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Jutroduction

The opening ©f *his conference on human learning hago
beén entrusted teo two presentations, one from o philosopher
apd the other frae a peurcacjientiat whose experimental work
bas deveolved mainly on pon-humah primates, 7The aiz of these
presentations wust be to develop the problem which is prioarily
pone in the behavioral sclences, by displaying its episteno=-
logical extent and by delviap into its bilologlcal base, I
take it a5 By task therefore to examipe brain ns the iopstrumant
of learning nud to address specifically the guestion of what
makes mal's brain human.

Learoing is o change in performance vhich copes about
with experience. Experimentnl psychelogy has attenpted to
discover the laws of lea;ning on the assumptiop that lenrning
if nll of a2 piece, thmt a paradigm such o6 classicnl or inotru-
mentel vonditioring cap be used to chart the route to discovery.
Al one level~-] am tempted to say the rat level and will not
resiEt the tumplation--this assumption may prove wolid. But
sl the rationai, buman level and even Lo oon-humar prinaten,
studiey of Lrain function in learolng bave shoon the oosumption
to be of litt'e use,

The primate brain is o complex organ composed of pony
systems and subsystecs, Damige t¢ one pystem influences por?
learning but not nll; damage to another oysten vill affcet

legreing processen coosiderably different fron thoga influvenced




by injury to tho firpt. Im oy lrboratory oe bove theraforc

distipguisbed o vorlety of types of lenrning: sone bagic ouch
no configurni lenrning,’dincrininntiva learning, and learoing
to tropsfer experiente gained iv ooe aituction to apother; and
aone of o higher order 8uck no the develoroent of learsisog’
akillﬁ, opd of lioguistic lenrningy-in other vords, thinkiog.
The lowe of learzing that apply to ench type aras considerably
different ac nre the ports of the broin invelved,

Configural Learming

Configurnl learming 1p difficult te Defnrnta out frea
disericinntion learning. Yet soma chorncteriotiep bovo oodo
1t trvitful to distipguish the twe., Thae iopotuwo for mo to
do po-caw froo aece vorh by Patrick Boteoon, an ethologiot at
Conbridge Univerglty who cooe te oy loboratorioos to bococd -
acquainted vith more Iormal problen solving teochaniquen. Botoosa
(1864) bod done hip thecin on ths topic of iDprinting and hod
ghoun thut ioprinting io o cpecinl copo ©f perceptunl learniag.
Whot he had dope wno to ratse nevwborn chicko i an environnont
of elthar.horizontnl or verticnl otripes aond ho choved thot
this ecrly exparience dronnticnlly influanced pubsequent Lopriot-
ing. Thupo 4t appecred that the devolgpmont 6! an axpectanty of
neuronnl]l modal wan dn'inportnnt'té toprinting oc ta lator por-
ceptunl perfornancec {no schown by Bokolov, 1RE0), Omnco tho
modal oas ectablished, orianting, ioprimting, tnitatien, 1.0,
configural learnoing took plsce withim on¢ or ot noot o vory
Iaé trinlo. Bateson then ghoved, ot Stanford, thot a oinoilor
type of nop-problen oriented floteot) learning occurred im -

youpg fopkeyo. A patterns woo ploced ip the oeionln' boce cago
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far three months, Ther & discriminatic. task was given using

this patters in compection vith a novel one and learning wos
compared to that obtsiped is & task where the novel one vnp
matehed to one vhich bad previously beep used in a problen
solving situation, The “"latently" lesrned cue proved ensily
as iofluential 15 determinipg behavior os did the "problen”
learned one,

Direct evidence froz brain recordings also confirms the
independence of configura) learning from problem gulded lenrn-
ipg. Records of the electrical activity evoked in the occipitnl
{striate)lcortex of monkeys shov & differeptintion of oave
{forns even when the animal is sifply exposed to two different
patterns (Spinelli, 1967}, anhd before dis:rininntlon learcing

!Figures 1 and 2}
tas takeo place {Fribram, Spineili & Kamback, 196T). Becouse
of the rapidity of configural lesrning ve bave oot as yet
completely followed this differentistion but bhave enough
evidence to show that copsiderable sharpening of tbe difference
in wave forms occurs ovef the cburse of repeated exposure to -
the patteras, WUe do have good evidence, bhowever, {Grandsteff,
k Cerbrandt, submitted} that the cortical electrical responses
shes habitustion, Interestingly, beth the differentirtion ond
the habituation are highly individualistic, Although ooy
specific electrode placement gives consistent and relinhlo
recordings from day tc day and veék to week, different plnca-.

ments shov markedly different electrical reaponse potterunoc.
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tie have concludad therefore that nt the cirtex s configurn-
tyon develops during perceptunl learnl;g ahd that perception
is & fupction af this configuratton,

Congiderations vhich | have revieved e}sewhere (Prlb;nm,_
1966: 1968, in press) have led me to propose that thia confi- -
guerion resembies & hnlegraphic pattern. The critical wvidunce
is the fact thet uxtensive destructionp of primary cortex do not’
interfere with pattern recognition except for ihe production ol
scutomata, The "memory' upon which recognitiop is based Fuot
vherefore be distributed over the priwmary cortex and ihe per-
ceptual recognition musi therefore be constructed or cosposed
from the disiributed store, Direct neurcelectric evidence for -
suck distributicon comes from the experiments justl cited. The
cooncept of a peural hologres, thot iz, ¢f sets of interfering
vave forms constituted of postsynaptic poienticle, provides
L reaschable model thet bapdles many hitherto unexplninusle
neurobehavieral data such o6 the lach of effect of gﬁilepto—
genic lesions and cortical cross hatchings oo perceptucl per-
formances and provides s solld base for the aésoc!nt!ve pro-
perties of recognition (Kraft, Obrist & Pribran, 1960; Stam
k Pribram, 1%60; Stamm k Pribram, 1961; Stamz & Koight, 1963
Stamm, Pribram 4 Obrigt, }958; Stasmm & Warren, 1961; Pribran,
Blehert L Spinelll, 1966; Sperry, Hiner & Heyers, 18551, The
Feconstructive process 1s, however, nofe complicoted and for

evidepce on this we turn to dircriminetion learning.
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Digerioiootive Learping

Discrimipotive or differentintive learning is distinguiphed
Iroﬁ copfigural learnipg by its iong tize course, Thic dio-
tipction may be partially spurious, however. Wheo discrininmtion
learsing curves ore plnttad ip s backward diraction froa cri-

terion, the lenrnlng PToCesE can be seer toc be discuﬂtinuoﬁﬂ
repid ivcrewents ic acquisition are separated _fron e?u‘:h otber

by platepus of stutiona:y perforeaoce {(Bledert, 1968), To dato
we have tound me braip lesicn whisk will selectively 1nfluanca.
the siope af tba tncremental portton of the discriminntion .
iearping curve. Impaired or deficient learning is aloays -~
reflected iz the lepgth of the period of gtaticonnrity ohich

zay coyer & multiplicity of ongoing procesEes necessary but .

not iptriosic to thbe discrimipatiop function. Hore of thiml

in o mupept,

Evidesce for n selective effect ot discriminatios leﬁrn-
ing is obtained, bowever, froe anotber approach, Harred
deficits ocegur whed multiple alternatives are present in i
Fituatiod to be discriniﬂllted {(Pribram, 1960} or ubes the cuep
‘are multidepensionnal or wary along several parameters io ong
dipension (Buiter, 1968), and the posterior ({Ftrinsic} cortex
associated with the various Primery Sensory systems is nbloted.
Under these conditions the monkeys with thia brain damage sanplo
fewar of the olternatives, fever of the distinctive fenturap
of the cues, Tble deficit Bhould be reflected in the bpohoord
lesrning cﬁrve paredige wben applied to éomplex discriminations

but &e yet thim hee not been ndequntely put to teot,




The pariod of ctationarity to ouweh curven is ip part

attributod to hypothesis forpntion nnd testing (Zeawon B
Boume, 1963). The ;usgestion hon been mnde that sye poveoents,
reflecting visual obmerving behavior or “atteuntion,” cight
prove n good tpdsentor of the course of hypotbesig teating.
Ve have thereiore uhdertashen studied of eye povanent wnder con-
ditiong of dle;rininntion learning (Bogehaw, Mackworth & Pribvron,
subnitted) oed found that ip fnot the duration of figatlom op
Doy one stinulns feature 15 mhorter for the lesicned thon for
[Pigures 3 and a]
the control vosmheyc nlthough the nusber of items sooplad io
the sape. Purther analysioc of these doto 4o undervoy in oa
ptteopt to discover vhich specific stratagy of bhypothanoio
testing io inpnired by tbese leusicna, FPrao the earlier otudieo
ﬁlrendy poted, the puggestion would boa that thesse leciono in-
flusoco the selective nepect of the onopling otrotegy {which
searches ohd Bai&ctt.tha dintinctiva faaturen to ba ottapded).
_But tiin needs to be tested furthor in the present paries of
sxperioantc,

Tranafer Learning

I nentioned nbove tkat p vnriaety of broln resectioni
211l lengthen the period of otaticsanrity of o dicerininotion
leprning curva. Thio io eopecinlly trus whon the subjoct 1o
exanipod for‘thg'tlrut tio in o digerinination situntica of
wben o woriety ;t troncfar tzako cwch oo discrinination revoronl
o Bquivul@;ﬁe are givan. 1p theow oltustionc lecions of tho

peatarior iatrinoic (ncoocinted) cortez hgwe littlo offect.

By comtragt, tha fromtolimbic formatises of the forebralin pro
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especially impertent te traosfer learning. Agein, as noted,

tbe deficit follouwipg resections is meen in tPe prolonged
[Pigure 3]

statiopary period of tbhe lewrning curve, He turc thereforo

to ptber pehavioral nnalyseé for suggestions ns to vhieh )

part of the overmnll bypotbesis formation anq testing étrutes?

(the attenticna]l mecbapniss) becomes lmpalired, -

Te take o monXey¥ vwbo bis learned & discrimination tash
g2od ask bim to troonefer Bis experience fn s situation im
which oce cf the familiar cues is paired with a novel ono
{Schwartzbaum & Pribrae, 1950; Bagshaw & Pribram, 1965).

Fe will quickly master the nev task unless he bams a lesion of
the liwbic forehraln, If bie hippocampl have been rgsectod
I;Agure 6]
the !;milinr cue will be norcally effective cply 1f 1t bnd
Previously been the revarded one, The previously unrevarded
cue will be reacted to as 4f it aleo were novel--as if it hod
been completely igpored in the originml discriminetion jroblen,
Just the opposite oceurs when o mopkey has been amygdalectomized,
¥ov effective Iaéiliaritr relates to non-revard (S4 ; pegntiva
ipstunces); tbe previously rewarded ecue 1s treated as novel inm
the tranpfer Bitustion {Douglas & Pribrom, 1968),

A wariety of other problee situations have demonsjknted
this relationship betveen hippocampus ond the pre&tously non4
reinforced {non-saliept) aspects of & eituation and betvesn
emygdales Abd prior reinforcement. HMultipls choics (Douglun,

[Prgure 7]. -
Barrett, Pribrar & Cerny, 1969) and digtraction {(Douglas &

Pribran, ip presa) experiments bave been eapecially illuminating,




[Pigure B)

ip all ipotancea, sp in the reverssl situatiop, vhenever tho
reinforcing contingencies becope insufficlently distineg,
or the distractions pufficlently poverful, limbic lesioned
gubjects fail to persls{ ip 'n strategy that bad proved uveful
in priof situations. Attention and eenrch are ;o longar
directed (programmed) by previous experience; hypotheses aro‘
no looger pursued (Pribrem, Douglas & Pribram, 1ip preso). -
The frontoli;btc forebroin bos, of course, olpe baon -
shovn important to other recnll tasks such as delayed responpo
and delayed klt;rnntium {Pribran, VWilson & Connora, 1885:
Pribram, 1961), All of these involve n temporal distributioe
of the reinforcing contipgencies, the scheduling of fredback,
the programming o;qtha rocurrent regularities, the temporal
redundanciga.in the situation {(Pinto-Heamuy & Limchk, 1963; -
Pribram, Lim, Poppen & Bagshsw, 1866; Pribran & Tubba, 1267),

{Figure 9] -

One of the mejor tasks facing oy Inborntories nov io to devalop )
electrophysiological inptrumenta itk vhich to probe bow thaco

parts of the broin effact this progromaipg. _

‘Learning Skil}

Bowover, ma hove olresdy mede some initisl oteps 4in thio

inpat cnntro;lins functions of the brain. For instanca, receovary
functions in the primory visunl ond suditory systess bavo bBaop
tnfluenced by electrical stimulntionc of the seasory opecifie

oepocinted nod the frontolimbic systems {Spinelly & Pribran,

direction, Thus both the selective ond directive strotegies ipvelwo
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[Pigure 10]
1966}, This ipfluence 16 a functioo of the attentive otaoto

of the movkey {(Gerbrandt, Spioelli & Pribram, .subzitted).
frigure 11]

Vigunl receptive fields hsv; alsu bean showrt to becoms nltersd

by suck stimpulation {Spisellil & Pribram, 1967}, Fieally, tho
{Figure 12] -

poteoaya Irom the sescciated ocnd freptolimbic forsetiomp te

the prinari input Eystens have been io gredt part delioeated

(Reitz & Pribran, tp press). Perhaps the moat surprising find-

ing of theme studiea iz that input coptrol 1s to o large mensure

effected through structures which bad hitherto bean thought of

ny regulonting moter fundtioa.

This brings e to o consideratiop of the ﬁrnin oo tho

ipatrument vwith vhick ve develop learning skill, The Yroin oo

ve kpov 1t pov 18 consglderadly different froc the ope thot —

early leerping theorists thought they oere vorking with, Heoot

iornuintiéna of learning depecded beavily oe the comcept of

mssocintive strength based op contiguity nod number, Configurnl

wvoriatles vers relegeted to perception ond perceptunl learming

wme, until tbe post too decndes, denjed or tgnotred. Purther,

the con!ifural nod differentintive aspects of perceptunl learn~-

irg kad pot been teased apart. Nor, until recent}y, ban the

digtinction betvween the pelective apd directive mechaniscn of

the learning procegs been adequately portrayed. The ume of

ROC onalyeio, perbapa oore than any other device, baa allowed thio

C e e ] T




portrayal, Te ore at present plotting dats ip these terms . -

(Spevack; ip preparotion), Even hers {t 18 not altogether
clear to what the directive (ipcentiva, criterinl) property
of cues (their salience) is to be attributed. Is thic

property exclusively o function of their reinforcement history

{including the genetic factors invelved therein) as my dagh
lead we to believe, or 16 8 more extensive catalogue of ot~
tributes demanded? . '

AD even moTe pervasive difficulty with classical lenrning
theqry i6 1ts dependence oo the reflex-nrc, etizulus —porgoeion
— TFeEponse model of brain fupction., Ve pov koow that the |
brain is orgenized along servomechanism principlies. The din=
covery of the function of the } efferent fibera of ootor
nerves nade'it necespary to modify our conceptions of tho
organization of the reflex and therefore of behavior, The doto
on input control cited nﬁave indicate that even ;he “higheot™
gystems of the braioc exert their influence vin the input to tho
brain ratber thep vipn its output. In fact the coptrol ovar

input is exercised via motor structures vhieck themselves ib-

i e R s L DE T

fluence bebavior by “"setting” the puscle spipdle receptors by
memwns of the ¥ loop, Servoprocesses ure melective by virtuo
of pe;tg, matches betveen configurstiono in memory ;nd in 1p-
put. . Servoprocesses are directive by virtue of feedbachk, But
o8 ve bhave Been, Teedbachk makes potchiog possible and onteking

{(or miswatching) initintes feedbaock, There ic o loop pot oA

A - ey i

open orc in centrnl pervous eysten orgoniration. Seooory
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functions Are controlled by wmotor systemsa) behavior ig ragu-
inted mot by & pinnc keybozrd comtrol over muscle controctionm
but by servpcontrol of the setting of ouscle receptors. Im
suchk & broin learnipg is hierarchic and constructionnl: tha
bratin bust ﬁuild up Programs (o organize percsptiégs ahd coo-
pose B behaviorel repertoire, Associative learring ployo o
emall role in the progressive developwent of progroms. Lavo
ol learplng through corfigural matching and ©f the occretion

of suills through practice (the development of subroutineao)

are demnpded by what we kpov of todny's brain, Apd experimantal
pEycbology bes bean singulerly silent oo these subjecto,

Linguistic lenroing

All of tbis the pop-humpar primate braipn has taught oo,
That thep dietinguishes man's brajn, identifies bin os bumnn?
The psychoppatholopy of burin merory processés--ibe ocmoestic
eyodromes--bhan nlimost u;;versnlly beer interpreted ir terco
of iptroacorticel conpectione. All oe hove learned from experi-
mente Op non-husapn primate brains (e.f, the data noted a®ova)
mitigates againgt the importance of such coonections, Elthar
the ipterpretntins of the basis for the amnestic syodromec
ia pok 15 iz error orn else we bave through our efforto
stuzbled on the difference betoeen mar's bratir and that of
his primzte relatives, Thus it heconeé paramount to reviau'
and test out once ogein, from tbis dev vantage, tha clintcgl

evidence, The next decode prorises to be an exciting ope inp

thin respect. Hy bhupch is that linguistie akill2a just co other




learping skills will e founéd to rely beavily on the broto

mechanzisms responsible for configurnl learping ond progron
development and not ou those giving rise to amseciativo
chainipg--whet elee can the evidence of tbe past decndo

ol psycholinzuist&cu coovey to the student of broip functiom?

The cooverse of this approach should also prove frugte
ful. The crouvninmg glory of man's braio is bia lisguiotic
pipd, EKxperimente bove nlrasdy been 1n1t1aiad to teot tho
lioguistic abilities, one by one, of pon-busan primatec. ﬁhero
are the limits, ihe dieparities thnt nike the differaoco? Peare
bhaps BOmething about these cap pleEo ba lecrued from o Dtudy of
the development of lipguistic capacitias in children and frem
a relaticoship of earlier forme of liaguistic structuring
to earlier forms of braip organizgties,

Ir Conclusion '

As detniled in the sections on learping skill ond lim-
guisticllenrning, 1 believe the key to all of these inveotign-
tiooe is the fact that learning, and 1is eperatiomal countor-
part remembering, is in large part the development of Configurn-
tiop and Iocentive, of Discrimination and Direction, in chort
operations of the broin, There has beet in both peycholopy
and biology and even @ore 8o in the simulation efforto of tho
conpute; séiences too grent an emphapie oo the gquaontitntivo
agpects of mewmory storage to the exclusios of the agunlly
important problen of effictiency, Efficiency depends op pafs

‘ception and oo planning--on ounys of coding informntion oo 0o

i =t —————— 1 -
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to oake 1t nccessible, My date lead me to balieve.ihat all

L brains are prime codibg instruments nnd that man's i diﬁ-
tinguished by the pover of hiE codipg sbilities, Juoct oo
rumipants spend their time mubching cud, so Eon Tumipates
big codes. The resulticg producf 15 veatly differenst ip tha
too cases: the bepst’s activity degrades atructure 1;19 dung;
man's productivity constructs and Teconstructs Bile universe,

Research oo brain functions has in these results shown
me that to learn is to code, that learcinog i oot keTe R*sBocin-
tive storage but o productive activity making available nlter-
patives, Multiple ceostructions, optionms among altermotives,
these nre tbe hallmarks of humap leasrning. Thus enriched through

learsipg man's bralp, ip tiwe, creates his treedomo,

J— s = [ T T T P . L e
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Figure Lepends

Figure 1 : .
From top to bottom:

{a} tﬁree pveraged waveforms obteiped
ghen thbe circle was flasted (50 responses each) are shown guper-
1npd§ed;_(b) three averaged waveiorms, oﬁtained when the stripeo
;ere flasbed, IThe varticol marker shows when tbhe stimulus oo
presented) on the horizoptal marker the breakpoints are shoun,
Statistical naalypls‘shous }hn% the greatest and most Eigunificont

difference betveen the tve waveforms i Ain compoment KFo. 4, no

was aleoc mpparent from visunl inspection. {From Spioelll) -

Figure 2 . . ’ -

. hverasged recerdingos of electricel amctivity obtained froo
pccipital cortex of nonkeys pertoruinx 3 dxfferenétal distriminh-
tion: circle ss coppesed to vertical stripes. A standerd 500
mgec, of nctivity 1s represented in each”trace; tbe amplltuda
represented is variable, hovever, nnd depends o hov wany sigsonloc
werTe averaged ip ordsr 1o make the record; for example, maby
pore siganlk vere obtnined when tbe monkey mude a correct response

than when he nﬁde on error during criteriecs performance, Tha .

recorde under ETIY are the vwaveforms evoked by o display lasting

1 psec.; tbe records under RESP vere generated Just prior te the -

respotse; the records under REIX were geserated after tho
response and duripg the period when reinforcing events nccurraﬁ.
The upper aix papels vere made from records obtnined while tho
monhey vas perforoing ot chonce; the lover stx.panals welfe Ondo
froo records obtained nfter the monkey attained as BS percent

criterior {200 comsecutive triale). The recordo ir line with B

uere wode whepn the Donkey perforomed correctily; those ip lioo

with ¥ vure nade vhes the ponkey wno orong, The vaves genaratod

Juot prior to reopomse (the intention woves) are aimilar Thepawer

EN - o N
B8 _ . o




the mookey ts about to press the right balf of the pupel,

regurdless of whethar this responee proves to be correct or

N }

oT'ODE,

Figure 5 )
O;e typical freme of 16 mn movie fils ehoving ope of

the displeys reflected on the ¢ornea when s monkey vas fixate.

4pg on the numernl 8, {(¥From Hackvorth zné¢ Bagebov}

Figure 4 - . -
Digtribution of fixatioons of the rigﬁt eye du}ing tho

first (left side) and fourth (right side) sessions of traiminmg

1 coptrel group (upper figures) apd ar inferatempornl leuiﬁq

group (lower figures) to preferentinlly fixate the figure “é”

1] opposed.to tbe figura "3, Tbe.control group succeedad .

© by the fourth session while the IT group feiled, Note thot tho

IT growp edepted B position prefereace !;r the SE (right lovor

quadrant} oe indiceted oo the abscissad,

Figure 9
Reduction of presses of unlit penels, Y mriis shows criterin

decreasing by § percent intervols, and X axis ﬂhous.nean trinlo

te each criterion, ﬁotted line is pormal curve superimposcd

on leslion group curva,

Pigure @ .
Regponses to movel va, reoordsd atiouli,

Pigure 7
Graph of the Tesults of changing the pumber of pegativo

cues in o set of discriminatiol problema. Note the effoct of

the hippocampectomized monkeyo. v
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Yigure B .
Ovart rehpansns to the dietracting etisulugs,

Figure #

Graph of the averoge pumber of erroro mode by morkoyo
hnéing nblations of the fromtal cortex cod by their conotralg,
Bars indicate Tanges of errors =mede, For day 13 aro chown
racorda of the pumber of errors made on the return to tho
clappicn]l S-gec. nlterootion taok. .

Figure 10 )

The change in recovery 6f.n responsa to tbe second of B
pzir of flusbhes comppared with prestieulation recovery Yusctiom.
Control stimulntiono vere parformed oo the parietal cortaz.
Recorda wvere mode iopedintely ofter the onsat of stinulotion
and veekly !Qr several wootho, The response curves obtaloed
imrediately after onset and anfter one month are presented.
Yerticnl bnrq rapresent variability of the record cobtoined in
ench group of four monkeyn.

Figure 11 -

A record of flash recovery, nfter either smnll or lorge
feaponses in the Biriante cnrte{ produced by the LGE probo
gtimulntion, im shoon nt four ;ntarflﬁsh intervala (80, 80,
120, and 150 maec.) ip § 25, Mzrks on the time axis belov aosh -
pair of waveforma indicete the onset of the response to ench
flosh, The omplitude cnlibrotion marker represents o 100 ne

deflection.




Figure 12
Receptive field maps from o loternl gepiculnto unit,

n, top left: control; i: mapped wbile inferotezporal corfau
oas belng stimulated; f: wmapped duripg frontnl cortex oticu-
latiop; B, botiom right: fimnl cootrol, A third contrel was
-takeép betvead the 1 and the f maps and uns not included bo- -
cauas 1t vn; not signifieantly qifferent fyon the firpt ond
the last. XNote that Lnferotemporkl stimulation decrenses tho
pize of tbe “on" center; frootal cortsxr stimulntion, whilo

pot really changing the eirculaT part of the receptive ficld,
bvringes out. anotber regioo below it. The level of octivity N
sboon is 3 stzndard deviations above the ﬁornnl bockground -
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