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Abstract

Two split-brained subjects, one (L.B.) with full forebrain commissurotomy and one (R.B.) with callosal agenesis, and a group

of twenty neurologically intact subjects were tested in three discrimination tasks: a go±no go task, a two-choice task, and a
three-choice task. The discriminations were based on colour in Experiment 1, and on shape in Experiment 2. The stimuli were
presented in one or other visual ®eld, and the subjects responded with the ®ngers of one or other hand, allowing the di�erences

in reaction time between crossed and uncrossed responses (CUD) to be calculated. For the normal subjects the CUD tended to
diminish with the complexity of the tasks, suggesting that both hemispheres were increasingly involved. Unlike R.B. and the
normal controls, who made virtually no errors, L.B. had increasing di�culty as task complexity increased. He was better able to

transfer information from the right to the left hemisphere than vice versa, but an analysis of his accuracy under the crossed
conditions showed that the amount transferred was always well under one bit. This con®rms previous evidence that L.B. has
very limited subcortical transfer of either colour or shape. # 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Po�enberger [39] proposed that interhemispheric

transmission time (IHTT) in the human brain might

be measured by subtracting simple reaction time (RT)

under uncrossed conditions, where stimulus processing

and response initiation take place in the same hemi-

sphere, from RT under crossed conditions, where

stimulus processing and response initiation are pro-

cessed in opposite hemispheres. This crossed±

uncrossed di�erence (CUD) is taken to be a direct esti-

mate of IHTT. Numerous studies have employed

Po�enberger's paradigm in simple RT tasks (see [4,8]

for reviews), and in people with intact corpus callo-

sums the CUD is generally of the order of 2±6 ms,

although reported values have ranged from ÿ0.5 to

15.1 ms [8].

Po�enberger reasoned further that this technique
would be valid only under conditions in which cogni-
tive and response demands are minimised, as in simple
RT. Relative to the large number of studies using
simple RT, there have been few attempts to measure
CUD in more complex information-processing tasks.
One such task, involving only a slight increase in com-
plexity, is simple detection, which di�ers only from
simple RT in that blank catch trials are randomly
interspersed with target trials. This ensures that the
stimulus is processed before a response is initiated. A
review of ®ve experiments on simple detection
suggested that this slight increase in task complexity
creates longer RTs and greater variability in CUD,
which ranged from 5 to 28.5 ms in the reviewed studies
[4,8]. In a more recent study, however, Brysbaert [9]
found a constant CUD of 2.4 ms in simple detection
experiments with varying numbers of catch trials.

Another level of complexity is added with go±no go
tasks, in which the stimulus varies but the subject must
respond to only one of two or more alternatives. This
means that stimulus discrimination must take place
before a response is initiated. UmiltaÂ et al. [48] con-
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ducted three go±no go experiments with increasing
stimulus complexity (one-, two-, and three-letter dis-
plays). They reported increasing RTs with increasing
display complexity, but decreasing CUDs of 2.6, 2.4
and 0.1 ms.

A further information-processing component is
added in two-choice tasks, where the subject has to
decide which of two responses to make to each of two
di�erent stimuli or classes of stimuli. In this case, the
CUDs are typically longer than in SRT tasks, with
values ranging from 13 ms [32] to 25 ms [4] being
reported. Response requirements di�er somewhat
across studies (e.g., one or other hand, one or other
®nger, one or other direction of movement, etc) which
might be mediated by di�erent cerebral mechanisms,
allowing only cautious conclusions on the e�ects of
task complexity. Furthermore, in many studies the ad-
vantage of uncrossed over crossed conditions has been
attributed to spatial compatibility rather than interhe-
mispheric transfer.

These experiments give somewhat con¯icting infor-
mation on the e�ect of complexity on the CUD. One
of the aims of the present experiments, therefore, was
to provide further data on this issue. Normal subjects
performed three tasks of increasing complexity: a go±
no go task, a two-choice discrimination, and a three-
choice discrimination. The responses were contingent
on the colour of the stimuli in Experiment 1, and on
the shape of the stimuli in Experiment 2.

A second aim of the study was to examine the per-
formance, on the same three tasks, of two further sub-
jects who lack the corpus callosum. One is a young
man (R.B.) with agenesis of the corpus callosum, and
the other an older man (L.B.) with surgical section of
the forebrain commissures, including the anterior and
hippocampal commissures as well as the corpus callo-
sum. In commissurotomised subjects, CUDs based on
simple RT vary between about 29 and 96 ms, indicat-
ing that transfer via extracallosal pathways is substan-
tially longer than that via the corpus callosum
[10,13,21,40]. People with agenesis of the corpus callo-
sum have also been found to have CUDs that are pro-
longed relative to those in normals, although typically
shorter than those with surgical section of the commis-
sures; in various studies, they have ranged between 9.5
and 32 ms [1,13,21,24,28,37,45]. They may also show
other subtle de®cits in interhemispheric interaction
besides this increase in CUD [15,31,33,36], although
they do not show the now classic patterns of discon-
nection evident in callosotomised or commissuroto-
mized subjects [5,25,30].

By adding to the complexity of the task, our exper-
iments bear on further issues concerning the nature of
interhemispheric transfer in the absence of the corpus
callosum. Studies of the CUD using simple RT have
shown that people lacking the corpus callosum and

other forebrain commissures can transfer simple infor-
mation between hemispheres, albeit more slowly than
in normals, and there has been some discussion as to
whether the information transferred is stimulus infor-
mation or response information. Evidence from neuro-
logically intact subjects suggests that the CUD is
largely una�ected by variations in luminance or eccen-
tricity [4,8,10,21] suggesting that the information trans-
ferred is insensitive to visual parameters, and is
therefore more likely to be motor than sensory.
Further, the CUD in both the commissurotomized
subject L.B. and the acallosal subject R.B. has been
found to be largely una�ected by variations in lumi-
nance, including a condition of equiluminance [1,21],
again suggesting that the information transferred is
motor rather than sensory. A stronger test of the
nature of the information transferred is provided in
the present experiments, since the responses are contin-
gent upon the colour and shape of the stimuli. At least
in the case of L.B., and other subjects with section of
the corpus callosum and other forebrain commissures,
there is evidence that information about colour and
shape does not transfer interhemispherically, or does
so very poorly, and the question addressed by the pre-
sent experiments is whether L.B. can perform accu-
rately on discrimination tasks under crossed
conditions.

Previous evidence from two-choice RT experiments
does suggest, however, that L.B. can transfer two-
choice response information interhemispherically with
reasonable accuracy. Although he is typically no better
than chance in making binary same-di�erent judg-
ments of colour or form across the visual ®elds [26],
implying that these visual attributes do not transfer, he
is reasonably accurate at making binary decisions
about stimuli presented wholly within a visual ®eld, as
for example in studies of mental rotation [16]. It is
likely in this case that the transfer is of response infor-
mation rather than stimulus information. It has also
been suggested that interhemispheric transfer in L.B.
may be limited to binary information, which may con-
ceivably be accomplished by rapid external cross-cue-
ing; for example a binary decision might be signalled
interhemispherically by raising or lowering the tongue
[11]. Consequently, the three-choice discrimination
task is of special interest, since accurate performance
would require transfer of more than binary infor-
mationÐor, in information-theory terms, more than
one binary digit, or `bit', of information. The present
experiments allowed us to measure from L.B.'s per-
formance on the discrimination tasks just how many
bits of information were transferred from stimulus to
response (see [22] for computational details). Under
crossed conditions, this provided a quantitative esti-
mate of how much information was transferred inter-
hemispherically.
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2. Experiment 1: colour

In this experiment, the subjects made responses con-
tingent on the colour of the stimuli. Previous evidence
suggests that the transfer of colour information is lar-
gely abolished following forebrain commissurotomy
[12,26,40,44], although it has been suggested that sub-
cortical transfer may enable a crude distinction
between short and long wavelengths of light [46]. We
have previously shown that L.B.'s CUD was unaltered
in a simple RT task when the stimuli were equilumi-
nant with the background, and therefore de®ned by
colour only [21]. This could be taken to mean either
that the CUD re¯ects the transfer of response infor-
mation rather than stimulus information, or else that
it re¯ects ipsilateral response initiation under the
crossed conditions [40].

Evidence as to whether subjects with agenesis of the
corpus callosum can transfer colour information inter-
hemispherically is somewhat mixed. Sauerwein and
Lassonde [42] reported that acallosal subjects were
able to cross integrate tachistoscopically presented col-
our and shape information although their performance
was much slower than that in normal controls.
However, Karnath et al. [27] tested an acallosal subject
who could not make same-di�erent judgements on the
bases of colour or shape for bilaterally presented stim-
uli, although he could name colours presented unilater-
ally. As was the case with L.B., our earlier study
showed that the acallosal subject R.B.'s CUD was
unaltered by equiluminance.

2.1. Method

2.1.1. Subjects
There were 20 normal subjects, 10 women and 10

men, who participated on a voluntary basis. Their ages
ranged from 21 to 29 years with an average of 24
years. Each subject performed all three tasks.

The acallosal subject was R.B., a 20-year old left-
handed man. An MRI examination in 1988, when he
was 12 years old, showed that he lacked the corpus
callosum, and has a dilatation of the posterior portions
of the lateral ventricles (see [21] for MRI scans).
Neurological examination was performed since R.B.
complained about headaches leading to a suspicion
that he might have inherited a form of optic subatro-
phy [1]. There has been no reason for any further
neurological testing. Standard neurological examin-

ations have revealed no clear manifestation of interhe-
mispheric disconnection [1], except for a lengthened
CUD and some subtle sign of defective visual com-
munication between the hemispheres [13,15,20,21].

The commissurotomized subject was L.B., a 45-year-
old right-handed man who underwent section of the
corpus callosum and the anterior commissure and the
hippocampal commissure in 1963. Magnetic resonance
imaging (MRI) con®rmed complete section of the cor-
pus callosum [6]. Details of the case history and neuro-
logical status are available elsewhere [7]. At the time of
testing L.B. showed slightly slurred speech and an
uncharacteristic listlessness, possibly indicating a
recently acquired left-hemispheric dysfunction. We
have no reason to suspect that this might have
impaired interhemispheric transfer.

2.1.2. Stimuli and apparatus
The stimuli comprised ®lled circular disks, 0.868 in

visual angle, ¯ashed 2.58 either to the left or right of
the central ®xation cross. The stimuli were either red,
green or blue. Each colour was presented at two di�er-
ent luminance levels (red=10.07 and 6.24 cd/m2,
green=10.04 and 6.04 cd/m2 and blue=9.19 and 6.09
cd/m2). Since equiluminance between colours could be
achieved only approximately, variations in luminance
were introduced to prevent subjects from using lumi-
nance as the discriminative cue. The stimuli were
viewed from a distance of 57 cm from the screen, so
that one 1 cm on the screen corresponded to 18 of
visual angle. A chin rest was used to minimise head
movements. Responses were made on a keyboard
placed at the subject's midline. Stimuli were presented
on a fast-fade videographics adaptor (VGA) screen.
The experiments were programmed with the software
package Micro Experimental Laboratory (MEL) [43].

2.1.3. Procedure
Each task comprised two practice blocks and four

blocks of experimental trials. At the beginning of each
block the subject was instructed which hand to use.
Stickers corresponding to each colour were placed on
the keys selected for response. At the beginning of
each experiment subjects were instructed to always ®x-
ate on the centre cross and press the key that showed
the same colour as the stimulus as fast as possible.
Subjects had no di�culty memorising which key stood
for which colour, and did not have to check visually.
In the case of a false response a short high-pitched
pulse was sounded. The normal subjects initiated each
trial by pressing the space bar with the non-responding
hand, while for R.B. and L.B. the experimenter in-
itiated each trial by pressing either the `=' or the `1'
key.1 500 ms after a trial was initiated, a stimulus
would be presented on the screen for 133 ms. Any re-

1 In the case of L.B., in particular, we felt it to be important to in-

itiate each trial, especially since he appeared drowsy, perhaps as a

result of some recent left-hemisphere pathology. We also wanted to

ensure that trials were not initiated while he was having a (rare) petit

mal seizure.
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sponses occurring while the stimulus was on the screen
were treated as anticipations and were not recorded.

On each task, the subjects were ®rst given two
blocks of eight practice trials, one with each hand.
They were then given four blocks of experimental
trials. Half of the normal subjects performed these
blocks with the left hand, right hand, right hand, and
left hand respectively, while for the other half this
ordering was reversed. For both R.B. and L.B., the
order was left, right, right, left.

The speci®c tasks were as follows:

2.1.3.1. Go±no go task. Each subject was instructed to
press the key with the red sticker on the keyboard
only when a red disk ¯ashes up on the screen. On half
of the trials the disc was red, and on the other half it
was green. Thus no response or an inhibition of re-
sponse was required for half of the trials. Each block
of experimental trials contained 56 trials, 28 each
visual ®eld, so there was a total of 224 trials over the
four blocks. On half of the trials in each ®eld the disk
was red and on the other half it was green. These con-
ditions were presented in random order. In no-re-
sponse trials there was a delay of 3000 ms before the
instruction for the initiation of the next trial appeared
at the bottom of the screen.

2.1.3.2. Two-choice task. The procedure was the same
as in the previous task, except that the subjects were
required to press the `red' or the `green' key according
to the colour they saw by using the fore®nger, and
middle ®nger of the same hand. The B key served as
the `red' key, and the N key as the `green' key. Again,
the experimental blocks comprised 56 trials per block,
making a total of 224 trials.

2.1.3.3. Three-choice task. In this experiment subjects
had to indicate whether a red, green or blue disk had
been ¯ashed on the screen by pressing the B, N, or M

keys, respectively, which were marked with the appro-
priate colours. They were instructed to use the fore®n-
ger, middle ®nger, and ring ®nger of the same hand.
The four experimental blocks contained 72 trials each,
making a total of 288 trials. For reasons explained
below, L.B. was given an extra session of two practice
and two (instead of four) experimental blocks.

2.2. Results

2.2.1. Normal subjects
Table 1 summarises the RTs and accuracy of per-

formance under each hand-®eld combination for each
task. Accuracy was too high to warrant further analy-
sis.

For correct responses, median RTs for each hand
and visual ®eld were calculated, and subjected to ana-
lyses of variance, with hand and visual ®eld as within-
subject factors, and gender as a between-subject factor.
In no cases were there any signi®cant e�ects or inter-
actions associated with gender. For the two-choice and
three-choice tasks, colour was an additional within-
subject factor. The values shown in Table 1 are the
means of the medians, and the resulting CUDs.

2.2.1.1. Go±no go task. The false-alarm rate was 1.8%.
The analysis of variance revealed no signi®cant main
e�ects of hand or visual ®eld. The interaction between
the two, re¯ecting a CUD of 6 ms, reached signi®cance
on a one-tailed test (F(1, 18)=4.23, one-tailed
P < 0.05), despite a range of individual values ÿ20±56
ms.

2.2.1.2. Two-choice task. The main e�ect of hand was
signi®cant (F(1, 18)=11.66, P < 0.005) with the right
hand being on average 27 ms faster than the left.
Neither the main e�ect of visual ®eld nor the inter-
action between hand and visual ®eld interaction (F(1,
18)=0.06, n.s.) were signi®cant. The mean CUD was

Table 1

Means of median RTs (in ms) of the normal subjects and median RTs (in ms) of R.B. and L.B. for each hand-visual ®eld combination, and cor-

responding CUDs, in Experiment 1 (proportions correct shown in brackets)

Task Left hand-LVF Left hand-RVF Right hand-LVF Right hand-RVF CUD

Normal subjects

Go±no go 412 (0.97) 414 (0.97) 412 (0.99) 402 (0.98) 6

Two-choice 475 (0.97) 469 (0.98) 452 (0.97) 449 (0.96) ÿ1
Three-choice 558 (0.98) 551 (0.97) 551 (0.95) 550 (0.97) ÿ3
Acallosal subject R.B.

Go±no go 398 (1.00) 396 (1.00) 401 (1.00) 413 (1.00) ÿ7
Two-choice 485 (0.98) 521 (0.98) 514 (1.00) 552 (0.93) ÿ1
Three-choice 477 (1.00) 539 (0.97) 561 (0.99) 519 (0.96) 51

Commissurotomised subject L.B.

Go±no go 483 (1.00) 576 (1.00) 685 (1.00) 632 (1.00) 73

Two-choice 744 (0.93) 949 (0.73) 903 (0.84) 845 (0.96) 132

Three-choice 784 (1.00) 1146 (0.54) 1042 (0.75) 938 (0.93) 233
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slightly negative (ÿ1 ms) with individual values ran-

ging from ÿ30 to 39 ms.
There were signi®cant interactions between hand

and colour (F(1, 18)=5.34, P < 0.05) and between

®eld and colour (F(1, 18)=72.27, P < 0.0001),

suggesting a colour-contingent hemispheric asymmetry.

Tests of simple e�ects showed a right-hand
(t(35)=2.75, P < 0.005) and a RVF (t(31)=4.06,

P < 0.0001) advantage in responding to green, and a

LVF (t(31)=4.26, P < 0.0001) advantage in respond-

ing to red. A right-hand advantage in responding red

was not signi®cant (t(35)=0.77, n.s.). These e�ects
might be attributed to stimulus-response compatibility,

since the `red' key was to the left and the `green' key

to the right.

2.2.1.3. Three-choice task. There were no signi®cant
e�ects of hand or of visual ®eld, nor any signi®cant in-

teractions involving hand. The median RT for the

uncrossed condition (554 ms) is again very slightly

slower than of the crossed condition (551 ms), yielding

a mean CUD of ÿ3 ms, but the interaction between
hand and visual ®eld did not approach signi®cance.

The individual CUDs between ÿ31 and 25 ms.

There was again a signi®cant ®eld-by-colour inter-

action (F(2, 36)=22.89, P < 0.0001) which was at-

tributable to faster responses to blue than to green or
red in the RVF (t(50)=3.78, P < 0.0001), and faster

to red than green and to blue in the LVF (t(50)=3.69,

P < 0.0001). Again, these e�ects are attributable to

stimulus-response compatibility, since the response
keys, from left to right, were `red', `green', and `blue'.

2.2.1.4. Discussion. The median RT increased with

increasing task complexity, but the mean CUD

decreased, if anything, and was virtually zero (and
actually slightly negative) for the two-choice and three-

choice tasks. The mean CUD of 6 ms for the go±no

go task is in marked contrast to the prolonged CUD

for simple detection tasks reported in the studies

reviewed by Bashore [4], but is consistent with the
more recent results of Brysbaert [9]. The absence of

any RT advantage under the crossed conditions in the

two-choice and three-choice tasks supports Po�enber-

ger's [39] suggestion that the use of the CUD as a

measure of IHTT applies only to simple RT tasks, and
may not be valid for the e�ects found in these more

complex tasks. A possible reason for the reduction in

the CUD with increased complexity is that both hemi-

spheres are increasingly involved in the task, even
under uncrossed conditions. However CUDs showed
quite some variability between subjects possibly due to
the small amount of trials.

2.2.2. R.B.
Table 1 shows R.B.'s median RTs and accuracy

under each hand-®eld combination for each task,
along with his CUDs. His accuracy was well within
the normal range.2 Analyses of variance was carried
out on all RTs where he responded correctly, using a
single-subject design, so that the results cannot be gen-
eralized to acallosal populations.

2.2.2.1. Go±no go task. R.B. responded on 6% of `no-
go' trials. Neither the main e�ect of hand (F(1,
108)=0.14, n.s.), nor of visual ®eld (F(1, 108)=0.00,
n.s.), nor the interaction between hand and ®eld (F(1,
108)=0.72, n.s.) were signi®cant. The CUD of ÿ7 ms
is well within the range of values from the normal sub-
jects.

2.2.2.2. Two-choice task. As Table 1 shows, R.B.'s ac-
curacy was generally high but dropped to 93% correct
in the right hand-RVF condition. Nevertheless a multi-
dimensional chi-square analysis [49] revealed no signi®-
cant e�ects of colour (w 2 (1, N = 224)=2.74, n.s.),
visual ®eld (w 2 (1, N = 224)=2.74, n.s.) or hand used
(w 2 (1, N = 224)=0.68, n.s.) on response selection,
nor were any of their interactions signi®cant. R.B.'s
overall median RT of 518 ms was longer than in the
previous task. His RT was on average 44 ms shorter
to LVF than to RVF stimuli, (F(1, 210)=4.76,
P < 0.05), but the interaction between ®eld and hand
was not signi®cant (F(1, 210)=0.67, n.s.). Neither the
main e�ect of hand (F(1, 210)=2.65, n.s.) nor that of
colour (F(1, 210)=1.92, n.s.), nor any of their inter-
actions reached signi®cance. The CUD was e�ectively
zero (ÿ1 ms), which is again within the normal range.

2.2.2.3. Three-choice task. There were no signi®cant
main e�ects or interactions on either RT or response
accuracy. The CUD of 52 ms was beyond the normal
range, but was still not signi®cantly di�erent from
zero.

2.2.2.4. Discussion. There was little indication from
these results that R.B.'s performance di�ered in any
systematic way from that of the normal subjects.
Despite some loss of accuracy in the right-hand-RVF
condition in two-choice discrimination, his perform-
ance remained high under all other conditions, includ-
ing the three-choice task. The number of trials was
perhaps too small to yield accurate measures of the
CUD, but the values obtained in the go±no go and
two-choice tasks are if anything shorter than expected,

2 Unlike any of the normals, R.B. is left-handed, and L.B. is out-

side the age range of the normal sample, which was not intended as

a control sample. Comparisons therefore should be viewed with cau-

tion, although we have no reason to suspect that handedess or age

has a marked e�ect on interhemispheric transfer.
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given previous evidence for a somewhat prolonged
CUD as estimated from simple RT [1,13,21,47]. The
prolonged CUD of 51 ms in the three-choice task is
tantalising, but was not signi®cantly di�erent from
zero, perhaps due to the small sample size and high
variability.

2.2.3. L.B.
Table 1 shows L.B.'s median RTs and accuracy

under each hand-®eld combination for each task. His
CUDs are also shown. Analysis of variance is again
based on a single-subject design, so the results cannot
be generalised to the population of commissurotomised
subjects.

2.2.3.1. Go±no go task. L.B. responded correctly on
every `go' trial but he also responded on 13% of `no-
go' trials. Analysis of variance of his RTs revealed a
main e�ect of hand (F(1, 108)=29.93, P < 0.001). His
right-hand responses were on average 149 ms slower
than his left-hand responses. A similar e�ect was
observed in an earlier study on simple RT [21], and
may be related to other signs of left-hemisphere path-
ology that L.B. exhibited at the time of testingÐthese
included some slurring of speech and a general slug-
gishness. There was no signi®cant di�erence in RT
between visual ®elds, but there was a signi®cant inter-
action between visual ®eld and hand (F(1, 108)=4.63,
P < 0.05), re¯ecting a CUD of 73 ms. This is beyond
the normal range, but within the range of values,
based on simple RT, in a previous report [21].

2.2.3.2. Two-choice task. Since L.B.'s accuracy dropped
to 73% in the RVF-left hand condition and to 84% in
the LVF-right hand condition, multidimensional chi-
square analysis were ®rst carried out to determine the
extent to which response selection depended on stimu-
lus manipulations. Response selection depended signi®-
cantly on the interaction between hand and ®eld (w 2(1,
N = 224)=12.47, P < 0.001), re¯ecting the loss of ac-
curacy in crossed relative to uncrossed conditions
(Table 1). There was also a signi®cant interaction
between colour and visual ®eld (w 2(1, N= 224)=7.54,
P < 0.01), re¯ecting a LVF advantage for red and a
RVF advantage for green. There was a similar inter-
action between colour and hand (w 2(1,
N = 224)=3.84, P < 0.05) a right-hand advantage for
red and a left-hand advantage for green. Again, these
e�ects are probably due to stimulus-response compat-
ibility. The interaction between hand and ®eld was not
signi®cantly in¯uenced by colour.

The information transmitted in each hand-by-®eld
combination was calculated by subtracting the uncer-
tainty about which response will occur for each stimu-
lus presented from the amount of information that is
contained in the uncertainty about the response [22].

Information is measured in binary digits (`bits'), such
that the choice of one stimulus from two equiprobable
stimuli represents one bit. L.B. transferred only 0.17
bits in left-hand responses to RVF stimuli, and 0.41
bits in right-hand responses to LVF stimuli (corre-
sponding to 73% and 84% correct responses, respect-
ively) (see Table 2).

Analysis of L.B.'s RTs for correct responses revealed
no main e�ect of hand, contrary to the results on the
previous task. However, there was a marked e�ect of
visual ®eld, (F(1, 186)=4.01, P < 0.05), with mean RT
to LVF stimuli being 115 ms shorter than mean RT to
RVF stimuli. The interaction between hand and visual
®eld in the predicted direction, and signi®cant accord-
ing to a one-tailed test (F(1, 186)=3.12, one-tailed
P < 0.05). The median RT for crossed responses of
926 ms is clearly lengthened in comparison to the RT
of 795 ms for uncrossed responses, yielding a CUD of
132 ms. There were no signi®cant e�ects or inter-
actions associated with colour.

2.2.3.3. Three-choice task: session 1. Multidimensional
chi-square analysis con®rmed the large di�erence in ac-
curacy between crossed and uncrossed conditions (w 2

(1, N= 288)=46.91, P < 0.001). The same pattern of
interactions between colour and visual ®eld (w 2 (2,
N = 288)=6.56, P < 0.05) and between colour and
hand (w 2 (2, N = 288)=7.20, P < 0.05) as in the two-
choice task was found, namely, a LVF and left-hand
advantage for red, and a RVF and right-hand advan-
tage for green. L.B.'s response accuracy for blue stim-
uli was always between that for red and green. These
e�ects were probably in¯uenced by stimulus-response
compatibility, although it was the `blue' key, not the
`green' key, that was to the right.

Further, the accuracy levels of 54 and 75% under
the crossed conditions correspond to the transmission
of 0.24 and 0.69 bits (in contrast to 1.58 bits required
for correct performance), respectively (Table 2), so
that information transmission remains at well under
one bit. Because of this low level of accuracy, RTs
were not subjected to analysis of variance. There was,

Table 2

Information transferred (in bits) based on L.B.'s response allocation

for each combination of hand and visual ®eld in Experiment 1

Two-choice task Three-choice task

(®rst session)

Three-choice task

(second session)

Hand Hand Hand

Field Left Right Field Left Right Field Left Right

Right 0.17 0.77 Right 0.24 1.06 Right 0.44 1.58

Left 0.64 0.41 Left 1.58 0.69 Left 1.16 0.61
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however, an interesting di�erence in RT for incorrect
and correct responses in the crossed conditions. The
mean of RT medians of incorrect responses was 1072
ms with a maximum RT of 2280 ms. In contrast, me-
dian RT for correct responses was 1127 ms, but the
maximum RT was 5109 ms, which is re¯ected in a lar-
ger SD of 748 ms compared to 297 ms in the
uncrossed condition. Limiting the correct responses to
the same RTs range as incorrect responses excludes
11% of correct crossed responses and reduces the SD
to 380 ms. These few slow but correct responses lie
well outside range of incorrect responses, and may
have been due to cross-cueing. Indeed, L.B. was often
observed to be staring at the responding hand,
suggesting that the hemisphere receiving the stimulus
may have directed his gaze to the appropriate ®nger or
key.

2.2.3.4. Three-choice task: session 2. Since L.B. may
have been using a cross-cueing strategy involving the
directing of gaze to the appropriate ®nger or key, we
retested him with his hands and the keyboard covered.
Only two experimental blocks, each of 72 trials were
given following the 2 practice blocks. He used his left
hand on the ®rst experimental block, and his right
hand on the second.

The e�ect of covering L.B.'s hands and the key-
board was to reduce accuracy still further under the
crossed relative to the uncrossed conditions (w 2 (1,
N = 144)=31.74, P < 0.001). However this reduction
was limited to the RVF-left hand condition, where his
accuracy was 36% correct, which does not di�er sig-
ni®cantly from chance (w 2(1, N = 24)=0.125, n.s.).
His performance in the LVF-right hand condition was
unaltered at 75% correct, which was signi®cantly
above chance (w 2(1, N= 24)=28.13, P < 0.0001).
RTs for correct and incorrect responses were similar,
with a maximum at 2700 ms, suggesting that cross-cue-
ing was greatly reduced, if not eliminated.

The amount of information transferred from one
hemisphere to the other was limited to 0.44 bits in the
left hand-RVF and 0.61 bits in the right hand-LVF
combination. Again this is less than both the 1.58 bits
required for correct performance and the 1 bit that
would be expected if only binary information were
transferred (Table 2).

Although L.B.'s left-hand responses to RVF stimuli
were not above chance in overall accuracy, there was
nevertheless a signi®cant contingency between stimuli
and responses (w 2(4, N = 108)=18.8, P < 0.001),
despite an overall bias towards responding `blue' (w 2(2,
N = 144)=7.53, P < 0.025). Thus L.B. responded
`blue' on 9 of the 12 occasions on which the stimulus
was actually green and `green' on 9 of the 12 occasions
on which it was actually red, and he responded `red'
on only four occasions overall. That is, he tended to

divide the stimuli into two categories, which he chose
to represent as `blue' for blue and green, and `green'
for red, suggesting that there may have been transfer
of at least crude wavelength information.

2.2.3.5. Discussion. L.B.'s results are in marked con-
trast to R.B.'s in that his CUDs in the go±no go and
two-choice tasks were clearly prolonged relative to
normal, and in that his accuracy under the crossed
conditions was reduced relative to that in uncrossed
conditions, especially in the three-choice task. His
CUDs also increased systematically with the complex-
ity of the task (see Table 1), but this is probably not
an accurate re¯ection of transfer time, since accuracy
also decreased markedly across the three tasks. Rather,
both accuracy and CUD probably re¯ect the increas-
ing di�culty in transferring information interhemi-
spherically as the complexity of that informa-
tion increased. This con®rms previous evidence
[12,26,40,44] that L.B. has little ability to transfer col-
our information interhemispherically, and suggests also
a limitation on his ability to transfer response infor-
mation. Analysis of the amount of information trans-
ferred in the crossed conditions revealed a limitation
to a level less than one bit.

In the three-choice task, when responding with his
left hand to RVF stimuli, L.B. appeared to adopt a
cross-cueing strategy of staring at the appropriate ®n-
ger, and his performance dropped when this strategy
was prevented. His accuracy in right-hand responses to
LVF stimuli was higher, and was una�ected when
cross-cueing was prevented. These results suggest that
cross-cueing is more likely to be initiated by the left
hemisphere than by the right hemisphere.

Although L.B. was clearly impaired under the
crossed conditions in the two-choice and three-choice
tasks, the results suggested that there was at least some
transfer of colour information, although the amount
of information transferred was always less than one
bit. In the three-choice task, when responding with his
left hand to RVF colours, L.B.'s strong tendency to
respond `blue' to both blue and green, and `green' to
red lends support to Trevarthen and Sperry's [47] con-
clusion that that there is crude subcortical transfer of
wavelength information, allowing some discrimination
of short from long wavelengths.

3. Experiment 2: shape

Like colour information, shape information does
not appear to be transferred following callosotomy
[19,23] or full forebrain commissurotomy [26]. More
speci®cally L.B., the commissurotomized subject in
this experiment, was unable to compare pairs of pat-
terns, numbers, letters, or colours when presented bi-
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laterally, although he could name both stimuli at well
above chance, which Johnson [26] attributed to some
degree of right-hemispheric (as well as left-hemi-
spheric) control of speech [12]. Corballis and Trudel
[18] also found that L.B. failed to score at better than
chance in deciding whether four-letter strings strad-
dling the midline comprised words or not, again
suggesting a failure to transfer information about
shape.

Sauerwein and Lassonde [42] reported that acallosal
subjects were able to cross integrate tachistoscopically
presented shape information, although as was the case
with colour information their performance was much
slower than that in normal controls. However, the
acallosal subject tested by Karnath et al. [27] could
not make same-di�erent judgements on the bases of
either colour or shape for bilaterally presented stimuli.

In this experiment, R.B. and L.B. again served as
subjects, along with 20 neurologically intact subjects.
The tasks were the same as those in Experiment 1,
except that the stimuli were simple geometric shapes
instead of coloured disks.

3.1. Method

3.1.1. Subjects
The normal subjects were 10 females and 10 males,

who participated on a voluntary basis. Their ages ran-
ged from 21 to 29 years with an average of 25 years.
Each subject took part in all three tasks, and none had
participated in Experiment 1. The acallosal subject
R.B. and the commissurotomized subject L.B. also
served.

3.1.2. Stimuli and procedure
Stimulus presentation and the general procedure

were the same as in Experiment 1. Instead of coloured
disks, the stimuli consisted of ®lled forms, a circle, a
triangle and a square. They were equated as far as

possible for overall size, with each covering about
1.2 mm2 of white surface area, with a luminance of
64.9 cd/m2, on a black background.

In the go±no go task, the stimuli were circles and
squares, and the subjects were to respond to the circles
but not to the squares. In each of the four experimen-
tal blocks, there were 48 trials, 24 in each visual ®eld,
making a total of 192 trials. The two-choice task was
the same, except that subjects were to press one key
(N) to circles and another (M) to squares. In the three-
choice task, the stimuli were circles, squares, and tri-
angles, and the corresponding keys were B, N, and M.
There were 72 trials in each experimental block, mak-
ing a total of 288 trials. The keys were indicated by
stickers showing the appropriate shape.

3.2. Results

3.2.1. Normal subjects
Table 3 summarises the RTs and accuracy of per-

formance under each hand-®eld combination for each
task. Accuracy was too high to warrant further analy-
sis, but median RTs for correct responses were again
subjects to analysis of variance.

3.2.1.1. Go±no go task. Only 0.8% of false-alarms were
registered. For each subject the median RT for correct
responses was calculated for each condition of visual
®eld and hand. The median RTs were then subjected
to separate analysis of variance, with visual ®eld and
hand as within-subject factors and gender as between-
subject factors. There was a signi®cant gender e�ect
(F(1,18)=4.63, P < 0.05) with the men responding on
average 100 ms faster than the women, and a signi®-
cant main e�ect of visual ®eld (F(1,18)=8.71,
P < 0.0001), with faster responses to right-visual-®eld
stimulation by about 10 ms. However, no other main
e�ect or interaction reached signi®cance; there was no
indication, for example, that the CUD depended on

Table 3

Means of median RTs (in ms) of the normal subjects and median RTs (in ms) of R.B. and L.B. for each hand-visual ®eld combination, and cor-

responding CUDs, in Experiment 2 (proportions correct shown in brackets)

Task Left hand-LVF Left hand-RVF Right hand-LVF Right hand-RVF CUD

Normal subjects

Go±no go 406 (1.00) 400 (1.00) 420 (1.00) 405 (1.00) 5

Two-choice 484 (0.97) 470 (0.98) 462 (0.97) 465 (0.98) ÿ9
Three-choice 569 (0.97) 554 (0.98) 538 (0.97) 541 (0.98) ÿ9
Acallosal subject R.B.

Go±no go 373 (1.00) 364 (1.00) 408 (1.00) 378 (1.00) 11

Two-choice 471 (1.00) 478 (0.98) 512 (0.96) 479 (1.00) 20

Three-choice 540 (1.00) 565 (0.99) 566 (1.00) 602 (1.00) ÿ3
Commissurotomised subject L.B.

Go±no go 489 (1.00) 553 (0.92) 681 (1.00) 655 (1.00) 45

Two-choice 740 (0.98) 1034 (0.75) 864 (0.83) 821 (0.94) 168

Three-choice 755 (1.00) 919 (0.58) 1146 (0.81) 995 (0.96) 158
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gender. The overall CUD of 5 ms did not result in a

signi®cant interaction between hand and visual ®eld

(F(1, 18)=1.69, n.s.); individual values ranged from

ÿ14.5 to 45.5 ms.

3.2.1.2. Two-choice task. The median RTs were again

subjected to separate analysis of variance, with each

visual ®eld, hand, and shape as within-subject factors

and gender as a between-subject factor. Neither the

main e�ect of hand nor that of visual ®eld was signi®-

cant, nor did the interaction between hand and visual

®eld reach signi®cance (F(1, 18)=2.80, n.s.) which is

re¯ected in some variability of CUD between subjects

(ÿ56±42 ms). The mean of the median RTs uncrossed

responses (475 ms) is slower than that for crossed re-

sponses (466 ms), yielding a negative mean CUD (ÿ9
ms).

There was no signi®cant main e�ect of shape.

However a signi®cant shape-by-®eld interaction

(F(1,18)=39.63, P < 0.0001) indicates faster responses

to circles in the LVF than in the RVF (t(36)=3.50,

P < 0.0001) and, faster responses to squares in the

RVF than in the LVF (t(36)=5.03, P < 0.0001).

These e�ects were probably due to stimulus-response

compatibility, since the `circle' key was to the left of

the `square' key. There were no signi®cant e�ects or

interactions associated with gender.

3.2.1.3. Three-choice task. Median RTs were again sub-

jected to analysis of variance. The main e�ect of visual

®eld was not signi®cant. However, there was a signi®-

cant main e�ect of hand (F(1,18)=5.79, P < 0.05),

with right hand responses being about 22 ms faster

than left hand responses. Although CUDs ranged

between ÿ44 ms and 11 ms with a negative mean

CUD of ÿ9 ms there was a signi®cant interaction

between hand and visual ®eld (F(1,18)=6.43,

P < 0.025).

There was a signi®cant di�erence in RTs between

the three forms (F(2,36)=7.50, P < 0.025) with RTs

being faster for squares than for circles and triangles.

There was a signi®cant shape-by-®eld interaction

(F(2,36)=16.16, P < 0.0001), and tests of simple

e�ects revealed signi®cantly faster responses to circles

in the LVF than in the RVF (t(52)=2.98, P < 0.001),

and faster responses to triangles in the RVF than in

the LVF (t(52)=3.34, P < 0.0001). The mean RT to

squares was fastest in the RVF and lay between those

to circles and triangles in the LVF. These e�ects are

probably attributable in part to stimulus-response

compatibility, since the key for circles was on the left,

for triangles on the right, and for squares in between,

and in part to faster responding with the fore®nger

than with the other two ®ngers. Again, there were no

e�ects or interactions associated with gender.

3.2.1.4. Discussion. With increasing task complexity the
median RT increased, but the CUD decreased from 5
ms in the go±no go task to ÿ9 ms in the two-choice
and three-choice tasks (Table 3). This essentially con-
®rms the results of Experiment 1, which showed a
similar decrease in CUD with increasing task complex-
ity, although in this experiment the CUD was actually
signi®cantly negative in the case of the three-choice
task. A possible explanation for the negative CUD is
that performance is more e�cient with shared proces-
sing, with stimulus discrimination carried out in one
hemisphere and response selection in the other. This
means that there might have been some degree of par-
allel (or overlapping) processing under the crossed con-
ditions [2]. However, there is also quite some
variability in the range of CUD between subjects
which challenges this overall conclusion.

In all three task an overall RVF advantage was
apparent, perhaps re¯ecting a left hemispheric advan-
tage for response selection [41].

3.2.2. R.B.
As shown in Table 3, R.B.'s accuracy on all tasks

was very high. Subsequent analysis were restricted to
RTs for correct responses.

3.2.2.1. Go±no go task. No false-alarm was registered
in any of the `no-go' trials. There was no signi®cant
e�ect of hand (F(1,92)=0.60, n.s.) or visual ®eld
(F(1,92)=1.01, n.s.), nor was the interaction between
them signi®cant (F(1,92)=1.40, n.s.). The median RTs
for uncrossed responses (376 ms) was nevertheless fas-
ter than for crossed responses (386 ms), yielding a
CUD of 10 ms.

3.2.2.2. Two-choice task. Neither the main e�ect of
hand (F(1, 81)=0.02, n.s.) nor that of visual ®eld (F(1,
81)=0.47, n.s.) was signi®cant, but the interaction
between the two, which was in the expected direction,
reached signi®cance on a one-tailed test (F(1,
81)=2.98, one-tailed P < 0.05). The CUD based on
median RTs was 20 ms.

There was no di�erence between RTs for the two
forms (F(1, 81)=0.02, n.s.), but a signi®cant shape-by-
®eld interaction (F(1, 81)=6.56, P < 0.05) is attribu-
table to faster responses to squares in the RVF,
although this did not reach signi®cance (t(78)=1.64,
n.s.), and faster responses to circles in the LVF, which
reached signi®cance on a one-tailed test (t(70)=1.93,
one-tailed P < 0.05). These e�ects are possibly due to
stimulus-response compatibility, since the response key
for `circle' was to the left of that for `square'.

3.2.2.3. Three-choice task. There was a signi®cant main
e�ect of hand (F(1, 275)=4.26, P < 0.05) with left-
hand responses being 9 ms faster than right-hand re-
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sponses, and of visual ®eld (F(1, 275)=6.53,
P < 0.001), with responses to LVF stimuli being 46
ms faster than responses to RVF stimuli. However, the
interaction was not signi®cant (F(1, 275)=0.28, n.s.).
The CUD was ÿ3 ms.

3.2.2.4. Discussion. It is clear that R.B. had little di�-
culty with any of the tasks. His accuracy, RTs, and
CUDs were all within the normal range. As in Exper-
iment 1, however, his CUDs showed a variable pat-
tern, increasing from the go±no go (11 ms) to the two-
choice task (20 ms), but decreased to virtually zero on
the three-choice task (Table 3). This pattern is the
opposite of that observed in Experiment 1, where the
CUD was very small in the no-go and two-choice
tasks, but increased to 51 ms in the three-choice task.

3.2.3. L.B.

3.2.3.1. Go±no go task. Four percent of false-alarms
were registered. L.B. responded 100% accurately in
three of the four hand-®eld combinations. In the RVF-
left hand condition his accuracy dropped to 92%.
Multidimensional chi-square analysis showed that re-
sponse selection depended signi®cantly only on stimu-
lus manipulations (w 2(1, N = 192)=168.82,
P < 0.001), but not on hand or ®eld.

Analysis of variance of RTs for correct responses
showed that right-hand responses were on average 134
ms slower than left-hand responses (F(1, 90)=20.15,
P < 0.0001). This striking di�erence was also apparent
in Experiment 1, as well as other recent experiments
[13,20]. There was no signi®cant di�erence in RTs
between visual ®elds, but a signi®cant interaction
between hand and visual ®eld (F(1, 90)=6.01,
P < 0.05) re¯ects shorter RTs to uncrossed than
crossed conditions. The CUD of 45 ms lies just beyond
the normal range.

3.2.3.2. Two-choice task. L.B.'s accuracy dropped to
94% in the RVF-right hand condition, 83% in the
LVF-right hand condition, and 75% in the RVF-left
hand condition (Table 3). Multidimensional chi-square
analysis showed that L.B.'s response selection
depended signi®cantly on the triple interaction between
hand, ®eld, and shape (w 2(1, N = 192)=6.58,
P < 0.025); in the crossed hand-by-®eld combinations
he was less accurate with his left hand when the pre-
sented shape was a circle and less accurate with his
right hand when the presented shape was a square.
However, the hand-by-®eld interaction itself was not
signi®cant (w 2(1, N = 192)=0.07, n.s.).

Analysis of the information transferred from one
hemisphere to the other [22] revealed that only 0.21
bits in the left hand-RVF and 0.47 bits in the right
hand-LVF combination were transferred. In contrast 1

bit of information is required for binary transfer of in-
formation and correct performance in the two choice-
task (Table 4).

Analysis of L.B.'s RTs showed no signi®cant main
e�ect of hand, contrary to the left-hand advantage evi-
dent in the previous task. However, there was a signi®-
cant visual ®eld e�ect (F(1, 160)=4.58, P < 0.05) with
RVF responses being 109 ms slower than LVF re-
sponses. The interaction between hand and visual ®eld
was in the predicted direction, and was signi®cant on a
one-tailed test (F(1, 160)=3.58, one-tailed P < 0.05).
The CUD of 168 ms is clearly beyond the normal
range.

3.2.3.3. Three-choice task. L.B.'s response accuracy in
the crossed conditions dropped even further, to 58%
in the left hand-RVF condition and 81% in the right
hand-LVF condition. Analysis was therefore restricted
to response accuracy, using multidimensional chi-
square analysis. There was a signi®cant interaction
between shape and visual ®eld (w 2(4, N= 288)=11.84,
P < 0.025), re¯ecting lower accuracy in the LVF when
the stimuli were squares than triangles and circles, and
lower accuracy in the RVF when the stimuli were cir-
cles or squares than triangles. This e�ect might be
explained by stimulus-response compatibility, since the
highest accuracy was for left-key responses (circles) in
the LVF and right-key responses (triangles) in the
RVF, with middle-key responses (squares) in between.
The three forms also a�ected the hand-by-®eld inter-
action in a similar manner (w 2(4, N= 288)=46.88,
P < 0.001), in that L.B. showed lower accuracy in the
crossed combinations for squares than triangles and
circles in the right hand-LVF combination, and for cir-
cles than squares and triangles in the left hand-RVF
combination. Although L.B.'s accuracy dropped to 58
and 81% in the left hand-RVF and right hand-LVF
conditions, respectively, his response allocation was
still contingent on shape (w 2(4, N= 72)=27.15,
P < 0.001 and w 2(4, N= 72)=84.4, P < 0.001, re-
spectively). However, in the left hand-RVF condition
he responded `triangle' on 56% of the trials, perhaps
re¯ecting a bias to respond with the fore®nger. An

Table 4

Information transferred (in bits) based on L.B.'s response allocation

for each combination of hand and visual ®eld in Experiment 2

Two-choice task Three-choice task

Hand Hand

Field Left Right Field Left Right

Right 0.21 0.83 Right 0.27 1.16

Left 0.88 0.47 Left 1.33 0.95
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informational analysis showed that in the left hand-
RVF combination 0.27 bits and in the right hand-LVF
combination 0.95 bits were transferred (Table 4).

L.B.s accuracy was considered too low to warrant
statistical analysis of his RTs, but the CUD as com-
puted from median RTs to correct responses was 158
ms.

3.2.3.4. Discussion. In contrast to R.B. L.B.'s accuracy
was increasingly impaired with increasing task com-
plexity. Further, his CUD increased from 45 ms in the
go±no go task to 169 ms in the two-choice task. Since
stimulus information is the same in both tasks this
di�erence is presumably due to the increase in response
information. This increase in CUD was accompanied
by reduced accuracy in the crossed conditions,
suggesting di�culty in transferring the extra response
information. L.B.'s accuracy in the crossed conditions
dropped even further in the three-choice task. However
there was again a directional di�erence: L.B.'s left
hand-RVF responses were less accurate (75% in the
two-choice and 58% in the three-choice task) than
right hand-LVF responses (83 and 81%, respectively).
This was also apparent in the amount of information
transferredÐ0.21 and 0.27 bits in the two- and three-
choice task compared to 0.47 and 0.95 bits, respect-
ively. This implies that transfer from the right to the
left hemisphere is better than that from left to right,
and that the left hemisphere may be superior in deci-
phering transferred information. Even in the right
hand-LVF combination, however, the amount of infor-
mation transferred was still less than 1 bit.

4. General discussion

4.1. Normal subjects

In both experiments, RT increased with increasing
task complexity, re¯ecting an increase in processing
demands and greater cerebral involvement. However
this was not matched by an increase in CUD, which
actually tended to diminish. Indeed, the CUD was
consistently negative for the two-choice and three-
choice tasks, and signi®cantly so in the case of the
three-choice task in Experiment 2, suggesting that per-
formance might be actually enhanced under the
crossed condition. This enhancement might be attribu-
ted to shared processing, with one hemisphere carrying
out the stimulus discrimination and the other the re-
sponse selection, allowing a degree of parallel proces-
sing.

There is other evidence that performance can be
more e�cient when information is directed to both
hemispheres than when it is directed to only one. This
may depend, however, on the complexity of the task.

For example, when subjects are required to decide
whether two letters are physically identical (e.g., A and
A), responses are faster if the letters are presented in
the same visual ®eld than if they are presented in
opposite visual ®elds, but when they are required to
decide whether the letters have the same name (e.g., A
and a) responses are faster when they are presented to
opposite ®elds [3]. Reviewing these and other ®ndings,
Banich [2] suggests that there is a trade o� between
the disadvantage of interhemispheric transfer and the
advantage of parallel processing in the two hemi-
spheres. As the complexity of the task increases, so the
advantage of parallel processing increases, and per-
formance becomes more e�cient when information is
shared between the hemispheres than when it is di-
rected to a single hemisphere.

However, the studies reviewed by Banich [2] do not
have immediate application to the present experiments,
since they have to do with the allocation of stimulus
processing. In the present study, any comparable ad-
vantage accruing to the crossed conditions would
imply that stimulus information is processed in one
hemisphere and response processing is carried out in
the other. But some experiments imply that stimulus
information is presented to one hemisphere while the
response processing is carried out in the other. Since
the responses are contingent on the stimuli, this means
that parallel processing can be only partial, at best,
with perhaps some overlap between stimulus proces-
sing and the preparation of response, as in the cascade
model of sequential processing [35]. Even so, the data
are consistent with Banich's suggestion that the advan-
tages of sharing processing between hemispheres are
more pronounced in complex than in simple tasks.

4.2. The acallosal subject R.B.

The main conclusion to be drawn from R.B.'s
results is that he had little di�cult with any of the
tasks in the crossed condition; in terms of both accu-
racy and RT his results resembled those of the normals
rather than those of the commissurotomised subject
L.B. This con®rms previous evidence that callosal
agenesis does not simply mimic commissurotomy in its
e�ects [29,30]. Precisely how R.B. (and other callosal
agenics) compensate for the absence of the corpus cal-
losum remains unclear. Perhaps the most likely chan-
nel of interhemispheric transfer of colour and form is
the anterior commissure, although it is also possible
that control of response in the experiments reported
here was accomplished via ipsilateral pathways under
the crossed conditions.

R.B.'s CUDs were too variable for clear interpret-
ation, perhaps because there were too few trials for
stable RT estimates. However, except in the case of
the three-choice colour discrimination, his CUDs were
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always below the estimate of 23±25 ms derived from
our previous studies using simple RT [13,21], and
always within the range of values in the normal
sample. This suggests that, as in the normal subjects,
the CUD tends to decrease, if anything, as the com-
plexity of the task increases.

4.3. The commissurotomised subject L.B.

In contrast to R.B., the commissurotomized subject
L.B.'s CUD was about the same in the go±no go task
as in simple RT tasks [13,21], and increased with task
complexity. However, the CUDs for the two-choice
and, more especially, the three-choice task are suspect,
since L.B.'s accuracy dropped dramatically with
increasing complexity. L.B. clearly had di�culty trans-
ferring information interhemispherically, especially in
the crossed conditions of the three-choice task.
Previous evidence has shown L.B. to be impaired in
tasks requiring integration of information about colour
or shape, but that he is nevertheless sometimes capable
of performance at better than chance [38,44]. It has
been pointed out that the level of performance he actu-
ally achieves can often be explained by the transfer of
mere binary information (i.e., 1 bit) [11,14,17]. This
might even be accomplished by subtle cross-cueing; for
example, he might be able to signal whether a colour
is red or not by raising or lowering the tongue.
Informational analyses in the present study show that
the amount of information transmitted in the crossed
conditions never in fact exceeded one bit. Moreover, it
appears that the CUD was dependent on the amount
of response information, not the amount of stimulus
information, since it was longer for the two-choice
task than for the go±no go task. This adds to the evi-
dence that response information, not stimulus infor-
mation, is transferred [10,21].

An interesting aspect of L.B.'s performance is that
he showed a left-hand advantage in the go±no go
tasks, as he had in simple RT [21], but a left visual-
®eld advantage in the two-choice tasks. Both e�ects
are probably attributable to some left-hemispheric dys-
function, of recent origin. What is not clear is why this
dysfunction should result in slowed response execution
in simple tasks, but slowed stimulus processing in
more complex discrimination tasks.

It was also clear that L.B.'s ability to transmit infor-
mation between hemispheres was asymmetrical. His ac-
curacy in the right hand-LVF conditions was well
above that in the left hand-RVF conditions, both in
terms of matching responses to colours or shapes and
in terms of overall accuracy. Since L.B. is right-
handed, it may well be the case that there is more
sophisticated transfer of response information from
right to left hemisphere than vice versa, since the left
hemisphere appears to be dominant for response selec-

tion [41]. Marzi et al. [34] have shown similarly that
there is more rapid transfer from right to left hemi-
sphere than from left to right in simple RT in right-
handed normals. The present results may also imply
that the left hemisphere is superior to the right in deci-
phering coarse transferred information. It is also poss-
ible, however, that this asymmetry is related to L.B.'s
left-hemisphere pathology, resulting in a de®cit of
transfer from the left hemisphere to the right.

But although transfer was more e�ective from right
hemisphere to left, it appeared that cross-cueing was
more likely from the left hemisphere to the right, at
least in the transfer of colour information. In
Experiment 1, in the three-choice task, L.B. was
observed to be staring at his hand before making the
response. However, when he was prevented from doing
so, his performance accuracy dropped only when left-
hand responses were required to RVF stimuli,
suggesting that it was the left hemisphere that initiated
the strategy.

4.4. Summary

In summary, the present data support Po�enberger's
conjecture that the CUD is not a valid measure of
IHTT in tasks more complex than simple RT. As the
processing requirements increase, so the advantages of
shared processing between the hemispheres increase;
crossed conditions may then allow a degree of overlap
in the processing of stimulus and response, resulting in
a shortening of RT that may cancel the time lost
through interhemispheric transfer, and even result in
RTs that are shorter than those under the uncrossed
condition. For the most part, the acallosal subject
R.B. appeared also to pro®t from shared processing,
although there was also some evidence for prolonged
interhemispheric transfer. In contrast, the commissuro-
tomized subject L.B. showed clear evidence of discon-
nection, with poor interhemispheric transfer in the
discrimination of both colour and shape. The results
also give quantitative support to previous conjectures
that interhemispheric transfer in the case of L.B. does
not exceed 1 bit (binary digit) of information.
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