter
names and the associated language functions they
promote may operate to bias cerebral activation
to the left hemisphere in spite of a task situation

favoring the right hemisphere's processing mode.
Such a left-hemisphere activation could have reduced
the influence of the right hemisphere in the present
study and thereby reduced the effectiveness of using
just a visual code for the letters (see Kinsbourne,
1970; Klein, Moscovitch, & Vigna, 1976). If this
interpretation is correct, activation of the left hemi
sphere, because of a readily labelable stimulus,
would seem to be a very stable effect, since each
subject completed 320 practice trials before the
experimental trials were begun. The extensive

, warm-up procedure was adopted explicitly to insure
observation of "steady-state" hemispheric process
ing rather than transient effects due to task adap
tation (Hellige, 1976; Ward & Ross, 1977). It would
appear that even with large numbers of practice
trials in a task situation that encourages use of a
visual code, the hemispheric influence of a well
learned label, such as those available for letters
of the alphabet, cannot be easily eliminated.

Nonverbal items produced faster and more accu
rate responding for right- than for left-hemisphere
presentations, regardless of whether the stimulus was
laterally masked or not. This finding agrees with
previous research employing a manual RT iden
tification task and faces as nonverbal stimuli (Geffen
et al., 1971; Moscovitch et al., 1976; Rizzolatti
et al., 1971). However, this finding is contrary to
previous studies that employed outlines of common
objects or geometric forms and found inconsistent
hemispheric effects (Juola, 1973; Klatzky & Atkin
son, 1971). Since these "nonverbal" stimuli do have
well-learned labels, they could have been rehearsed
given the procedure employed. It is reasonable to
conclude that the availability of a label during
responding could affect hemispheric processing
differences for stimulus identification by influencing
the left hemisphere during the task. Such an effect
could therefore account for the ambiguous findings
in studies employing labelable "nonverbal" stimuli.

The presence of lateral masks in the present study
had a clear and consistent effect on stimulus iden
tification. For both verbal and nonverbal items,
RT was slowed and more errors occurred when the
target item was presented with masking stimuli.
These results agree with the general findings of
previous studies that a lateral mask interferes with
stimulus identification (Hollingsworth & Wolford,
cited in Wolford, 1975; Wolford, 1975) and ex
tend their application to stimuli which are not letters.
However, when letter stimulus materials were
presented with lateral masks, the right-hemisphere
presentations produced faster RT and generally
fewer errors. This finding disagrees with previous
observations of left-hemisphere superiority for
accuracy and speed of identification when masking
stimuli were presented (Bouma, 1974; Bradshaw



et al., 1977). In the present investigation, both
masked verbal and masked nonverbal items demon
strated faster and more accurate identification per
formance for right-hemisphere presentations. Again,
the primary difference between the present and
previous studies is the nature of the response task:
previous studies either had subjects name the item
or match it to a previously memorized item, thus
encouraging rehearsal and left-hemisphere process
ing. When this bias is removed from the response
situation by having subjects directly indicate which
laterally masked item was presented, then the right
hemisphere's holistic and visuospatial processing
(Bogen, 1969; Levy, 1974; Nebes, 1971, 1972) can
produce superior identification performance. Thus,
under degraded stimulus conditions, subjects
apparently find the visual code available through
right-hemisphere processing more efficient than
attempting to employ a verbal code or perform some
form of feature analysis of the stimulus (Hellige,
1975).

The observed effects of retinal locus were also
consistent: faster RT and more accurate responding
when both verbal and nonverbal stimuli were pre
sented nearer the fovea at the 1.90 locations than
when they were presented at the more peripheral
3.80 locations. This effect agrees with previous
studies of the relationship between retinal position
and stimulus identification (Estes & Wolford, 1971;
Hershenson, 1969; White, 1970; Wolford &
HOllingsworth, 1974). However, the present study
obtained more pronounced retinal locus effects for
the nonverbal stimuli rather than for the verbal
stimuli. This finding may indicate that the effects
of retinal locus are mediated by the availability
of the stimulus label. Stimulus items with well
learned verbal codes could activate left-hemisphere
processing and decrease the reliance on a purely
visual code. Stimulus items without readily available
verbal codes would not benefit from such a process
and would, therefore, produce overall longer RT
and more errors, especially for the peripheral pre
sentations.

The retinal locus of the stimulus presentation did
interact significantly with hemisphere of projection
for the error data and seems to indicate that right
hemisphere presentations were less affected by
retinal eccentricity than left-hemisphere presen
tations. This finding agrees with some previous
observations (Lefton & Haber, 1974, Experiment
3; White, 1973b), but disagrees with others (Hirata
& Bryden, 1976; McKeever & Gill, 1972a; Wolford
& Hollingsworth, 1974), where left-hemisphere pre
sentations produced better identification over the
various retinal loci employed. Again, the type of
task employed in the present study would encourage
visuospatial processing rather than reliance on

HEMISPHERIC DIFFERENCES 55

stimulus labels for identification (the response pro
cedure of these previous studies.). If this were the
case, then a stimulus image that was degraded
because of a peripheral input location should benefit
from such an analysis and reflect shorter RT and
lower error rates for right-hemisphere presentations
exactly what was observed for both stimulus con
ditions of the present study.

In sum, the type of processing task required of
subjects strongly determines which hemisphre will
process incoming visual information morejquickly
and accurately. When the influence of stimulus
names can be reduced and a visuospatial analysis
or visual coding of the stimulus encouraged, the right
hemisphere appears to be superior to the left for
both nonverbal and verbal stimuli. However, the
powerful influence of a well-learned label (at least
for letters of the alphabet) can apparently erode this
effect through left-hemisphere activity, even within
a nonnaming response task. In addition, both the
type of task as well as the type of stimulus appear
to interact with the presence of a lateral masking
stimulus and retinal locus to some extent. Whether
or not these variables will demonstrate- similar
findings for processing tasks other than stimulus
identification is a question for future research.
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NOTE

I. A complete description of the stimuli, procedure, and
results of the pretest may be obtained from the author.
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