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The effects of response mode and stimulus
laterality on reaction time in a Sternberg task

MICHELLE A. ADKINS, W. A. HILLIX, and JAMES W. BROWN
San Diego State University, San Diego, California

The effects of visual field (right or left), mode of presentation (unilateral or bilateral), and response
mode (manual or verbal) on reaction time were investigated in a Sternberg task. Subjects responded
with their left hands, with their right hands, or verbally to indicate whether a stimulus was in
or out of a memory set. Unilateral presentation produced significantly shorter reaction times
than bilateral presentation did (p < .001). Stimuli in the memory set were responded to more
quickly (p < .001) than were those out of the memory set. Presentation mode interacted with
visual field (p < .01). Reaction times to left visual field stimuli were significantly shorter only
when stimuli were presented bilaterally. Response mode interacted with memory set (p < .001).
Reaction times for letters in the memory set were faster than those for letters out of the memory
set for manual but not for verbal responses. These results pose problems for interpreting memory

set and divided visual field studies.

Divided visual field studies of reaction time to lateral-
ized stimuli have provided important but often confusing
information about the functions of and differences between
the cerebral hemispheres. If subjects in such experiments
respond manually to a stimulus and then state verbally
what stimulus has been presented, they can respond im-
mediately upon detecting the stimulus, and decide later
what stimulus was presented. Reaction time may then
reflect only the time to detect the stimulus, and not re-
veal differences in hemispheric processing when they ex-
ist. In order to avoid this difficulty, several experimenters
(e.g., Klatzky & Atkinson, 1971) have used a Sternberg-
type memory set task. In this task, subjects must process
the stimulus information prior to responding, in order to
decide whether a probe stimulus is in or out of a memory
set. When subjects are asked to indicate as quickly as pos-
sible whether target items are in or out of the set, reac-
tion times generally increase linearly with the number of
items in the memory set, regardless of whether probe
stimuli are in or out of the set (Sternberg, 1966, 1969).
In most experiments, slopes are identical for negative and
positive responses. This result is usually interpreted as
evidence that subjects scan all items in the memory set
before categorizing the probe stimulus (exhaustive scan-
ning, serial comparison), rather than stop when a match
between the probe and an item in the memory set is found
(self-terminating search).

Cohen (1973) did a related experiment, in which he used
stimulus sets rather than memory sets. He presented two,
three, or four letters in the left or right visual field via
a tachistoscope, and subjects judged whether all of the
letters were identical. Reaction times increased as the
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number of letters in the set increased for stimuli presented
to the left hemisphere, as was expected from the exhaus-
tive scanning theory. However, reaction time did not in-
crease as the number of items increased for stimuli pre-
sented to the right hemisphere, indicating that the right
hemisphere was performing parallel processing. Klatzky
and Atkinson (1971) also argued that their results indi-
cated hemispheric differences in processing capabilities;
the right hemisphere appeared to be better at comparing
the shapes of letters, but left-hemisphere capability was
required for naming pictures and extracting the first let-
ters of the names. Thus there is evidence that the hemi-
spheres process information differently in both percep-
tion and memory.

Boles (1987) found that bilateral presentation revealed
hemispheric differences much larger than those found with
unilateral presentation. Judgments about bar graphs pro-
duced a left visual field advantage, and judgments about
letters produced a right visual field advantage. Right visual
field superiority has been found in numerous experiments
in which linguistic stimuli were used (Schmuller, 1979;
Segalowitz & Stewart, 1979). Many investigators believe
that letters, words, and digits are recognized better in the
right visual field (Zaidel, 1985) and that spatial stimuli
are recognized better in the left visual field (Gross, 1972).

However, this ‘‘agreement’’ is far from universal.
Yund, Efron, and Nichols (1990) consistently find that
spatial stimuli are recognized more accurately in the right
visual field, whether or not stimuli are simultaneously
presented in the opposite field. They account for the right
visual field superiority via a serial scanning mechanism
that tends to scan the right field first. This biased scanner
would operate when subjects did not know in advance
where the critical stimuli would appear. On the other
hand, Haun (1978) found left visual field superiority for
both geometric forms and letters. Davis and Schmit (1973)
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concluded that visually identical letters might be matched
better when presented in the left visual field. Bradshaw,
Hicks, and Rose (1979) found a left visual field advan-
tage for briefly presented stimuli.

Some of the conflicting results of visual field studies
may be accounted for by differences in procedure, in par-
ticular by differences in mode of response and mode of
stimulus presentation. Most experimenters assume that re-
sponse mode is relatively independent of other variables
(Beaumont, 1982). Left- and right-hand responses are
often used equally throughout an experiment, but some
experimenters find it unnecessary to vary the response
mode (Cohen, 1972). Other experimenters have used
bimanual responses (Bradshaw, Bradley, Gates, & Pat-
terson, 1977). No general difference between right- and
left-hand manual responses has been discovered, but the
interaction of response mode with other variables seems
not to have been studied systematically. Response mode
could affect processing strategy, and it is therefore im-
portant to examine verbal and manual responding within
the same set of experimental conditions.

The present study was designed to provide reliable base-
line information about the effects of some methodologi-
cal variables involved in lateralization research by using
the Sternberg task. Left-hand, right-hand, and verbal
responses were all used.

METHOD

Subjects
Twenty-four male and 24 female introductory psychology students

from San Diego State University received class credit for participation.
All subjects were right-handed and had 20/20 eyesight or eyesight cor-
rected to 20/20. A 3 (response mode) X 2 (unilateral or bilateral probe)
X 2 (in or out of memory set) X 2 (visual field) X 2 (response assign-
ment) mixed design was used, with response assignment the only
between-subject variable. The order in which the three response modes
were presented was counterbalanced across subjects.

Unilateral or bilateral stimulus presentation, visual field (left or right)
to which the subject responded, memory set (in or out), and response
mode (left hand, right hand, or verbal) were all manipulated within sub-
jects. Response assignment (middle or index finger response indicating
that the probe was in the memory set) was varied between subjects to
avoid confusing the subjects and to eliminate any possible confounding
of practice with response assignment.

Materials and Apparatus

Each subject was given a handedness questionnaire, to ensure strong
right-handed tendencies. A computer-controlled video screen (oscillo-
scope) was used to present data. The subjects responded in the verbal
response condition by using a microphone that activated a voice key,
and they responded under the manual conditions by using a panel with
two keys. ‘‘In’’ and ‘‘out’’ were used as the verbal responses rather
than ‘‘yes’’ and ‘‘no’’ because we believed that the rise times for *‘in’’
and ‘‘out’’ would be more similar and thus activate the voice key at
more nearly identical times after the initiation of the verbal response.
An IBM-AT-compatible computer system presented the stimuli and
recorded response times with millisecond accuracy.

Procedure

Subjects signed up individually for 45-min sessions. Each subject
received one of the six counterbalanced orders of the three response
modes. The subjects first filled out a handedness questionnaire and signed
a consent form. Next, the first 24 subjects were given instructions that
read, in part:

In each condition, you will be responding to letters as being either in
or out of a three-letter memory set (the memory set being H, Y, M).
Letters will flash on one or both sides of the screen with an arrow pointing
in the direction of the letter you should respond to.. .. I will tell you
what response mode to use for each section. When responding with either
hand you will use two buttons (an ‘‘in** button and an ‘‘out’’ button);
your index finger will always be “‘in’’ and your middle finger will al-
ways be ‘‘out.”” When you are answering verbally, you merely say ‘‘in"’
or “‘out’’ loudly into the microphone. Simply look at the center (+)
fixation point and answer appropriately.

The second 24 subjects received the same instructions, except that
they were told to respond ‘‘in’’ with the middle finger and ‘‘out’’ with
the index finger. The subjects were not informed of the identities of
the letters (X, I, V, A, T) that were ‘‘out’’ of the memory set.

Subjects were then free to ask questions, and 24 practice trials were
given. If a subject’s performance during the practice session showed
that he or she did not understand the directions, the necessary direc-
tions were repeated orally until the subject understood. Ninety-six trials
were given, 32 in each response mode. Four trials were run for each
of the 24 possible variable combinations. Directly before the real trials
began, the subjects were told to respond to the stimuli as quickly as
possible while remaining accurate. If incorrect responses were made,
the stimuli were presented again until all responses were correct. No
additional directions were given once the real trials were in progress.
After each set of trials with a given response mode, the subjects were
given a chance to rest their eyes and were told they were *‘doing great.”’

Each trial began with a 100-msec blank period. This was followed by
a *‘+ fixation point presented at the center of the screen for a random
duration between 1,000 and 2,000 msec. The fixation point changed to
an arrow (*‘ <’ or *“>"") for 100 msec before the probe letter was pre-
sented. Probe letters were on the screen for 100 msec 2° to the left or
right of the focal point. The intertrial interval was 3,000 msec. Trials were
treated as errors and repeated if the response time was less than 100 msec
or more than 5,000 msec. All repeated trials occurred at the end of the
trials for each particular response mode. Thus all reaction times are for
correct trials, although presumably some trials were correct by chance.

Reaction time was automatically recorded from the start of the stimulus
presentation until a button was depressed or until the voice key was ac-
tivated, depending on the response mode. The experimenter recorded
whether verbal responses were correct or incorrect by pressing the ap-
propriate key on the computer keyboard. When subjects were finished,
they were told the purpose of the experiment.

RESULTS

A 3 (response mode) X 2 (laterality) X 2 (visual field)
X 2 (memory set) X 2 (response assignment) mixed de-
sign analysis of variance was performed on the data. A
significant main effect was found for laterality [F(1,46) =
86.89, p < .001]; reaction times were significantly faster
when stimuli were presented unilaterally (M = 866.99)
than when they were presented bilaterally (M = 989.36).

The main effect for memory set was also significant
[F(1,46) = 26.27, p < .001]. Reaction times were sig-
nificantly shorter when subjects were responding to let-
ters in the memory set (M = 895.24) than they were when
subjects were responding to letters out of the memory set
M = 961.1).

An interaction was found between visual field and uni-
versus bilateral presentation [F(1,46) = 9.55, p < .01].
A Tukey test indicated that, in the bilateral condition,
subjects responded faster to stimuli in the left visual field
(M = 971.80) than to stimuli in the right visual field
(M = 1,006.93). Figure 1 shows the mean reaction time
for stimuli presented in the left or right visual field either
unilaterally or bilaterally.
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Figure 1. Mean reaction time in milliseconds for stimuli presented
in the left or right visual field either unilaterally or bilaterally.
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Figure 2. Mean reaction time in milliseconds for right-hand, left-
hand, or verbal responses to stimuli either in or out of the memory set.

The interaction between response mode and memory
set was also significant [F(2,92) = 18.75, p < .001].
Figure 2 shows the nature of this interaction. Tukey tests
showed that several differences were significant. When
stimuli were in the memory set and subjects responded
manually either with the left or with the right hand, reac-
tion times were significantly shorter than for any of the
other conditions.

DISCUSSION

The significant interactions demonstrate the lack of generality of the
two significant main effects; that is, there were effects of visual field
only for bilaterally presented stimuli, and responses to items in the
memory set were faster than those to items out of the memory set only
when manual responses were used.

Thus our ‘‘linguistic’* materials were sometimes processed faster in
the right hemisphere; when responding manually, subjects probably re-
sponded to our single letters as shapes, for which the right hemisphere
often produces reaction times equal to or shorter than those produced
by the left hemisphere (such as in Haun, 1978; Klatzky & Atkinson,
1971). The occurrence of differences may well depend on the match-
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ing strategy adopted, with a particular type of material treated as *‘lin-
guistic’’ at one time and not at another.

Reaction times were equal for letters in and out of the memory set
when responses were verbal, but they were significantly longer for items
out of the memory set when responses were manual. The usual finding
of different reaction times for *‘in’’ and ‘‘out’’ may be related to the
fact that manual responses are used more often (see, e.g., Bradshaw
et al., 1977; Eriksen, Eriksen, & Hoffman, 1986; Muthig & Ulrich,
198S; Orenstein & Hamilton, 1977; Strayer, Wickens, & Braune, 1987).

Our results might suggest that a self-terminating search was being
used when responses were manual, but many studies indicate that process-
ing in this task is serial and exhaustive (cf. Orenstein & Hamilton, 1977;
Sternberg, 1966, 1969). An additional problem with this explanation
is that it should apply when verbal as well as manual responses are re-
quired, and the equality of the verbal reaction times for probes in and
out of the memory set suggests that an exhaustive search strategy was
used when responses were verbal.

Although an exhaustive search is indicated in most cases, ‘‘out’’ re-
sponses often take longer than ‘‘in’’ responses, regardless of the num-
ber of items searched; that is, the intercept of the line expressing the
relationship between number of items and reaction time is higher for
‘‘out’’ than for ‘‘in.”’ Nevertheless, the present results for verbal
responses demonstrate that ‘‘out’’ does not always take longer than *‘in.”’

Subjects are more likely to code the probes and memory set acousti-
cally when they are required to make a verbal response than when they
are required to make a manual response. Acoustic coding may impose
a heavier processing load that interferes with some aspect of process-
ing probes in the memory set, but that does not change the processing
of probes that are not in the memory set.

A possible explanation is that probes that are in the memory set usually
can be ‘‘recognized’’ or ‘‘loaded’’ faster than probes out of the set, which
was not possible under the verbal response conditions of the present
experiment. This explanation is consistent with the present data, with
previous results, and with some models of the process. If probes in a
memory set could be recognized via template matching, but probes out
of the set required feature analysis, a reaction time advantage might ac-
crue to in-set probes. Such a difference in recognition strategy might
be eliminated by the verbal response requirement.

We were surprised at the near-identical left- and right-hand reaction
time patterns, both of which differed markedly from the verbal response
pattern. The similarity of left- and right-hand patterns is, however, con-
sistent with the results of Yund et al. (1990) and with the results of others
who have used both error and reaction time measures with manual
responses as indicants.

Yund et al. (1990) believe that preferential scanning of the right visual
field could mask, or even reverse, right-hemisphere superiority when
it exists. In their experiments, subjects do not know the visual field in
which stimuli will appear (unilateral presentation) or in which field the
probe stimulus will appear (bilateral presentation). In our experiment,
a**>" or ** < sign appeared for 100 msec prior to the presentation
of the letter to which the subject was to respond. The stimulus thus con-
trolled the scanning mechanism, and responses to stimuli in the left visual
field were faster than responses to stimuli in the right visual field when
stimuli were presented bilaterally, reversing the findings obtained by
Yund et al. with the use of similar stimuli but with a different scanning
task and no control of scanning.

Our experiment involved several simple independent variables because
we wanted to examine the effects of basic methodological variables on
reaction time. We conclude that hand and finger of response do not af-
fect reaction time, but that verbal responses may yield results quite different
from those produced by manual responses made with either hand. Our
results confirm that the bilateral presentation of stimuli produces larger
hemispheric differences than does unilateral presentation, even when the
putative scanning mechanism is directed to the relevant visual field.

The interaction between response mode and set membership indicates
that experimenters using the memory set paradigm must generalize very
cautiously if their experiments have not included both verbal and manual
responding, and that experimenters in lateralization must pay attention
to the modes of both stimulus presentation and response. Variations in
either may affect the strategies subjects use to solve whatever problems
are presented, and there is a danger that the differences observed will
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be interpreted as hemispheric differences when they are really attribut-
able to side-biased strategies. Despite the long history of divided visual
field research, we are just beginning to learn which methodological vari-
ables (such as hand of response and assignment of responses to fingers)
seem not to interact with other variables and which ones do (whether
stimuli are unilateral or bilateral, or whether subjects are directed to
the critical visual field either by a warning stimulus or by consistent
presentation to one side or the other, or whether responding is manual
or verbal).
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