The following ere my corrections and references through page 150.

Tue remainder will follow shortly.

R. W. Sperry

Pe 15, line 35:
SFERRY: It's very likely tiat I'm here 1n p&.rt’for Just ihe oppoéit.e

reason that Dr. Olds stressed; namely, that I'm not esscciated with Dr. Mogoun.

p» 20, line 6@
SPCRRY: Tust's rigut. One of his cullesgues stopped by a few doys &go

end 1udicsted how much he would have liked to come. Knowlng some uf the

very iuteresting end excellent work tuis won is doing in conditioning, I anm
cure he would be here unad Dr. Magoun not felt that hls own laboratory elready
was modestly well represeunted. (Laugnter). As ‘for the conditlioned reflex,

T can et leest say that I have published on the subject from the vantage point
of not hsving done ery real research i the field. Our work hes been cuncerned
largely wita the wiconditioned reflexes, particularly with problems concernlng

the develcpuentsl patierning and organization of the "natural reflexes ," es

Paviov called them. Nonetheless I have alwaz g had a special interest in the

£ '

naural baeis of conditic.dng end T en eligm{zd. to have the cpportunity to

participale.

pe 108, line 203
I would guess taat once & reflex is strougly extingulshed, it is

A S iateins’ &)
[ SP IR TRY

eztingzulens’ fur 1ife, in the suns sense end to the scae extent thatbt once



& conditloned response is estublished, it cennot be erased. I say this

on the supposlition that the conditioning ard the extinction process ere
bogically the same mechaniem, i.e., e learning end an unlearning, or re-
learaing, and thst the positive-negative difference resides essentially in
the kind cf response effects to waleh they lead. This 1s important with
reference elso to problems éoncefning the nature of the memory trace. If
the trace changes are located at the synspse, then preswmbly the change can
be made 1n-one direction only, vhether it be facllitory or inhibitory. That
. 1s, impulses can be directed over the synppse or withheld, but so for 58 we
know, the effects of previcus trausmission cannct be asctively wiped éut by
reversing the syneptic sctivity from facilitation to inhibition or vice-versa.
Active reversal of tals sort,‘i.e., erasure ¢f previcus traces, could be
¢btained, bowever, ot the ecelluler level. For example, & lasting decrease
¢f a neuron's excltatory threshold established in conditioning could be

viped out and reversed by active inhibitlon of the ssme call thrcugh other

synapses. But I presume these are questions that we'll be getilng Into in

more detsll later ¢n in the conference.

p. 109, lire 10t

SPCRRY: This is demonstrated {n verious experiments in which conditioning

gnd extincetion heve been repeatedly elternated (i). If you contloue the
elternation, you reach e pelnt where a single triel is sufficlent to reestab-

14gh or to extingulsh the conditioned respense. In thig case, at least, 1t
1g cleur thzt even sirong extinetion does not wipe out the traces of previous
ry is there in soue form.

con/dtioning. Without cuestion the previcus hieto



P 119, line 33:

SPERRY: Muy I go back to Dr. Teuber's comment? I em not entirely fﬂ ;Zd
to let the lmpression stund that Pavlov's use of the terms » "iohibition,"
and "excitation,” &id not refer to physiological entities., He was thin;ing
here cf braln processes, was he not? He even mekes reference to thelir

chemicel bases. It wus my ilmpression he implies definite physicloglcal brain

Processes.,

P« 150, 1line 6:

SPCRRY: Back in the middle and late 30's Anokhin and his céworkers published &
nurber ¢f papers along with & ook (= ) covering his extensive merve-cross

" gnd musclestrensplantation studies. His conclusions therein were in full

sccord with those of the leading Germon, English, American, and other euthoris
1e8 of the time. Specifically, it wes ;nferred that the pathweys of the brain

end cord are not regldly specified in their function bul aere instead highly

rlastic end readily reedjusted under the conditions of merve end muscle transe-

That 1s, any dysi‘unction produced by surglcel rearrangement of

3 A'

plentation.

Y‘p,ex".

the normal innervation pattern r ¥ correctc.d through

norpzl £ unctionr ,m restored. Even the phylogenetically old reflex pathveays

centyal readaptation and

of the epinal cord were inferred to bve thoroughly plastic and readaptoble in -

this resyect .

7
/
19738 to determine the jevel of the CNS et which

vhen we sttempted back in
cmplete surprise to find that no

{hese repdjustments tele place, 1t was & €



readjustment occurred. Rats with crossed nerves and transplanted muscles
continued indefinitely to move their feet in reverse in & thoroughly machine-
lik.é fashion ( & ). Murther experiments with a iariety of sensory and motor
perves in rate and later in monkeys ( D) ylelded simllar results and led us
to conclude that the earlier claims of extreme plasticity of the nerve centers
were incorrect. Our nnﬁingg suggested that the basic aenéory and motor
coordination patterns of the nervous system are rather rigldly organized:
that the organization is laid down in the beginning by the growth process,
and that the extent to which it is subseguently mocdifiable by 1eam1:§g is

Jut sl
e;.‘rf&f;f‘g"”q" 11m1ted'

Fi
~

As V-I yogeely recall i, some of the cbservations Anokhin included in his book
seemed to support better our own conclusions then they did his. In line with
this, 1t is interesting now that the account which Dr. Leake lms Just read

@ mentions only the dysmpctionc that result from abnormal nerve connections.
Toee i :So'rererencél ;o}a.ny readaptetion or reatéra’cion of nor;nal function.
Although I no longer attempt to follow this literature closely, I have the
impression that the work of the past 10 years has in the main confixmed our
earlier contention that the kind of extreme plasticity generally imputed to the

mammalian central nervous system wp through the 30's simply does not exist.

\
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p. b2
1. 26 ,SPEERY’ I have one or tﬁb points that I can cover more briefly
wvith the help of slides. ’Dn.e first concerns & subject to which Bob
Doty referred in pascing but which othervise we have given 1little attene
tion, pamely, the problem of the location in the brain of the 'new
f:onnections' or engrems. As Dob mentioned, the er]x@ram hag proven to be
a8 raether clusive willeoethe wisp and is considered to be éiffused end
ncnelocalizeble. |

I wes surprised to find that in the cet we could attain the degree
of locelization illustrated in Figure (!<). Tae engrems for various
kinis of touch discriminations performed by the left fcrepaﬁ'ap@ear to
have been localized in the remmant of cortex left in the right hemise
phere. Preoperativelyetrained discriminations survived the surglcel
isclaetion shovn &nd ncw ones were learned almost es well es with the
vhole hemisphere. This brain, incidentally, wes previously divided
édovn the midile by esection of the corpus callosum end hippocampal colie
rissures. For ghort, we call it a "split«~brain" preperstion. The nco-
cortical portion of the enterior ccrmissure is degenerate. (Ususlly we
section the enterlor commissure end also the cptic chieem if visicn s
to be involved.) In en earlier study ( N ) it wes found thet the nore
mal contreloterel transfer of scmesthetic discriminatlons from left to
right forepew 1s prevented by section of the callooum, That the engrens

ere not pertly in the intact hemisphere s further indicated by the fact

thot reletively smell leslons centered in the forelimb area of the left

cortcz, 1.€. crall reciprocel lesicrns on the orposite side, severcly



impaired the discriminative performance of the right paw vhile that of
the left paw was not affected. The lesion in the left hemisphere,
barely visible in Fig. ( ) shows better in the lateral view in Fig.
¢ ) This left & bare trace of discriminative performance with the
right pew without impairing that of the left. I suspect that the core
tical islgnd on the right could be pared down somewhat farther Pro~
vided the somatic cortex and its projection fibers were preserved.
Additional removal of the amygialoid complex and the bulk of thehip-
pocampus on the side of the cortical isolation appears to produce
little, if sny, edditional impeirment of the retention and new learn-
ing mediated through the cortical island, according to current work
with Dr. Schrier. |

In rezard to this rether clrcumseribed localization, 1% ghould
be emphesized perhaps that the discrimination hablts tested for re~
tention were well stebilized by overtraining, particularly that they
wvere of & highly specialized nature, i.e,, 8ll the cat was obliged
to do wes to stend upright and to push on one or esnother pedal depend-

ing on its surface texture or contour. EPoth the input and output

specific to the performence were thus parrowly restricted within the

somatic sphere.

One further corment here regarding methodology. Pavlov 1s supe

posed to have stated that he used the sallvary duct and its output
on cne siée for science, leaving the rest for the dog. In somewhat

cimiler renner we here teke one hemisphere for sclence and leave the
other for the use of the enimal. The cet gets along fairly well, es

do elmiler end lover forms, with ﬁhe cortex of only one hemlsphere.



Restricting thg'cortical ablations and the learning end behavior tests
to a sirgle hemisphere, mekes it possible to extend greatly the scope
of the ablaticn and leslon techniques, mainly because one cen thercby
avoid the severe péralyses end other deficits in background function

that ere produced when the lesions must be bilateral.

pe 443

‘ N T
l.2l. ©SPERRY: Let's turn to the next Eiié&hwhich illustrates a
somevhat different use of the split-brain preparation. Conditioning
typically involves a functicnal association of some kind between two
sensations produced respectively by the conditicned end unconditicned
stimuli, ©So-cazlled sensori-sensory conditioning poses even more
gpecifically a problem in the central association of two sensory
stirmuli. W¥We have come across some interesting data lately In a study
eimed at the mechanism of sensoriesensory integration invelving visu-
gl and tectile sensibility in the monkey. The monkey is shown 2
round plaques, cne of which ie heavier than the.other. Four of these
pleques are employed, a black pair and a yellow peir, thé two pairs
being similar in eppearence except for color. The monkey is teught
to select the heavier one of the black pair and the lighter of the
yellew peir. The black and.yellcw pairs are switched at randem so
that in eny given choice the correct tactile cue is conditional cn
the visusl cue end vice versa (the term 'conditional' 1s used here
in & rather different sense than has been useaflgﬂgﬂe confereﬁce).

Before going deeper into this problem, let me f111 in some

necesgary background. Earlier studles ( 0 ) have shown that visusl



discriminetions transfer readily from cne to the other eye 4n the
unoperated menkey end also in the monkey with midline section of
optic chlesma, ernterior ccrnmissure, end enterior half of the corpus
callosum., Section, in addition, of the remeining posterior part of
the callosum along with the hippocsmpel comnlssure ebolishes the
interocular tre.ns'fer of visual discriminations involving brightness,
slze, color, 3-D ghape, end flat pattei'n. Opposing discriminations
can be learned concurrently through the separate eyes without intere
ference, 1,e., with 5 or 10 trials to oneeye, then as many to the
other, and so on, alternately. It was interesting to note in one
enimal which developed & sulking response to a particulsar problem
presented to the second eye, that th_is respense remained restricted
not only to the given problem, but also to the one side., The monkey,
i.e., would perform the same problem very nicely, if we suitoted badk
to the first eye, and without sulking, with the second eye would pere
fcrm on eny of the several cther problems it had elready mastered;
nor was there sulking on subgsequent new problems.

l}nlike the visusl tasks, somesthetic discriminstions for softe
ness, rouchness, weight, and three~dimensional forms were found to

trenafer at a fairly hich level from the trained to the untrained

hand, es ¢1d the correlated motor learning.

p. kb

1., 7 GSPERRY: Yes, this is contradictory to the results vhich Dre

ftermend T (N
pore highly developed biletersl representation o

) found in the cat. Perheps it is correlated with a
£ the somasthetic



system 1n the monkey, end/or the integrative relations of the ipsie
lateral system et the cortical level.

If we keep in mindvggﬁfihe presence of somésthetic transfer end
the ebsence of visual transfer, we are ready to return to the initiel
Question dealing with sensori-sensory integration. After the monkey
had mastered the conditionsl visuo-tactile problem described above
using the right eye and left hand combination, the same problem was
switched to the left eye and right hand. The training on the second
combination started from a level of pure chance end showed little, if
eny, significant saving. We next tested the right eye, right hend
and the left eye, left hand combinations, and, in both cases found
high level transfer with only & little hesitancy during the first
severel trisls, ‘

A new tactile problem was then treined with the left hend, after

uhich I removea the somatic arm area from the right cortex. The le-

sion extended from about the enterior edge of & back to the superlor
temporel fissure with an additional abletion from the enterior bank
of the Sylviaen fissure simed &t removel of the arm porticm of Sometic
II. ©On the 13th day after operation, the left hend being still

severcly paralyzed, we tested for transfer of the newly-lcarned

tectile problem to the untrained hand. ILack of transfer would indle

cete 8 unllatersel engram system underlying somesthetic trensfer.: In
thie cese the score reverted to chance and relearning with the second

nend required over 200 trials ccmpared to ebout 600 with the lst hend.
Learning with the first hand had been delayed by a pre-existing pref-

erence for the nepative pattern. Also there 18 considerable variation



in the learning curves of the two scparated hemisphercs for & given
problem In the monkey. (This 4s in contrest to the amezing similare
ity ve have seen in these curves in the cst (N, P), snd possibly ree
flects a puecies Gifference correlated with greater percepturl inglight
in the primcte). One can infer that thé somesthetic transfer depends
in yart upon ipsilateral input feeding into & dcm{imﬁt engrem s.;,ratem
formmed from experience with the first hand end laid down in the core
tex contrelateral to the treined hand. We're now checking to detere -
nine whether there 1s also & subsidiary engrem system lald down in

the other hemlsphere via ipsileteral input frem the frained hand.

Postoperative tests on the visuu-tacﬂle discerinination showed
the performance with lefi eye and right hend to be unnffected &s anticle
rated {seec Tigure < ). It was & surprise, however, to find that the
morkey could also perform the discrimination with the right eye end
richs hend. VWhien this was first testea the 20th éany post-op, the

core reverted 1o chance in the first 20 trials bubl quickly rose to
criterion by the 50th trial end to 90% correct ty 100 trials.

Tests cmbimu:;left &nd richt eye with the left (porelyzcd) hond
vere possible by e Gih week. Reoovery hed proceeded to vhere the
henl could e used to inlicate a cholce by rcaching end contact, Tacte
ile ciseriminaticn depending on cutencous cues from the hand hiad not
recovered, but weight discrimination, depenlding on proprioreceptive
cues throuchout srm end shovlder, was possible. The visuwo«toctile

end pure visusl dlscriminations were performed at preoperatlve levels,

ebove G0 correct, with the right eye, left hond conbinstion.



When we switched to the £inal combination favolving left eye with
left hand the score on the visuotactile problem dropped abruptly to
chance._ With the purely visual problem, the performance was on~off,
being perfectly good one day then lapsing to chance on the next session.
When it was off, the monkey acted disoriented, almost as Lf {t coulda't
see, but it performed perfectly well as soon ah.tt'was shifted to the
cther eye. On the 4th day of this peculisr performance, sb@ething
scemed to click and thereafter both the visuotactile and visual dise

crimination were performed at high level with either eye and left hand.

You will note that the monkey is able to use either hand to perform

visual discriminations even though the visual fnput is restricted to one

side., Schrier ( @ ) finds this to be true also in the cat after train=

2

{nz has been confined throughout to one paw. In earlier studies with
Myers and Miner it was found that removal of most of the neocortex ex=

cept somatie arca fu one hemisphere and occipital erea in the other in

the chieswesectioned gplit Lrain cat does not eliminate the inherent



