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Tactual and auditory vigilance in split-brain man
STUART J. DIMOND

From the Department of Psychology, University College, Cardiff

S U M M A R Y Two studies are reported of tactual and auditory vigilance performance in patients
with a split-brain or partial commissurotomy to examine the attentional behaviour of the right
and left hemisphere, and to identify defects in attention which may be related to the division of
the cerebral commissures. The performance of the right hemisphere on all tasks of sustained
attention so far studied was substantially better than that of the left. Considerable depletion of
concentration was observed for the total split-brain group but not in patients with partial com-
missurotomy. One of the more unusual phenomena of the split-brain condition is that gaps of
attention, often lasting many seconds, occur predominantly on the left hemisphere. The switch
to a different type of signal on the same hemisphere does not stop them but the switching of
signals from one hemisphere to another does. The defect is interpreted as a failure of attention
peculiar to the individual hemisphere under test.

It has long been noted that the power of concen-
tration of split-brain man is poor. Sperry (1974)
states that "one gets a general impression from
working with these (split-brain) patients over long
periods that their overall mental potential is
affected by the commissurotomy. Perseverance in
tasks that are mentally taxing remains low in most
of the patients as does the ability to grasp broad
long-term or distant implications of a situation."
Zangwill (1974) suggests that "section of the
cerebral commissures has the twin consequences
of depleting the attentional capacity of each hemi-
sphere as well as largely abolishing integration
between them."
The method I have used to study concentration

in split-brain man is a traditional vigilance pro-
cedure (Dimond, 1976a,b; 1977). The patient is
required to maintain watch for signals which occur
relatively infrequently, performance being required
over protracted periods of time. On a test of visual
vigilance performance which used a divided visual
field to test separately the functions of the two
hemispheres, a gross depletion of attentional
capacity was discovered for split-brain man which
was absent in partial commissurotomy patients.
The left hemisphere showed poorer performance
than the right with many protracted gaps in its
relationship to the stimulus.
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In this paper I describe studies of tactual and
auditory vigilance in split-brain man and partial
commissurotomy patients undertaken to discover
whether this depletion of attentional capacity is
observed in both groups, whether it relates to com-
plete or partial section, and whether different
modes of hemisphere function are to be observed
on tasks other than visual ones.

Subjects

Of the six total commissurotomy patients tested all
had complete section of the corpus callosum, hip-
pocampal, and anterior commissures. The massa
intermedia was also sectioned in patients NG and
NW (Bogen et al., 1965). The surgical approach to
the anterior commissure involved the columns of
the fornix. The operation was undertaken for the
relief of severe and progressive epileptic attacks.
The case histories have been fully described by
Bogen and Vogel (1974) together with evidence of
the present neurological status.
Two patients with partial commissurotomies

were also tested (Table 1). One patient was tested
in whom only the anterior two-thirds of the corpus
callosum was sectioned together with the anterior
commissure, sparing the splenium. This case is
described by Gordon et al. (1971). Another patient
was tested in whom the middle third of the corpus
callosum had been sectioned for the treatment of
an underlying angioma (Dimond et al., 1977).

All the patients described, except the last,
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Tactual and auditory vigilance in split-brain man

Table 1 Patients' ages at test and number of years
since operation

Category ofoperation Patients Age Years since operation
tested
(yr)

Complete commissurotomy NG 42 11
CC 24 1 1
NW 45 9.5
RY 52 10
LB 24 11
AA 25 11.5

Partial commissurotomy NF 34 7.5
PA 24 2

suffered from severe longstanding epilepsy before
surgery, and were, at the time of testing on mild
to moderate anticonvulsive medication. Extra-
callosal damage not associated with surgery was
probably present in all cases, varying widely in
extent but thought to be minimal in patients LB
and NG (Zaidel and Sperry, 1974).

Method

Studies of vigilance performance-auditory and
tactual-were conducted on each patient. The
methods used previously in the investigation of
split-brain man (Sperry, 1974) were used here to
lateralise vigilance tasks to the two hemispheres so
that comparison could be made between them.
The subject's task was to detect signals given to
the right or the left hemisphere. The essence of
the vigilance procedure is for performance to be
maintained over protracted periods of time, and
for the subject to keep watch for signals which
occur only infrequently. In the studies reported
here considerations of care for the patient limited
the period of experimental investigation of each
test to 30 minutes. It may be argued, therefore,
that this was not a true vigilance experiment. The
performance of split-brain man, however, over
this period showed a gross vigilance decrement
which serves further to highlight the difference be-
tween this and the normal performance (Dimond
and Beaumont, 1973).
The general procedure was first to administer

eight pretraining signals, four on each hemisphere,
randomly distributed and at the same rate as the
experimental trials to ensure an adequate initial
level of response. During the subsequent 30 min
test period, 60 signals were given distributed
equally but according to a randomised schedule
between the hemispheres. The signal was presented
at a varied interval. The mean intersignal interval
was 30 seconds, the range varying between 20 and
40 seconds. Because the duration of the task was
short by the standard of traditional tasks and, in

order to get as much information as possible about
the subject's performance, if the subject failed to
detect one of these initial signals the signal would
repeat itself at 1.5 s intervals until detection had
occurred or until 10 such signals had occurred
without response. False positive responses were
scored if the response occurred more than 10 s
after the last signal and more than five seconds
before the next signal. This basic procedure was
followed in each of the separate testing sessions,
for tactual and auditory vigilance.

TACTUAL TASK
Perhaps the most successful method of achieving
lateralisation to one or other hemisphere is to re-
quire the subject to perform a tactual task with
signals distributed to each hand. To study the
tactual vigilance of each hand we devised a vibrato-
tactual task. The patient placed both hands through
the lower part of a screen which acted to shield
the hands from vision. The index finger of each
hand was placed on a moving coil which was the
instrument providing the vibrato-tactual signal.
The metal coil was a moving coil from a head-
phone insert mounted in a zinc metal box 6X 11 X
3 cm. The signals were given in a range below
that of auditory frequency. In addition, the coil
was rubber-mounted to prevent auditory signals,
and the patient wore New Sonic stereo head-
phones, again to inhibit auditory cues. Tests con-
ducted before the vigilance run showed that signals
could not be detected other than through the
fingers placed on the coil. The coil disc measured
28 mm across. The signal was applied to the coil
by a Farnell LFM 3 signal generator. The signals
could be switched to the left hand, the right hand,
or to both hands together. The amplitude of the
signal was adjusted by a small signal amplifier, and
initial adjustment made for each patient at the
beginning of the experiment to ensure that the
signal level was appropriate to produce a full initial
response. The patient rested the index finger of
each hand on the mounted coil disc. Each signal
consisted of a sine-wave vibration of the disc at
the rate of 10 Hz starting at any point in the cycle.
The signal duration was 350 ms of disc vibration.
The patient's task was to detect the vibration of
the disc and to depress the disc as soon as he felt
the signal. The patient responded with his left hand
to signals to the left index finger and with his right
hand to signals to the right index finger.

AUDITORY TASK
The subject was seated comfortably at the ap-
paratus. The hands were placed through the lower
part of a screen where they rested on response
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buttons. The subject's task was to respond to a

left side signal by pressing the left hand response
button and a right signal by pressing the right
hand response button. The subjects wore New
Sonic stereo headphones. The auditory equipment
consisted of a signal generator (Farnell LFM 3)
and an amplifier built in our own workshops to
provide a tone of 450 Hz for 100 ms. The tone
could be switched through to the left or the right
ear. The vigilance task was to detect auditory sig-
nals of this type as they occurred on either ear and
to press the corresponding response button. This
task was performed according to the programme
already described for 30 min in total. Signals were

distributed randomly but with equal frequency
across the two ears. Signals occurred on average
every 30 seconds and were repeated as described
previously in the absence of detection (a maximum
of 10). Pretraining trials were given, and the
amplification level was set so that the signals were

well within the range of audibility.

Stuart J. Dimond

Results

Performance on the right hemisphere was sub-
stantially better than that on the left. The results
of the tactual task are given in Table 2 which
shows detection as a response to the initial signal.
An average of 37.5% signals were detected on the
right whereas 23.5% were detected on the left. A
Friedman two-way analysis of variance shows this
difference to be significant (Xr2= 38.3 df= 1,
P=0.00013). This result was reinforced by exam-
ination of the number of additional signals re-

quired to prompt the hemisphere into action-
many additional signals were required on the left
hemisphere (Table 2). One patient (AA) stood out
from the others but he is known to have some
motor problem affecting performance of the hands.
The results on auditory functions are not as

clear (Table 3), although the advantage of the
right hemisphere can still be observed. The right
hemisphere score was 45.3% initial detections, and

Table 2 Tactual vigilance percentage signals detected by right and left cerebral hemispheres on initial signal
presentation

Category ofoperation Patients (50%) (50%) Performance scores ofright and left
Left hemisphere Right hemisphere cerebral hemispheres. Number of
(right hand) (left hand) additional signals given (up to a maximum

of 10) during 30 min task performance

Left hemisphere Right hemisphere
(right hand) (left hand)

Total commissurotomy NW 26.2 45 100 18
CC 25 28.3 57 32
RY 18.3 31.5 94 56
AA 30 25 93 50
NG 31.6 48.3 70 2
LB 10 45 186 4

Average 23.5 37.5 100 27

Partial commissurotomy NF 50 50 0 0
PA 50 50 0 0

Table 3 Auditory vigilance: percentage signals detected by right and left cerebral hemispheres on initial
signal presentation

Category ofoperation Patients (50%/) (50%) Performance scores ofright and left
Left hemisphere Right hemisphere cerebral hemispheres. Number of
(right ear) (left ear) additional signals given (up to a maximum

of10) duiring 30 min task performance

Left hemisphere Right hemisphere
(right ear) (left ear)

Total coffmissurotomy NW 11.6 23.3 61 37
CC 31.6 50 48 0
RY 43.3 50 10 0
AA 50 50 0 0
NG 45 48.6 10 2
LB 50 50 0 0

Average 38.5 45.3 21.5 6.1
Partial commissurotomy NF 48.6 50 2 0
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the left hemisphere 38.5%. When the number of
additional signals to evoke response was con-
sidered, over three times as many signals were
necessary on the left than on the right (Table 3).
Two patients scored 100% on this task, and the
overall depletion was not nearly as severe as on the
tactual task.

Table 4 shows the striking overall depletion in
vigilance performance in split-brain patients com-
pared with partial commissurotomy patients. Per-
formance analysed by time on the tactual and
auditory tasks was compared with lateralised visual
performance for which these patients were exam-
ined previously (Dimond, 1976a). Some depletion
was present on each task for the split-brain
person, visual function being the most affected,
and auditory function the least. The partial com-
missurotomy patient showed virtually no depletion.
This performance is in line with that of three
normal individuals who showed no loss of per-
formance whatsoever when tested on these tasks.

Table 4 Percentage detections during each 10 minute
performance of the task: comparison of visual, tactual,
and auditory performance.

Category of Nuimber 0 10 min 20 mmin 30 min
operation and of
ofresponse cases

Total commissurotomy
Visual 6 100 54 46 30
Tactual 6 100 66.5 53 60
Auditory 6 100 90.5 82.5 78

Partial commissurotomy
Visual 2 100 100 96 96
Tactual 2 100 100 100 100
Auditory I 100 100 95 100

One reason why the performance of the left
hemisphere is so poor is that many gaps occur

where the whole sequence of 10 repeated signals
is presented without evoking any response. When
the number of gaps of 10 signals without response
are considered there were three on the tactual task
for the right hemisphere but 40 for the left. With
auditory signals, only one patient (CC) produced
gaps of over five signals in length, and these oc-

curred only on the left hemisphere. Gaps of this
kind emerged as an interesting phenomenon of the
results, and I wanted to discover if they extended
across both sides of the brain or were confined to
the hemisphere under test. If the patient had
already received five signals without response on

some selected trials a switch was made to the
opposite hemisphere. The effect of this was almost
always to obtain a response from the new hemi-
sphere whereas continuation with the previous

hemisphere frequently failed to do so. This sug-
gests that the gap is confined to the hemisphere
and does not extend across the whole brain.
The second question was whether the henmi-

sphere can be brought out of a gap by a different
kind of stimulus. On a few occasions towards the
end of the tactual task, when the subject was fail-
ing to respond to the tactual signals (up to five),
a tone was played without previous warning on the
ear contralateral to the hemisphere under test.
The effect of this was negative, and on one oc-
casion a bilateral startle response was produced
but the hemisphere under test still failed to begin
producing responses. This, of course, refers to the
left hemisphere which produced gaps sufficient in
number to permit their study in this way. Thus
even an unusual and powerful stimulus seems in-
sufficient to reactivate the response from the
hemisphere at these times.
The picture with regard to false positive results

is confused. False positives were virtually absent
from the tactual task. On the auditory task right
hand false positives (18) were more frequent than
left hand (2). This does not, however, conform
with the visual results reported earlier (Dimond,
1976a) where the reverse was found.

Discussion

Depletion of vigilance performance in split-brain
man is confirmed by these results. Performance
occurred at a low level compared with partial com-
missurotomy patients and normal individuals, and
there was a depletion for all modalities. This sug-
gests that the corpus callosum forms an integral
part of the system which organises attentional
capacity, and gross defects in its production are to
be observed after surgery upon it. Patients in
whom the splenium is preserved remain free of
any overall depletion.

Differences in the response between the hemi-
spheres are clearly apparent. The percentage of
signals detected by the left hemisphere is greatly
diminished, the number of extra signals necessary
to stimulate it into action is greatly increased. A
striking feature of the results for tactual vigilance,
although less so for auditory function, is in the
number of protracted gaps which occur towards
the middle and end of the task with increasing fre-
quency on the left hemisphere. Their presence is
interpreted as a difference in the powers of mental
concentration between the two hemispheres in
split-brain man. The left is apparently robbed of
the power of concentration as the result of the
surgery, whereas this continues, although some-
what diminished, in the right hemisphere.
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