Enclcesed are further corrections and references making mine
complete through page 440. I will forward the remalnder very shortly.

R. W. Sperry

p. 150, 1ina G: Delete this whole passage: line 6-15 and llne 15-19.

P 152, line 29
SPCRRY: There are reports of spinsl conditioning in the frog by

Franziske.t in Rensch's laboratory that seem to be pretty geod. In chronie
gpinal frogs they palr & sirong and a weak cutaneous stlmulus. The stronger
stimlus, to the flenk, say, dominates éuring the conditioning triels end
inhtbits a response that ctherwise would cecur to the wesker stimulus, say
to the forelimb. (Tuis differs from the usual procedure in vhich en in-
¢ifferent or neutral stimulus is uséd as the conditioning gtinnulus. )
rfter several zzundr«.d pairings, spplicaticn ¢f the weaker stimilus to the
forellmb evokes by itself the flenk-wiping reflex of the hind leg xnstead
of the ncrmal forelind reeponse. The conditioned responses show B0 ear}.y

lebile phace with a chemlcal-like wvening end a more lasting st siyle phace

efter mury palrings u;p o 150@ or more epplied cver 75 to 100 days.



Rensch and Franzisket (D. 5) appear to have enswered the cbjectiocn that

they arxe dealing merely with temporary heightened ‘excitability end irredl-

ation phenomend.

confirmed—histeiegiesltly., For some reason they have success with water-
frogs but not with some cther species.

p. 152, line 35 W

SPLRRY; Before we leave Pavlov, there 1s cne other minor peist.
I recall that iaPevievwls—leetures he inferred from the cutencous and
suditory conditioning observaticns,a prec;iaa iopogmphic mapping cf these
gensory fields in the cortex. Is there any possibility that this antedated

the direct enatomical end physiological mepplng. Does enyboly knowd

p. 153, line O

SPIRRY: Do you know whether this preceded the more ¢irect anatomlcal

aem-ustration of the topogrephical detail?

r
7

pe 153
1. 11-12 Delete.



Pe 235 , line 22

1 SFERRY: If it should be trus, as scems likely, that your central
stimlation kewe, in order to be effective has to evcke a sensationg—
awiitcry, visual, or vhatever, depending cn the area you ere inj-thea
1t is possible that g=widtiy o peripheral Btiﬁmluﬁa:@@ wou.’ld.z;{éx better

control eve? the exact nature &and even—he intensity cof thha evoked

L e

sensation,

pe. 163, line 15
EPCRRY: I don't want to changs the subject, but--

e 163, line 1Cs
SPORRY: Would you sey, Dre Liddell, that there has been any

significant development in the brain theory ¢f conditloning since Favlov's

time?

pe 1(T, line 17
EXEER In thinking Lack et this polnt, I'm concerned that we

dead s
could Ve leaving ea lmpressicn that Pavlov's theory bas remained the

4



accepted and prevailing physioclogical explanation c¢f the conditioned

response up Lo the ti@a cf the recent implanted electrode studies.

Ps 167, lina 22 7
SPEREY: I would have guesscd that kis conceptions of irradiating
excitation and inhibition have deen con&iderei eutbe inadequate for at

least twenty years.

p. 167, line 27: Delete lines 27-20.

e 176, line 17
CPIRRY: Has enyone tried to establish these Fowsdewe?, viscerale

viscersl conditicnsd reflexes in decorticate enimalse?

pe 105, linzs 15-C78 Delete.



p. 208, line G (continued)
Now that ve are epproaching the nev implanted electrode work,
I wonder 1f it would not be helpful, perticularly for those of us not
vorking on conditioning, to summarize brlefly somz ¢f those conditioning
phenomena that have ceemed particularly relevant to brein theory, I can
start by mentioning a few that cume to mind znd probebly cthers here can
add to the list. | ’
First, I think we have not yet menticned conditloning under curare,
Apparently the process goes perfectly well in the sbsence of any motor
responsa. The motor response has been eliminated slso, I belleve, by
erushing ¢f the nerves, and further, by local anesthetization of the motor
cortex, whlch, of couree, blots out the--{Doty says "No."] Well, you

correct ni2 oa that.

pe 203, line 35
sponRY: In any case, thera have been exparimenté in vhich ablation '

0 & Jude D »

c? the motor curtex has falled 1o abolish learnad respenses (E). This

chould eliminatc &as a necessary part of the braln mchmiszn thie <ominant

socus of attracticn in the cortex that sccording to Pavlov wud suppreed

+o funnel the conditioning etimilua excitation dovn into the reflex motor

pativwiyse.



The effect ¢f random reinforcement ig particularly critical tbr
eny brain theory. We estimste the strength of the conditioned reflex in
part by its curaticn and the difficulty of extinguishing it. It has been
ghowvn (F) that with sn equal number of trisles in the conditioning procedure,
spericvdic, rather than reguler reinfprcémant produces & CR that 1s much
more difficult to extinguish than is the CR formed with reinforcemant at
every trial, Accoriing to most ef-ithe physiglagical explenations you
would expect to got a much stronger connecticn between the brain centers
involved 1f you pair the unconditioned with the conditioned stimlus on
every trial. | |

The effect of elternate reinforcement and extinction has already
ween menticned. If you establish a conditioned response, then extinguish
1t thoroughly, then reesteblish 1t, and then extinguish it again, it has
been found that, efter so many repetitlcns of this, the learned response

cen be reestablished with a eingle triel (6). Thais too has important

{my1ications for the underlying braln process.

Just the phencmenon of deleyed conditioning is interesting. OCcnerally,

the signsl stimulus precedes the paturel reflex by a short period, from,
gay, & half seccnd--uhich is about optimum for the ey21l1d response in man--

cn up depending cn tha situatlon end spacies. It 1s possible to set ihis

gigna) stimilus e&s far forward as e half hour cr maybe even lenger, Thie

poses some nice phycicloglcal problems s to the nature cf the trace eflecis

of the stlmilus end how they cperate at the end of the delsy. Tha enlumal

gomehov hes to hold the effect end ©o respond at the proper time. It is



/

Even the simplel ebsence of reversed condltioning is something to

keep in mind in formlating a brain theory. That is, that the signal

/ stimulus haes tc praceda the reflex that yéfi o Yo be tred o

I wouldn't be surprised if there exists in the vertebrate brain in general .
soms kind of a bullt-in tendency Lo percelve ‘wvhat-followg-what', 'vhate
leads-to-vhat'. Appropriste central nervous adjus';;ment in thie reepesct

is fundamental not only to our ceusa-effact | thinking, but to the behavicr

of £11 vertebrates from the lowest forms to the highest.
het Aoyt the
In particuler, we should keep—is-miad examples of rapid conditioning.

ynitiad

In conditioning, we have cne problea in the acquisition of the conditicned
reflex, end ancther assoclated with its yrolenged retention. Cenerally
it 15 not easy to distinguish the two because in most laﬁomtory conditicning

the tima epen is great encugh 80 that the acquisition yroceeds in pari on

the basis of traces retalned from earlier conditioning trials, However,

o,

¢ a great deal of rspld conditioning and

leerring cen and does occur in a single trial or two, not only in the

der natursl conditions. Fa—werking \\ﬁth buman subjecis,

condttioned reflex and then

~The /on;nf 45 that a
& 1ot of learning

leboratory but also un
pestienlasiy, 1t 15 not difficult to establich a

1o extinguish 1t, all wvithin a tweniy-minute sesslion.

end conditicning is so rapld that ycu don't bhave to dea) with the permanent-
type memory traces at 811l. The establishment ¢f the ‘temporery connection!
peconss & probled primarily of ¢ymemic reorzenization. In ti'me t‘f:e reorgani~
zatiovn becomss consolidated through lasting tiesua clmgeéz:t E:;ﬁ;:éz%renienge



Prct 2%% »éa
in dealing with the braln ehemszes, wo—saa Beparate these twe phases cf

]-rOBL*"'m.-
the pheromeroer:
A rerenticey
The effect ¢f electroconvulsive shock is of interest in this regard

in that elgctrcconvulsive storms wipe cut temporary or recent learning
. A !
i.e., of trials made up to & half hour or so before the ECS, but do not

eradicate the more permanent trece systems.

Ps 211, line 1
SPERRY: Yes.

P 211, line 12
SPERRY: Yes, it 1s particularly relevant to the problem of the engram
Another point here will illustrate the repid dynanle

end its neture.
Bxperiments with

reorgaﬁizaticn occurring independenéﬂbf trace formatlon.
have ghown that a conditioned reeponse that required
will be

human suvjects (A)

gcmz 15 to 20 trials to establish under the ususl conditions,

very first trisl with no training vhen the subjects are

perfuraed on the
ring procedures

given a full usderstandding of wast 1o expect in the conditic



pe 211, line 22 _

SFERRY: Yees, thls was in man. I éﬁési£$:;:&l that ve have net
discussed mutor equivalence &s seen in instrusental conditioning. This
alec 1?ndiff1eult to secount for with any theory that pogtulaxes the
wearingﬂeflcannacticns petween CS &nd CR centers. The cbservaticn in this
case ie that en animsl w11l essily and spontenecusly substitute for the
" conditioned response a quite different response if the sltuation is
changed to demend it, or if the goel is perceived to be more readily
echieved thereby. There 1s, of course, c@ntinuoua'mator'rea&justment
¢f tals kind in the learning of new motor skills.. |

wWith respect to decorticate conditicning it 4s worth noting hese

Lave been repocted to
that fisheshshow excellent learning and retention after removel of the
entire forebrain:jdbr. Arora in our leboratory has recently confirmed this.
We f£ind also that a visual discrimipation can be retained in fishes sfter
complete section end regenersaticn cf the optic nerve. This showe that
the memcry traces or engramns are not rigldly nor directly comnected to
the sensory imgut chennels, There probably is a certaln axmount of reshuffling
of optic fiber ccmnecllons {n the brain es a result of regeneration. Ve
infer that the regenerated fivers get back pretty close to the sans cells{
but suppese thot probadbly they do not reesteblish exactly the saue gyneptic

terminals. Waatever the degree of eyreptic rearrangement, it does not

aisturb reactivation of the engram.



p» €12, line 7

‘ SPERRY: Yes. These are coler end also eculty discrimination
habits. The findings show not only that memory for the hebit is retained,
but also tlzai::iix; (p?rception is restored in its crigins) form a.fter
regeneration. } We must infer the existence cf another dimension of specl-

KL -éL:e. cptic 315(.‘9-”’\ .

ficity mg—we—cpﬁe—ﬂueﬂ assoclated with cclor. Thig presumably is
supexfinmased upon the topfcal specificity demonstrated earlier end essocl-
ated vith directicnality (1)« The restored visual aculty also approximates
closely that of the normal fish suggesting that most of the severed optic

exons must succead in reestablishing functionsl connectlons.
did
Some of the corpus cellosum work that Myers and I (J) bevebeew

éetns-shows that the memory trace system esteblished with unilateral input
18 set up nct only in one hemisphere, but that there 1s a duplicate set of

traces set up in the cppusite hemisphere via the 'corpus callogm.)?ou can
S

cut cut ihe cortex cn the trained side, or sectlon the ca‘llosum‘\&fter |
training, and you £ind thet the memory survives in the opposlite hemisphere.

¥ell there are various other--

. & l
Po 12, Mo 33 se -far

SPITRY: T think 1t is fair to 6oy tnag}wa Xnow of no irrelevent
(ong- cs€ablished :
or externel egent that can wlpe out #3e engrems. Temperature chanzes,
8

megastic fields, concussion electric currents ,/end the like are ineffective.



We have nothing as yet, excepting jJust the normal nerve impulees cen
put them in end possibly can wipe thea cut. (This'latter remeins a
question &8 already indlcated, i.e., whether or not impulses con actively
vipe cut the memory trace.) One moy wonder here vhether the 1mpuises
generated in elecéroconwulsive shock argi;s effective in esteblishing
traces as are impulses generated in corgenized eactivity. It is entirely
pessible that ECS treatment, 1f repeated frequently encugh, does gradually
weer blankness end confusion into the brain the traces for waich in time
begln to compete in stability with all but the long-established engranm
systems. In this regard I like to picturé two fectors at work in engram |
formations firet; e transient disturbance or shift of exéitﬁtory threshold
that tends to reccver within a half hour more or less, and secondly, &
metebolic~type factor that is constantly et work and tends to maintain}and'éo
ewsting threshcld
reduplicate or freeze the ' e, A slower process, this latterx:has
little effect cver interﬁals of less than 20 minutes or so., The near
perfect replicetion within the engram structure that 1a‘ach1eved in the
metabolie turnover throughout & human lifetime is always a scurce of emoase-
ment and muy be 1néicet1ve ¢f the kind ¢f plhysico-chemical gi;;gzﬁre to
~ lock for, $m—the-enzrem. An alternative would be trace sysfeuw wdeh 1ike
wivel said tc be
~ the nuctlele acidsScf the gene&}arq/subject to little or no metabolic turnover.
A modifleation of Pavlcv's theory has been proposed by Kornorski (K)
1n which he sugzests that stimull have both a gnostlc, high-levely;efrect

e
and/lover effective component, end that the new connecticns ere formad

between the gnostic center of the ccnditicned stimlus end the affective



»\; k‘: l \
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center o1 U e m:d.&al r&ucx. Lr., lLiddell Las neniicned t.lm.t

ne reall, sdeguate brpi\; *tékaeor\ hes been brougkt jorwerd te
replace raviev'ss it w amvwc lave only sore vague tnicking

&bout 1Leé rossibtle natu ra a‘..n' loceticn of i1he new couhcciions

laid down between cox.cz'hx.w slinulus and resiouse cocuterss i.e.
that they tusgt be nore eoc.g,;ex ihan the ¢irect transcortical
li:kag €8 propcsed uy 1-.-'nvld;g,.‘. that they probobly invelve subecrticul
cenilers, sud thaet some kh&' «"a-t reverberator, acrivitly uway ve
.‘.nr.,,ort <t in the earlier .»t gee (L). Gome years ago 1 stuck my

mﬂ;@ut to mest t}xat 1 c ecnd:tioned reflex doeg not

m upou rmamta'blishment of traces or conuections
the c..»qa centers. ibe neural association

'ltixmluﬁ. ard regyonse was CONCEiIVEd L0 Ue &

W lesrned wiut to mug,
4!&0&11'&0:3' get' to mm

: :mx by lei tov.r
Qnmuuan 1 0860
oih wote ] u‘;‘ uie



the expectancy and preparatory set may be extremely complex end ¢iffused
and are tied poriicularly to the epecific CS, but to counllecs etimull
associated with the conditioning experlence.

wWell, thie 48 probably encugh.forsnow, I am sure cthers can thin;c

-{-,Ur’f[i.fr - i
of siniles vackground material and issuss relevant to the Vbraln mechonisa, ¢.€.

- e 0% .
things tsat it would be well,\ta have in the back of our minds -ma.-%‘s e 2&%’;’“

Lry o tnterpreC
to eg-;s&&e: the new dets from the implanted electrode siwdles.

pe 219, line 15
SPINRY: Dr. Gentt, if you recurd bheart rate and respiratcry rate,

don't these cypecr in both instrumental and in clessical conditioning,

end don't they eppear pricr to the specific conditioned response,such as

salivation or leg flexlond

pe 219, line 32

end T was thinking here that these early visceral

v o LRy
SFOITY:  Xes,

effects moy indicele a comuon vesis for both types of conditicnlng. It

mzy be that tas cleccical is eomzwhat simpler than the instrugenisl,

veceuse, in the $nstrumental, the snliwl hes to learn not only winat to

) W Rt gt & ey Yo
expect foom the glgn:l stimilus, bub alss what kind of rescilen o mase



.15-‘

to best handle the situation; whereas under the conditions of classicel
conditicning, the snimal needs cnly to learn what the signal stimilus
brinzs and the antlcipatory response comes automatically.

Pe 222, line 10

SPERRY: Perhaps it 1s worth emphesizing that literally thousands
of studies have been made since the first demonstratiocn of the conditioned
reflex in attempts to solve this seemingly simple phencmenon, and that
ithe thing has turned cut to be worse than a Chinese pusile, the solutiovn
to which we Btill are not even close tcba good half ceontury later. Izi
this short meeting, I suspect we cen't hope to achleve an effectlve
encyclopedic coverange but will have to be selective, trying to plek out
thege things thet really bear on the brain problem, and trylng especially
to point up eome of the more criticel issues that have come cut of the

o*
work to date, ) on which the implented electrude data may souvn shed new light.

. 239, lines 32-35: Delete this whole pascaze.

-



EPERRY: Is ’cl;em any chance that the motor stimlus is evoking
& souwatic sensation, perhaps a tingling of scume sort in the pow or leg
that is liftecy

EFERRY: So you mey be dealinz with two eensations in close

guccesslon, esscoclated also with t.ha, efferent erfectrs of mising of the leg.

e 245, line 6
SIERRYS 'I."nere wave been reports f 'sensory-sensury' or so-colled
"sensory preconiitioning” in enlmals. The techniqua, a5 I recall, is to
palr two stimull repectedly end then conditicn a response to the second one.
fPierward 1t is fouad that the first of the paired stimuli, that never vwes
used in conditioning the respllsta, will, by itself, evoke the condltioned
rei’lgzx. In mon, €8 you know, {thera cre nuaeronsd studles dealing with the
scguleition of mentel assceistions of various kinds scme of whlch closely
prpr.ach senpoly-sTneury coniltioning. Aleo it has been showWi thal by

conditioning procedures cn2 can get o slgnel stimulus to evoke pensury

111ucicns &nd nallucinations.



Pe 22«‘5 3 iine 18
SPERRY: This must LD, then, that the cerebellar stimalation
you mentioned earlier could have been evoking & sensation independently

of feedback from the forced movemeni.

P. 250, line 5

SPERRY: Dr. Doty, before we leave tha subject, another point comes
to mind relating to motivation and ite general role in conditioning: I
velieve that the so-cailed "latent learning” which Dr. Olds referred to
earliier is scmetimes cited to indicate that motivation may not be necessary
for the establishment of mew iinkages in lesrning and conditioning. There
18 also & lot of seemingly uwnmotivated “incidental” learning that is clted
in the sasme connection as is also sensury-sensory conditioning. As I recall
1t, there is cne schuol of thought that claims that any two excitation
processes ocowrring contigucusly in the brain tend to becume associated
regardless of agy reinforcing revard or motivational velue, and anotoer
school that believes new linkages are not retained in the absence of some
kind of raa'(grd walch, of oourne} implies underlying drive and motivation
of suina Mm:: A:Ellj:i(;affun, operating .via hign-level positive and negatlve
feedback systems, the vasic centers for vhicb. are being so nicely delineated

in toe seif-siimuiaiion methods of Dr. Olds and others, comstantly direcis



behavior, unlearned (aa 9311 as learned. Its obvious importance in

conditioning mey be ‘ Zun indirect one with respect to the formation

and reactivation of the engrems, i.e., 1t may selectively favor repetition

and perseveraticn of adaptive contiguities as egainst ncmd&pﬁm ones,

if you see vhat I mean. in' any coase the guestlon is still wiée cpen.
Also open i& the related question of ﬁether it 1s pececssaxy Iin

conditioning that the stimili employed reglster centrally es sensation

1n subjective awareness. This, of course, relses & knotty phatloscphlcal

issue, dbut I suspi:t/tsa:a ::aw maintein, & pseudo~ nor &n unimportant

problen, especially now that we are gettmg closer and closer to the

central brain mechanisny hu)c/ued-

p. 263, 1ine b
SPCRRY: Yt would be an eany control to put in & plece of polyethylene

sponge end stimlete 1t.

p. 267, line 10: Delete this remark.

p. 269, lines 23-35¢ ‘pelete this whcle passage.



P 2691 line 27
SPRRRYs . WK
‘YY Did I wderstand ywu Gorrectly tu the effect that & locus
\

in the caudate previcusly neutral was changed Lfato an avoidance locus
b .
y conddtloning procedure? How long did that alteratica survive?

p. 260, lines 30-33: Delete thic puscega.

p. 290, line 4-5: Delote this passege.

Ps 301, line 1k
SPERRY: I would cbject to that, Bob, dul go a.hea@.

P 301.' line 18
SPERRY: Yes, but not between the iwo responss or stimalus points,

e

ye 301, line 20
sppmy: Tuat's getiing pretiy safe, but I taink I siill object %o e

yoseible connotatlons. But let's go on.



p. 326, lines 20-29: Delete this whole passege.

»

326, line 31: Delete this remark.
P» 326, line 35: Delete this remaxk.

P. 327, line 18
SPERRY:; Would there be & heart-rate conditionlng evident by

this time, or & respiratory change?

P+ 327, line 22: Delete this remark.

p. 330, line 29: Delete thie remarke.

p. 331, lice 27
SPERRY: Doee the normal monkey dotany blinklng Jith tiece flashing

lighta? Is there & wincing response under thase conditions?

ye 3%, line 30: Delete this remark.



p. 331, iine 33: Delete this remark.

P» 332, 1ins 1
SPERRY: I was not thlnking «f artifacts, but of some kind of
central component of & protective flinching or blinking reaction. Is

there nc indicatlcn of such & response?

P« 332, line 6 |
SPFERRY: I'm wondsring about the source of such & rhythm whather
1t's a purely seascry central sffect or involves & more complicatad system

with perheps motor and peripheral components.

p. 332, iine 10
sprmPyY: The 3 to 12/second rhytis.

p. 325, lines 20-23: Dalete this remark. |



Ps 367$ line 17

SPERRY: Do you have any guess as to vhat system is ntﬁninc the

/

repetitive response in this case?

Pe 370, line 16
SPERRY: Is there any chance that there ie sume wncontrolled paliring
with something like your reaching for & ligat switch, or scweihing of the kindl

SPERRY: Cosmpletely isolated, snd no consistent timing that the cat

might anticipate?

p. 371, iine 13

SPIRRY: How aid you deflne that difference between expectancy and

conditioned responsel



’.%1‘"1& ' E
SPERRY I vish I could remember correctly how I got on that list” |
(lsughter); I think that it goes back to & pre-coffee-break yresentetion--

P« 413, iine 19

SPERRY: mwm,zmmxmm&mmm,
distinction that Dr. Olds was making between expectancy and conditioning.
1mzt*n»m.mmrmumm‘orwmun'mtm
M«awuwwxwwmmmtu
_-ugmmwummmm The enimal learns what to expect from
ﬁMMhmcmuonmut-up. x.mxmmmm
i 3 humndweordingly Tais is lmportent from the
muumummmmmm
mtmmwmﬂmnwmp
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