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Brain modularity: towardsa philosophy of
CONSCIOUS cXperence

Michael S. Gazzaiga

Thinking about thouglit has a long and distnguished history. Itis what
philosophers do aud it is one of the moe difficult human mental
acavities. To have a philosophy of somdhing s tu try to have an
understanding of how one comes to knowwbat it is one knows about
the subject inquestion. What inakes that scdifficult is that philosophi-
cal thinking demands working out relatims hetween two different
fevels of analysis. A philosophy of conscios experience would require
knowledge about the content and mechanes of conscious experience
and the process by which consciousness was gained. A science of
conscious experience, by compatison, is nuch casier. Students of that
enterprise need only worry about representaional systems indepeadent
of the stull that sustains those representaions and independent of a
consideravon of how they came to knowthe ideas expressed in the
representation. There are a million thigs to know within that
tramework, and there should be little mistery why many scientists
nvestigating the nature of human consciouncss are reluctant to engage
in the additional chore of considering a pilosophy of conscious ex-
perience. To achieve the goal of havinga phiosophy of conscious
experience would require, 1t seems to me, tie philosopher of conscious
experience to know about the brain. From ny perspective, understand-
ing brain logic will illuminate these traditimal epistemological issues. 1

will take as my assignment, thercfore, theoutlining of what 1 feel are
important brain facts, facts a philosophy ofzonscious experience ought
to Incorporate.

My message is that in oxder w know howwe come 1o know what we
know we must learn how and why the hunan brain seams etlexively
given over to the process of gencrating hiypaheses and explanations for
eveuts {information) it contacts. Why nust self-produced actions,
thoughts occuning suddenly in our consciows expenience, mood swings,
externally occurring events, and other pertubations of the status quo be
interpreted? Why does the human species nit content itself with simply
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recording hiternal and external actions and leave the possible causal
aspects of he experience in question alone? Why must we come to lay
claim that ve know why an event occurred and gradually transform this
thought ino a firmly held belief? Whatis it aboutus that findsus always
transcendig a literal contact with the environment and insisting on an
interpretiv: view of cvents? Qur specics doss all of this with a
vengeance Even fatalists from religious or whaever background have
asked the juestion ‘Why?” That they have aceepied a stock answer
handed to hem by a religious system or whatever docs not negate the
reality of heir original question. The interprctation we give to the
question ‘Nhy?’ starts with analysing such things as simple hand
moveraens, simple moods, and builds into hrger culturally based
phenomenn. It is everywhere in our specics, and I think that there are
some proweative clues now available from bnin research that shed
Light on ths phenomenon.

My appoach will be to outline a series of findings on human p: *icnts
who haveundergone brain biscction and to ague that the o
supgest tlat human brain architecture is aganized in terms cm
functionalmodules capable of working both ce-operatively and inde-
pendently These modules can carry out their functions in parallel and
outside ofthe realm of conscious expevience. “he moduies can effect
internal md cxternal behaviours, and do ths at yegular iutervals.
Monitorirg all of this is a left-brain based systen called the interprecer.
The internreter considers all the outputs of the luncuonal modules as
soon as tey are made and immediately constmcts a hypothesis as to
why partiwlar actions occurred. In fact the interpreter need not be privy
to why a articular module responded. None tie less, it will take the
behaviourat face value and fit the event into the large ongoing mental
schema {lelief system) that it has already constructed. If a module
effects a lehaviour that is dissonant with the bidief system established
through pior interpretive actions, the behaviou will tend 1o change the
helief sysem. [One quickly sees the importance of not exposing such a
brain to arenvironment that would encourage eertain modules to actin
a way canter-productive to the current beief system {Gazzaniga
1985).]

It is itvortant to understand how the conceyt of modularity is being
applied ir this context. Modularity refers o {unctional units that can
produce fzhaviours and trigger emotional respansces. This ditfers from
the concot of modularity as it is commonly wed in cognitive science
{Fodor 1953, Kosslyn 1983). In that setting it wfers to the identifiable
componeits that are part of the mechanisin of specific mental H‘.c:n:::m
such as nental imagery or language. T will discuss modularity from this
standpoiit as well. The concept of modularity Las also been used in the
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ncurosciences where specific brain scuctures and areas are identified as
carrying out specific functional activties. This is yet another way the
termis used, and L will also report on sudies relevant to this frumeworlk.

Overall, oy view, duven by brain stidies to be outlined below, argues
that our species gencerates what it thitks it knows as a consequence of a
special human brain capacity that insists on interpreting events. This
interpretive systein, which appears ted to the capacity to make infer-
cnce, is based in the left hemisphere »f most humans, and [ believe, as
will be made clear, that it is found in he distribution of the left, middle
cerebral artery. What is not yet detamined is whether the kinds of
inferences that can be made about a set of events (data) are limited. Does
owr species’s interpretive system have a very finiie 1epertoire of algor-
ithms upon which to diaw when inlering the meaning of the data it is
considering? I am convinced mine dees, and so, for those who believe
huwan nventivencss is infinite, 1 thall now proceed to weport the
observations that {ind my interpreer making the foregoing claums.
Perhaps others will process the data dficrently.

It the brain is ovganized in the way Isuggest, it is easy to imagine that
rich dissociations would be potenrialy demonstrable in patients with
brain damage or disconnections. Forindependently [unctioning mod-
ules, brain damage ought o eliminte their participation in overall
cugnitive activities. For modules worling in co-operation, brain damage
or disconnceetion ought to yicld impared performance in the remaining
brain system. In short, studying the nzurological paticut should iltumi-
nate how modular the brain is in the overall construction of our
apparcit conscious unity.

It should not come as a surprise to discover that particular dissoci-
ations are stumbled upon somewhat mexpectedly and rather routinely.
The idea of biain modularity 1s sullidently undefined at this time that
the cataloguing of phenomena that will someday comprise the total
picture of modularity will go on for yans. The first dissociation I would
like to discuss demonstrates the exent to which non-conscious pro-
cesses can intluence behaviour. Twilllescribe this sct of experiments in
detail as illustrative of our general teging procedures,

Speech without conscious awareness

We are now able to show how a norconscions system can discreetly
govern an overt behaviour [Gazzanig et al. 1987). Until recentiy, the
view that functional bram architeaure ncorporates non-conscions
parallel processes has been more commonly asserted than demon-
strated. In the experiniental psyclological literature on normais,

it
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muodern studics have focused on how subliminal stimuli are effective in
facilitating subsequent perceptual and semantic judgements {Marcel
1983). Studies on the neuroloyical patieat have claimed that informa-
tion presented in a blind field of visiun produced by occipital lobe
damage can be useful in generating manval and ocular responses (Poppel
et al. 1973, Weiskrantz et al. 1974}, although there is now evidence that
not all lesions in primary occipital coriex allow for dissociations be-
twzen spoken and manual responses uncer conditions of a forced mrcwnm
response {Holtzman 1983). Additionally, patients ‘.ﬁmr extinction on
double simultaneous stimulation following parietal lobe damage are
able to have the information presened in the extinguished field
influence cognitive judgements {Volpe et al. 1979). 4
In a new study {Gazzaniga et al. 1987), the results suggest that
non-conscious processes can control overt behaviour. Specifically, it is
nossible to show how the right hemisphere can setup a left-hemisphere-
sprcific response without the left hemisphere being able to c::mc._::mq
access the information inserted by the rght brain. In shorg, the findiugs
suegest that response behaviours can be set up and carried out without
conscious awareness of the elicited behaviour prior to its occurrence.
The experimental demonstration of the existence of such systems
was made possible by means of tests conducted on a patient with a
particular brain condition——the existerce of an M R1'-verified full cal-
losal section. Case JW is a 32-year-old male who underwent staged
surgery in 1979. Post-operation, | W evidenced the capacity to compre-
hend language in both his right and lefthimispheres. However, M<< can
produce speech only from his language-dominant left hemisphere
(Gazzaniga et al. 1984). . o
For present purposes I will report on two sets of experiments. T he Emﬂ
detailed the capacity of the left hemusphere w name visual information
suictly lateralized to the right hernisphere. The second set of experi-
ments was dirccted at ascertaining the left hemisphere’s awarceness of
the knowledge it possessed. The initial period of each trial was common
to all conditions: ] W was instructed to fixate a point on the centre of the
screen and, when the experimenter ascertained that accurate fixation
had been achieved, a single digit was presented for 150 msec 6° directly
to the left or right of the fixation stumulus. Two seconds then elapsed
and a tone sounded. Conditions differed with regard to the sequence of
events following the tone.
In the first study demonstrating the crossed speech phenomenon, a
target digit was eithera ‘17 ora '2’, and] W’s task was to report verbally
the digit that appearced alter the tone. n this test JW’s left bemisphere

'Magnetic Resonarce Imaging.
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could aceurately verbalize which of the two stimuli appeared in cither
visual field. In a second study the subjectwas tequired to substitate o
difficult word-associate for the stmple nunbers heing ashed, o (his
complex nam ng, condition, which was wmucal 1 all respeces Lo the
simple naming condition, exceptior the response that was iequored, | W
was instructed to respond ‘indesciibable’ viien the /17 appedred and o
respond ‘indestructable’ when the appeared. Inthis tesi, as i the
first, JW was able to respond accurately through speceh o stimuli
prescnced n bath visual Giclds.

In the final experiment in this set, the tager digic 2 was substituied
by 9" in the left visual ticld only. This cawdition was jdentieal i all
other respects to the siinple naming condtion caried out 1 the first
eapeniment. Thus either a 17 or a 2" appeacd in the tight visual field,
whereas cithera’l ora ‘9" appearcd i the ot visual ficld. In thistestjw
verbally responded to the left visual ficld 9%as if i¢ were a ‘2’ and overall
remained highly consistent in naming the stunli presceneed in both
lields.

Taken togetier, these expeniments showinat FW ean namie from the
tefe hemisphare mfosmaton preseated to the vghin hall brain The nesa
SCEOL expenents examines whether op aol JWis tele hensphie
aware ol tns apacity.

I the first experiment in this sroup, JW owas requdred to malee an
raterficld comparison using a pointiag response. Here, ar Uie tane Lwo
(.cm:r::«u:%?an:m:mt\wcaw\: h::n..:m;c::i515

Sdine
hemitield as the target (within-field) or in the opposite Lot (reld
(between-field. JW was required to pointwehhis vght hand o the digic
that matched e target. The resules were dear. JW was able to maceh
the sample inormation to the targes nuirher only when the sample
udormation wis presented to the same henisphere that injoaliy saw
the indormation. Thus a stimulus preseatecto the right brain such as
1" could be matched by the right brain but 1ot by the feft.

Sunilar resuits were seen in another expaiment that requized | W o
make an inteiticld comparison same/ditbrent judgement). For this
experiment, alitarget digits (either /17 or 24 appeared 1 the left visual
ficld and, at the tone, a probe digic{erthera 170 a2 appeared for 150
msce in the nght visual field, JW was rquired to vepore verbally
whether the tazget and probe digits were the ‘sime’ o1 “‘dificiend As in
the preceding experiment, | W was unable LOZaITy out a comparison
requuring between-field matching.

These results clearly show that JW's jeft wmisphere was not able
consciously actess the nfonnation made tvailable to the ¢

a
sponse system of the lein hemisphere, [t would appuear thar o
mation transmtted to the lett hensphere rom the

sk

to
weceh -
he mitor-
vighe hemisphere

g
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establishes a response readiess for one of two possible cutcomes. This
readiness is established ouside the realm of conscious awarcness. 1o
follow-up studies, contideice judgements were taken from the lett-
henusphere for both the left and right visual field presentations. When
the stimuli appeared in tle right visual field, the accuracy and the
ratings were high. When the stimuli appeared in the Jeft visual field, che
accuracy was high but th: confidence ratings were low; o borrow
tenminology established for other visual studies, it cruld be called
‘blind-naming’.

The dramatic tinding thet a response system such as speech can be
prepared and be capable o functiomng without the Jeft hemisphere
being aware ol the infornmadoen the specch system possesses is con-
sistent with the view that non-conscious processes can be active in
the production of behaviars. In this particular set o experiments
the split-brain patient is weful in revealing how such organizational
featuies ol human cognition operdte.

te 1s not clear how the inbrmation presented to the right hemisphere
1o tansmiteed v the lele bemisphicre. Sumple Cross-cuzing strategics
seen i other tests do not appear acrive in W {Gaezanig and Hillyard
FO71) M cross-cueing were setive, the Jetr hemisphere would be aware of
the nature of the informaison and would be able to wespond in the
between-hemisphere conapuison tasks. As a result it would appear that
the transtec of information s tuternal and neural in naturs as opposed to
the external strategics these patients can use. Consistentwith this view
are recent observations usiig evoked potentials on case] W {M. Kutas,
S. AL Hillyard, and M. S. Gizzaniga 1983, unpublished observation). It
was shown that carly responses in the visual evoked potential were
different for the 17 as opposed to the 2’ when these were flashed in the
feft visual field. Clearly theinformation is being encoded in a differen-
tal way, and information 1t transmiteed to the left speech system. The
route ol transmission is unknown, but is presumably subcortical.

This demonstration of 10w an unconscious process can directly
wiflucnce a behaviour is alo reminiscent of other examyales where the
tiggenng stimuli were emational innature. Thave previously reported a
series ol studies thatshowed how stmuli presented to the disconnected
nght hemisphere can influence the emotional state of the lefe hemi-
sphere (Gazzaniga, 1970), even though the left hemisphere is not cogni-
zant of the stimulus that tiggered the-craotional response in the right
halt-brain. Recently, LeDoax et al. (1984) have developed an animal
model for studying such cnditioned emotional responses and have
Lepun o be able to tack e actual neural pathways mvolved in an
auditory condiioned respense. These pathways cours: through the
mid-brain and never reach cortical svstems. LeDoux can sclectively
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block the learning of the condiinned response hy lesioning the path-

ways in the mid-braio. These starling findiugs suggest a reason why our
emotonal life seems so out of r:z:c_ ta our cognitive processes,
Conversely, we can begin to seea brain mechanism that cxplains why
we construct a story at the coascious level for emotional responses

triggered independently at the mid-brain level. Cortical mechanisms

have to conswruct a theory as to why there is a felt state since the brain,
systemns tngpenng the emotional state do not have diteet, neneal access
to cortical pocesses. As in tbe splic-brain pauents, where we can
examine these kinds of mechanisins experimentally, the emotional
tone set up by one disconnected half-bratn can be transmitted through
mid-brain systems aver to the other. It 1emains for the other half-brain
to mterpret tie meaning withinits ongoig cognitive context, whether
it be positiveor negative.

The experimental psychologisal and biain sciences are now able 1o
move beyond the claim that ron-conscious processes influence be-
paviour and are able to isolate the systems and study them dine ctly. The
realization that processes accessible to consciaus expericnee represent
only part of the ovewall process by which conscicusness funotions
complicates the task of tderifying all the players inthe same of coming
to know hov we know things. At the samne time o Lbe

es un trom
viewing comcous experience as the product of a :‘;H:Q accessible
wattonal procsss.

Whole brains and hali-brains: sodular entitics and ntetactions

A major tent in human biain scicnce is 1]

15

1at there ave specialized
tunctions within the cercbral cortex. It has long been known that for
most humans the lelt brain is specialized for language and speech. More
tentative butstill widely believel is the n_::: thattheright hemisphere
1s specialized for certain non-verbal skills such as facial recognition,
spatial location, and other nonverb: ; L;:f Thus neurologists have
been aware foryears of the ‘modular nature of die biain and have ¢ argued
convincingly that any model of brain function that assumes there is
somcthing like a unified cogntive mechanism is in crror. General
problem-solving devices and other highly integrated views of how
cognition waks (Newell and Simon 1972) simiply will not do.

One of themain challenges o iwmau brain science is to atteny ptto
isolate subfunctions of the cogritive system and to assess whether or
not there is shy biological validry to the copnitive constinets that are
_:\Ct:f.; The need o put mae ornamicnts on the modoalba tee s
obvious. Inmy laboratory, at e Cornell University Medical College

ey

work guidedsomewhat by the lasic idea of modulaiity continucs, and

ot
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we continue to unearth many puzzling phenomena, some of which
identify new mocules and some of which speak 1o how other features of
brain organization emnphasize the modules’ integrative sction.

Studying the split-brain paticnt allows the exawninaton of one half-
brain independent of the major intluences of the other half-brain. Thisis
both revealing aad masking with respect to our oveiall objective of
identifying modular systems of the cerebral cortex. I will first review
what 1 take 1o bethe most revealing studies. Later we shall see how the
study ol disconnected brains masks how the two rm:&h::m normally
interact to produce what appear to be specialized functions.

Dissociating language and cogiitioi

Therzarcafew mc:n.vhﬁs patients who possess language in both the left
and the right hal-brain. Most ?50:3 only possess langrage in the left
hemisphere. The few who possess language in boty allow one to
examine how the introduction of language to the right hemisphere
augments the overall cognitive czpacity of that brain stiucture. To
understand the continuum in which these observatiors are made, it is
necessary to know what right hemispheres without lanzuage can do and
also what I mcar by the right-hemisphere possessing lunguage.

In the past, split-brain patients without right-hemsphere language
have not been studiced as extensively as they might have been. After
thuir post-opera:ive assessment, which quickly reveals the cognitive
stale, or, better, the lack of cognitive state, in the right brain the patients
as a rule have not been followed up. If the night brain is largely
unresponsive to the processing of simple or complex stimuli, interest
wanes in further delineating the patient’s status. Nonz the less, in the
scveral patients we have studied in more detail a disceuncerting picture
emerges. The range of responsiveness to patterned stimuli ranges from
none to the capacity o make simple matching julgements above
chance. In the patients with the capacity tomake percepiual judgements
not involving language, there was no ability to make a simple same/
differcant judgement within the right brain when botl the sample and
match were lateralized simultaneously. In other words, when a judge-
ment of sameress was required for two simultanecusly presented
figurcs, the right hemisphere failad. Also, these same patients were
unable to carry out tasks calling upon specialized dglit-hemisphere
skills such as facial recognition tests. This protile is commonly seen in
paticnts of all kinds, including paticots of shinilar and sormctimes
preater overall intelhigence than those who possess some nght-
hemisphere language.

This minimal profile of capacity stands in marked contrast to the
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patients with right-hemisphere language. The right brain of these
patients is most responsive, and their overall eapacity to respond bothto
language and non-language sumuli has been well cataloyued and re-
ported. Perceptual judgments are made easily, as are same/different
judgments of all kinds. In some tests, such as facial recognition tasks,
ﬁ,rmwm patients demonstrate a superior ccl‘ca_ﬁwna i the left visuval
field. It was these kinds of findings that led me to believe that the
presence of language in the right biain made the difference, and that,
morcover, language processes were contral to good copnitive aperations
(Gazzaniga 1280, 1983, It was upon this foundation that we planned a
series ol expernuents that o to elucidate funther the copninive
capacites of the rght brain m these patients with language. Qur
hope was o correlate varying cognitive capacity with the varying
competence of language skills within the grcup of patients wao
possessed larguage.

The Last Coast series of paticuts we studjed ifcluded case JW, wa
understood linguage and who :ma arich right brain lexicon as ascessed
oy the Peabody picture—vocabulary test as well as by other special tests
(Gazzawpa e al. 1984). Ar the same tnne, W has no capacity to speak
outof the right bram. Our hope b contrast g ] Ws performance on o set
of copnitive tasks with a more tobust rigle-hiam S Lysteny w
made possible by studies on cases VP aad PS. Thesc patients were able
both 1o undesstand language ard to speak from each half-brain. Would
this extra skill lead a greater capacity to the right brain's ability 1o
thiunk? .

The duffereat language capacitics o the two groups consisied pring-
tly of the capacity Lo speak, to understand some svntactic relatonships,
and to comprehend sentential serings. JW’s right hewisphere is able to
anderstand only individual words as evidenced by his capacity o pick
word-associates (Gazzaniga et al. 1984). Thus if (he word ‘fraat’ s
presented to the right henisphere, the left hand is able 1o peint o tie
word ‘apple’ out ol a list. In this manuer superordimate and subordinae
relations can be tested, as can synonvms/antonyms and so on {Sidus
et al. 1981). Bowever, while JW's vight hemusphere perlonms well at
picking assodates, the right hemisphere appears to have lirde insight
wito what it is doing. If a series of words are presented that vary in their
categorical quality, such as ‘fruit’, ‘apple’, ‘hardware’, hanmer !, audso
on. the right hernisphere is unable to judge whether or not one word is
superordinate to another. Thus while the lefe brain has no probiem
dging which of the words is a ‘category’ vs. mo category’ word, tie
right brain performs barely above chance. Tt appears that POSSCSSING L1
capacity to correct)y pick words that have a velationship to one anotd
does not nican that the res onding system knows why it s do

wr
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The literalress or concreteness of the right hemnisphere can be ascer-
tained from another simple test. If a word, such as ‘book’, is spelled
backwards, sc that the right hemisphere sees the string ‘koob’, it cannot
sort it out such that it can pick a simple associate. The left hemispherc
under the same tachistocopic conditions has no problem with the task.

Of course, in all tests demonstrating lack of function the possibility
always exists that the task was not understood. Yet in these tests as
in all of cur tests, the task is explained, then dernonstrated, and then,
under {ree-field conditions, practice trials are rua. In most cases the
respouse mode is identical to that in other tests that are completed
with success.

At the same time, | Ws right brain seems relatively at case i under-
standing, simple requests. Quite remarkably, if a picture of something,
for cxample 1 horse, is flashec to the right braiu, the left brain will
typically speak out and say thatit saw nothing. The examiner can then
say things like, ‘Don’tdraw what it is; draw what goes on it’. 'The patient
might say something to the elfect of ‘What are you talking about; I didn’t
sec anything’ Then the lelt hand will pick up a pereil and draw a saddle.
I this particular case, JW drew an English saddle a sketch that would
appear ambigoous if you did not know the context. JW sawd that he did
not know what he had diawn. He was then askec 1o drvaw a picture of
what was {lashed. The left hand then drew a horse and, after completing
the picture, IW grinned and said, “That must be a saddle’.

1 W's right hemisphere, however, has failed to reveal any understand-
iy of syntax. Thus while case VI’s right hemisphere can appreciate
fuuctors, so that the difference between the uiplet‘playing the field” and
‘the playing ticld’ is easily detected, JW’s cannot. JW has poor overall
sentential urnderstanding as compared to VP. For example, if a sentence
1s vead aloud, such as ‘He forgot to water his new plant’, and is then
followed by :the question ‘Was it . . . 77, again read aloud except for the
last missing word, and then the missing word ‘dry was flashed to either
the left or right brain, JW scored at chance with the right hemisphere
and 87 per cent with the left. VP, on the other hand, scored 77 per cent
with the 1ight brain and 92 per cent with the left. Clearly, VP possesses
far better language skills that does JW. The exacr specification and
pature of the difference remains for future research to identify,

None the less, it turns out that the right hemispheres of both patients
are poor at making simple inferences {Gazzaniga and Smylie 1984). For
example, when shown two pictures one after the other, such as a picture
of a match and a picture of a wood pile, the right hemisphere cannot
combine the two gnostic elements into a causal cddation and choose the
proper resuly; e, a picture of a burning wood pile s opposed toa preture
ot a wood pie and a sct of matches. In other testing, stmple words were
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serially presented to the right brain. The task was to infer the causal
relation that obtains between the two lexizal clements and to pick the
answer from a list of six possible answers printed and in full view of the
subject. A typicsl trial would consist of words like ‘pin” and ‘finger’
being flaslied to the right brain, with the correct answer beiug ‘bleed’.
While the right hemisphere when tested separately could always find a
close lexical associate of all the words wed, it could not make the
inference that ‘pin’ and “finger’ should result in the answer ‘blecd’. All of
this goes on, of course, alter the right nemisphere has been shown how
to do the task under free-field conditions and several exampies have
been presented. The successful completion of a task under these con-
diticns must mean that the lefc hemisphere was controlling the re-
sponse. Still, the right hemisphere was free to inspect and watch how
the task was done.

With VP the tests were pursued and further simplificd. nstead of two
words being flashed to either the fefcar vight visual tield, one viord was
spoken and the other was then lateralized toeither the Toft o right brain.
Thus the word 'pim’ would be spoken, followed by the word finger’ beng,
Hashed. This simphification scemed to meke no difference. The right
Liemisplicie resnained poor at carrying out the task, .

When another wst was adimivistercd it seduced <0l hathe the
cognitive demand, both VI and | W perfomned poutly with their yight
hemisphere. This test assessed the capacityolcach half-hram todentity
a common attdbute between two ditferent words, Again, in order o
siplity the testing proceduie, one word was spoken and the other
Hashed to cither the lert or nght brain. Thus the word ‘Fre-tack’ was
spoken and the word ‘elephant’ was flashed to cither the left or right
brain. There were four words in (ul} view of the subject: ‘size’, ‘oor‘:b.o
‘speed’, and "texture”. The right brain scored above chance at abont 50
per cent {chance being 25 per cent) for both patients, while the lelt was
near perfect. When the right hemisphere was coneet on this fask it
picked a likely associate o the ashed word.

Similatly, the right hemisphere performs povtly on simple mach-
ematical problems. When flashed 2 sciies of numbers and asked to
perform simple addition, subtraction, multiplication, and division, the
right hemisphere can identify the stimuli but perforing poorly on
carrying out the requured computatcjon.

Finally, che right hemisphere inthese thiee patients also proved to be
poor at solvirg a spatial reasoning task. inthis task, a geometiic shape
withaspecificdesignis laceralized to cicherthe iehtor lofg brain Placed
i full view infront of the patient arc four odier Bigures, one of which fits
exactly into the geometric stimulus that had been lateralized to form a
pertect square. The task is excecdingly simple. Yet, while the left
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hemisphere found the task easy to solve, the right hemisplere
performed poorly. .

From all these tests we conclude that perhaps language is a data
structure, a system called upon to label and express the computations of
other cognitive systems. The language system itself is not able 1o
performn cognitive activities, such as inference. In this regard, it is
helpful to remember that patients in the early stages of Alzheimers
discase are frequently quite intact with respect to language, but are
unable to solve the simplest problems or makethe simplest inferenzes.
At the same time, it 1s also apparent that the presence of language of the
kind described in the right demisphere in thesepatients correlates with
a hali-brain that is capable »f carrying out many more mental activities
than a right hemisphere without fanguage. Understanding this {act is
the objective of some new, ongoing studies of ours that compare
performance of patients pic- and post-operatively on tasks that draw
upon lateralized skills.

Bifremispheric interaction:

Ovwer the past 25 years of split-brain rescarch it has been ditficuit wo
isolate what the potential costs to copnition might be by haviag the
huwman cerebrum divided ia two. Many earlicrstudies have showi -hat
there is no change inacacton-ume.response te simple discruninations
(Garzaniga and Sperry 1966); in the capacity to form hypotheses
[LeDouxet al. 1977}); and iz verbal I} {Campbelet al. 1981). There have
been some repurts that negative cffects can be registered on memory
function (Zaidel and Sperry 1974), whereas others have not confirmed
this concern {LeDoux et al. 1977). There are data suggesting that
hemispheric disconnection actually allows each half-brain to function
without perceptual interfaence from the othe:, and thereby confers on
the whole brain a super-normal capacity to apprehend perceptual in-
formaation (Gazzaniga 1970; Holtzinan and Gazzaniga 1985). While
most prior studics have been carried out in the belief that each half-brain
is a m::WScEm? independent systemn that operates no dilferently when
separated than when connected, new studies ase beginning to challenge
this original view. The old working assumptior was based on the kind of
behavioural profile seen inthe split-brain cases who possess language in
each hemisphere. Each hemisphere seemed capable of responding i1 its
own way to a wide variety of stimuli.

But then there are the other cases inwhom right-hemisphere perform-
ance after swrgery was pior o non-existent Prior to suigery these
epileptic patients performed normally on socalled right-hemispaere
tasks. The question becane whether these atilitics were locked in to
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the sient right-hemisphere after disconnection from the dominant Jeft
half-laain. We plan a large study on this issue, and e cncouraped
by some carly results. Consider the cases LB, DI, and LL. Yoch s
interesting in a different way.

Case EB s a 23-year-old woman who hassuffered from epjlepsy since
the age of 12, Prior to callosal surgery she underwent a v ight oceiptal
resection in Montreal, with the aim of reinoving her epileptic {ocus. This
produced a left-visual-field n.n:::dm Her seizures were not brought
under control, and, at the agc of 21, she underwent pusterior seetion of
the corpus callosum. Prior to l:a surgery she was examincd on a
w:::vﬁ of tests including the nonsense wire-fgure test of Milner and

Taylor {1972). In brief, this task requires the matching of aregularly
shaped wire figures. Tourare Z.p_i(m infrontofasubjecy, outof view. One
of thefiguresis placed in the hand and thenremoved. Moments later the
subject 1s required to find a match from the group of four. This task is
believed to tap into right- rn::xcrﬁn specalized systeme, ane case BB
was able to perform the task with cither hand. 1t appears that ber intact
calfosuni assisted in distributing the infonnation arriving in her lelt
brain from the rght hand over to the specialized sysiem in the right
hemizphere. Or that, at least, is how we have come to think about these
kindsof things.

Alter the 3.5:.12 halt of the callosum was cut, BB, in typieal
sphthratn fashion, was unable to name obicets placed in the et hand.
The tibies crucial ME, the interthemispheric Zm:fﬁ oi tactide informa-
t1on had been severed, and, as a result, what the sighit hand knew the F:
aid not. She also proved to be 2 patient without right-hemisphe
tangnage. While she was able to find poiws of stimulation oo the W:
hand by touching them wirh the left thunb, thereby de monstratug

good, right-hemisphere, cortical somato-sensory function, she was un-
able th retric ve with the left hand objects named by the czaminer. This
task s managed casily by paticats with right-hemisphere hinguage.
Mostimportantly, however, EB could no langer perform the wire-fiy Lure
task with cither hand.

Sinee EB could perform the task pre-opaatively, 10 secms clear Zfz
the right hemisphere had the capacity to cantribute to s solving chis kind
of task when it was conaected ta the lefr. Disconnected from the _wT it
appears unabie to function. This kind of fnding sugsests that the Teft
hemisphiere may normally conuibute cotain executive functons o
specielized systems in the tight brain, Whar was thought to be one
module actually is the product of the nteraction of at least two
modules, cach located ina ditfercut brain aiea,

Thesame general finding was seen in the dre- ve. post-operative scores
on the block design test for the two other patients, cases DR and LL.
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This test is considered to be a right-hemisphere task, although there are
several reports suggesting that lefe-hemisphere damage can also cause
deficitsin its performancc Both of the patients underwent full callosal
section. Case LL had had a right temporal lobe resection prior to the
callosal surgery, carried out in an effort to control his epilepsy. His
callosal surgery was performed in two stages. Case DR, a 39-year-old
woman, liad her surgery carried out in one operation. Prior to the
callosalsurgery of these patients, their performance on the block design
subtest of the WAIS (Weshsler Adult Intelligence Scale) was fast and
accuratz, well within the nonmal range. This sumple test requires
arranging four to nine, red and white colowed blocks in a pattern that
matches a picture of armnged blocks. The pre-operative tests were
carried sut with the right hand. Post-operatively, neither the left nor the
right hand of cither case could perform the task with easc. The time it
took tosolve the simplestpatterns doubled, and completion of the more
ditficult patterns was sinuply not possible. Case LL revealed no other
right-hemisphere function except for the capacity to locate with the jeft
hand a point of light flasaed in the lefe visual ficld. He was unable to
carry out with the right hemisphere the simplest match-to-sample test
using pictorial or verbal stiumuli. Yet it appears that, pre-operatively, the
right iemisphere when connected to the left participated in the mozw,:x
of the bock design problem. Also, since the post-operative scores for
the lett hemisphere were also lowered, the leit hienusphere obviously
benefitzd from processes ocated in the right half-brain.

Case DR had a more wesponsive right hemisphere. She was able to
carry out visual match-te-sample tasks for lateralized visual, but not
verbal, stimult within ha right hemisphere. Yet when two geometric
shapes were presented sequentially o the right hemisphere, she was
unsableto make a same/ditferent judgenent, thercby indicating that her
vight hemisphere was not capable of simple problem-solving. At the
same time, there is evidence that DR’s right hemisphere undeistands
sorae simple nouns. Yet, even with the {an greater capacity to process
infurmation within the sight brain, ncither the left nor the richt hand
could perform the block design test as well as the right hand had
@@lodvma it pre-operatively. Here again we see evidence that the
norma: contribution of tye right hemisphere to solving such tasks can
be realized only when itis connected wo the left. And again, the left
hesnisphere was also bevefiting from rightbrain participation prior to
the gperation.

For luture surgeries, a more comprehensive pre- and post-operative
battery of tests is planncd. Howcever, when -he evidence 1o dateis taken
together it suggests that there are dissociable factors active in what look
to be unified mental activitics. In short, one can begin to envisage that
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tlere are somcthing like executive cortrollers that are actve in na-
n pulating the data o specialized processing systems. These sontrollers
tand nonmally to belateralized o the eft hiain, andd, whea che 1
bain becornes isolaied trom their influence, the spectlic tunctions of
the right brain become hard to detect when tested alone.

Vindows on cognition: the incomplete catlosal section

Feducing the nataie of cortical organization and how it rebites 1o
cognitive representational systems s a task that recoives assistance
fom many quarters The newest oppoitunity for us grows out of the
reent observation -hat MRI studies of the human braic allow for
detenuining the excent of callosal disconnection actually achieved
diring split-brain sugery. Before this tezhnology was availasle, reports
ox the extent of surgery on all patients relied on the accu racy ot surgical
mites. Now, MRI s able to verify o correct the surpal claims
{Gazzaniga et al. 1965). .

For present purposes, two paradipmatic cases will be reviewed, Case
JW was discovered o have a complete callosal section w th the un-
approached anterior zommissure remairing mact. ] Wdoes not ceansfor
ary perceptual information between the hemispheres. Colan, paticn,
aad brightness information can not be ceoss-compared, therchy leaving

- b1t one observation of interhemispheric integration. Underconditions
o sustained stinulation some crude spatial information ein be inte-
giated between the lisconnected half-lrains (Holtzman L94) I any
erent, a spared antarior commissiue has not yet proved capable of
tansmitting any ussful cognitive or perceptual informatien between
the hemispheres. It seems reasonable tc assume that it cransfers sone-
thing, yet studies to Jate have failed w ilentify what this might be

Care VE, however allows for differentinsights. M R Lrevesied spating
o:fibres both in the splenium and in the ‘ustrum of the corpus callosum.
Sraring in the splenium suggests the possibility that visual nattern and
colour wformation night transfer between the two henuspheres. Yetin
test after test in VP there is no such indication. it is 100 won to rell
whethier the failure of simple transfer reflects regional diffcrences of
froction within the splenium or whether it is related o the nuinber of
fibres sparcd, or botk.

Further tests on VP have revealed a roost remarkable intenction that
was not seen in JW. The task reguired 7P 1o judae whetheror not two
words, one presented to each visual feld, rhyined Therc were four
onditions: the wores [a)l did notlook orsound alike, () fooled atike bug
dd not sound alike, (¢} sounded alike but did not look alike or {d] both

& |

Brain modularity 233
looked and sounded alike. VP is able to judge correctly whether the
waords thyme only when the words both look and souud alike. Such a
finding suggests the Lighly specilic way in which the cortex encodes
information. It appears that the visual system, which is still marginally
interconnected by some fibres, can send some kind of verifying signal
that is useful if information has already been transmitted through
another modality. Without that bit of redundancy in the system, the
information transferred appears to be of no use.

Lhe felt-brain interpreter

1 have outlined a picture of brain function that reveals its apparent
modular organization. The functioning modules do have some kind of
physical instantiation, but the brain sciences are not yet able to specify
the nature of the actual neural networks involved. It is clear that they
operate owtside the 1ealin of awareness and express their computational
product to the motor system directly. Catching up with and assessing
what the brain is doing seems to be a function of an interpretive module
residing 1 the left hemispere. 1 think it need not always be in the left,
Dut that 1s where it is for most humans. To watwch the inteipreter work
under strict experimental conditions is most dramatic.

We arst revealed the phenomenon using a simultaneous concept test.
The patient is shown two pictures, onc exclusively to the left hem-
sphere and one exclusively to the right, and is asked to choose from an
array of pictures placed in full view in frunt of him the ones associated
with the pictures lateralized to the left and right braiu. Inone example ot
this kind of test, a picture of a chicken claw was flashed to the left
hemisphere and a pictureof a snow scenc to the right hemisphere. Of the
array of pictures placed in front of the subject, the obviously correct
association is a chicken for the chicken claw and a shovel for the snow
scene. PS responded by choosing the shovel with the left hand and the
chicken with the right. When asked why he chose these items, his left
hemiisphere replied: ‘Oh, that’s simple. The chicken claw goes with the
chicken, and you need a shovel to clean out the chicken shed’. Here, the
left brain, observing the Jeft hand’s respousce, interprets that response
into a context consistent with its sphere of knowledge—one that does
not include information about the left-hemifield snow scene.

It is intercsting to note that, although the patients possess at least
someunderstanding of their surgery, they never say things like, ‘Well, 1
chose this because have a splic-brain and the information went o the
right, non-verbal hemisphere’. Even patients who are brighter than PS,
hased on 1Q testing, view their responses as bechaviours emanating from
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theirown volitional sdves, and as a result, incorporate these behaviours
into a theory to explain why they behave as they do. Cerwainly one can
imagine that at soe fature point a patient might be studied who chose
not to interpret such tehaviouss in terms of an overlying »sychological
structure that prevenzed the response. Or one can imagine a patient
learning by rtote, as it weie, what a ‘split-brain’ is al about, and
why, therefore, a cerain 715?:.? most Likely occurred. With thac
understood they may well not offer an explanation.

There are occasionsin which a ::ﬁr having vouble conteoliing his
lett arm due to a transient state of dyspraxia, will tend to write off
anyshing this arm does under the direction of the right brain, thereby
making the foregoing test inappropriatefor demonstrating the 25:0_:-
enon. In such situations, a single set o pictures is preseated and only
one hand is allowed to make the respoase. Thus, in thistest the word
‘pink’ is flashed o theright hemisphere and the word ‘boile’ 1s flashed
terthe left. Placed in front of the patient wre pictures of at lase 10 botides
of different colour ard shape. When this test was run on W, on a
pardcular day when hz kepe saying that s lelt hand wasdoing what it
sx..j_,r;‘_ to do, he imnwdiaicly zz::c d o the pink botde with his right
hanl. When asked why he had done dus JW said: ‘Piuk is s nice colour’.

Another example of this phenomenen, of the left brain nterpreting
actions produced by the disconnected right brain, involves laveralizing a
writen comriand, sudhas flaugly’, to e right havisplicwe by tachisto-
scopically presenring it to the Jeft visaal feld. After the stimulos is
presented, the patient laughs and, when asked why, sars: “You puys
come up and test us every mont Whata way to make a living’. In stiil
another example, if the command “wailk’ is flashed to the right bemi-
sphere, the patients will typically standup and begin to Jesve the testing
van. When asked where he is going, the left brain says: ‘Tm going into
the house to geta Coke'. Icicﬁu you :E:E:_ia this wpe of test, it
always yiclds the satoe kind of result {Cazzaniga 1983).

There are many ways to influence the left-biain rrerpreter. As
already mentioned, we wanted to know whether or not the emotional
response to stimmuli prsented o one half-brain would have an effect on
the atfective tone of the other half-brain. In this particular study, we
showed under lateralized stimulu .

s-presentation procedures a series of
film vignertes that incduded cither viokmt or calin sequences. Tn these
studies we used aneye tracking device which pernmits probnged lateral-
ization of visual stiiuli while the eyes remain fixated on a point
[Holtzman 1984; Gazzaniga and Siylie 1984). The computer based
system keeps carciul tack of the postion of the eyes s that il they
move from fixatiou the movie sequence s clectionically muned oft. For
example, inone test alilm depictng one paison throwinganother into a
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fire was shown to the right hemisplieie of patient VP, She reacted: ‘1
dou’t really know what I saw; I think ust a white tlash. Maybe somc
trees, red uees like ic the {all. 1don’t know why, but T eel kind of scared.
1 feel jumpy. I don't like this room, or maybe it’s you getting me
nervous.”

As an aside to a colleague, she then said, out of my carshot, ‘I kuow [
hke Dr Gazzaniga, but right now I'm scared of him for some reason’.
Clearly, the emotional valence of the stimulus has crossed over from the
right to the left hemisphere. The left hemisphere remains unaware of
the content that produced the emotional change, but ivexperiences and
must deal with the emouon and give itan interpretation.

The same kind of phenomenon is observed when more ncutral stim-
uli are presented, such as scenes of owan surf, nature walks, and the
like. The patient becomes calim and serenc. Taken together, these
examyples show that both covert as well as overt responses are inter-
picted, and confirm and extend carlier experiments carried out on the
Californua patients {Gazzaniga 1970).

The kind of thing we sce in these special patients anc under these
Jnds of laboratory conditions can be elated o many everyday expern-
ences. Consider how often we goto bed in a .mccg frame of mind {or the
opposite), only to awake feeling depressed and Sn:vw {or the chcm:nv

The cognitive data structure, which is w say the facts about our life, has
ot changed duting the might, so why the change inmooc? Could it be
that a set of prior memorics has become activated and bas unleashed
b ochemical mechanisms that give rise to a specific mood state? Th
idea here is that the left-brain interpreter would try to make sense out of
these feelings, and may well and somewhat gratuitously attribute a
cause for them to otherwise innocent concepts also existing in the
conscious realm at that time.

1o the patients studied to date, the interpreter has been most demnon-
scrably represented in the left hemisphere. A natural questien to con-
sider is whether or aot the right hemisphere also has an interpreter, o,
more likely, could develop one if disconnected from the left. The intact
brain would not nezd two such modules. For a right brain that cannot
talk, it would be dificult to gain evidence of such a function. Yet such
right brains, when examined non-ve:bally, as on the inference tests
described above, do not perform well. This would suggest that they do
rot have a ?:Q::::n interpreter. For the patients with bilateral
speech, no clear evidence has yet appeared that the right bemisphere
carrics out interpresive functions. In the standard tests used to ¢licit the
2: nomenon, cach hemidsphere can quite simply state whatat saw and,
when asked why, aan tell you why. And, as in the patient whose right
hemisphere can understand but not produce language, even a right
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hemisphere that can speak cannot carry out the simple inference tasks.
The idea of a central and crucial mental module o system thay
interprets the behaviouss and activities of other modules comes upana
number of other contexts. Recent developments in the stndy of ammesia
have suggesicd that patients {requently sufter from so-c lled “source
smnesia’ (Schacter 1986; Schacter et al. 1984). Pativnts reewmber the
content of a prior event but not its source. What they conunonly do
under a task demanding identification of the source is to make up a
source which they quickly belicve to be real. I hiypnosis juscarch, the
interpreter is commonly seen at work when a subject explaius why a
post-hypnotic suggestion has been carried out (Hilgard 1977).

Conclusions

It is difficult to imagine Descartes insisting today that the only truly
knowable subject would be mathematics. it clearly 1s knowabie since
the mathematician starts by fiat, setting up the hypothesis to be
cxamined. Yet in the twentieth century there are factuai systents being
venerated all the time thatin elfect are flats for the nund’s interpretcr to
play on. Those of us in bram science asswine that one day ail the
characters in the brain play will be known and, as a conscquence, that
the intapreter will also have ws data. In the {oregoing 1 reviewed some
new facts in what 1 assume to be not a hopeless objective, the task of
svecifying the operating characteristics of the human baiw. .
The picware that emerges [rom studying damaged brains, whether
they be by the elegont discunoection procuss used in the control of
epilepsy, or by {ocal lesions produced by stroke or tumour, all pointtoa
brain modc! that is heavily conunitted to parallel processes that are
co-active in our conscious lives. Their function proceeds, asitmust, and
as do most other physiological processes, outside of our awaieness.
Corralling all of these activities and making sense of theaeppears to be
the {function of special processes present in the left brain of humans.
This function, the inteipretive function, works on the products of ihe
modularactivities to build a schema that canexplain the loge behindall
of the ongoing activity that results in a behaviout. Bebaviog, alas,
becomes a powertul determinant in what we come o believe as true.
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