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Mental Capacities of the Disconnected Minor Hemisphere

Following Commissurotomy*

R. W. Sperry and Jerre Levy]

Division of Biology, California Institute of Technology

Much of our ihformation regarding lateral specialization of funetion
in the human hemispheres has come in the past from patients with asymmetric
cerebral damage. Some new approaches to the problem have now become
possible through the availability of a sehies of commtssurotomy patients
that have undergone a shrgicai disconnection of the cefebrai hemispheres
for control of advanced intractable epilepsy. The surgery in these patients
is quite uniform and involves an extenstve midline diviaion of the forebrain
comnissures performed in a single operation (Booen & Voce1 106? 19633
Bogen, F1sner & Vogel, 1965). The corpus ca11osum is <ectioned in its
entirety as are also the sma?]er anterior and hippocampal commissures.
Fo110wéup studies have shown that the right and left hem1spheres continue
to function in the separated state at a fairly high 1eve1. |

In such patients the mental capacities of the surgica11y-dtsconnected
hem1spheres can be assessed independently by the use of testing procedures
that lateralize sensory 1nput central proce551ng,_and/or motor readout to
one or the other hem1spher The separate performance of each of the dTS—
connected hemispheres can then be compared for the same test task

Particu]ar]y in patients havwng a mtn1mum of cerebra] damage,‘the separate'
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testing of each hemisphere of the ggmg_individual on the §§m§_teéf‘performdnce
offers special advanfages.

Repeated examinétion of a series of 9 such patients of Vogel and Bogen
has cons1stent1y confirmed the presence of strong lateralization and |
dominance in the left hemisphere of r1ght handers for 1anguage and for calcu-
lation. The minor right hem1sphere by contrast is unable to respond in speech

“or writing in the great majority of test situations; nbr can it'perfown
ca1cu]atfons except for simple additions fof‘sums under 20. Fé]]owing surgery
the patient's behavior seems to be governed almost entirely from the more
dominant leading left hemisphere, and in the great majority of tests conducted
to date the left hemfsphere is found to be far superior. |

In contrast to the obvious superiority and dominance of the left hemi-

sphere far speech, calculation, and related 1ihguistic and symbolic activitiés,.

~ the corréﬁponding specia]fzations of the right, re]ativeiy:mute, "minor"
hemisphere have been much less eaéy to demonstrate. When we want to know what
is doing on in the Tleft hemisphere, we have mereTy to ask the commissurotomy
patient; but in the case of the mute minor hemisphere we are obliged to depend
on special tests that utilize non—verbé] forms of motor expression‘- There is
a reluctance in some quartérs to credit the mute illiterate miﬁor hemisphere
“even with being conscious, a positidn faken by Ecc]es-ahd MacKay, the
suggest1on be1ng that it is carried along in a trcnce ]1ke automat1c state
with consciousness rema1n1ng unified and centered postoperat1ve1y 1n the |
dominant hem1sphere It is our own 1nterpreuatzon, ho‘ever based on a 1arge
.humber and varlety of non- verba] tests, that the minor hem1sphere is 1ndeed
a conscious system 1n 1ts own r1ght——perce1v1ng, fee11ng, th1nk1ng and

remembering at a character1st1ca1]y human Tevel.



Move than thfs, it has been shown that the minor hemisphere~is distihct]y
superior to the‘]eading.hemisphere in these patiente in the perfOrmanee of
certain types ef tasks--as for example, in copy%ng geometric figures, {n
drawing spatia] representations, and in the aséemb]ing of Kohs blocks in
block design tests. The interpretation of these earlier observations had
remaihed uncertain in that it could not be determined whethef.the differential
,hemiseherie capacities observed resided mainly in the executive e*pressive

[

mechanisms (as was suggested in certain aspects of the evidence) or whether

In order to separate praxic sk111s frgm_centra] prqee§§}pg, I devised a test

which on1y required a simple motor read—out, name1y pointing, but which |

required a rather comp]ex understand1ng and man1pu1at1on of spat1a1 re]at1onsh1ps
(Levy- Agrest1 & Sperry, 1968). For this test we coniructed a set of 13 wooden

blocks with 3 similar blocks in each set, each block d1ffer1ng from the other
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2 within a set either in shape or in the relationship of’ teXLuaW surfacesf’ The

patient felt one of the 3 b]oc!s W1th1n a set with e1ther h1s ]eft or r1oht

hand, the hand hidden from view, tnereby projecting the st1mu1us information to

the right or left hemisphere, respectively. A card was then presented in free
1ew to the patient on which was drawn two-dimensional representations of the

3 blocks in "opened-up" form. Slide 71 shows an examp1e of one of the 13 sets.

The pat1ent was required to point to the drawing which represented the block

he was h01d1na. 1t was thus necessary for the subJect to menta11y fo]d the

drawings in order to select the correct match.

A tota] of 156 trials were given per hand, each of the 13 sets be1nu

presented 12 t1mes Repeated presentations were poss1b]e because the pat1ent5_“

?\ at no time ever saw the b]ocks, nor were they to1d whether a cho1ce was

klkcorrect or not. We saw no. ev1dence of learning over tr1a1s The accuracy
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scores for the two hands on the twelfth replication were approximately the
same as on the first.

With this procedure, although both hemispheres could see the choice card,

only one hemisphere knew which block was being felt, and only one hemisphere
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could thus perform the visualization necessanyAfor a correct selection. {72 &
A total of six patients were tested. Of these, two, both having right
5 hemisphere damage, failed to even gnasp the concept of matching a twoﬂdimensiona1
rj draw1ng to a three-dimensional object, even “after 45 minutes of careful instruc-
tion. It should be pointed out that a norma] 7—year~o1d child undevrstood the
test 1mmed1ate1y and performed with a high degree of accuracy. Of the other
four patients, one, also having r1ght hemisphere damage, perrormcd at chance
level with both hands. The V§§HJ§§~quthe.QEhﬁfwiﬁﬁﬁng§F}€Pt§”Were all in
the same direction: their left hands were superior to their right. Tno of
these were ét chance Tlevel with their right hands, but above chance withtheir
left. The other was abcve chance with both hands, but.vastly superior with',
the left.
In addition to the quantitative superiority of the minor hemisphere, we
noted a qua1itative difference in penformance in sevena1 respects. When the
- left hand was fee11ng a block, responses were quite rapid. On'the other hand;
when the right hand was feeling a b1och the pat1ents often took as much as
45 seconds to respond In add1t|on, when the right hand was Tee]1ng a b1ock
.there was a tendency for the patient to verba]uze, saying such th1ngs as ”A soudrc,
two rougn sides, next to each other." It was difi 1cu1t for us to
' 1nh1b1t such verba11z1ng We also noted thdt the secs which were re]a—
vt1ve1y easy and difficult for one hand were not necessar11y those which
were easy or difficult for the other hand. S1nce each set had becn presaned

to each hand a total or 12 times, 1t was poss1b1e to derive a. score for each
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of the 13 sets and to run a correlation befween these scores Tor. each hand.
Interestingly,vwe found that the eorre]ation between left hand scores of
“different subjects was higher than between the hands of the subject who had
above chance scores with both hands. In other words, the right hemispheres
of different people found.the rank ordering ofAdifficu]ty for the 13 sets to
be more similar than the two hemispheres of the same individual. After in-
' spect1ng those sots which were relatively easy or difficult for one or the_
other hemisphere, we concluded that the hemispheres processed the 1nformat1on
in entirely different ways. Slide 2 shows the two sets which showed the |
largest disparity of difficulty for the two hemispheres. Set 7 yields itself
to- fairly simple analytic descriptiohs, but not easily discriminable |
visueh'zations.6 Set 2 contains figures which would be rather difficult to
differentially describe, but which yield themselves to easily discriminable
visualizations. It appeared that whi1e ﬁhe 1eft hemigphere tried to solve
the problem by means of verbal symbo]1c una1ys1s, the rignt hemisphere utilized
simple visualization. The major hemisphere seemed to be unable to break away
from the verbal-analytic mode. We were therefore led to the idea that a hemi-
sphere which is capable ef expressing itself in language does not me e]y have
the capabi]ify of symbolic-analytic reasoning, but is, in fact; constrained to
use such reasonfng. Such a hemisphere-thinks in terms of éymboiic and not
visual relationships. (57"l ~. 1) |

This idea provides a basfs for enderstanding why in men, but in nd.other
aniﬁa1, there is éﬂch a profound functioné] diﬁﬁerentiaiion'of the two. ha1f.,
brains. Once the ancestral hom1n1ds acqu1red the capacuty for ]ancuage, o
there was an obv1ous adaptive advantage aor that. capac1ty to be COﬂlTﬂCd to-
.. a s1nJ1e hemlsphere, 1eav1ng the other free to carry on - the percept1ve Gesta1t

functions. Had boih sides of tne bra1n po»sessed ]ancuage thete wou1d have been"
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a loss in visualization abilities. That such a loss does, in fact, occur '/
is confirmed by several studies with left handers. .Left handers are known'td}
have Tess well differentiated hemispheres than right handers. They more
often sulfer aphasia from lésions in either hemisphere and the aphasia is
moré transient. If they subseouent1y suffer a second 1es1on in the prev1ous1y
undamaged hemisphere after haV1ng recovered from a trans1ent aphasia fo]1OW1ng

2 1es1on in the other hemisphere, they again become aphasic, but this time
permanent1y. We would therefore expect, if the‘foregoing analysis is correct,
that sinistrals, having some language competency in both hemispheres, would
show a particular deficit on perceptual tasks. Studies by Silverman and
colleagues in 1966 and by Hjllja@_gL;ggmgé_and coi]eagues in 1967 do show

‘such a perceptua] deficit in left handers. We have compared matched gnoups
of left- and right-handed male graduate science students on the verbal and

| performance scales of the Wechsler Adult Intelligence Sca]e and have found a
very large difference in the two groups. The mean verbal 1.Q.'s for the two
groupé was 142 for the sinsistrals and 138 for the dektra]s,'a nonsignificant
difference. However, the P.1.Q.'s wereh117 and 130 respectﬁve]y for the left
and right handed groups, a difference which 1s‘sign1ficant at 1essvthan the
.002 level. Even more significant is the fact that the discrepancy between -
V.I.Q. and P.I.Q. was 25 1.0Q. points for the 1eft-handers-and'8 I.Qf points
for the right handers, a discrepancy difference s%gnificant.atlless than

| } .0002 (Levy 1969). In view of Dr. Giannitrapani's findinQS'(1970) of a'eertain'}

s1m11ar1ty between s1n1stra1s and females, it is 1nterest1ng that as Mac:ar]ane

|
|
/ Smith has pointed out in his book‘Spat1a1 Ab111ty_(5an Diego: Rober R.
/ Knapp, 1967) girls, like left handers, tend to show a rather spec1:1c spat1a] -

\ disability as compared with boys. . POTL@US.(1965) has a]so found, in test1ng



children from dozenslpf cultures all 6Ver the wor]d'with his maze test,
that girls are significantly 1nferibr to boys in societies ranging from
that of Australian abbrigines to that of French school children. A recent
report by Culver and associates (1970) that right- as well as left-handed

females show a greatef primary amplitude of evoked responses_in the right

hem1sphere lends support to the idea that the cerebral mechanisms responsible

- a3

for perceptua] deficiencies are similar in women and S1n1stra1 males since an

ear11er study by nggn and colleagues (1967) found the same effect only in
’mgg_yﬁg were Teft-handed. It is hard to reject the notion that a
spatial-perceptive deffcit in women is a sex-Tinked geneti¢a11y~determined
incapacity, an incapacity which possib]y results from hemispheres 1éss.we11
1atera11y:specia1ized than that of males. That the sex chromosomﬂs do part1~-v
o SQAmL - e
cipate in determ1n1ng spatial ability is g1ven&§Erong support by the f1ndnng
that girls with Turner's syndrome, an X0 condition, have a profound defect
in spatial perception (Alexancer et. al. , 1966).

In any case we have concluded that there are two modes of 1nfowvat1on
process1ng, each specific to a given hemisphere, that these modes are muuua]1y
antagon1st1c and that the evolutionary reason for 1&t€ﬁﬂSpGCta]12uL10W is
explained by this antaoonism _

Severa] other recent studies from Dr. Sperry’ S 1aboratory have 91Ven
results consistent with the forego1no The minor hemwspnere has been found

- by Zaidel and Sperry (1970) to perform at a substantially h1oner Tevel than

the major on a version of the Raven's. Co1ored Progress1ve Mdtrxces m0ﬁ111ed

for sp]lt bra1n subJects by utilizing tactua] presentau1on of the ansver
d1sp1ay and TESLTiCtlng this to 1eft or rtght hand
Also, in the pgrformance of ‘the comm1ssurotomy pat1ents in g neraT

unrestricted (1,e., non—1atera1lzed) tests 11Le ‘the WAIS where the maJor



hemisphere dominates; we Tind regqjanjy awseyePQMQingitwinJthQsenspafia1
perceptual capacit{es attributed to the minor hemisphere.

Robert Nebes (1970) has devised a test consisting of a set of tactually
peréeivab]e segments-qf circles. He found that the left hand-R hemisphere
of commissurotomy patients is much superior to the right hand in feeling such
a segment and then selecting a complete circle from which the segment came, @
task which is nost easi1y.hand1ed by visua]izatﬁon, but only with much diffi-
culty by an analytic reasoning process. Recent reéu]ts of his also showed
sinistrals to be deficient on th1s test. To solve such a problem via analytic
reasoning would require a ca]cu]at1on of the r1t1o of the stra1ght line dis-
tance of the two ends of the segment from each other and the total 1enoth of
the segment, a task most of us would find exceedingly difficult, if not
impossible. These results clearly add confirmation to the idea of a
V1sua112at1on superiority of the minor hemisphere. | |

In work initiated in April in co?laborat1on with Co1uyn Trevarthen (Levy,
Trevarthen % Sperry, 1975ft we changed the basic parad1om of our tests
Instead of testing the two hemispheres separate]y and comparing thenr res-
pect1ve per1ormances, we devised a method by wh1cn either hemisphere is free
to respond. Kinsbourne and Trevarthen in unpub11shed work had found that when
a sﬁimu]us such as a square is presented in the midline of the visual f1e1d of
commissurotomy patients, each hem1sphere rather than perce1V1ng the ha]f square
which is actually projected to the hem1sphere perceives a conp1ete square
There 1s, in other words, an ha11uc1nated comp]eu1ow of the st1wu1us by each :'
ha1f~bre1n. Ut111z1ng this comp1e11on phenomenon, we presented chimeric
: etimn11 in mid11ne The next s]1de shows an examp1e of -a ch1mer1c face.
Such a st1mu1us, presented in m1d11ne to a split- bra1n pi?;?nt, is not per

ceived as a chimera. In fact such questions as, “D1d you not1ce anycninﬁ
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odd about what you.saw?“ invariably produced a puzzled expression and the
statement that he saw nothing straﬁgesabeut it. A étimulus such as this is
perceived as one face by one hemisphere and as another face by the other
hemisphere We presented different kinds of chimeric stimuli for 150 msec. in
a tachistoscope while the pat1ent fixated on a m1d11ne point. His task was
then to po1nt to the one of a set of non- chimeric whole stimuli presented in
" free vision which represented what he saw. Our results consistently showed
that for faces, bisymmetric non-sense figures, line drawings of objects, and
'patterns of crosses and squares, the eatients overwhe]miné]y pointed to the
choice stimulus which represented what he had seen in the left half of the
visual field, that is what had been seen by the rﬁght, minor hemisphere.//Only
when we had the patients name what they had seen, rather than poinfing‘to a
match1ng st1mu1us, did they respond to the right field stimulus, and for faces
and non-sense shapes verbal responses were bare]y above chance 1eve1 In other
words, 1or those stimuli whose names had been only recently learned, the major
hemisphere had great difficulty in matching a stimulus with its name. It |
should be pointed out that the patients typically took 10 to 15 minutes to
learn the names of the 3 faces and the names of the 3 non~senee sﬁapes prior
to the vefba] naming tests. They learned the 3 names in about a minute , but
seemed 1o Be unable to conneet these names with the faces. EVehtua11y they
only ]earned the names by saying such things as "D1ck has glasses, Paul has a
moustache, and Bob has noth1ng," in other words by the not1ng of ana1yt1c detawls,
It was clear that the major hem1sphere su:fered a qevere'eestaTt percept1ve
de11c1u 27En another type testiwe presented draw1nas of obJect ch1m°r S and
told the patient to point to a cn01ce wh7ch was s1m1]ar to uhat he saw; ve found
very 1nLerest1ng results. 1In th1s Lest ”s1m11ar1ty" cou?d mean either concetha :
similarity like an eaL1ng utensil and a cake or éiﬁ%ﬁ%ﬁﬁé] s1m11ar1ty 11Le a

cake on a cake p1ace and a hat wath a brim. The st1mu11 uscd for anmer1c
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presentation and the choice stimuli are shown in the next slide. When the

~ right henisphere responded, that is, when he pointed to a choice which was

similar only to the Teft field stimulus, he pointed to a choice which was
structurally simi1er. When'the left hemisphere responded he pointed to a
conceptually similar object. On any given trial one of the 3 possible responses
would have been doﬁb]y correct,‘that is, similar in some respect to the stimuli
in both half fields. For chimeric pairs 1-3, 2—1; and 3-2 the doubly correct

response would have matched the r1ght field st1mu1us on a conceptua1 level and

“the left f1e]d st1mu]us on a v1sua1 Jevel. For chimeric pairs 1- 2 2-3, and

3-1, the doubly correct response would have been the reverse, that is, 1eft
field conceptual and right field visual matches. In fact, 24 out of the 27
doubly correct.matches were visual matcheé with the left field and conceptual
matches with the right field.

"The results of th1s test showed very clearly the visual vs conceptua]

modes of 1nrormat1on processing and, showed unambiguously the aesocwation

 between hemispheres and modes of matching. Another test also invoTved object

chimeras, in this case chimeras of a rose, an eye, and a bee. The patiente
were shown as choice st1mu11 araw1ngs of toes, a pie, and a key. Neither the
names of the stimulus nor the choice objects were ever spoken aloud and the
subjects were told to “"point the picture whose name rhymes with the name of
what you see.” Although we had already found thaf with sfmp1e recognition the
pat1ehué recognized preferentially the left fier'picutre, in this "rhyming
objects" test, they invariably pointed to the object wnwch rhymed w1th the

right field p1cLure © This test c1ear1y -demons trated that where knou]edoe of

aud1tory 1mages was requwred, it was the 1eat maJor hem1sphcre whwc}

performed the task.
In contrast to the ear11er tests, these ch1m ric: Lests not on1y ShOd a
d1«|erence in quant(tau1ve and qua11iaL1ve chac1ty of the tno hemispheres,

they a]so shov that the hemisphere wh1ch is qupet1or for a funct1on assu%eq
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control of the motor read-out. In these tests we had the patients point with
the right and left hands and found no difference in the responses. Uhen a
particular test involved capacities for which the minor hemisphere was best

equipped, the right hand as we]] as the left pointed to the Teft field

3

. \},;",\ L
stimulus. . The resuTts from these tests represent the 11rst demonstrat1on of _flf -
DACEES gk LR, AT ",’“"
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minor hemisphere dominance for motor contro] in commissurotomy patients. Of

theoret1ca1 interest here is "How does a dwsconnected hemisphere know 1t S

super1or?“ Poss1b1y an 1nfer1or hem1sphere, confronted w1th a d1 f1cu1tM£é;E:i
\: s1mp1y makes no attemp?_ﬁo act. Or poss1b1y the m1dbra1n attenu1on mechanism

TGCGIVTng 1nputs from the two hem1spheres, selects the superior hem1spher

for the given task, and selectively "turns on" that hemisphere. MWe have no

clear evidence eifher vay as of yet. | | _. |

In summary, our studies show that the:d{séonnected minor hemisphere is

the superior and dominant brain for perceptual recognition of faces, non-sense

figureé, pictures of objects, patterns, in detecting structural simi1arity;.

but hot conceptual similarity, and in performing perceptuaT transformations,

as well as for the motor read-out which communicates the fesu]ts of_ité

processing.
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STIMULI FOR CONSTRUCTICN OF CHIMERIC FIGURES

- CHOICE STIMULI
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_ CONCEPTUAL MATCHZS
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