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INTRODUCTION

The function of the "association” arens of the cere-

bral cortex might well be considered the pi%ae de rééia»

tanee for physiclogical rsychology. Even before much
evidence was collected mbout these areas, theoriss wore
promulzated vhich held that the "oillent® areas were respon-
sible for the integration of impulses transmitted directly
te them from the primarv sensory areas of the cortex.

The "essocliation™ aress are now being studied by & variety
of techniques including eblation, mapping of evoked potenw
tials, recording from implanted electrodes and.electrical
stimulation of the brain of the unrnesthetized animel.

The results of sgome recent mapping and sblation studles
will now be consaidered. |

Yhen cat snesthetized with chloraloss 1s stimulated

o

by means of a elick, and electrical chenges on the surface
of the brain are viewed cscilloseopieally, short-latency,
surfage-positive, evoked potentlals are found on the middle
ectosylvien gyrus {(68). These electrieal waves are "pri-
mery responses’ and are cherscterized by onset latencies

of 7 to © millisceonds and amplitudes reaching 2,5 milli-
volts., Similar responses are found on the posterior lat-
eral gyrus whon the stimulug Is a light flash and on the
poesterior sirmoid gvrus when the stimulus 1s a shock to

the skin of a paw (75). These response flelds econstitube



the major primary sensory areas of the cerebral sortex
of the cat.

In addition to the primary evcked potentisls, longer-
lateney surfacewpositive responses to elick have been found
on the anterior sigmoid gyrus, the anterior lateral gyrus
and.in two foei on the middle suprasgylvian gyrus (a&;&&).
The responge field on the anterior sigmoid gyrus has been
found te extend along the lower bank of the cruclate sulecus,
Thig Tield thus overlaps extensively with the precentral
motor area, These electrical waves are ealled "associsw
ticn responszes” and are chareckerigzed by onset latencles
of 15 to 350 milliseecnds and amplitudes which are usually
less than 1 mllliveolt. The rositive component of these
responses ig of longer duration than that of the primary
response. Responses of the same type and distribution are
seon in these same fouwr areas when visual or tactile stimuw
lation is employed {65). The responses in each of these
areas aye more varisble than the primary responses, but
tend teo oecour synchrenously with responses in the other
three association fields, These four response flelds con-
stitute the essoclation response areas of the cerebral
cortex of the cat,

Thomrron end Sindborg (66) demonstrated that the
four assccolation response fields are unsltered by shronie
sblation of AT, ATI, Ep, 8IT, and insular-temporal areas
bilaterally. The suthors pointed out that thils finding



suggests the pessibility that the prineiple input to these
ascoclation flelds is derived from subcortieal sources.
Theories which hold that the principal funetion of the
agsociation areas is to inteprote impulses derived directly
from the primsry sensory ereas (29, 4C) may require con-
siderable revision in the light of these findings.

Then two clicks are presented sequentially at a time
interval greater than 0.2 seconds, the evoked respense
recorded in the primary auditory area to the second cliek
has approximately the same amplitude as the response to
the first e¢lick., 'Tith progressively shorter intervals,
the respomse to the second c¢lick declines in amplitude,
and finally feils to appesr vhen the interval between clicks
is reduced to approximately 25 milliseconda (65). The same
phenomenon is observed when responses in the rprimerv visual
aren are recorded teo sequentisl light flaghes, and when
responses in the primery somatic sensory area are recorded
to sequential shoeks to the contralateral forepsw.

imen sssceiation responses are recorded from the suprae
sylvian gyrus to sequential eclicks, the response to the secw
ond cliek has the pame amplitude as the response to the first
eliek 1f the interval between the clicks 1s 1,0 second or
greater. As the interval 1s progressively reduced below
1.0 second, the response to the second click declines in
amplitude, ond falls to eppear when ths interval is 0.2

second. Thus, the relstive and absolute refractory periods



of ths association system are longer than those of the
primary systems. The findings In the suprasylvien asso-
eiantion fields are ths seme when sequentisl shosks to the
contralateral foreraw are employed, Furthermore, the same
rhenomenon holds when the first and second stimll differ
in modality. The results are the same for all combinations
of the three modalities tested, The authors (65) interpret
these results to imply that the three modalities shore
some neﬂrophysialogia mechanism neceasary to the'appéarance
of essociation responses to adequate periphersl etimulation.
Thus, there is evidence for four long~latency response
filelds to peripheral stimalation In sach cerebral hemis-
rhere of the eat: two on the middle supresylvian gyrus,
one on the anterior lateral gyrus and one on the anterior
sigmoid gyrus. The form and Alstribution of these responses
are the same for sudlitory, visual and tactile stimumlation,
and the three modalities apparently ubtilize s common neuro-
vhysiolorie mechanism vhich has longer vrelstive and abso-
lute refractory periods then the rrimary systoms.
Starzl and ¥agoun (61) Tound the recruiting response
to thalamic stimulation to be distributed in the association
arees of the eat. TRubtledge and Femnedy (59) electrically
stimpleted the suprasylvian ryrus in chloralosed catses They
recorded a contvalateral surfase-positive delaved wave
complex following the twypileal transesllosal response. The

delaved waves were also zeen ipsilaterally,., These waves
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were best seen In assoclation areas, especlilly on the
suprasylvian gyrus, snd were maximel when the stimulus
intervel exeeeded i second. The authors suggest that these
waves are probably mediated by subcorticel conduction through
a diffuse multisynaptic systom.

Buser and Imbert (12) recorded with microslectrodes
kfrsm gingle unlits in the sntericr sigmold pyrus of cats
u:der chloralese. These investigators found that meny
units were polyvelent, responding to peripherally applied
vigunl, suditory and tactile stimuilation.

Doty, Rutledge and Lersen (1Y) were able to condition
unanesthetized cats to respond by foreleg flexion (CR)
toe elsctrical stimulation of the brain (CS) to avoid shoek
(US). Conditioning occurre? when points within the marginal,
postlateral, middls supragylvien snd middle and posterior
ectogylvian gyri were atimidated, Bilateral trigeminal
neurotomy wasg used to demervete surrounding tissuss, Re~
moval of both cortex and meninges in the area of electrode
Implentation permanently abelighed the conditioned reflexess

What happens to the behavior of a e¢at after a2 lesion
is mede in 1ts association cortex? Eeyerrand Toolsey (39)
demonstrated that bilateral removsl of AI, AII, Fp, the
suprasylvian gyrus, cerebellar tuber vermis, and temporal
cortex in four stages resulted in no deficiency in a catbts
ability to disecriminate between 1000 capsse and 1100 CuDule

tones. A massive bilatersl oneestage lesion in the cortex



posterior to o vertiecal line through the antericr limb of
the zuprasylvian sulcus 4id not destroy the capscity of &
cat to make the frequeney disecriminstion, bubt rebtreining was
necesgary and reouired asbout as many trials as the initisl
rreoperative training had, Neff, Pisher, Diamond and Yels
{43) performed bilateral ablations of cortex in the supra-
sylvian and lateral gyvrl as ¢ontrols for cats with suditory
cortex lesions in an experiment on retention of & preocpera-
tively learned sound localization hebit. The suprasylvian
controls showed no postoperative deficit.

Hars anpd arren (26} trained 9 eats to diseriminate
visual figuregz and gave them tests of stimulus equivalence.
Pive cate were subjected to bilatersl lesions in the supra-
sylvisn gyrus. The cats were retested 11 monthe after
troining. The operated cats chowed slightly greater
median savings scores {in trials to relearn) than 4Aid the
normal controls. The same investizators (27) trained cate
in diseriminations invelving form, slize and brightness.
Cata then submitted to supragylvian lesions were not signi-
fieantly inferior te unoperated controls upon retesting.
Preoperatively, brightness was dominsnt over lorm and size,
but operated animals no longer showed such s preference.

Yarren and finha (72) found thet lesions in the supro-
svlvien gymus increased the threshold in visual size dise
eriminations. nillett and Warren {5) compared cats with

prefrontal lesions and cets with prestrinste lesions o



normal cats with regard te performence on an Umwer problem
in & Hebb«7illisms maze. The gats with prefrontal lesions
were inferior to the nqrmal conbrol group both in oricinal
lsarning and retention, snd the cats with suprasylvian
leaicng were inferior to both of the other groups. Varren,
Tarrven, and Akert (73) trained cats in n Hebb-illlams
naze and found cats with bilaternl suprasylvian lesicns

to be inferior to both normal cats and cets with orbibo-
frontal lesions on original learning. Upon retesting about
7 months later, the cats with suprasylvi&n lesi-ns were
found to be infericr to both groups. Tweo cats that were
subjected to suprasylvian leslons after training whowed

ne less in retention at postoperative testing. Tesions

in the suprasylvlen gyrus interfered more with initial
learning than with retention.

The lesion studies quoted so far have involved dis-
crininatione primarily within one sensory modality. How-
ever, the three major modalities are veprcsented in the
association flelds, “hat would be the effect of a lesion
in the agsoeliation flelds of the cet cersbral cordez upon
the ability of the cet to learn s discrimination demanding
some sort of intesration of infarmation from more than cne
sensory modality?

Bvorts (18) trained monkeys (Mecace mulatta) o lock

for food under a green cover if & buszer was on, but undey

a red cover if the buszzer was nct on, Some rubjects were



trained before and some after bilateral sblation of pre-
striate cortex (area 18), The lesions resulted in no loss
of a2 preoperatively 1earneﬁ habits Tearning was not re-
tarded when initial training was carried out postoperotives
1ye

Sinee the cortieal homologles between cats and primates
have not been sdeguately establiahad; it 4is diffieult teo
compare lesicms made In the "association arecas®™ of sats
%o those made in "association areas" of monkeys. Thompsonl
has found that the foel of long~latency "association" evoked

potentials in the squirrel monkey (Saimipri sciureus) do not

include the parieto~temporoeprececipital "assceclatilon”
rogion,

Leary, Harlow, Settlage and Greenwood {37) trained
rhesus monkevs on a series of double zlternmation problems.
There were {our normal, nneperate@ control enimals, The
eperated animels, eight in number; all hed extensive unie-
lateral lesions, Four of these operatsd animals had, in
addition, extensive damapge to aontralateralgpcsterior
essociation areas, while the other four haﬁ; in addition
to the unilatersl lesion, extensive damage to the contra-
lateral anterior association cortexs In generel, the pere-
formance of the 5reap§ showed the normmals to be superior
to both lesion groups, end the posterior lesion group to

be superior to the anterior lesion group.

1Thmm“san, RsF, Personal communieation, 1962,



Chow, Blum and Blum (15) tested monkeys (lascace
maletta ) which were subjected to bilateral removel of
frontel granular cortex subsecuent to bilateral parleto-
temporo-preogeipital ablations, These animals were found
to be deflcient in somesthetlie diseriminetion problems,

2 conditional reanction problem and delayed response pro-
blems. WNo defiecits appeered in visual discrimination
problems or in a learnsd suditory assoclation. fGeneral
activity was found to be greatly inereased.

Mone of the cited studies of associstlion ecrea lesions
in cats encompassed all of the arees of evoked association
responses. The purpose of the present study was to atbempt
to dlecover whether lesions in the kmowm foel of gvmke&
"agsoclation” responses in the cat cerebral cortex would
result in impoired performance of a conditionel diserim-
inetion problem designed to require the utilization of
information from two separate sensory modalities for

successful solution.

e}
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METHODS
Conditioning Apparatus and Procedure

In the present study an attempt w&s’madé to train
adult eats to run in a médifieé fornm of the Brogden~-Culler
rotating cage (8) when a tone snd light were presented
glmultanecusly, but to remnin motionless vhen either the
tene or the light was presented alone,

The rotating cage was constructed of two plexiglass
sides, 30 1ﬂches in diameber, get 6 inches apart. The
sides were ecnnected at their cirecumference b 3/16 inch
brass rods placed § inch apert, Throuch these rods a
shogk could be delivered tc the feet of a cat inside the
cage. The rototing cage was provided with 2 tension adjust-
ment wvhich allowed ease of turning to be roughly eguated
for cats of different weights.

The cage sat inside a fiberglags~lined box, the inside
dimensions of whieh were 2¢ by 69 inches. Thies box was
fitted with a plexigless deoor and sat inside ancther box,
the outside dimensions of which werve 72 by 33 foet. Tho
two boxes were geparated by a thres inch dead alr spage.
The outside box had 3=-inch-thiek plywoed walls, and a
door provided with a one-wav class. The inner borx was
dimly illurinated by enelosed light bulbs. This srrance-
ment nllowed the operator to view the subject without

being seen, and provided a sound attenuation of 35«50 db,
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The suditory stimlus was & pure 1000 c.pes. tone,
genernted by 2 Hewlebtt~Packerd wide range oscillator
and filtered high and low by 2 Epencer=Yennedy varianble
elaetronie filter, The level of the tone was adjusted
to 50 db by means of 8 Hewlett~Packerd attenuvator set.

A Grason-Stedler clectronie switeh prnvided & rise-Tall
time of B0 milliaéaanda. The tone was delivered into the
conditioning box through a speaker, sebt in the ceiling of
the inside box, at a height of 2 feet above the rotating
eage. A microphone'within the inside toux enabled the operw
etcr to hear the auditory stimlus. |

The visuanl stimiue was provided by two 100 watt
bulbs, one of which was plaeced at e distance of 7 inches
from either end of the rotating cege, such that the sub-
ject would always be facing an illuminated bulb when the
visual stimalus was prosented.

211 stirmuli were of 2-scecond durations Timing and
trigoering of stirmuli and shock were effected by means of
Tektrenizx 162 wavelorm generators snd 161 pulse @@nevatars.
¥ine programs composed of ten presentatlions each of BOTH
{B: simultencous presentation of light and tone), TIGHT
{T: 1irht sclone) end POWE (T: tone alone) were designed,
end were arranged in rostricted rendom orders. ¥Not more
than three consecutive presentations of a given stimulus
were permitted, Vot more than four consecutive presen-

tations of T and T were allowed to oeocur between



rresentatliong of B, These restrictions wore sugrested bv
- the findings of an explovatory study. All cats rotated
through the same programs in the same ordor,

The shoek was produced by an amplifier-transformer sve-
tem designed to automatically mainbtain a constant current.
The current did not excced 10 milliamperes and wes usunlly
legs than & milliamperes. Shock was slweys administered
at the end of a presentation of B if the eat had not turned
the wheel dur!ng the presentation, The shoeck was set o
ecour automatlienlly with the termination of B unless atopped
menually {as vhen e response had ceeured). Presentation of
T and I were never felloved by shock. Shoek level was
adjusted to the minimum necessary to meintein cage~burning
responses to the shogk. Wermal repetitive shock wag avalle
able to help overcome balking. Initial shotk levels wore
subthresghold, With each presentation of B the shoek level
was inecreased w till the animal mede a locomotor response
te the shoek.

Interstimilus interval wag systematically varied to
avold temporal conditicning. Stimuli were typically ade
minletere’ at B, 10~, op l1l5-second intervals after the
gub ject assumed o motionlsss walting posture. Tonger
intervals were oscasionally used, ss, for exemple, followe
ing 8 shoek which evoked an unusunlly marked hehavioral
regponse. The intervels mentioned were selocted because

they seemed to guarantee cptimal attentlveness on the part

-



of the exploratory group of cats. At longer intervals,
anxious ecats tendsd to emit spontanecous movement and "une
concorned” cats tended to dozes

Stinmuli were not presented whille cats were moving,
grooming, or sniffing. VWhen a cat doemonstrated a prefeore
ence for a esrtain posbure (e.g. sitting, stending, or
lying) for waiting for stimuli, the operator usually allowed
him to sssume that pdstmre bef'ore presenting the next stime-
ulusge

The eats were run 5 to 6 days each weeks An attempt
was made to run them et approximntely the same time of day
each day. TFach eat was transported in the same cage every
daye

A responsé‘was lefined as locomotion which produced
retation of the wheel, before the termination of the one
going stimulus, Borderline instancé& in which a judgment
by the coperator was demanded were =0 labeled,.

At each ¢onditioning session regords were kept of:
1) the programs used; 2) the time of day that esch catis
run began; 3) the time teken by the run, if in excess of
20 minutes; 4) the posture of the cat upon presentetion
of éauh;atimulus; 5) the time intervel before presentaticn
of each stimulus, measured from the time of terminetion of
the lest locomotor aectivity; 6) presence or absencs of
a response to the stimulus; 7) vwhether response oscurred

early, middle or late with vespect to stimulus onset}
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8) shoek level when shock was employed; 8) presence or
absence of reéspcnse to shoeck: 10) whether or not repetitive
shock was used; 11} ehanges in the health of the animals
end 12) eny medieations ziven.

The eriterion for learning was arbitrarily set, after
experience with & group of normal exploratory animnls, ab
8 five-day aﬁerags score, in one of tho successlive five-
day periods, that meets all of the following criteria:

1) the average number of responses te B per day during
the five-dey pericd muet exseed 7,53 £) responses to T
mist be leass than 2.5 per deay; and 3) wresponses to T must
be less than 2.5 per day, I"allure to respond to B, and rew~
sponges to T and I were defined as errors.

The nine programs were inspected with regard to the
distribution of the three stimulus conditions. The follow-
ings table demonstrates the average composition of the

first, middle and last thirds of the nine programs.
TABLE M-l

Thirds {presentaticn) Both
mean mode - range

Pipst (1w10) 3.0 3 3

middle {11-20) 3,7 B8 BB

inst (21e30) 5,3 3.5 2.4
Tone

£1-gt (1~10) 4.1 4 5.5

middle (11-20) 2.9 3 0.4

iogt (21=30) %40 3 2.4
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Thirds {presentation) Light
mean node range
first (1-10) 2.9 3 Dl
middle (11-20) Sat 4 Dwmdl
legt (21-50) 5.7 3 Beb

Presentations of B show a slight tendency to cluster in
the mlddle third, T in the first third, end L in the last
third of the progrems.

The next table illustrates the results of an analy-
8ls of sequences of stimulus presentations. The third
nmumiber in the first colum, for example, signifies that
of the 90 presentations of B in the ¢ programs, 36 were

préceded by a presentation of T.

TABLE =2

Tumber cf Preceded
Pregentations of By
Both Tone T4ght
2 5 2 ¢
21 29 59 B
26 22 21 iy
31 34 18 o

o0 50 50

Four groups of animnls were studled; nemely: four
normal (N) unoperated cats; four eats with "small lesions"
{SL.); four eants with "large lesicns™ (IL); and two cats
with "somntosensory lesions” (Som. T.). The small lesions
consisted in bilateral removal of the suprasylvian and
anterlor lateral agscciation Tields., The large lesions
consisted in removal of these same flelds plus bilateral

removel of the snterior sigmoid ascoeiabion filelds., In



order to visualize the lowey bank of the crucléte suffi-
elentliy well to guarantee 1ts ablation, thoe portion of the
primery somntie sensory cortex rocelving projections from
the hind guarters was removed bllaterslly, The somabosen-
sory ledion consisted in bilateral removel of the primary
and seeondary somatie sensory cortieal projection fields.

ormal eaks included in this study were 51127 (U),
21+133, 61-188, and 62-14 (M). fmall lesion cats were
51le36, 61l-72(M), 81-174 and 51173, Iarge lesion cats
were 61-23 (M)}, 61-32, 61«73 and Cl-16C. Somatosensory
lesion cats were 8le18]1 and 61-184 {¥). These cots wore
selected randbmly from the animal ouarters stocks VFor
sach lesion the available cat which hed been in nnimal
quarters the lonrest was selected, provided he appreored
to be in good health, ¥sles are Indicated by {¥). The
W, 8T anxd 1L groups were originally sounted as to sex
ratie, but 1illness of ¥ subjects and the necessary replace-
ment with aveilsble stoek unbalanced the ¥ group with
raespect to the 8L and II groups. 2l1l cats wore experis
nentally nalve.

211 lesion animals were treined pontoperatively onlye.
Conditiming was begun 6 to 9 weeks after surgery (81
3; ©, 7, 73 1. 8, B, 6, 63 Som. Lz 7, 7). By this
time, 81l lesicn animels were able to walk, and rotate

the wheel, efficiently.
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Zarly in the experiment, two LL cats (6l-23, 61l-32),
two 8L eats (leﬁa; 61l«72) and one XN eai {51-127) were
a1l run during the ssmé period of months. Other normals
wore run but siskmess foreced meny of them to be discarded.
The remalning two LI, two 8L, three N and two Soms L. cats

were run during essentially the same period of menths,
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Tesglons

411 lesions were performed under sterile conditions.
Cats were anesthetized with NWembutal (40 mg/kg initially
and maintenanse doges as needed). The anaﬁthetiag and in
some cases saline or dextrose in water, was administered
intraperitoneally, The animals received nothing by mouth
during the 8 to 16 hours preceding surgery. The anesthes
tized cat was secured in & head-holder. The head was scrubbed
and draped, Operators wore gloves, masks, ¢aps and goUns.
Stenderd aseptic surgiocal procedure wes followed insofar
as possible,

A midline ineislion was made in the scalp, extending
from the nagion to the oecelipital ridge. The skin of the
sgalp was retroeted laterally, after the cut edpge was
covered with a e¢loth retainer, All muscle was freed from
the dorsal and lateral surfacesg of the skull., The skull was
entered by means of 2 trephine applied over the propesed
lesicn area, The bone of the skull wee chipped away with
rongeurs urtil adeoguste exposure was cbtained. The dura
was incised and reflected after hemostasls had been ensured,
by use of bone wax, A small slit was made with a semlpel
in the pia overlying the cortex to be removeds Through
this sliﬁ; 8 glass eugtion tip was inserfed and the cortex
was removed by gentle suctions Care was taken to minimize

injury to the underlying white msatter. Hemoatasls wag



obtained with gelfoam when necossary.

When the lesion was completed, the dura was sutured
with 6«0 cphthalmie silk suture, using & continuous ruming
stiteh, The muscles of masticetlion were then epproximated
in the midline and sutured together with Wo. 1 silk by
means of a crossed mattress stitchs The subcubancous
commective tissue was c¢losed with a running stiteh using
Noes 1 8ilk suture. The skin was closed with either &
subcutaneous rumning stitoh or a mattrvess stiteh using
Noe 1 8ilke The wound was generally covered with plastie
spray-on bandage.

In large lesion animals, the Ffrontal sinuses were
opened, stripped of their membranea; and seeled with dental
cement, followed by Virac decontamination of the operative
fileld and resterilization of the instruments befcre the
ealvarium wae enteveds This permitted removael of the
posterior wall of the frontal sinug, for better visusli-
zation of the anterior sigmoid gyrus, with & minimm of
operative and postoperative bacterial econtamination,

A1l enimels were closely observed in the laboratory
during the first 7 to 12 hours after surgery. Position of
the animel was changed every 2 to 4 hours to gusrd against
hypostatic pneumonic and & heat lamp was spplied for the
First 12 to 24 hours. 411 enimals were given introe
museular penieillin (300, 000 units/day) for a2 minimum of
three days. All animals were fed milk and solids by hand
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until they werc aeble to eat by themselves. Ininmals were
returned to general quarters by the fourth or £ifth poghe-
operative day, if their conditien permitted.

Irs Richard F, Thompson was in attendsnce &t the
performance of all of these lesions. He did thoe dbulk of
the actual lesions of ecabs 61l-27, 61-32, 61-36, and €1~
72, The remainder of the lesions were chiefly the work
of the author.

?Oat~0perativé mortullty and morbidity was low. The
only death was 81.127, who was operated after traininge.

The amall lesions were intended to be bounded in
thelir maximum exbtent: medielly, by the cortex of the
medial wally anteriorly, by the ansate sulcus {end ima-
gined extensions of it); inferiorly, by the suprasylvimn
suleusy and, posteriorly, by the cortex just anberior to
1} the descending portion of the lateral suleus {for
the suprasylvian'laéion}, and 2) the junction of the
anterior ond middle thirds of the lateral gyrus {for the
anterior lateral lesion). The large lesion imeluded e11
of the cortex removed in the small lesion procdedure. In
edditicn, the boundaries were expanded anteriorly to an
imegined line sbout 3 to 4 mm anterior to, and parallel
to the ecruciate suleus, ineluding the cortex of the lower
(snteromedlal) bank of the erueiate sulgus te the midiine.

The inferior limit of this antericr lesicn was & plane
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passing through the inferior tip of the cruclate sulecus,

and approximately perpendicular to the plesne of that sulcus,
Primary somatle sensory cortex wag removed far encugh
medially to ensure adegquate visualization of the lower

benk of the eracinste suleus, The somatosensory lesien
spared the middle suprasylvian, anterior lateral and
enterior sigmoid gyri. Its boundaries were: supsriorly,
the medial wall; anteriorly, the erucizbe sulecus and en
imegined inferiorlye-dirscted extanaign of it; inferiorly,
the anterior eetosylvien sulcussy and, posteriorly, 1) the
ansate suleus above, and 2) an Iimagined line from the
inferior tip of that suleus to the supevior tip of the
anterior ectosylvian suleung below, Thus the gyrl chilefly
invelved were the posbericor sigmoid, anterior sctosylvian
and anterior suprasylvien gyri. This lession cross@d; therew
fore, the coronal suleus and the anteripr suprasylvian

sulousg.
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RESUITS
Analysis of Response Data

The responses of the individual eats to each of the
thyree stimulus conditions are presented in Tables I-TIV.
The numbers in these tables represent five«~day average
reaponse lavels, Thege averages are derived by finding
fhe sam of all responses made by a given cat to one of the
three stimulus conditicns and dividing that sum by five.
Each experimental group is presented in 2 separate table.

Filgures 1 -~ & present graphs of these five-day averw
ages for three of the normsl, thvree of the small lesion
and two of the large leslon animals, In these figures,
the two lines perallel to the x-axis represent the crit-
erion limite of 7.5 and 2.8,

Note thet among the normsl group of cats (Table I,
Pigures 1 and 2), Cat 61l=1R7 first reached eriberior in
the period beginning with day 21, Cats 61-138 and 61.188
in the period beginning with day 31, and Cat 62«14 in the
period beginning with day 41, Thus, all normal ecats
attained eriterion b+ the 45th day of training,

Cet 81-127 was run for one five-day period after he
reache’ eriterion. His training was then discontinued.
Forty~one daye later he was tested for a pericd of five
days. His average performanee in that period met the

criterion.
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Of the small lesion snimals {Table II, Figwres 3 and
4), two cats, 6172 and 61-174, were able to reach the
eritorion in the periods beginning with days 36 and 26
respectively. Both of these eats illustrate that once
a cat reaches eriterion he mey fall back below eriterion
in at lesst some of the subsequent five-day periods. Two
of the small leslon animels faile® to reash eriterion with-
in 45 days.,

fone of the eats in the large lesion group (Table IIT,
Pigures 5 and 6) reached eriterion by 46 days of training.

Thus et the end of 45 days of training all of the
normal animals, one-half of the small lesion snimale and
none of the large lesion animels had attained a eriterion
level of porformanca.

A sign test analysis {60) wes performed to compere
the day by day nurber of responses tec B and T by each
animal in the study. On this test, all of the normsl cats
and all of the small lesion cats showed a difference which
wes eignificant at better than the 0,0C1 level of confi-
dence when daily tesponses to B and T wore compared through
the 20th day of training. On comparisons through the 25th
day of training, one somatosensory lesion snimal (61.181)
ghowed a differsnce which was asignificant at the 0,001 level,
and the other animal in that group (61-184) showed & differw
enes which was signifiesnt at better then the 0,05 level.

in eontrast to these Cfindings, only one of the



large lesion animals (61-73) showed a difference which

was significant 2t the 0,06 level on comparison through

the 30th day of treining, However, by the 45th dey of
training, three of the large lesion animals showed a differ-
ence which was sign’fileant at the 0,001 level, and the
remaining mewber of that group (81=-23) showed a difference
at the 0,01 lewel., It btock the animels with lerge lesions
longer (in terms of daye of training} to ecstablish a statis~
~bically significant response differential between B and

Ts All cats eventuelly showed a differentisl response ten-
dency which was statistically significrnt.

Inspection af‘Tabla ITI and Figures 5 end 6 sugrest
that the large lesicn an'male, especially 6l-23 and Gl«32,
may differ from the normal cats principally by virtus of
their higher level of response to T. Some t-tests were
performed on the total mumber of responses to T by i,

11, and SL cats during the laet 10 deys of training. The
last 10 days of training were selected because in the ter-
minal stages of train’ng the response tendencles of each
sat beecome falrly steble, whether he has reached éritarian
or not. The large lesion cats were found to recpond gige
nificantly more frequently to T than the normal cats.

The differcnce wag significent st the Q,Ql level of ooniw
fidence, Similar comparisons of the emall and large lesicon
groups, and of the small lesicn and normal greups, produced

no sismiflicent differences.
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Average cumulatlve number of responses by experimental
group is illustrated in Tables VeVII. The numbers in these
tables were derived by finding the sum of all the rssponscs
mede to & given stimulus by all the members of a group by
a ¢ertain day of training, That sum was then divided by
the nunber of snimsls in the group.

Inspection of Teble V suggests that the large lesion
animols were slower than the otherg in learning to respond
in the training situntion. Analysis of verisnee on the
gurmlative responses to B by the normal, smell lesion and
large lesion animals through day 30 gave a value for F thaet
was slgnifiecant at the 0.06 level (see Table IY)e A Duncan
analysis demonstrated that the swmall lesion and normal‘
groups did not differ Irom one another on this measure, snd
that both of these groups were significantly different from
the large lesion group.

Table VITI presents the average cumulative total
number of errore by experimental group. The numbers in
this teble were éﬁwiva& by finding the sum of the responses
teo 7, responses to I and failures to respond to B for each
eat. These error scores were cumulsted for sach eat, and
then the averages were found for the eate within each groups
Wuambers in parentheses were derived with the inclusion
of extrapolated ssores for one or more members of the
group. Then a cat lea?ned; and was discontinued, it was

assumed that his scores in later fiveeday perlods would
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continue to be what they were in the lest five-day period
in whiech he was run., /Analysis of variance of the average
curmlative total errors through 30 days produced s value
for F which was significant et the 0,05 level. A Duncan
analvsis demonstrated that on this measure the large lesion
end normal groups differed sisnificently, but the small
lesion group did not differ significantly from either of the
other two groupss The analysis was repented for data

carried out to the 45th day with the same result.
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TABLE I

Averege Wumber of Responses in EHach FPive~Day Treining Period

Normal Group

]
=&

Both {similtaneous presentation of
tone nd ligzht)
T¢ Tone alone

L: Tight slone
. Cat Cat - gat Cat
Days 61~12% 61l-~138 61-188 Bowld

B T L B T L B T L B T L

15 4468 440 240 3320 3.2 0.8 2.0 1.8 04 2,0 1.0 Gu2

B210 246 140 0,0 540 644 146 542 3.8 0.6 5.0 246 0.4

11=15 8,8 4,2 042 78 644 0.8 348 2.8 0.0 5,2 244 0,6
16«30 6.6 144 1,0 Tud 348 0.0 8.2 2.8 0ud 4ed 3,8 054
2128 7.8 0ad CuB Bal Beb 0ud 7.2 G 8 0.2 0642 746 0,2
2630  Bed 048 02 640 140 0,0 Tud 0.6 0,0 744 3,0 042
31-35 Be2 240 040 7.8 142 0.0 746 544 044
SBwdO Ge8 242 0,2
41-45 7.6 1,2 0.0
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Cat G1-127 (Normal): OCraphs of average
number of responses to each of the three stimue
lus cenditions by five-day training periods.

Fach dot represents the aversage numbor of
responses per day cover five-day periods The
numbers along the x-axis ldentify the periods
by stating the firsgt dey; 1.0. the dots over
18 represent averages for the period ineluding
days 16 through 20, Horizontel lines joining
X=-axis at 7,5 and 2.5 identify the eriterion
Iimites

Note that this eat reached eriterion
during the 5«day perlod beginning with the
2lset days. '"hen retested sfter 41 days withe
out practice, his performance still met the
eriterions

Both = simultansous presentation of light and
tone

Tone = tone alone

Light « light alone
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FIGURE 2

Graphs of average number of responses to
each of the three stimulus conditions by {ivew
day training periods.

Cat 61-138 (Normal): 'This cat first roached
griterion during the period including days 31-35,
Note abrupt drop in number of responses to tonec,

cat 61-188 {(¥Wormel): This cat alse first
reachod eriterion during deys 21-35, Contrast
the tone~reaponse curve with that of Cat 51138,
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TABLE II

Aversge Wumber of Regponses in BDach Five-Day Training Period
8mall Tesion CGroup
B: Both (simulteneous pregentation of
tone and 1light)

T: Tone alcne
L: IAght alone

GCat Cat et Gat
Days 6136 61=72 63~174 61+178
8 * L B T L B T L B T L

1w5 442 348 548 1,8 2,2 2.8 1.6 0,8 0.0 544 3,0 1,4
610  BuB 540 3.6 Gud 344 BeB 440 168 042 4.6 2.8 246
11215 942 748 448 742 2,4 1,8 542 248 042 448 1,0 1,8
1620 944 7,0 3.0 7ud 2,0 1.8 7Te4 2,2 0u2 V4B Zud 446
21e25 248 540 248 646 246 040 Tad 344 0,2 8,0 5,0 0.8
D6e50 748 5aB 146 5.0 1.2 0,8 748 2.0 042 7.0 5.0 0.0
Z1eBB  Te2 440 2.0 Ted 1o 046 Tud 2.4 0.2 442 344 0.0
B6+40 842 740 3.0 B8 046 0.0 740 1ad 0u2 848 444 0,0
4145  T46 448 2,8 6.8 0.0 0,0 Be2 5a2 0,2
48«80 642 442 12 746 0,6 0,2

51=B5  GuB 446 18 746 0.2 0.0

BE6wE0 748 5eb 348

61wB5 846 7.2 Bud

66=70 B8 546 240

T1«T5 848 4.2 246



FIGURE 3

Craphs of average number of responses to
eagh of the three stiwulus gonditions by five-
day training periods.

Cat 61-36 (Small Tesion): This cat falled
to reagh criterion. Note the relatively hi
level of response to light and the "perallel"
courses of the three curves.
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PIGURE 4

Graphs of average number of responses to
each of the three stimmlus eonditions by five-
day treining periods.

Cat 61-72 (Smaell Tesion): This eat reached
eritericn during the period of days 36.40., Come
pare to curves for Cats 61-127 and 61-188.

Cat 61-174 (Small Lesimn): This cat reached
eriterion in porlod of days 26-30, then fell
baclk.
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TABLE IIT

Average Wumber of Responses in Bach Pilve-Day Training Period
Targe Iegion Group

Both (simultancous rresentation of
tone and light)

, Tone alone

L: Light alone

o
L2 ]

%

Cat Cat Gat Cat
Days 6123 8132 5175 61-166
B " L. B T L B T L B T L
105 048 0.2 0,2 0Oud 0.2 0.2 0.2 0.2 0.0 0.2 0,0 0,0
6410 142 140 0s2 540 5,0 546 0.6 1.0 0s2 Oud 0od 0,4
11015 1,8 2.2 0.4 6.0 5.6 246 5.0 2,8 0,2 0.5 0ud 0,2
16020 4.8 246 0a8 To2 5.8 2.2 442 542 1ot 0.8 1,2 0.0
21495 642 5,0 048 6e8 648 1,0 2,8 1.8 1ud 444 4,0 3,0
2650 542 5.0 002 042 Bod 2.6 4ud 242 146 6.6 2,4 0,8
BLeB5 8.0 Tek 0.2 8.8 644 2,0 5,2 2,0 0,8 7.2 5.2 1,0
BEeL0  Bad To2 000 TuB 4.6 242 Tal 3.8 2.2 742 5,0 0.8
41e4B D42 740 0ud 742 548 0,8 7.0 5od 1,0 8,0 4.0 2,0
46250 Be2 444 0.2 6,8 5,6 1,2
5155 946 8.6 0,0 846 7,0 2.8
B6-B0  ©46 Bs8 0.2 9.2 5.8 1.8
G1e85 0.0 5.0 040 8.6 4.6 1.6
66-70 742 542 042 5.2 4.8 0.4
TLoT5 548 246 0.7 846 5.0 0.8



FIGURE &

graphs of average number of responses to
each of the three stimulus conditions by {ive-
dey training periods.

Cat 61-23 (Iarge Lesion): Thie cet failed
to reach coriterion. MNote proximity of Band T
curves.
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TABIE ©

Graphs of average number of responses to
ench of the three stimlus conditions by five-
dayv training perioda.

Cat 6l-32 (Lerge Lesion): This cat failed
to rench criterion.
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TABLE IV

Average Number of Responses in Fach Five~Day Treining Period
Somatosensory ILesion Group

B: Both (simulteneous presentation of
tone and lirht)

T: Tone alone

I: Tight alone

Cat Cat
Days B81-101 6l-184
B b 3 L B T L

1"5 C’p& 0a5 (}&Q Gn% 0‘8 G*Q

8«10 3.8 148 0,2 Fe8B 4,0 1.6
11"1..5 6;3 "3:{18 0'2 ?QQ 5;4 1;5
16*2{3 742 "1’;2 04{7 5&% ?*04 100
2125 8.8 18 0,0 BaB 8.2 1lu2

o~ )

Fd r i ] 1
e b e & i o A |
g 4 ; A i, in SR



By Day
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TABLE V

Average Cumulative Wuwber of Responses

to BOTH By HExperimental Group

Small Large Somatosensory
Normal Iesion Lesion Leslon
14 18 2 3
36 46 10 22
&8 78 25 56
102 118 46 88
138 15% e 126
174 1983 104
141

17e
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TABLE VI

Average Cumuletive Wuwber of Responses

to TOWE by Experimental Group

Small Large Sematosensory
By Dsy Normal Iszion Tesion Tesion

5 i2 ig 1 4
10 20 28 10 | 17
15 48 46 24 43
20 a2 64 40 60
25 80 B2 &2 i
30 88 9o , 84
35 108

40 151



TABLE VII

Average Cumalative Number of Responses

to LIGHT by Experimental Group

Small large Somatosensory
By Day  Normal Lesion Iealon Tegion

5 4 10 1 1
¢ 8 285 & &

15 8 33 10 10
20 11 45 16 12
25 iz 80 24 16
30 13 54 30
k33 58 35

40 42
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TABLE VIII

Average Cumulative Tcetal Tumber of

Errors by Experimental Group

Small large Somatosensory
By Day Hormal Lesion Iesion Lesion

8 52 58 50 82
10 100 104 105 , 101
15 150 150 158 147
20 172 190 209 184
25 206 225 264 216
30 228 260 312

=5 {246) 204 352

40 {267) 524 394

45 (282) {353) 428
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TABLE IX

Analysis of Varience Susmary Tebles

A

Curmmalative Responses to BOTH

Source ar B8 i) B
Between 2 17,433 8,717 .96
Within ¢! 11,266 1,282
Total 5 ]

hxi
Curmletive Total RBrrors

Sourse ar 88 s | 4
Netween 2 15,505 74503 B.03
"ithin 9 13,440 1,493
Totel 11

Fost 4.20



¥Wisecellaneous Observations

There was a difference between the groups in the
amount of spontaneous activity in the cages The typiecsal
normal eat finished a 30-trial progrem in 10 to 20 minutes,
Small lesion animals made runs lasting more than 20 minutes
about four times more of ten than normal gats. Targe lesion
animals made sush runs about ten times as often as the nore
mal cats. The somatosensory lesion grouvp made only a fow
more such runs than did the normal animals,

The average level of the first ghoek responded to in
the cage on the first deay of training wos grestest for the
somatosensory lesion cats (setting of "88" on dial with
range of "0-100") and least for the normal animeles {"56"),
Terce lesion cabs roquired a higher shoeck level then the
small lesion cats ("76" vergus "66"). The level given
above for the somatogensory lesion group may be somewhst
highs The group was small, and one of the gats was s longe
haired animel that was moderately refractary to shoek until
his legs and vpaws were shaved,

All subjects oriented to and, on oscasion, responded
to both the auditory and visual stimmlii.

The normal and small lesion animeals usually assumed a
sitting or lying posture between stimuli, Tﬁe large lesion
animals demonstrated a greater tendenecy to stand between
stimuli, "hen these cats went through & period of sitting

or lying, however, thelr differential response tendency



remained low,

One cat with 2 large leslon (61.32) exhibited behavior,
in 2ddition to hyperactivity, suggestive of the "frontal svne
dromes" For about % weeks her movements were robot-like.
hen she encountered an obstacle in her path, she seemed
unable to solve her problem by eircummsvigating the obstacle.
She mechanieally followed porsons moving in the réam. Thesgo
symptoms were no longer obvious by 4 to € weeks, although
thia animel turned out to he the most hyperaective of all
the animals »run in thialﬁtﬁdYQ

Irmedietely after surgery, small ieaian snimels oxXwe
hibited some extensor rigldity, whieh was most noticeable
in the hind 1imbs end whieh graduelly disappeared, Tactile
placing was present after the immsdiate pmsﬁopevativ@ period.
Thess enimels esould run and jump in less than 10 days after
surgerys. large lesion enimals exhibited a more severe
rigldity which graduslly decreased but did not completely
disappears Tactile plseing in the forelimbs was present
af'ter the immediats postoperative pericd., Tactile placing
in the hind 1iwbs gradually reapreared in some animels, butb
was harder to ellcit and more variable than in normal vats.

All sats eould feed themselves and move around the

room in less than fouvr days after surgerv.



Anatomic Considerations

Photogrephs of the gross brains of four lesion enimals
are presented here. For sach of these cats, photographs
were taken of four views of the gross brain, viz. superior,
lef't lateral, right leteral and anterior-superior oblicue.
These bralns are bolng procer-sed far cortical reconstruc-
tion and subcortieal dereneration studies. The sané JExal el
cedure will be followed for the remaining lesion animels
after they have been submitted to further behavioral test-
ing.

Gross examination of the four savallable broins wes
carried out., Tn the case of 6l.32 (IL) the left anterior
medial wall wes viclated. rPosteriorly, V IT was entered.
Cn the right, the ferelimb sometic sensory area would
appear to heve been partielly romoved. The lesions in
51~23; 61«78, prd 61-72 appesred andegquate, cxeevt that
there noy have becn some gparing in 61«25 of the cortex
at the leteral tip of the right eruciate suleus. In cats
61~32 and 61-~72 the euprasylvian lesions exbended further
posteriorly than in eats 61-27 and 61-36., The lesions in
the remaining aaté were all deemed comvlete et surzery.

Distortion due to herling helps render gross exemina-

tion an inndequete means of checking lesion limits.



FIGURE 7

Cat 61-36 {8moll Isgion): Supericr view of
brain, demonstrating leslon involving suprasylvien
ond anterior lateral gyri. The lesicn is I-ghaped.
The short limb of the L represents the lesion in the
snterior lateral gyrus, Anterior pole toward left.



————mhn %‘*Q ___u_.m___n_m——__




FPIOTRE 8
Cat G1le72 {Small Lesion)y Buperior view of
brain, demenstrating losion invelving suproasylvion
and enterior laoteral gyri.

GComprre to FPigure ¥,



LLlJliliiii

[ |

TR Y219

Ll i1 1111

€ |




FICURE ©

gat 61=-23 (lLerge Iesion): Superior view of
brain demonstratirg lesion involving supragylvian,
anterior latoral and sigmoid gyris The anterior
and posterior portiocns of the sigmolid gyrms lie
on eithor side of the eruciate suleus which ie
well visuwalized in ceb 8172 {Flgure 8).






FIGURE 10

Cat 61-23 {large Lesion): The anberior pole
of the brain has been tilted up toward the viewer
to pormit better visualizetion of the anterior
portion of the lesion.






FICURE 11
Cat 61-72 (large ILeslon): Superlor view of
brain demonstreting lesion Iinvolving suprasylvien,
anterior lateral and sigmoid gyri.

Conparse to Plpure 9.
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FIGURYE 12

et 81-32 {Targe Tesion}: The anteriocr pole
of the broin hes been btilted up towsrd the viewer.

Comnare to Pigure 10,
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DISCUSSIOH

The large lesion snimsls were found to be inferior
to the normal eats on several different measures, ¥Fone
of the lerge lesion group managed to reach eriterion withe-
in the time taken by the slowest normal cat (45 days).
Those large lesion animals which were run for 75 days
gt1l1ll failed to resech criterion.

Wevertheless nll cats eventuelly showed some differ-
ential response tendency. Such a tendency appearsd also
in the lerge leaion animals, but was not statistleally
significant bebween B snd T until after the anth dav of
tredining., The lerge lesion animals were slower loarners,
at least to the exbent that dlscrimination lesrning can be
measured b behavior in the wheel. This conclusion 1s
sup; orted by the data on cummulative responses %te D in the
first 30 days. The lerge lesion enimals may have had
difficulty lerrning to econneet the warning stirulus with
the subseauent oceurence of the shock.

The large lesion animals mede meny of thelr errcrs
by responding to tone, in faet, all enimels made more
responses to B than te T, and more responses to T than
£0 T.. At least two reasons may be suggested as on explan-
aticn for the greater btendency to respond to tone then
te light. In the first place; the tone in this experi-
ment repregented a more neaprly absclute increase In the
tntensity of sensory stimulation, since the bex was sound-

rroofed but dimlv illumirated from within. Secondly,



unsophisticaeted observation of cats sugpgests that cats
are "suditory animels”™, They seem to use thelr ears more
than thelr eyes for the collection of alerting and warning
stimuli (e.g. vhile dosing). Brogden (7)) found tone to
be 2 more potent stimulus then light in the conditioning
of dogs.

(ne of the ecruecisl problems in the interpretation
of this study centers on the faet that the pereceptual
mechanism is not directly tapped. This is 2 problem in
21l studies in which 2 motor response is used as a measure
of perceptual functioning. TPerhaps the lomge lesion
animals sould not discriminate effliclently, on a percep-
tual baslis, the tone clone from the simultaneous rresentso-
tion of both tone and 1ight, On the obther hand, they might
have been able to make the distinetlion perceptually but
unable to inhibit responge to the tone. 4in incidental
observation in this experiment thet may have & bearing on
this problem ig that the response to Tone was often quali-
tatively weaker than that to Boths For example, an animal
might run for gseversl revelutions of the cage after a2 rre-
sentation of Roth but only take & step or two in response
to & Tone. Vel, both behaviors were tallied as a response,
L gtudy of tralning procedures in frequency discerimination
exreriments led Thompaon to the conclusion thet "removzl
of auditory cortex appears to interflere with the ability
to inhlbit responses to negative stimull in frequency

diserimination rather than to interfere with freauency
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diserimination sz such" (64).

If inhibition of a motor response is a faghtor in the
rresent experiment, then the fagt that the large lesion
aats stood more than the normal animals mey be an important
point. It mey well be more dlfficult to inhibit a motor ,
response when stending then when lying. Sitting or lying,
normal eats often startled as if to respond to a tone, and
then settled down agein. Perhaps sush 8 start would have
becn consummeted if it hed occcurred from a standing positione.
{n the other hand; normal eats often stood betveon stimuli
sarly in training, and then gradually assumad'a more sedens
tary or recumbent position ss they learned how to avoid
the shotke Pefhﬁpﬂ the standing posture of the large
leslion eats was merely o symptom of anxiety based on en
inability to suscessfully solve the problem of avoiding
the shock. Turthermore, assuming & walting posture of a
sedentary type for ssveral periods did not seem to approe-
ciably improve the ssore of a lerge lesion gat. The pre-
ference for standing might have been an sxpression of
the greater sensorimotor deficits suffered by the large
lesion animals or of 8 mild frontal smdromo.

The results of this study would scem to indieate that
the use of diseriminations drawing on two modalities mey
have been toc often neglected. The evidence from this study
would alpo seom to emphasige the importance of the asgsocisw

tion area on the anterior sigmoid gyrus and in the depths
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of the eruciate suleus. Had only the small lssions been
performed, not mueh difference would have been observed
between operated and normal cals. ‘

That the smrll lesion group lies between the large
lesion end normal groups in the results of many of the
anslyses, as well as in the extent of brain damage, ralises
a guestion as to whether or not the results can be explained
in terms of the prineciple of "mass metion” (83)s There is
nothing in the results of this sxperimoent to argue against
the poasibility that the prineiple of mess sction 1s predic-
tive of the effects of lesions within the feline association
cortexs A further test of the applicability of the prine
eiple, hawever; would be to study the effects of a lesion
confined to the pericruciste aresa, The behavioral effects
of sugh a lesion might either prove comparsble to the effocts
of the small lesion involving the three more posterior
assoslation areag, or perhaps even prove comperable te the
effeets of the large lesion performed in this‘study.

The somatosensory lesion snimals, although subjected
to & lesion which was more extensive than the smell lesion,
were comparable to the small lesion and normal groups in
cumulative error scorss and in the results of the sgign tests
of differentisl response tendency. It would seem unlikely,
therefore, that the effects of the large lesions were none
specific brain domege effects., Coneclusions about the soma-

tosensory lesion group would be more satisfactory



if dats for more training periods were available ond if
the group contained more animals,

Many areas of fubture investipgation ave suggested by
this study. 7hat would be the sffeet of submitting o cat
te a large lesion after training? What would bs the effect
of & lesion of the perieruciate aress alone? Weuld the
tone dominance dissppear if & bagkground tone were pre-
sent? Would mapping several months after ablstion of the
four association fieiﬁa discloge any new functioning areas
of agsociation response? ‘Jould the large leaion group
ghow o deficit in a food roward problem, such ag lovers
rreseing in an enlarged Skinner box? ‘hat effect does
cestrus have on the performanes of femele cats in a son-
ditioned avoidance problem? Are therc specific individuml
differences, e««, in "emobtionality", that interfere with
this type of study? (Could & way be found to identify
"emotionally abriormel” cate so that they might be excluded
from studies in whieh they might be contaminants? “hat
would be the result if a discriminetion using all three
modnlitics of sensation were employed?

The large lesion in this study is unfortunately "impure"
beecsuse of the necessity of removing motor end somatic
sensory cortex, even against the general Irame of rofer-
ence ¢f leslon studies. But in light of recent microw
electrode and map ing studies {e.r. 17 end 65) the problem

gpvears unlikely to become simple. Perhaps fubture ressearch
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mey help sort out effect from side~effect in the results

f lesions aimed at the sssociation vesponse field in the
motor srea, Untll further definition, the results of this
study stand as whowing that a2 complete bilateral sblabtion
of all the lmown corticel arens ~here "association" ovoked
respmﬁsaa are fonnd produceg & deficit in the ability &f
cats to function in a conditional discrinmination problem

emploving inrut in both the avditory and visual nodalitics.



SUMMARY

-

On the cat cerebral cortex, four bilateral "assoeiation®
fields have been defined electrophysiologically: one on the
anterior lateral gyrus, one on the anterior sigmoid gyrus,
and two on the middle suprasylvian gyrus. The present exw
periment was directed toward the study of some of the behave
ioral effects of lesions in these areans. Four groups of
animals were compared: 1) normal catsy 2) cats with exten-
sive lesions in the middle suprasvlivian and anterior lateral
gyri {small lesicns); 3) eats gith extensive lesions in the
anterior and posterior sigmoid, the middle suprasylvian and
the anterior latersl gyri (large lesions)y and 4) cats with
control lesions in the posterior sigmoid, anteriocr supra-
sylvian end anterior ectosylvian gyri (somatosonscry lesions).

Postoperatively, the lesion and normal animals were
trained on 2 shoekeavoidance conditional discrimination probe
lem employing stimali In both the visual and auﬁi?ory modal-
itiess After 45 days of training all normal cats, one~half
of the small lesion cats and none of the lerge lesion cats
had reached oriterion. Several statistical analyses of the
response data polnted to signifiecant differences between
the large lesion cabs and the normal eots, The small lesion
animals were found not to be significantly different from
normal cats with respect to the measures analyzed, Income
plete data suggested that the somstosensory control lesion

animals wore not signifiesantly different from the



58

normal cats in their performonce in the diserimination
problen.

The deta would seem to suggest thet further studies
of ﬁiscrim*patians omploring stimuli in more than one
primary sengsory modality mizght bs frultful, Tt would
elso seem thet in the future, lesions of the cat "apsocine
tion ceortex” camnct be ernsidered "eompletd' if ¥HO anteorior
atgmold fleld is left intact.

The principle conclublion is that bilateral lesions
inve ving 211 four of the known foci of electrophysiologi-
eally defined Yassoeiation" rogponses in the ecat cerebral
cortex result in impaired performence in a conditional
diserimination probiam desimmed to reguire the utiligedion
of information Trom two sepopate sensory modalities fop

successful solutions
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