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Hemispheric asymmetries in the cortical
evoked potential as a function of
arithmetic computations
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Hemispheric asymmetry in the cortical evoked potential (CEP) was examined by means of
a distracting task involving mental calculations. A considerable body of evidence suggests
that CEP amplitude is, at least in part, positively related to attention to the evoking stimulus.
Also, a growing number of studies suggest that arithmetic computation is primarily a function
of the dominant hemisphere. In the present study a task involving mental arithmetic was
used as a distraction. Results supported the hypothesis that the experimental task would
produce greater attenuation of CEPs from the dominant hemisphere.

The findings of such investigators as Milner (1965)
and Sperry (1968) have provided a considerable body of
evidence to support the hypothesis that the human cer-
ebral cortex is functionally laterally asymmetrical. In
the course of the last several years, a number of efforts
have been made to better understand the electrical
nature of this asymmetry through the use of recordings
obtained from scalp electrodes. These data have taken
the form of both electroencephalograms (EEGs) and
computer-processed cortical evoked potentials (CEPs).

A number of investigators have examined EEG
records obtained simultaneously from both left and right
hemispheres with the goal of detecting asymmetries
resulting from tasks assigned to the subject. The most
prominent and consistent finding has been that when
the subject is task involved, alpha is bilaterally sup-
pressed or attenuated and that this effect is most pro-
nounced in left-hemispheric recordings in the case of
verbal or computational tasks and in right-hemispheric
recordings in the case of spatial tasks (Butler & Glass,
1974; Dumas & Morgan, 1975; Lorens & Darrow, 1962;
McKee, Humphrey, & McAdam, 1973; Morgan,
McDonald, & Hilgard, 1974; Morgan, McDonald, &
Macdonald, 1971). Of these, McKee et al. (1973) found
that the effect of left suppression as a function of verbal
task becomes more pronounced as task difficulty
increases; they also reported that musical tasks serve to
attenuate right-hemispheric alpha. Pattern recognition
and manipulation also appear to accentuate the hemi-
spheric asymmetry, with these tasks tending to decrease
right alpha (Dumas & Morgan, 1975).
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In a somewhat different approach to EEG analysis,
Galin and Ornstein (1972) examined ratios of right-
hemisphere to left-hemisphere whole-band power
(1-35 Hz) from temporal and parietal leads. These
ratios were found to be markedly higher for verbal than
for spatial tasks. In a subsequent study, Doyle, Oinstein,
and Galin (1974) performed a frequency analysis of the
above-mentioned power ratios; the power asymmetries
were found to be most prominent in the alpha band and
less consistent for beta and theta bands. In the delta
band, no consistent effects were found.

In CEPs obtained simultaneously from left- and
right-hemisphere electrode placements with right-handed
subjects, verbal stimuli result in greater amplitude at the
left hemisphere and certain nonverbal stimuli result in
greater amplitude at the right (Buschsbaum & Fedio,
1969; Cohn, 1971; McAdam & Whittaker, 1971; Morrell
& Salamy, 1971; Neville, 1974). In addition, Neville
(1974) reported that verbal stimuli also result in shorter
latencies from left-hemisphere placements. When used as
distractors, verbal and spatial tasks result in reduced
amplitude from left-hemisphere CEPs evoked by a
nontask stimulus (Galin & Eliis, 1975). Davis and Wada
(1974) examined coherence or similarity of form of
CEPs obtained from temporal and parietal leads from
the same hemisphere; they reported that clicks result in
CEPs of maximal coherence on the speech-dominant
side, while flashes result in greatest coherence on the
non-speech-dominant hemisphere. Musical chord stimuli
have been shown to result in greater CEP amplitudes
at the right hemisphere (Taub, Tanguay, Doubleday,
Clarkson, & Remington, 1976).

In another body of CEP literature, it has been shown
that attention to, or distraction from, the evoking stimu-
lus serves to modify the amplitude and latency of the
CEP (Ciganek, 1964, 1965, 1969; Garcia-Austt, Bogacz,
& Vanzulli, 1964; Haider, Spong, & Lindsley, 1964;
Spong, Haider, & Lindsley, 1965). Attention to the
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evoking stimulus tends to result in increased amplitudes
and decreased latencies, while distraction, due to an
assigned task or another stimulus, produces the opposite
results.

The research reported below is an attempt to further
examine the electrical nature of cortical asymmetry by
using a task involving mathematical calculation as a
distraction from an evoking visual stimulus. Based on the
reports of the asymmetrical effects of computation tasks
on the ongoing EEG, it was expected that amplitudes
from left-hemisphere CEPs would demonstrate a signifi-
cantly greater degree of attenuation during a distracting
computational task.

METHOD

Subjects

Twelve subjects (eight male and four female), aged 16 to 28
years, served. All subjects were right-handed, with no history of
brain damage. Benton (1965) reported that for right handed
subjects the probability of left-hemisphere dominance was quite
high.

Apparatus

EEGs were obtained from monopolar electrodes (silver) at
C3 and C4 (Jasper, 1958) referenced to the ipsilateral ear; a chin
electrode was used for grounding. These signals were amplified
using a Grass Model 7 system and two Grass 7P511 EEG ampli-
fiers. A Grass PS22 photo stimulator was used for stimulus
presentation with the intensity setting at 16. Signal averaging
was accomplished by means of a Digital Equipment Corporation
Lab 8e-25 computer.

Procedure

For both control and experimental conditions, the subjects
were seated, eyes closed, facing the strobe at a distance of 5 ft.
The stimulus was a double flash with a 150-msec interflash
interval; presentation rate was one stimulus per 2 sec. The CEP
sweep was initiated with the first flash of the pair and continued
for 500 msec. Each average was based on SO sweeps. In the
control condition, the subjects were instructed to detect a “third
flash, which may or may not occur during this run.” For the two
experimental runs, subjects were instructed to count backward
from 600 by sixes and from 700 by sevens, respectively. The
experimental and control runs were arranged in an ABBA
fashion for half of the subjects and BAAB for the other half,
resulting in four pairs (one left and one right) of averages per
subject.

RESULTS

The data from a typical subject are shown in Fig-
ures 1 and 2. This represents only one-half of the data
from this particular subject since two averages (lfaft and
right hemisphere) were obtained from each subject on
each of four runs, two experimental and two control.

In all CEPs, the most prominent component was a
biphasic wave with a negative peak in the range of 75
to 150 msec. The peak-to-peak amplitude of this com-
ponent was obtained for each CEP. For each run, a
ratio of right amplitude to left amplitude was calculated.
The two ratios for the experimental runs were added to-
gether, as were the two ratios for the control runs; the
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Figure 1. Average evoked potentials from Subject § during an
experimental run. Upward deflection corresponds to negative at
the active electrode.

control sum was then subtracted from the experimental
sum. The remainder was a positive value if the left-
hemisphere amplitude decreased more than the right
during the experimental runs as compared to control
runs; it was negative if right amplitude decreased more.

Examination of the data reveals that the experimental
task produced significant left-right amplitude differ-
ences in the CEP when compared with the control task
(p < .05, Wilcoxon matched-pairs signed-ranks test),
with the shift being in the direction of reduced left-
hemisphere amplitude during the experimental task, as
predicted. No consistent latency shift was found as a
function of the experimental task.

DISCUSSION

The results reported here provide further support for the
hypothesis of functional cortical asymmetry. More specifically,
they support the contention that computational functions
involve the left or dominant hemisphere in right-handed individ-
uals. The left-right CEP asymmetry may also be explained in
terms of slight differences in amplifier settings or in terms of
bilateral electrode placements which were not homologous. In
the present situation, considerable care was used in calibration
and electrode placements. Furthermore, the differences reported
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Figure 2. Average evoked potentials from Subject 5 during a
control run. Upward deflection corresponds to negative at the
active electrode.



are based solely on within-subject shifts due to manipulation of
the experimental condition.

Many of the studies reported have found increased ampli-
tude from the task-involved hemisphere. However, in all of these
studies the evoking stimulus was task relevant. In comparing our
findings with them, it is well to emphasize that, in the present
experiment, the task of interest (computation) was used as a
distractor, while the CEP is based on a non-task-related stimulus
(flash). In this situation we predicted that the task-involved
hemisphere would reflect greater amplitude changes than the
opposite hemisphere when compared with the control condition,
and that these shifts would be in the direction of reduced
amplitude during task involvement. The present findings support
this prediction and are in agreement with those of Galin and
Ellis (1975) using spatial and verbal tasks as distractors.

These findings lend further support to the use of the CEP in
examining the functional hemispheric asymmetry of the cortex
in terms of understanding the nature of its underlying electrical
activity.
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