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RECENT DEVELOPMENTS 1IN S’I‘UDIES OF BRAIN BISECTION
‘Abort
Mhimterzaiﬁe«ﬂbo%um’back-«eem 25 years D

[y ' oplon m»&zém 2
now=t0 upstate New York vzhnm two dozen psons_affl pilepsy
underwent surgery of the brain that consisted essentially of disconnecting
2

Ay
the right from the left hemisphere,~but cutting the corpus callosum, and in
i Larad

a few cases also the anterior commissure, th¢ hope’being thet this might ﬁﬁy!

prevent the spread of siezures from one to the other side of the body and AL 2li0
/

ML(Q
dﬁ%p these epileptics perhaps to retain consc:.ousness during their a'btacks,
wﬁ,.& LA Ql\c*a @, L }'(d}f&h:] i *’)“e‘a‘h’lﬂ

at least in one hemisphere. The-first _slide will-serve merely-to- ~ref'~resh~7 5@@ N
~ LR xi(‘f!‘_.g
you»—memrias_regarﬁing”thefgeneral size and ﬁ%g'gx;gﬁsof “the corpus _callosum
humgﬁ:‘wbraihu Z*br 1s 'l:he largest by far of all the fiber tracts in the

Naarda, @i, cxxiias S £ s amanfifrrg are
brain; practiecaily- a1l parts- of "the cerebral ccr‘b ces be:mg cross-connected

through this largest of the commissures.

Never before or since has sect:.on of the callosum been carried out on

«".ml

so massive a scale in human: subg ats. 'This series of cases is also notable
iu,u Ax, '

for the ,‘extensn.ve battery of neurological and psychological tests that wmxm was

applied before as well as after the surgerys-in-seme=casesy in the hope of

pinpointing some of the funct:.ons mediated by the corpus callosum /@

s P

Q‘b this time the callosum ha.d become somethmg of a p{izzle, and was wellé on

i‘bs way to gaining the reputation of being the, largest, most useless structure
in the brain. The results, insofar as controlling the spilepsy were ERAREXSRE
concerned, were only mildly successful, not enough so, apparently,to warrant
continuation of this major surgery for this purpose. The resul$s with respect

to detecting functional deficits attributable to the corpus callosum vere
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practically zero, &@e end effect of the series of reports to come out of

these studies was only to further accentuate the slready present discrepancy
¢ . 3
between the large size a.nd spparent importance of the great cerebral commissure

and the lack of any :En deflnrbe functional deficit following its complete

2500l moeFfanm of MM W )
a{ﬁiﬁiﬁt % “i‘“‘"“d'“* Aw:e, :LL/Q&J e Do barsiona WVJW

The s:Lma'bion in 1940 was summed up by Warren Mc(}u]:.l.oé’x in his now well

7\ I ’ known sids
¢
MA

callosum seems to be that it aids in the transmission of epile]gtlc Sf/zu Y 4 ¢ ‘ﬂ,
Qo L ALl Qe NF (!i’“é &Ua w&
from one to the other side of the body." During the next ten years «usn J i

statement, "The on_l;y\ demonstrated function Sor the corpus

there was little change, and as recently as 1951,K.S. Lashley,probesbly the

world's most mmimd eminent neuropsychologist, was still referring to his owm
" little Jjoke about the corpus callosum, namely that as far as he could judge

from the literature, and-this included experinental sections-of -the cala.osmn

.IJ» VQ‘? mﬁf"

in—the-monkey &b this time, it would seem to iiim that i*ts functions must be

mostly mechanical, its main purpose being that is; to keep the hemispheres from

sagging. ” ;”

Although these £=m f:.ndlngs, er rather the lack of %n&mgs,on the callosum
Anilh Rﬁ‘ﬁ»”’»’/”

cane to be cited with some fondxiéss by certain deviant schools of brein theory,

A JJ.X.M o.of
for most of us working on the brain, however, the;’m‘;- ehestood for many years

(@® one of the more puzzling.and-cheliengingeof enigmb.s of brain function.

the;{;” ;i,é the Lgemxz.innﬂ general background that/pronmted “f, to look ingo the/
v

7/

problem exper‘lmentally s beginm.ng bac abou'b 1950. We s/tiﬁl at the” preseﬁt time,
X

are ¥ heavily invol in various ram:.flcatlons zf and developmen that

f / .
{ have come out of it.
\__ﬁ_ z,__‘_.,_m“

/1 As many of you know, the old riddle of the corpus callosum is no longer

Zpo@8y what it used to be, in that it has been possible, in a series of animal
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experiments in recent years, to demonstrate}iarinite and important functions
for this structure. The animal studies fr'om the beginning have confirmed
the older observations to the extent that complete section of the callosum

produces surprisingly little, or no disturbance, insofar as generalized
L

behavior is concerned. In a sense it is still correct to sa.y,thtt the most
»
remarkable effect of cutting the corpus callosum is the lack of effect. Even

when additional cerebral commissures are sectiongd along with the callosum,
PLICERAR Y. ¥ PN
including all the cross connections Ihxk above the{ tegmentmn, that is,all
bl & u.‘
those labeled in the nexbaa.lé.e Cats and monkeys, recovering from the surgery,

display amazingly little in the way of evident behavioral defects under most
ordinary ccnditicens.
Only when cne begins testing specifically for right-left cross integration

“ 1]
in cerebral functicn,sssrsbral functicns that either naturally or as a result , P s’ o
-+ A

cf training are strongly lateralized, dces the loss of the E‘x’imi%‘%lcmismsi « Ao

e g pe{?

ecms to make a real dlfference. ' ) AL, B sannl
\F‘;wu‘l}wﬁ 2 $ B A X rana d «'ra /Afx&j)O‘

. wmly-ﬂmt the exizel findings bca.rms'm umm«
8- cattosum. Cne cf the earliest and more consistently demonstrated functions H:TJSJ
re:ats to the interhemispheric transfer of learning and memory effects. In ’
short, if you train a cat or monkey to perform a tactile or motor problem using
cnly one hand or forepaw exclusively, then after it has fuily learned, test the
ability of the animal to perform the same problem with the opposite hand or paw,
you find that the training transfers at a high level if in the normel animel with
callosumi intact, but fails to transfer in the callosum-sectioned ax;:.mal When

5 ar ALY

the cellosum~sectioned animal is switched to the second paw 11"nas to relearn /. 'O /V-‘-‘ iaw
2il cver sgain.
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experiments in recent years, to demonstrate}iefinite and important functions
for this structure. The animal studies fr}om the beginning have confirmed‘
the older observations to the extent that complete section of the callosum
produces surprisingly little, or no disturbance, insofar as generalized

behavior is concerned. In a sense it is still correct to say, W"the most

»
remarkable effect of cutting the corpus callosum is the lack of effect. Even

when additional cerebral commissures are sectiong_d along with the callosunm,

AR ERAR L
including all the cross connectlons kkak above the} tegnentum, that is,all
97 Lol 27 q»a’; At

those labeled in the next s&uie. (;'ats and monkeys recovermg from the surgery,

display amazingly little in the way of evident behavioral defects under most
ordinary conditions.

3

Only when one begins testing specifically for right-left cross integration

in cerebral functionsssyebral functions that either naturally or as a resul‘b _ mw""b

of ‘bralnlng are strongly lateralized, dces the loss of the ng%gﬁ comm:.ssuresi/ 2. i!l

o) to make a real difference. ) L W
smh&mm ad” i;; Th R I B2 8 2 30 .30 35 B W v.u*_q,uzﬁ._i e *31 4: fA M_Qg

I-Findings bearing oiii®

Wom One of the earliest and more cons:.stent]y demonstrated functions vf&ﬂv
W

relates to the interhemispheric transfer of learning and memory effects. In

metions ®sf

short, if you train a cat or monkey to perform a tactile or motor problem using
only one hand or forepaw exclusively, then after it has fully learned, test the
ability of the animal to perform the same problem with the opposite hand or paw,
you find that the training transfers at a high level x® in the normal animal with
callosumi intact, but fails to transfer in the callosum-sect:.oned animal. When

“_‘Z;
q LRArREY
the callosum~sectioned animsl is switched to the second paw 11“has to relearnﬂl /u«ai&..\

all over again.
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The same kind of thing is true of the learning and retention of visual
dlscrlmlnatlons when the visual inflow is restricted to one hemisphere by
’Wér\ T U,
sonocekar training: am‘ section of the crossed optic fibers in the chiasm.
(As diagrammed in the next figure, chiasm section leaves the animal with
practically a full visual field, but skexwsmzpkk stereoscopic overlap is
elimingted, and .of course each eye is left connected only to the homolateral
side of the brain.)
Under these conditions, visual discriminations learned by cats and monkeys
through one eye could not be remembered through the other eye in the absence
of the corpus callosum. On the other hand, this interocular transfer of co% eal
learning presented no problem if the callosum were 1ntactgi£;1 fact, if just
the posterior qar:tei of the callosum, whilth connectg: ‘the visual areas &E
thé~gorte® were preserved.
By further analysie it has been shown that the callosum may function in
two rather different ways, in affecting such intermanual and interocular transfer.
First, it may be used during the A initial learning for the laying down of a
_ second or duplicate memory system in the opposite hemisphere. This is demonstrated
“nadansng
b}‘ A with the callosum intact and then ablating the cortex of the trained hemisphere,
in which case"the second eye or hand can still perform the problem thfo?ft@l using
the second memory system in the oPposite hemisphere. Alternatively the memoxy R:T&b
vl Co i s
nsy be laid down only in the directly trained hemisphere during initial learm.nii
In uh::e'ﬁ case, when the animal is forced to work through the un’bra:.ned. hemisphere

m‘u«Q
the eempes callosum may be used to tap 4mm the memory file of the educatedf hemi-

éu, /'4"‘“"“““"'
sphere. This—hind-of-thing \OL FXEXENR presume ‘P{ occur in the humen brain on a

major scale where langusge is all laid down in the one dominant ), or mjorl hemisphere.
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The effect is demonstrated in animals by training one hemisphere with the
callosum intact and showing thkm that the second eye or hand can perform the

problem also, but only so long as the callosum ia intact. AFter its section

the animal performs only through the initially trained hemisphere. s GQ/Q::;.JJ}»

!;NW\L ;Q.’Jt})\ﬁa}k%
Various methods have been used“to restrict vision to one eye: The animal

m3y be trained to wear an eyepatch as shown in the next figure, or one may

£ ﬂf £ ’[Mwa/
sew the e;yel:.d.S together, and,\then release them, or the animal may be foreed

to work through peepholes accessible only to one or the other eye, or the
animal may be trained to wear goggles as shown in the next figure, or, instead
of goggles one may useg'; corneal contact lenses. In these lenses, goggles, peep-
holes and the likeé it is possible to incorporate light filters, polarizing or
Imkmxm interference filters that are mutually exclus:we for the ‘bwo eyes.

7; ( er R fﬁn &JWM»\_"»U:‘

¥x the ambient llghta.ng or -bhe pro,]ectlon #f figures, one

A i‘..-.x-\‘-f*'
P Puas,

can, with a flick of a sw:Ltch ke bring in one hemisphere or the other at will.

The testing appamtus which we are zE currently using for monkeys, and by

wo Brd H akia e, -
which we can control the use of the;! eyes az‘ the hands, m&m@m@{ all possible
eye~hand combinations is shown in the next figure.

By the use of training and testing methods of this sort it has now been

possible to show that the callosum sdseisaimportant in the monkey mx at least ¢

L 7
w‘;\ffor the right-left cross integration involved in a variety of other cerebral

activities; For example, the voluntary visual controld or monitoring of hand
movenents across the vertical mid-plane of the focussed visual field. Though
possible in the absence of the callosum, it is markedly aided by its presence.
G Recall that the right hand, and the right half of the visual field are
projected together ‘into one hemisphere, and the left hand and the left half

Y
of the visual fieldA‘to the opposite hemisphere. Visual-motor coordination that
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p p ?’ALM
draws on the visual center of one c&Ptes, the motor center of the opposite
MMW" s ;L
hemisphere is mex® stronger, quicker andj precise ‘when the callosum is
AR A
ﬂ?ﬁz{.w vy

MMO PV = W 5 Sae ‘f.,u»w

\-.E A
present. L ite. Thasks ,\ v % a?: =/ afo a,

'y 1earn1ng is Jmomakx lateralized to one hemisphere by training through

Rongl A RAABAR, &LQ»&\’ZG‘A%NA.,K»&M& erg, _‘? ICZ
one eye or one hand, 'bheJmotor expression of such a lateralized performenece 7
&

eBfeuted via the limbAgoverned from the opposite hemisphere is significantly
facilitated by the callosum, and definitely impaired by its section.

" Experiments tha'é:&tf;‘smﬂll in progress show that:lclsoss-comparison g and
discrimina.tin:x of objects or stimuli presented in the separate halves of the

o FENARA KA fh,

visual f:eldggon readlly :Ln the presence of the callosum, but only with great
difficulty and at a}&;n@le level in its absence. For example, XmxkhExEh® a
g chiasm-sectioned monkey can be trained to select the larger of any two
circles taken from & series of five different sizes, so that he can do it easily
with either eye alone, or with both open. If then one separates the inputs by
means of the Rikx light-filtering system so that one circle is projected to one
hemisphere and the other to the other, the performance breaks down and is relearned

only with great difficulty. The same is true in matching~fromesample problems

where r,;bhe correct one of two patterns placed side by side is determned, by a sample
bﬂ.eua\&k, /&&Alé - Qe M Af &«9‘ MM

06 A placed immediately above. Et‘p.ﬁe perfonnanceigom well in a chiesm-seetioned monkey

so long as the entire problem can be seen throu.gh con eyeL' but when the sample is

deliberately projected to one hemisphere and the two patterns to be dlscrlmna
LA A anNE Ly ard w

PO SV INSYY PN s “ol ot

Jo T ————
—-obtained for con tlona.l visual problems. f/If the chiasm-sectioned monkey is

PESSESES

m‘t a task that I invoives intensive use of one hand, paired with the visual
/W./) MI‘J L5
half-field of the same hemisphere, its capa.city to percéive and to hamom.ze

sensory information entering the opposite hemisphere is greatly reduced by

_to the other hemlsphere sathen the p::ebhm breaks downl Similar results Lave 'bein ,..;J/

G

.



T, R g B it et —— _

-

commissurotomy. These and related observations indicate that the callosum
also is used to bilateralize and to unify attention and perceptual awareness.
It follows logically from some of the foregoing that the learning process
is speeded by the presence’and retarded by the absence of the callosum in < s (S"
any situation where the sensory cues involved are proaed;caed partly,to one T’%:}w },JL

Ome aan AL ! Y e B
hemisphere and partly to the other, an&*pe:dmpmlsm&é‘ thei motor con-brol

"x._‘,_._f ’

mist _come, partly, from one .and partly from the other hemisphere, Z‘“’\‘?““u 7

,DL P R R B b N R S

Ve

:

Finally; the post-surgical convulsions that we see during the first.

. : : cormissurotoml zed
three weeks or so after surgery in a minority of our ERKNXSSMXXXEHXKRIS g
sl.sm» — A Db w

monkeys ,show a tendency to remain lateralized, which supjpor’cs theA conclusion

that the callosum does aid in the transmission of eplleptlc siezures. _
¢l the aoada g”’(li!’
!

During the past ten months we have had an opportunlty; to check €&

&4

~ K 3an £Fe paade e e 2 I 6",,; L n DI BONAE,
some of Xkmmxm functlons \in &2 ymm hmna;.’& patient;w#th recent comp!Lete
"A’J_ﬁ”’ oy
section of the corpus callosum plus the anterior ecmssur@%iﬁsm hippo-
Qi Ar, -&”’ Ty /).AJ(, Y A ‘3 PR AR r,:i ro g aiem o Re /‘J&J&U ;},? M /

campal commlssure—-ma:ﬁﬁam%e J)rs’ Voéej: }a.nd Bogen of the Loma Linda Neurg:_)

R

e e e e e o e a

s
(surgical unit in Los Angeles/// The surgery was undertaken as a known ri.ﬁk. by

S

%ncemed, on & nothing-left-to-lose la.st resort kind of bas:Ls ‘for a man

that for ten years had suffered from severe 1n‘bractable ma.gor convulsions, on

an average of -one to two per week, that culm:.na'bed 1n status epilepticus every

\\ \.

two or three mnnths It is too early 3 of course, to pnﬂx predict the results

three years from now, but \Ehe surgery was performed last Febnmry and this
~
parson has not had a ma,]or siezure since. There have been a few,, but no more

\.\
than a- half-dozen or so minor ngm eplsodes confined to one side a.nd mostly
\
N N
without loss of conscicusness. These are cons:.d.ered inconsequential compared
f‘ \

to the kind of siezures he was having pre\rlously 5 and his sedative drug dosa,ge

\

\ has been reduced now to one-th:.rd what it was prior to surgery. In short,

s \‘

e | 2 et

W,ﬁ yf.tw_n\ﬁxm %MQMJ\QM M\




everyone concerned is tremendously pleased 'wi_th the outcome therapeutically

P to this date, and the results suggest at least some reopening gg our minds

to this klnd of surgery for such cases. e

Most of the fxmct:.onal testlng k13;9,‘4; g ll deseribe has been ce.rried out
L&L Mwh el Sk oy Md (),( h oandd oaMs P‘W" ‘f’\&wc,) ,
in weekly sessions at &im:«.}a;bor&tery by Mike Gazza.nlga with Dr Bogen in ' &

warnnatf
collaboration, and myself serving egiy in an advisory wfsonsulta.nt capacity.

Disconnection of the hemispheres in this person has not produced asgrosg
Sisruption-of-gensralized. nehavmr,wzzor any overall personality or intellectual
e bl B oaennl bollaacien

deteriorstion, nor has-he- eomp.aalned of spl:yttmg headache. In a casual
meetlng with=thieparason over a cup of coffee and a cigarette and & conversation
m@kﬁg the Telstar or 1;lf;e Cu{;an s:.tuatlon (he's a man of 48 or so and above
average 1ntelllgence) one mlgh'b m-t note a.ny particular functional 1mpa1rments.
However, with specific testh for right-left cross integration in the same spheres
of activity in which the split-brain animals have been found defective, one

can show that this patient behaves indeed as if he hed a right half brain and

a left half brain, and the two Bt&in$ had been separated. Nearly all the
callosal functions demonstrated in the animal studies, plus perhaps & couple

of new ones have now been documented in this person.

/f ad.dltion to sectlgn of the corpus callosum, 'bhe anterior commissure and g
D O a AAM,

e3oo(the massa intermedia) but-at<the-

. fomizd
\jmﬂapamﬁéh it was Jjudged that(this“®btructure was already ab t which

e o T A g,

is not uncommon of course in the hu.man brain | Bo khe only structures left for

e e e By G -
cross integrat:.on)are ose below the dotted line in the next figure. It

should be remembered that the optic chiasm was not cut here as istemems in most

of the animal expenimants, so the testing of vision is not an eye~to-eye
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‘_{@A@MM - wv”é an _d(,

$ropesieion, but rather A left half?fleld arlght half-field,rztber. This

is done by having the person fixate on a point and presenting the material s /
. 60

W,ﬁf’né M.Lé, Qe Ju/%m—(w Z/O

to the left Qr to the right of the point,

ot 5 QM&WMMIQ((: ﬁ,&tﬁo,wﬂtq,xa «.‘E )
@eclxzj a}shuttmn-at%t_pemts—mm

ah,()w»l: janl f&a LY THIgn
e presenutum_nf_maiemal,ﬁt &Wﬁﬁx;’“ﬁhﬂd&d‘bﬁ*m&‘mn

_per-secend;—much-tike—theishutter<cia-camera. It is also worth mentioning

tut &"f#'

here befoneugod that wheress in the am'.ma],gﬁ{we have to go to a great

= (‘M_’:;\,m -~ rA“.'?’%
deal of sseminpid trouble to lateralize learning i&jﬁ}i» memory and other functions

to one hemisphere, in the human brain the lateralization of learning and
memory is already there in tia®» highly developed form just waiting to be tested
in that everything associated with languagé is laid down in the one major
hemisphere.

In line with this, one soon finds in applying tests involving language
that this mans acts as if he had one literate hemisphere connected #o the
right side of the body and the right half of the visual field, and another
«m‘ illiterate hemisphere connected to the left side of the body and the left

half of the visual field. Performances involving the one"For the mow

Iy IV Jad)
roughly normalj wheweas those imwx involving the other are eadéamuﬁwl retarded.

g ~tdad
For example, he is unable to readimaterial W in the left half of the’
‘G&,MQMLMW». 1Y CALRAA GWI’J’

visual field; he is unable to writk|with his deft hand or left foot| He is

unable to execute verbal commands with the lef't hand or leg; thish' difficulty

is not':g severe_as it was initially after surgery and is beginning to clear
M ) M ‘ '

[2e]
gradually,\ He is unable to give a verbal description of objects presented in .

u)'LM( fe ulﬁ»\u?f

the left half of the visual field, or]objects placed in the left hand wth a /
Y

'blindfold. e2. Also, if he is blindfolded he is unsable to tﬁ%‘g;@u where he

has been touched or tapped on ‘the left side of the body, on the left leg or

left arm. He is unable to tell the position of the left elbow, the wrist or

ziaexx fingers, whetker they are flexed or straight, rotated mx and so on. BHe



S 7 B S e e e —

/J} /W ‘(ﬁy Z YTV luﬂb m&, 4&0 )Cuc, #_p
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is unable to describe movements or acts carried out by the left hand, agRis
in the absence of wvision, )WW even in the presence of vision

which I'11l go into more later on.

There were no problems of this kind before surgery. Furthermore, with
non-verbel ariterisend tests one can show that he still sees and feels and
has good motor function on the left side, or in other words, in the right

hemisphere. For eample,in blindfold tests, 1f one places a cigarette in his
(6 ani¥ W"‘lz‘ﬁ ?U““
left hand he will move it around, manmv?a‘b@si@,, place it between h:Ls fingers
MU\M /) ;ﬂd‘ﬂ 4{&,‘.,‘ LZ
and ﬁmaﬁ it uﬁ' in the proper position to his mctith. If one pu’cs,\glas es in
the 1 AM"I AL lry BFEP
e left hand, &= thQse too w:.ll be manlpulated. gmﬁmmmd brought up . A@m‘ ﬂd

}a.uw UM’*" < hias L SLY {20 af gﬁmm

properly‘?to the eyes ,\A toy pzs 303: 1s moved around ‘and. eventuaiyate

';pzﬁ,hu* Frar] R«!}\.C?'r« A{‘.{{’%g
up and.cecked~in a typical Lgm«& "}@ fashion. A ring is moveqa amﬁ,mmad

R ORI LE -" u H
and M and finally run down over the ring finger into kpos:.’clon gz;[\'hese""ao

N
selectlvely appropriate,manipulatory movements fhwmw show

differential, refined, ’)

that the sensory and the motor pathways and the cortical centers of the left

hand are still in good functional condition. It's only that when he has to
reply via the language hexxisphere that you find that this major hemisphere
urt

no longer is in contactkor knows or remembers anything of the experiences af

and activities of the other, the minor, hemisphere connected to the left

e,

side. ?’hls lack of ii?&éi'hem:.spherlc  contact applies also of course in the

oﬁi)glte direction, but it is not so easy to find out what the illiterate
o

ALRA
hemisphere knows Ia' feels, €&®», since it is=madhotrt language, @.Qne has to

I

In such tests also the mental duplicity produced by the surgery in this

resort <Eies to non~language, more behavioristic type®of testwﬁ

individual is clearly evid.ent) %or example, in tests of cutaneous localization

smwl in which the subject tries to point with his finger to a ¥= ¥ on the body

surface which the experimenter has just touched with the tip of a pencil or a

small stylus,
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With the left hand he‘locatel readily all points on the left half of the fi}%

body, and with the right hand similarly all points on the right half of . ‘f \ q =
PIIa " “(fm of i“%’wkm (LD W ¢€m M«&»\w w g

the body hl&.hg::fm:h:nd:en cross-localizatlon;{xsr»requi red. s ey : 3

 docakins . Opn—thy Prffatate a0l

XXX LN ED ...:....;..;«,. ~then breesks. down..completely ar;& he often can't tell
Aedy ~thy A

whether it's hisAleg or kis arm that has been touched, or even whether he's

S

: ok of armat aer fe £ 41 L Quan
been touched at all.‘]’itx The .exception: hevei;s, ea&%ﬁémm M&L {

-Be has no trouble localizing with either hand on both sides. This fits with

.

the anatomical and phys:.ologlcal ev1dence that the ascending pathways of the @).MQ

W\xum.ﬁfev Jeeds Aapas ”\;;*M f /f
Trigsming nerve ana;pzngac**ed b1 lauerady* ) Lat. w“M
){Mmuﬁ . j}xvu» izl e AN 2o Bl W"’M/z EZ .
:Emmummwmg oi‘ re J.nolo al sa@, Mem Ethe subject sit$§ in 7
"y

front of a screen and pointd with his ha.nd and arm at a spot of light

e of f’x?

Prisfdy on the screen in front of him, wzth free handm he uses the right

B3

jeebed

hand always to point to the l:.ghﬁﬁwhen it falls in the right half of the
visual field, and the left hand is used for all points in the left half of

the visual field. If he's forced tg use one hand, then he nearly: always misses
FXTEP
the light when it falls in ch mng half of the visual field, not only the
i N c —thy 2288} 1,38

position of the light, but hs=s® often )unaware that it=be gppeared at all. "U
fruy:wj.ﬁ‘}i A»j)(.{&&’" tw Azalidd B Iy XY Mft&{ wb}' %;\-g Mﬁg}/c

T ISehe-de=uabhing at a table and mpfé%'s”foof one to four }andﬁl w W‘M@

« Lopposn

gty to tap with the hand the corresponding mumber of times on the table

D
this goes fine from the right foot to the right hand, and‘from the left foot
to the left hand, but he is unable to do it across from the left foot to the
b bt 1)
Wzoint%position sense)‘by putting, for exampleﬁw W‘J

right hand or vice versa.

asasfl R
end of a pencil in one hand and having him hold it at different angl sAﬁ wahils

B I 0 reach"'af(cross &d&k the other

end of the pencil with the opposite handg mﬂ‘e's quite unable to do this,

so it's not just that“ihe right hand knoweth not what the left hand

e i . v A U T GRNRAT S
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doeth, but ug one hand doesn't mxewkwmx even know where his other hand is.

g,

With simple jigsaw puzzle tests consistlng only of two large p:.eces

N
that fit together he can be taught to put them together with the left hand |
or with the right hand, but if you then put one piece in each ha.nd he's

unable to work the two together With further trla.Ls on thls, however s he
xnpix found that if he simply kept one piece still and worked around
attending to one hand only, he was able eventually to get the two to fit. It

would appear from this and other observatinns that he is unsble to attend

in the two hemspheres at_ 'bhe _same time.—=i . ,@}{5%
¥ S (4 &
f‘ ﬂ'-(/' vu—* u‘u& LA AR
/(‘Zhe learn:.ng and memory of sunple tactlle discriminations, such as

which of two containers has 1_; sip of milkshske in it, the rough or the smooth,

‘(ﬂrwﬁ)wu/} ALY P
the large or the small, the warm or the cool, and so ong whears&eam? with

one hand theslBarning fikes falle& to 'bransfer to_the other handf Of course { é @ﬂ
v

KAVERTION S0 Vg pre e, He fﬂ/ﬂﬁfxﬁgf»ﬁuw pad
this takes only a few trials in *ﬁhe ‘base-of 'the mmn hmmtmﬂm&mga

R RSO T I

‘described. pers:.stent preferences of the left 1111-bera’ce hand, that is it wa.ll

8 pers:.stentﬁy pick smooth, rather tha.n the rough, and then after a while it
e Jm
O/y may Shlf‘t around and pick the rough 1nstead* of the smooth » regardless of whic
\ - e
one is coz:réct , and one wonders what's going.on- in this other raig, this

other mind, what it's thinking to make it select this or that at different times.

Usually the left hand cooperates with the right in general motor activity,
aAn,
but not always. Occasionally the left hand will go off i¥® independent, even

ol
antagonlstlc movements of its own. We @oB®» see this mp& rarely in the

YL VVVINE SV SV —to u}«&.&)@ AN Y ISP R
laboratory accounts of it warsneiGdesaged from home, hiteiamikenyp-eases
o Uirnaen
thsy=lgye oc on a scale sufficient to be bothersome ard-sueh=that-he-wilkl

For example, he will
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Pick up the evening hewspaper with the right hand, @t

promptly puts

it down againp He has to turn around, pick it up again with the right hand,
AB Ay,

and=gs=en. Or, he %:ge“@ué fresh laundryﬁm?&» in ‘each d walking back
v sty Sr ,f
through the house to FUXX put it away, out-of-ithe: A 23 i oA haif«nff&m&&-he

T Ysad

saes—mamﬂ%make’e;aemhe “goesbyshe dumps &the%mmw into m waste
w‘w’-{) M}'{ Mjm ‘1§.&{ Pe Lig ‘%, @ GsF

basket, has to come back later and 'pu: it uwpé Or,

X ,
b, transfer it to the left » thesdeft:

he's tying the belt of
his robe, the left hand works along with the right fine and he gets the

belt tied, and then he goes off about his business to other things with the

main hemisphere, but the left hand doesn't seem to know when to quit and

it proceeds to methodically carry through and untie the belt again. He
) X
has to go back and tie it over again. Occas:x.ona.lly in dressing, usually i

Fls left ha.nd will work along wrbh the right, but at times the lef'b seems

toit‘orget whether he's pulling his trousers mg on or ta.klng them off , and we
£ind him puJ.'LJ.ng 'bhem up with the right hand and trymg to take them off

with the left 5 and vice versa. In the earl;y month af‘ber surgery he and his

/

wife uséd to refer to his sinister left hand., she would be attending to him

e

.and her a.t'bentz.ons “were welcomed on the one side, but hlS left hand would
Ay -
start getting very aggress:.ve a.nd push:.ng her away with apparent dlspleasure
N\

that didn't seem to ’be fel‘t at all in his major hemisphere. Such mdlca?

/
however, of the sepa.rat:.on of emot:.on on the two sides are .relatively rare

B/ SVeu B SV Y T Y545 VIV LT {W-uh
> lesprqulred—the: e kg o 2 £t hand into hls pocket in order to

keep it out of misch:‘f.f’;j It has & tendency to grab doorknobs, or hold the doorﬁ\

frame, the door-Jamb, as he is trying to get through, and hold him up. I doubt
if this patient himself would want to trust his left hand with a loaded pistol.-
I assked Gazzaniga about this last night or the day before and he said, "Boy, he

wouldn't want to be in the same room."” Fortunately the question has not yet




wllie

. \ ari,s'en as to who or what is liable for criminal acts committed by the left

|

hand, which as you can see at times tends to be & ra‘bher'k'“ irresponsible part

of the whole. ~—

We've also seen this kind of thing: he's working a visual discrimination

problem with the left hand that involves picking up mmmxmf the correct one of moseral

(Mrm ¥/ ‘La'f/u}bt}h, dipfernef PR enann ) & (aat amasd e her f“"'-/%‘*«_
“&wd cards yHhescard with-the -correct- pattem enit. Helgoes along,-e,nd
Aorssan ol OonBE . y[""

eventualdyp-rather-guickly learns wh:.ch 'is the correct of-thew

£ VR P I»;\,P\:Mf"fi QN@‘ MCLQ{ d\‘\(‘
-aftér a successful run of five or so and he -has- put down' the last card;-you

- o oo
o PR

s:fbep*hmvane}»as%mm which one is the, correctcards 0% whlch is the card that G

& “&“““ S

P
wt piekedups He muy react with a startled, blank and sllghtly guilty

o2 £ /2.
expression as though caught by surprise, and he's unable to answer, he doesn't
(wid Uo apacak Wu” FEW

know; whlch card whs correct, which one he picked up, althoughhe was-right
/) %

there with-both—eyes—open watching the whole procedure. It's as if in working

with the lefta hand he had been working i only with the minor, the illiterate
[P Ab
hemisphere, a.ﬁd the major hemisphere meantime, though watching, just wasn't Mbv\7
oL YIRS, o Q}W PRI D Mo @
L-with-it==it- was- Pplanked..out,-er—inhibited. /' Similar episodes

suggest an unnatural separation and lateralization of the brain processes of
ae o fz‘»&h?t#'; qnliwlkmw Og)

perceptusl WEXEXEXER awareness end-exd e 5.0 Yj&u&mpm
w0, WAMJ”,&‘&(#?
m awafenssseprurRTses to one hem:.sphere , leaving the other eme blanked out, =

i BGIEIEGE, This isebhe=xEise, especially in one~handed activities or activities

involving language. Wn.s latter, and a number of the functions of the callosum
seemn to become m 1m;zrtant as nne ascends the phylogenetic scale from cats

F v nassornn Dl wo A !pzb}
to man. ¥¥ see bhem in the monkey sctliely are more pronounced in this human cume,

zm&n were not seen at all in the earlier cat experiments.

An extreme example of the above phenomenon occmrred on one occasion at

| o

which he rebor'bs scal:hng his left ha.nd rather badly while he was shanng with

=

k the right han?i and of course attendlng very ca.refully to what the hand was
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doing, and using probably the correspondlng ha.lf of' the visual field pr:.mrily

When he's working with hlS left hand, however iy J.t rea.dlly discriminates warm-
| \ -~
from cool, md 1t 1s very quickly d.rawn back from a heated surface This

i / \
raises the poss:r.bllity tha,t the left side mey be protected from pain, perhaps

the independent movements of the left ha.nd Just mentloned, the great bulk

AR uf/; ﬁ&\cul e Ak & afl + e “'"“““‘ﬁn;it‘es
of the impairmentsdescribed -do-not-shewyy in the\’“aa.lly l:.vmg, SRS EXH X KRR |

&4,

One has tovbllndfold him, or one has to use a tachlstoscop:.ciprogectlon of
¥ /‘LWIIM ety "’ W e e A s

the visual mater:.al ,ia.nd s0 on. Wlth respect to those impairments that are

Q&h Lagnn

z} (7Y wxu.‘x»é.x_a_e e .CQ&‘ &? -

bothersome, wsssuspact that mem:,s of xem may be subject; X to an ‘improved control

as we learn more about the propertles of the splrb brain, and are able to teach

,{)ihq.a,n, BLAD —— e..éw’*“ i \ B S & e mosa e’“(&l‘ kagju,,*)\g‘p&_q
hlm how to switch-in-one or the othev homm Qhe"e end So=CR .

The observations in this patient appear in our own minds at least to
have pretty well removed the discrepancy that has existed between the human

U\NW«: Anasay 3 Py oldy, PRSIy 2 sy o800y wt"

&
K“"{ and the animal data regarding section of the callosum. From 'bhe combmed w MW
% evidence hekasis now avallable}} it would seem that mb can begin to put together

alworklng picture ¥8® of the great cerebral commissure that is much less mystifying

and more reassurlng >that the fiber connectlnns of the brain, even at the

highest level, do have real and understandable fum%here remain, of

course, many interesting unknowns regarding the callosum and its -f\mction

ewaiting more detailed anslysis. Meantime, however, the interests of our

Ixkwxim lsboratory group for some years lm ve been centered less on the callosum

snd its functions per se, than on the kinds of things that one can do experimentally
in its absence, that is the kinds of things that one ecan do by usingjl'gplit-brain
or:%?sected brain as an experimental preparation for approaching problems of

o 1

cerebral organization in general. In the time that is leftﬁi shall try to
give a few quick glimpses of some of the kinds of things ,\'@t we have been

using the split-brain preparation &&m experimentally. When :& starte

b BT AT N I O S L NN e . et i
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<“{ anmarpaion
abihg the split brain es a tool or method, then the problems involved

begin to spread all over the neurological map, and GB<g@ahEe the discussion

becomes even less cohere%d let me emphasize at thls point 'bhat the work
A

SR gy H ’Jv

AP

the.t I've been dlscuss:mgk well as the followmg, has been very knuch a \

kl

/ rd

] group efforb and. has been ca.rrled out in large part by greduate student$
h/ e e

a.nd research fellow aSSOCla‘teS. e e

- o

# FLere HARANMG
It is clear from whatﬁ}havembeen sayx}:in that the anatomical splitting

S

of the brain results in a, considerable doubling of 11:371 mental and psychic

R e’ Arrman, AL FIC nate /&MMAMC
properbies. Iﬂh&&engwre%@ :that is, i1 has two welm:ms A%-pe

qlw a{)ﬁ.&«v \’i ¥R £ 1[»\ PIRES W Yy T EAAAR N2V “@M Mﬂf

ereid y«»amkmhah it percewea on one 31{1& cemm‘c g e%geted%s«-@wbwﬁfe
M,\UWA—&M TRy, et o g8 g eae @LAAL ol FVALBARA

touch—m:bh—what_xs..gomgw Of 0N ’che other s:,de : and so*en. It's also clear that
BAsE f,z ALl B Ry PR ®

there is a lot of alternatlon from one to the other of these doubled gnostic
B RMIAIS Ma}m«;«

spheres/\ It is 'still not clear whether it is physiologically possible to have
within the single cranial vault two separate spheres of consciousness, doing

different things, having different exper:.ences simmltanecusly. There is,

LA L n @ ring Wﬁ,@
however, gﬁiﬁ suggestive evidence that indicates that this way be Mfém

P VYN
fromiexpermen‘cs cerried out in recent years by Trevarthen. The experimental
; Y LIV ,
Msls dlagramned in the next s;im Essentially the monkey is working

an automat for his meal. If he pushes the correct one of the two small plagues

ont of him he is rewarded by a peamut, a hydrated bgnana pill, or some
ks M;Q/ ‘gcw M)JM)

\@
- other primate tidbit. A top view of the’ set quS dla.gramed in the next slide.

Two sets of patterns from two projectors are shown on top of each other on the

>
plastic screen® The nsked eye sees the combined doubled figures, 'mczm;se
| ar o Carfy o
. the patterns are projected with polarized light, ¥ anotherAf:.lter in

ened

iom occludes the

e e e e
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