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INTRODUCTION

The purpose of this thesis is to study the effects of bilateral
association response avea lesions in cats on three learnimg tasks. The
past ten years have witnessed the careful description of four eleectro-
physiologically well-differentiated cortical association response areas.
Termed "association areas,” two of them are found on the middle supra-
sylvian gyrus, one on the anterior lateral gyrus, and one around the
perieruciate suleus. They are, of course, found on each cerebral hemi-
sphere, although the exact location may vary from specles to species.

Speaking in electrophysiological terms, their wniquenmese lies
partly in the faet that under chloralose, curare, or the normal waking
state, peripheral stimuli from auditory, visual, and tactile modalities
all yield equivalent and undifferentiated respomses in these four areas.
Moreover, it would appear that while the gross electrophysiology of the
sensory association system is rather well delineated, the evidence relat-
ing these areas to behavior is wmuch less clear.

This is true for the following reasons. For example, there is am
interspecies-comparison difficulty that is inherent in all comparative
work. More precisely, it is difficult to compare lesions made in the
association areas (electrically defined) of cats to those made in the
asgsociation areas of monkeys, because the cortical homologies between
cats and primates have not been adequately estabiiahed (Akext, 1964).
This 15 unfortunate because the majority of lesion studies have involved
primates, although most of the electrophysiological data on associatiom

sreas has been derived from studies om the cat. Even here, ¢on the basie



electrophysiological level, Thampsml hags found a discrepancy between
cat and monkey association vesponses. It seemg that the foci of long
latency association evoked potentials in the squirrel momkey (Saimiri
sciureus) do not include the homologue of the suprasylvism assceiation
area in the cat. The role of the association cortex in behavior could
vary videly among opecies, and the chance that lestons in struetural
hemologous association areas have different effeets in various species
cannot be exeluded g prigri. To aveid possible misinterpretatiom and
confusion, this review wiil be limited to behavioral studies pertaining
to the cat, except vhere it is expected that the additioen of other stu«
dies will eontribute tﬁquaatioﬁabiy to a clearer understanding of the
thesie problem.

Three 'separate measures of léaruia; were designed to present a wide
rme of tasks im order to pimpoint more exactly the t&pe of deficit
reoulting from bilateral extirpatiom of the association areas: visual
diserimination learning set, delayed response, and auditory diseriwmina-~
gion "go ~ no go.”

learning set. The learniﬁg éet problem was comprehensively dew
seribed in a primate study by Harlow (1949) and has since beeome a common
learning task in studies utiiizmx the Wisconsin General ‘raéting Apparatus
(WETA), It emphasises the ability to tramsfer information frem problem
to preblem. Using naive ménkeya‘ with temporal meccortical lesious,
Meyer (1958) found avmarked initial impairment in learning set perform~
ance., However, as time progressed, there was a good deal of recovery.
Harlow (1959) found neither a gain nor a loss in learning set perform-

ance following bilateral prefrental lobectomy in rhesus moukeys.

l’ﬁ. F. Thowpson. Personal Communication. 1967



Cats acquiring the learning set discriminations make grest use
of visual cues. According to Hara and Warrem (1961), cats with bila-
teral lesions in the suprasylvian ﬁytus showed significantly greater
median savings scores (ia trials to relearn) than did the normal contrels
on a WCTA task involving visual figure diserimination. In another paper,
the same investigators (1961 2) trained c¢ats in discriminations involv-
ing form, size and bzight.nesé bafoi'e subjecting them to suprasylvian
lesions. They were not significantly {nferior to unoperated controls
upon fe:eatmz. Preoperatively, brightness was &uﬁnémt over form and
size, but operated animals no lomger showed such a preference.

The diserimination reversal task ie closely related teo the learn-
ing set problem. The correct objeet must be discriminated from a dis-
similar pair in both tests, but in the reversal task, the non-rewarded
object becomes the rewarded object vhen the same pair of objects s
presented later. Warrenm (1960) trained cats om a series of discrimina-
tion reversal problems with 80 pairs of dissimilar objects. After
froantal lesions, there was mno suggestion of a decrease in performance
when compared with normal cats. The frontal preparatioms were signifi-
cantly inferior to controls only when tested with the same fawmiliar
objects for several days. Whether this defieit is in ’patt related to
the association Tesponse area most proximal to the fromtal areas remains
to be demonstrated.

Frem these studies emerges the possibility that individual associa-
tion ares ablations may have little effect on postoperative viswal dis-
eriminations, although Warren and Sinha (1957) found that lesions im the
suprasylvian gyrus increased the threshold in visual size diseriminatioms.
However, Hara (1962) reported that cats which were preoperatively trained

and postoperatively tested with pre-striate (middle suprasylvian) areas

ablated showed a transient change in size discrimimation. There was no



diffeveuse in bwightuess tbresholds, but the suilmale did display o mavked
1oss of foxm discrimination., NHevertheless, it fs ifaportant te stvese
the point that these studies heve dealt only with pertiel vesoval of
the associstion system. With che curvent suppositicn of entveme cortie
cal labilicy, ¢ fis ot difficult to imsgine the functions of am ablated
eurticsl aves belug cransiferved to ancther. This {s ecspueially twue
vhen one considers that chavectevistics of the assecietion wesponse
(e wavoforms, amplituic variebility, sveal distributisn) arve cthe some
in all eorticsl asescistion £ields to all modalitios of stisulation
(Thampeon gk ghe» 1963).

Rosults of total wg. partial aseocistion avea ablations eve described
by Jolmsen (1962) im whish Gats were prosented o conditioual leswning
problon vhich favelved an escupe vosponse Lo a simultanecus presentation
of light and tene but aot to oither aleme. Although it took partially
ablated animels longor them nemmals ©o leasn the task, the totally ablas
ted antwels wveve unsble co leawn. Ome valid conclusion that might be
deavm 49 the necsasity for totsl ablatien of these eveas for the deson
steation of skviking bohavissal differences.

Dolayed yospgmpe., If one is fovesd to state the most deminent,
sonevariant fact that hos vosulted fwes over twenty yoars of lesion etue
dien, it is this: froutal lesions discupt delayedevesponse perfovmansa.
This point has resuited from o vest swmbey of dolayedevespomse primate
studies, although, even haves it hos been axgued thet the Lpaitwent
of delayed vesponses 1o due wot to the lack of "iamediaste sewony” but te
the eshomced distyastability of frental animsls (lalmo, 19423 Wede, 1947;
Bavlow g gl.» 1952) to their hypesmetilicy (Wade, 1947) or to the lwpaive
wout of asseeiative fwctions (Wissem gk al.s 1938; Pinen, 1942). The



delayed response deficit following lesiens in primates is umique to
the frontal cortex « it does not occur if lesioms are made in other
regions of the cortex / vibram et al., 1955). Pribram (1964) hypothe~
sized that the fromtal arcas contain a mechaniem that "allows stimuli to
be temporarily compounded.” This fc an "association” view. The compounde
ing process involves the method by which stimuli are asseelated and is
not te be confused with a wmore permanent storage mechanism. |

Peline studies imvolving fromtal and prefrontal lesions are some-
what fever tham primate studies. Although the follewing feline studies
make uwee of tasks other tham the delayed response, it is interesting to

note the other effects of fromtal lesions. Cata viéh frm:ai lesions

secn Map:bie of retaining an avoidance response learned preoperatively and

are unable to relearn such a task (Brady et al., 195‘5).“ Billet and Varrem
(1956) compared cats with prefrontal lesioms amd cats with prestriate
lesions to normal ¢ats with regard to perfermance on an Umweg problem

in a HebbeWillisms mage. The cats with prefrental lesiems were inferior

to the normal contrel group both in original learaing and vetemtiom, and

the cats with suprasylvian lesions were inferier to both of the other

groups., Finally, Warren and Warrem (1966) have reported that mormal cats
and cats with leeions im the fromtal asseociation mﬁex do met differ m"
the efficioncy of their searching behavior as measured by performance
on the Hamilten searech test. |

Thompaon and Kramer (1965) found that total ablation of sssoelatien
areas ahliéhad the subuqmt ‘abiucy of cats to exhibit sensory jsrezm-
ditining and suggested that assoctation aveas appear to play a role in
Yattentional® aspects of behavior. Therefore, these areas may be pesty~

lated to be involved in the delayed-response test. However, Warrem et al.

AT e



(1962) veported that cats show vo sigrificant difference between nogmel,
fromtal, and prestriaste lesion groups in the postoperative learning ef
a delayedereaponse task, In summary, although in the monkey frontal
cortical losions speecifieally and quite regularly vesult in severe
tapairment of the delayed respouse task, no sueh deficit has been
demonotrated in the cat.

AMudicory diserimination. The thivd problem was an auditory dise
crinination tosk, The "go - no go" testing paradigm wss chosen to meke
the vesuitant data at least partislly comparable to previsus cat data
obtained in a Brogden-Culler votating cage using shock aveidunce traine
tng. The awditery “pe -~ no go" procedure is a difficult task. PFor
example, Battig ot al, (1962) foumd that frontal moukeys in such @
sitvacion did very poorly. Using diffuse wisusl cuwea, however. fromtal
and eontrol animels performed the task equally well. Chorazyns and ‘
Stepien (as reported by Konovski, 1964) Sound thet bilateval eblation
of anterior sud pestericr sylvien gyri in degs abolished their ability
te differentiate between pairs of identical tomes and different temes
in a "go ~ no go" procodure. However, asblation of t!u profrental aveas
did not sees te fmpair performance on this test. Iu cats, Coldberg et al.
{1957) vemoved bilacerally the veatval portisans of the teapowal region
and found that the ability te diseriminate batween groups of tomes, wiich
diffeved only in tempoval patiorming, wes lost. Simple tomsl diseriminge
tions were presorved. |

Thoupser. (1959) compaved three wetheds of precenting a frequoncy dis-
erimination problem ond found that the diserimination betueen 1,000 cps
and 1,500 cpe tencs won more easily learmed with a ropetitive procedure
than with an alternation procedure. In the wepetitive procedure, the
1,000 cps tone vas on for 1 sec. and then off for 1 sec. throughout all
training. The 1,500 eps tones, vhen given, wore presented altermotively



with the 1,000 eps tone. In ‘che altemuon pioeedure, the eat was
given eight presentations o£ ] t#m The presentatten was either
eight tomes of 1,000 e¢ps or am altemtun of 1,000 eps and 1,500 eps
with £m presentatiens of each frequeney. Theve was 37@ msec. of
silence betwan twe comsecutive tomes in the el.:ht teme series,
These wesults suggested the use of the repetitiom procedure which will
be move completely deaetibed in the next ehapter. Thompson and Smith
‘(1967) found that cata with lesions aiuﬂar to thuae deseribed in this
study could discriminate bemen a 256 cps tone requiring a shoeck
avoidance response, and a 2.090 cps tone requiring no response. They
wﬁre, huaéer, uabie to diserimimate the 250 cps tome when it was
premt:ed 59 an alternation with a eon:inmgly rgmted z'.aoo cps
tone. | |
Although the following studies are not apecifically related to the
three aforementioned tasks, tlmf seem at least patii.ally relevant in
that the major lesiomed area imiudad the suprasylvian gyrus. Im
the pwwwﬁsly deseribed Billet and Warrem paper (1956), cats with
suprasylvian lesions were found to be ianferior to prefromtal, prestriate
and normals in a !iekb-ﬁillim mage. Warrven, Waryenm and Akert (1961)
found that cats with bilatetal smasylvian'lesioas ware Mariar te
both normal cats and cats with orbitofroutal lesions. These ecats were
also trained in a aebh-u\ﬂ.ulna mage,; and the mferiui.ty of tha supra«
sylvian animals vepresemts difficulty em the origival learning task.
Upon retesting about seven memths later, the egets with suprasylvian
lesions were otill found to be inferior to both groups.
Inteiestiugxy eimu;h, two cats which were aubjectﬁéd to sapr#aylvian
lesions after training chowed no loss in vetentiom at ﬁbntoperativé test«

ing. Thus, lesions in the aujraaylmn gyrus zntarfeéed ﬁure with inicial



learning than with vetemtion. This is an attribute very eimiler teo
that proposed by Pribram for the fromtal cortex.



MATERIALS AND METHODS

Ssbjectks

The ssbjects weve & puxesbred Burmooe cats (2 male and & fomsle)}
They were the produsts of two soparate iitters and wore abtaimed in
Bugene, Oregon. The m;'ms'an ofx cats were pure~bred implies a
good degree of imter-subject gemetic comtrol. ALl cate were adults
(weight over 2 kg.) aod with the cuception of the immediate pust-operae
tive poried, the anisals veceived routise ssve provided by the aulsal
quarters, i.e. all snimale were msintained ad libicus on standawd labowa-
toxy chow.

The eate sawe o this lob wvith comsidevable exporfence im the WETA
appevatus. Their previous experience ineluded a variety of cbjost diae
crininstion ond leorwing sct trials over a peried of three years (Stevems,
1965) bux so this B's kaowledge, the cats bad never expericaced ow awii~
tory disevinination o "go - ne go" type of Sssk. In the WUTA, all
satss cucept one (IV), worked for ssail chusks of vav, frech boef liwer.
The lone excoption fownd liver distasteful and wos pavtial to 2 coumors
¢ially prepaved canmed cat food.

Appapatus

The teoting apparetus wus a Wisconein Ceseval Testing Apparatus (WOTA)
with an 5% Wharfedale sposker mmmted on the ceiling of the stimulus cou
pertmemt., The ouditory stimuli were genevated by s Howlett Packard wide
vouge oseilloter ond filtewed high end low by a Spencer-Kemmedy veriable
olsetrandc ﬂlm.. & Gesson Stadler cloctvonie switeh provided a wise~fall
tine of 60 naoe. The twe frequencies (1,000 and 1,800 cps) wexe alterusted

L one of the fomales (FII) diod §n ourgewy, Cats I and VI were male; cats

1T, IV and V were female,
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mapually while a eontinuous baskground of white neise was provided through-
out the experiment.

Stimulus objeets for both the delayed vespomse and wisual diseri~
mination portiens of the testing pro¢cedure were randomly dvawn from a8
gollection of objects used in previous diserimimatien tasks ai the
University of Ovegom in Bugene. The objeets varied with wegand to size,
ghape, eolor, and texture. Ne objest was ever used for mere than ome
learning set problem in the entire pre= and postoperative series.
Finally, the 2 see. and 10 see. delayed response presentatiouns were
wade with the aid of 2 Universal "Gra - Lab™ laberatory timer mpumted
on top of the WETA 1o full view of the E.

Tes gduce

The daily testing progedure for all cats was divided inte thyee
sections (learning set, delayed response, auditory “go - no go®) that
were presented in randem owder en sueeessive days. The testing pro~
eedures wvere given for 12 days preopevatively and 12 days following
a 15 day postoperstive veecovery peviod. A seecond testing peried was
begun 5 months postoperatively. It also ecensisted of 12 testing days.

The delayed xesponse sestiom cemeisted of 16 trials/day. The
reward was displayed to the cat, placed in a foodwell, and both food~
wells were then covered by an identieal stimulus objeet. The opaque
sereen was never closed, Por 8 of the 16 trials, the tﬁt#l elapaed
time between the coverimg of the veward and the placement of the tray
within the cat’'s reach was 2 see. For the other 8 trials, this inter~
val was 10 see. The 2 intervals and the position of the baited foedwell
were varied ascecrding to a modified balanced Celleyman serics. Twelve days

each of pre~ and postoperative testing yielded a total of 192 pre~ and 192
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postoperative trials for cach of the two testing seesions,

The doily learming set section consisted of 6 tvials each of &
soparate problems for & total of 36 daily tvials. On the first trial
of cach problem s single stimulus object covering either a bsited or
nou-baited fosdwell was presented. The next 5 trisle for each problem
tneluded both the object presemted in the first trial and a second
object. 1f the object im the fivst trial wes baited, it became the
correct object on the following five trials. If the object on the
fivet trial was vot baited, the m object became the corvect
sbject on the following five triale. A new pair of stimulus objects
was used for each trial over a 12 day period (4.e. 72 pairs). Three
trial = 1 problems were “baited” and three were "monebaited.” All
stimulus object positions were vamdemly varied. Twelve days each of
pre~ and postoperstive testing yilelded performance data om a totsl of
72 pre~ and 72 postoperative prodblems which cach included 432 tvials/
eat.

The euditory digerimination povtiea of the testing procedure used
two differeut auditory stimuli te signal a “go » no go” diserimination
in vhich the reinforcement depended om the cat's displacing an object
over a single food well duving the “go® portion of the trial. Duwing
the "no go" portiom of the trial, the object covering the single food
well was fastened with s drawestring that was invisible to the cat.
The animal was thevefore incapable of woving the object. Each trial
lasted a total of 60 sec. It dmcluded the "uo « go” stimulus which
consisted of a 1,000 epa tone that was om for 1.25 see. and off feor
1.25 sec. This sequence was repested. The onset of the “go” peried
was varied randomly during the "mo go™ pericd. %he “go" peried
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consisted of the following sequence: 1.25 seec. 1,800 cps tome, 1.25
sec. of silenmce, 1.25 sec. of 1,000 cps tone, 1.25 sec. silence (pre-
sented for three eyeles, {.e. 15 éeﬁ;). if the animal did not retrieve
the food duiiug the "go" pericd, the response was scored as incorrect.
On such trials, the "no-go" signal recurred and the 60-sec. eycle went
to 'cmietioh. If the animal msde a response during the recurremce of
the “no-go" signal, the sercen was ‘lowered and the trial termimated,
*io~go™ trials #ere exactly the same as “go“ tﬂ.ais except for
the absence of the 15-sec. "go" signal. m eriterion for a 'response
on 2 "no-go" trial wae contact between 2 paw and the focdwaﬁ cover.
Whenever thts response ueufmd during a “no-go” signmal, the sereen
was lowered, the trial was ended, and an ervor wes scored. Of the 40
trisls given each cat on cach day only 10 contained a "go® stimulus.
This somevhat unorthodex testing ﬁmcedure was necessary to campemsate
for the "go“ teuémcy of the cats who had alvays ptaﬁmsly been given
txainm to make the “go" response in the WGTA. At one point, when
this response tendeney seemed to have been overcome, the eighth and
ninth days of preoperative testing included 20 rather than 10 “go®
trials. However, it was difficult to saintain this schedule, and the
last ihre& days included only 10 "go® trials out of i:hé gotal 40 trials.
In erder to assure a comparable evaluation of post- and precperative -
data, the J-week and S-month éutmutive testiang was made to eonform
to the preoperative schedule, i.e. 20 rather than 10 "go® trials were
p:-emiaé on days eight and nine. Forty trials/dsy for 12 &ays‘yielded
a total af 480 pre~ and 480 postoperative trials. Bach 480 trials
included 140 trials on which reward was available.

Operation
The cats were anesthetized with pentobarbital sedium (40 mg./kg.)
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injected intraperitoneally. After snsesthosia wes obtained, otropine
(.08 mg./kp.) was injected intra-muscularly, and the head was shaved
to vemove all scelp hair. The animal was placed in @ head holder,
which did pot treumstize the tympanic wembrame or infra-orbital mezves.
The seslp was then prepeved for surgery.

Suxgery took place under sterile conditious iu the oporsting room
in the University of Ovegom Medical School animal guerters. The eat
wao firet draped, and the widlise ecalp was incised from the uasien to
the oceipital vidge. The scalp was retracted laterally and the teme
poralis musele freed from ite anterior and midlime fascial attachments.
The musele wes then retrasted and the beme seraped free of periostewmn.
Bilatoral trephine holes wexe placed over the frontal sinuses aud the
bone removed with rongeurs to the froutal sinue wall, The sinus mem-
brene was fiveed and vemoved, and the simus wes dried. All mecessary
hemostasis was obtained with bone wex. Esch nasal sinus feramen wes
eovered vith serylic vesin cemsut vhich wes allowed to havden. The
instruments were then ve-sterilised.

For the ablations, bilateral trephine holes were plased in the
tespropaviotal areans and the bone vemeved with vengeurs, expesing dura
poateriorly to the ccecipital axea, anterioriy teo include the posterior
wall of the frontal sivus, nedially to within 2 mm. of the midlive and
laterally to the ecteosylvian gyrus.

The dura was iociced and xetvacted, and the pile opemed. Iwmber 10
and 19 meodles with blunted tips were used to gently aspirete the cortex.
Suwetion vas provided by a Skiasr compression wmit. Brais hemostasis
was obtained with the eid of omidized cellulone (Oxycel) snd Celfoaw,
Afger agpirvation, the durs wes veappremimated snd sutered with 6«0 silk
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and an atramatic curved needle. The wound was then closed in anato-
wigal leyers and sprayed with a plastie bandage,

Following eperatioa 300,000 units of bieillen were administered
fntramuscularly and the animal was allewed to regaia sonsetlousness, a
period varying frem 12 to 36 .l;mm uader am infraerved ﬁ-at iamp. The
animals were then fed milk and somsgen by hand using a wubbeyr syriage,
uatil they could eat without aid. In all three operated ecats, motor
contrel seamed iwpaired and aene of them rvegained ambulatery faeility
until 5 days postoperatively, st whieh time they were veturued to
their ifodividual home cages in the animal quarters. All three cats
begin the postoperative testing session 13 days after the opexatien.
iesiens

Anatomigally, the lesioned arcas were designed to include the
folloving: widdle suprasylvian gyrue, the anterier third of the lateral
gyrus, and beth banks of the ereciate suleus. Ou the wedial wall of
the hemisphere the lesioned azeas iacluded tissue slightly dersal to
the eruplate sulecus and slightly vemtrval te it em the anterier cingu-
late gyrus. After eampletisn of testing, the animals were given a
brief meurelogical examination, the brains were perfused, and were
axamined grossly. The brains were then imbedded in celloidin, sectiomed
at 30 U, and staioed by the Nissl methed for study of the lesions and

retrograde thalamis degeneratien.



Behavwinral
The vespencas of the individual cats te cach of the thvee leatm=

ing problems are presested in Tables I, II, and 1II of the Appendix.
‘Table 1 contatns the presperative data, Toble II the posteperative
(3 woek) data, and Table IIX the Se-mouth posteperstive data. The
entriss in theoe tables ave moom poweent correet scores taken ower
three consecutive four-day imtervals.

The comparioon of the meosn percent cosvoct scoves for emch task
over the twelve presperative days is as follows:

Auditory
Learaiang Sot Delayed Respouse Diverinination
Uneperates 76.8% 77.6% ' 70.9%
Opezates 73.3% 76.4% - 09.0%

The mesn pevcent scewes over the twelve days of the J=weck poste
epevative poriod are:
Unoperates - 76.4% 78.4% 68.0%
Operates 57.7% 55.6% 52.0%

ﬂuuy. the mosn poveant scores gver the twelve days of the S«
nonth postoperative period:
Unoperatas 72.2% 73.52 | 70.8%
Opevatas 62.5% 61.0% 57.6%

A swmmary of the above data 1o preseuted graphically ia Pigwres I,
1, and III.

Pigwre I {5 designed to display the difforemces between the opere
ates and umepervates on m loarning set problem. An analysis of



variance was applied that took inte acceunt the fact that the dats
contaived wnequal group sizes. The amalysis chesen was that ef an
uwaveighted means solutism (Table I). The between subjects' P seove
for the learning task was clearly significant at greater than the .03
level. Iu foct, it spproached the .01 level. This smalysis shows
the differoncs between lesioned and mon-lesioned animals en this
task. No other imtersetien was found to be significant im this
varianee analysis. This weuld imclude any variance pessibly attri-

buted to wmeontrolled variables in the testing proeedure.



TARLE %
Source of Variation
Betwacn 89
A
Bubjects w. groups
Within Ss
B
AB
B = Subjocts w. gPOWPE
¢
AC
gc x Subjocts w. groups
ARG
BC x Subjects w. grouwps
Betwoon 8s
A
~ Swbjocts w. growps
LRAMNIEC Viehin Ss
B
g AB |
: 2 Subjests w. group
M
:c u Subjouts w. groups
ADC
B x subjects w. groups
antu:m 8o
Subjocts w. groups
Withia 8
B
LESPOESE AB
B = subjosts w. greups
c
AC
; % subjects w. groups
ARG

BC x subjects w. grows

A = Subjects df =1

B = Testing Days 112 df =11

¢ = Pregpepative and Postoperative
- Testing Sossioms df =2

*p = 08

M. 8.

16.1

23.5
5.8
209.7
269.0
130.1
2,741.0
12.7
i1.2
1.9

364.9
11.6

29.1
2.6
4.6
65.1
107.7
1,151.0
8.0

&.
2.3

166.1
9.9

1.2
.33
16.9
43.3
4.8
1635
22
5.15
7.2

¥
25.18%

31.45%

8.34
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MEAN PERCENT CORRECT SCORES

FIGURE I

COMPARISON BETWEEN LESIONED- AND NON-LESIONED

CATS ON LEARNING SET PROBLEM
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Pigure II is designed to display the differences between the
eperates and uneperates em the delayed vesponse problem, An asmalysis
of variance procedure for data ¢ontaining unequal greup sises (f.e.,
uoweighted means uiutin) revealed a between subjects F acowe that
eame very close to the .05 level (Table I). HNe ether imteractions,
ineluding those possibly related to unceontrolled variables, were
found to be significant.

Figure I1I i¢ designed to display the differences between the
operates and wneperates on the suditery diserimination preblem. An
aualysis of wvariance of the same type as deseribed above was used
te snalyze the dats (Tabla I). The between subjects ¥ scere for
this task was e¢learly significant at the .05 level. Omee again, no
other interactions were found to be aignificant in this veriance anse
lysis. The use of eme-tailed tests in the analyses described in this
thesis was deemed pormissable because of the prior assumptien that
the losloned animals would perfesm at lower level than the wnoperated
animals, }

Figures I « V in the Appendix are graphic preseantations of the
mean poyrect perecemt seores taken ever three consecutive four=day
intervals for individual snimals. Vigures I and IT display dats frem
the twe wmeperated amimals. Pigwwes TII, IV, and V display data from
the three eperated animals. Note the very d&ﬁnite separation batween
the pree and posteperative ¢urves om Piguwres III, IV, and V (eperates)
and the lagk of separation in curves on Figures I and II (nenoperates). |

. Beecause of the small mumber of subjects and a hesitancy to asouse
normal distyributiom of the seores, a mounparmmetric test (the Manue

Im use of & ona~tailed test appliecs emly to the MamnsWhitney test. All
analyses of varienee were derived from a two-tailed table.
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Whitney U test) was chosen to snalyze a portion of the data, Pesecoves
wore caleulated for the following group comparisoms:

l. Experimentsl (preoperastive) vs. Experimental (3 weeks postoperative)
Z. Bxperimental (preoperative) vs. Experimental (5 months posteperative)
3. Emperimemtal (3 wecks poste

operative) vo., Experimental (5 menths posteperative)

4, Control vs. Experimental ( Precporagive )
5. Contrvel . ve. Experimental (3 wecka postoperative)
6. Control ve. Experimental (5 memths postoperative)

In each of the six cases s pescove was ealeulated for esch fouwreday growp
of scoves for each of the three tasks. Tables II and IV cach present the
entive 36 pesceres. Table II displays comparisons listed sbove as L - 3,
and Table III displays comparisons & - 6. Because of the very small
sample, & apecial table was uwsed to calculate these pescoves (Table J,
Appendix, Siegel, 1956).
Unfortunately, with swch a small W, many of the pescores, although
being o8 signifisant @s possible under these conditions, feil te voach
2 p of .05 or better. Thevefore, the discussion will fivet be limited
to those situations in which a pescore of .05 was possible (i.e. Tsble IX).
In the comparison of the experimental precpevative scores with the
Jewsek post-lesion scoves of the same snimals, Teble II shows a differ-
ence at the .05 level for all three tasks indicating & significant
lesion effect over this poried. In the comparicon of the experimental
preoperative scores with the Semonth post-lesion scovres of the sme andi~
male, Table II shows a difference at the .05 level for all thvee tasks.
Thiec result agein indicates s significant deficit in performsnce aftor
the lesioms. In the compavison of the scores determined in the J-week
post-operative testing period with thosedetermised in the S-month peste
leston poriod, no oignificant difference was found, although Figures, I,
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FIGURE III

COMPARISON BETWEEN LESIONED. AND NON-LESIONED
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IX and III seem to indicate at leﬁst a slight fprovement in patfm-
anee between these groups. |

As reported before, the lagk of an sdequate M in the nom~operated
control group prohibited the possibility of a aiﬁltiﬁmﬁ e-pattm in
certain cases, however, certain tremds aeeﬁ to be _émesied. During the |
first twelve days of testing, there are mo a!.‘gniﬂun; diffevences be-
tween the contrels and the nousoperated experimentals. This is true
for all three tasks (p = .35, .35, .5 Table III). It indiecates that
the animales for the twe greups were drawn in 2 random fashion. In the
comparicons of the leweek controls with the 3eweck exmperimentals, 21l
tasks showed 2 p=.1 (Table III). This pescore is as significant as the
number of subjagﬁe-wixl_ allow. This is also the ecase in the comparison
of Semonth eontrols with Semonth experimentals (Table III), where p again
ie equal to .1 for all three tasks. These last two p sceres indicate
that the defieit displayed by the operates was a divest vesult ef the
lesions and not seme other variable eperating during the peostoperative
period.

Anatomical.

Photegraphs of the gross brains of the three lesioned animals are
precented in the Appendix. Por each of these cats, photegraphs were
taken of three views of the gress brain, viz., superior, left lotexsl,
and pight laterzl. These brains exe being precessed for certical recon~
struetion and subeertical degeneratior studies. Although all lesions were
deemed complete st surgery, distertion due to healing helps render gross

exsmination an inadequste means of checking lesion limits.



TARE X2

CIMFARISONS OF PREFOBMANCE OF LESIONED CATS
ETVEEN PUES AND FOSTOPERATIVE XEST-
NG BESSIONS USING THE MANN-MITHEY

4
¥ TEST

1. Ewperimental (precperated vs. w (3 veak postoperate)

Bays 1-4 Bays 5-8 Pays 9-12 Bays 1-12

BBy P B 9 L N
iearming Get © .05 ¢ .08 0 .05 o .08
Pelayed Regp. O L5 0 05 0 43 0 05
dnd, Bisc, o .05 ¢ .03 e 0 o .05

2. Bsperimental (precperative) ve. Buperimsatsl (5 moaths postoperative)

m St 0 08 3 39 0 05 G ]
Delayed Resp. © .05 O .08 O .08 o .05
and, Blac, L] A5 1 «10 4] 03 0 05

3. Bxperimental (3 wesks postoperative) vs. Ewperimental (5 moath postop.)
Learning Set ® .50 1 .30 0 .05 B B -
Delayed Besp. 8 .20 1 .10 1 .10 1 .20
Aud. Disc. ¢ .0 1 .10 3 .% 1 .10



TABLE III
COMPARTISONS OF PERPORMANCE BSETWEEN LESIONED AND

RON-~LESTONED CATS AT PRE- AND POSTOPERATIVE
TESTING SESSIONS USING MANF-WHITNEY U TEST

1. Control (precperative) ve. Experimental (precperative)

Days 14 Days 5B Deys 9=-12 Daye 112

v p v p U p T 9
Jostning Set 4 .50 3 .8 2 .20 3 .38
Delayed Resp. 2 .20 3 .35 0 .05 3 .38
Aud. Dise. 1 48 3 .35 2 .35 3 .35

2. Coutrel (3 week postoperative) ve. Ewperimental (3 week postoperstive)

Learning Set 1 10 0 <10 @ .10 0 .10

Aud, Dise. 0 .10 0 10 i -20 0 .10

3. Contrel {5 months postoperative) vs. Experimental (5 msuth postoperative)
Laarning Sot 2 10 1 20 9 10 ] .10
Delayed Resp. ¢ 18 g <10 0 | .10 9 .10
Aod, Dise. 0 .10 L .10 | ] .16 ¢ .10



CONCLIS 10N

Given the otatistical handicaps inherent in any study uhich
attoupts to use 3 swall mmber of animnle, cortain eoneluvaions may
otill be tentatively dvawn heve. Bilateral assoveistion avea lesions
do disvupt the behavior measured by learning tasks.

The auditery diserindsation “go « no go™ task is intevesting be-
cause it combines twe learning precesses. The fiest 4e the auditory
diserinmjuntion Ltsclf, and the second 48 a temporsl distisction be~
twcen “go” and “no go™ periods. 1In this semse, perhaps this preblem
io the most difficult of the thwes. If we agsume thot move somploxn
lesrning procosses are moot affected by assosiation area lesions we
should expect this task te be most soriously affected by the laosions,

In a portially anslogous study by Johamoom (1962), cats with bi~
latepal aosoeiation aven lesioms lenrmed to vespond {m a Brogden~
Culler whoel in the prosence of auditery stimmuli similar teo those used
in this study. After cntensive trajning, most of his unoperated animals
rveached a 75% ecriterion levsl. This i very close to the eoyyect-vecpense
level of the cate im this study. Furtheyworw, Johmooa's lesioned animals
also chewed a distinet defieit in the pust-lesion swditory disevimination
task, but his data in this situation are confounded by the addicion of a
1ight stimulus.

It {0 ianteresting te sompore the Bregden<Culler wheel ys. the WCTA
"ga-»mbgc" paradigns. Thompoon (1964) peints out that in studfes tosting
frequemey discviminotion after complete suwditory cortex lecions, the condi-
tions of training seem to have a erweinl effecct. Studies which demgunstvate



27

a loss of frequeney diserimination require a vesponse to the positive
stinmulus and respense inhibition to the negative stimulus, Sgudies
demenstrating pestoperstive relearning of the auditory diserimimation
uged metheds involving o change from a background nagative stimulus.
In one sense, the paradigm deseribed in this study is a cembination of
both procedures. Whereas the task used heve required the amimal te
inhibit a megative recpense, it alse involved learning to vespond enly
te a change in an ongeing background negative stimulus. Thompsen's
prediction (1964) that |

“Ablation of the assoeiation areas alome will fmpair

frequency diserimination learning by vepetitive

training procedures, even 1if the primary auditory

cortex is iataet."
seems to be borne out by this study. Omne questien that has relevance
for understanding the nature of the deficit is whether the asseeiation
axca lesions afifeet the "go « no go" pertien of the test vathey tham
the awditory diserimination per se. That is to say, animals ﬂtbnt
these sveas are incapable of inhibiting & wespemse during the “ne go”
portien of the trlal. It might be possible te tecase out this type of
information frem the vaw data if recerds were kept regavding the type
and time of errors made during the testing procedure. Unfertumately,
this was not dene.

The lesrning set task was also significantly affected by the
lesiens. It is not difficult to explain vhy, especially i{f ome consi~
ders "learning to learn" as a more complex learning process, It is
intervesting to note that the operates showed a good deal of recovery in
the four wonths between postoperative testing perieds (Figure VI). This

result is similar to that found by Meyer (1958) om learning set performance



28

by moukeys having temporal meocortical lesioms. Perhaps these results
ave partially due to the fset that the cate had extensive expevience on
a learning set task (over 1,000 problems) befove they came to this lab.

The dalayed response problem demomstrated the smallest peat-lesion
defieit according to the amalysis of variance. Warvem et al. (1962) have
shown that cats with fromtal lesions display no defiecit im this type
of task, It 18 difficult to make an exact comparison, but ﬂm:e is
liztle dﬂi that Warren®s frontal lesions and the lesions in this study
are at least parvislly everlapping, especially in the pericruciste axea
(PCA). |

Jobnsen found that his plrt;tny ablated animals were able to learn,
but it took them significantly lomger tham nornal or sematic corten
ablated comtrols. The totally ablated andmals were unable to lears to
hie (Johnson's) estsblished criteria., The cats did show responses to
simultaneous stimuli frow two mucus but did not 4chibit respomses
to an independent presentstion. However, they showed a statistically
significent tendency toward differential respomses in the airacﬁon of
learning. Johmson mentioned that perhaps the tetally ablated group had
aone difficulty in conmecting the cenditioning stimuli with the shoek,
but that the only velid comclusion that might be dvawn was the mecessity
for total sblation in the demonstration of behavioral differences.

Perhaps the reasen for the failure of Warrenm et al. to find 2
delayed response defieit was that they had made an incomplete assscia-
tion respemse area lesion., Of course, in comtrast, many primate stu-
dies have showa delayed vespeunse deficits with fromtal lesioms (i.e. a
partial association respounse srea lqgun). However, this may vepresent

nothing move than a phylogemetic lability thet decresses as eme goes
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up the evolutionary seale. This decreasing lability does seem to be
a fairly reliable genevality ~ as far as the cortex is cencerned suy~
way.

The lesioms, although somevhat varied in extent, appear to have
fulfilled their purpose. It must be cuphasized that the correlations
of individual animal behsvior with lesion size camnot be attempted with-
out adequate histological examinstion, and then only 1f the vast amount
of intra-animal variability is kept closely ia wmind.
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Cat
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11
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n

Days 1l-4

H.B.

75.8%
65.1
70.8
70.0
65.1

76.6%
76 .6
68.8
64.1
67.2

71.9%
66.9
70.0
73.1
73.1

Animels IX, IV, and V were chosen for lesions.
wvere chosen as unoperated coatrols.

I and VI

TABLE 1
Preoparative

Percent Correct R esponses

LEARNING
s T P
63.1 82.5
4.2 75.0
72.3 81.6
70.8 76.5
DELAYED RESPONSE
70.3% 76.6%
82.8 81.2
78.1 87.5
78.1 84.4
76.6 82.8
AUDIZORY DISCREINATION
63.1% 73.0%
5.6 72.3
65.90 75.0
64.4 33.1
71.2 7.5

Days 1-12
76 .1%
_ 70.9
wa.&%"
73.3
74.7
- 70,8
Xe73.3%
74.5%
X=77.4%
78.1
75.5
Xa76.4
70.0%
- 71.7
Xe70,9%
70.0
63.5
~ 9
En69,8%
Animala



TABIE 1k
PFostoparative -~ 3 weeks
Porceut Corvect Responses

LRARNTNG BET
Cat Days 14 Bays S8 Days 9-12
2 %6.7% n.02 81.7%
v 68.3 76.7 84,2
n 57.5 95,8 61.7
33, 96,2 6.7
v 53.8 60.8 60.9
HEAYED HESRONSE
2 68.8% 73.4% 0.3
v 81.3 8.3 844
u 51.6 $3.1 59.4
W 53.1 $3.1 7.8
7 $3.1 62.5 36.2
' AIRTIORY RISCRIMTNATION
1 73.% 61.2% 73.8%
vi 63.1 75.0 61.9
1t 45.6 $3.1 8.1
™ 43.8 46.2 53.8
v 91.9 58.8 61.9

H. B. Antmals XX, IV, and ¥V were lesioned. Animals
I and VI were the usoperated controls.

Bays 1-12
76.5%

58.3
6.5

2 s

76.5%

$78.4
S4.7

34.7

8=35.6

69.4%

$=68.0
50.6
47.9

»1%



Cat

i
v

h 41
v

. B.

LEARNING SET
Days 14 Days Se8 Days 9«12

65.0% 80.0% 76.8%
H‘Q! | ?lgﬁ ﬁ?oy
50,0 €5.0 70,0
56.7 60,9 65.0

DELAYED RESPOUSE
64,17 73.4% 78.1%
Ti.9 5.0 78.1
54,7 67.2 4.1
5.5 68.8 67.2
51.6 56.2 50.4

AUDITORY DISCRINTHATION
65.6% 68.8% 70.0%
88.1 68.1 63.8
53.86 63.8 57.5
5.6 62.5 61.3
50.6 56.3 57.5

Animale 1Y, IV, and V wvere lesiomed. Anftmals

TABLE 11X

Fostoperative « 5 wmonths

Porcent Cowrect Responses

1 and VI were the umopersted coutrols.

68.2%

_13.3
X=70.8

58.4
5%.8

54,8
X=57.6



FIGURE I

Cat I - Unoperated Control
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FIGURE 1I
Cat II - Operate
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FIGURE 111
Cat IV - Operate
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FIGURE IV

Cat V - Operate
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FIGURE V

Cat VI - Unoperated Control
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"Go « No Go” Training Procedure

Although the cats came to this lab with » great deal of WOTA

experience, they hod never performed inm a "go « no go” situstiom,

They had been vequired en provicus tasks to “go™ to the corveet

cbject whenever the tray was presested. Ome wajor problem in getting

the animals to porform well ia the “po - no go" setting was the extinguishe
ing of that predisposition for nsking an femedioto “go® respense.

A variety of procedures wore tried to shape the “weo ~ o™ behovior
uhen the diffieculty first became ovident. At first, the sfuple object
was presented many times in the hope that the respomse would extinguish
vhen no foud veward was foursd. However, one reinforeement would slways
begin a series of many rosponses to the unbaited object.

Secondly, the object was hinged a2t the back to the board so that
it could only wove in 2 pivet avound the hinge, thercby uncovering
the food woll. Move fmpertantly, a plece of string wes fostomed te
the front of the stisulus ebject, rum thvough a hele in the tray bensath
the object and back te the observer. In this moumer the observer wae able
to lock the object by placing tenodon on the stving, but the cat was une
able te discora whether the object was locked or not.

The cats were then subjected to "po" entinction trials with the
locked object. After soveral hundwed twvials, approximately 90% of
which consisted of the presentation of the object in the locked posis-
tion, the dendinant “go" vesponse te this situstion was extinguished.
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Cat IV

ieft Demisphove. The wmiddle suprasylvian gyrus shows loss of
contour and substsnse. The lateral gyrus appears almest totally
fatsct with the emception of the amterice 1/5'® of 1ts meve lateral
extent. The pericruciate svess seem tetally sblated extending to
ood including the astevier eiangulate gyrus.

Right Hemispheve. The middle suprasylvien gyrus shews loss of
contour sad substance. The lateral gyrus scams simost totally
intest, agein with the exception of its move medinl cmtent. The
pevicruclate aveas seem totelly sblated down to end including the
supexior lip of the umteriov cingulate gyrus.

Comeent. The lesfon scoms adequate with the exception of its
tack of destruction of the anterior lateral sensocy assecistion

arean.



Left Hemisphere Right Hemdisphare



Cat V

Loft Homisphere. There appesrs to be total loss of sub-
stance in the middle cuprasylviam gyrus. The lateral gyrus
shown loae of strusture end comtent in its entevior 1/5th
extonding nedially to inelude part of the elmku gyrus.
Thore 1s total loss of substance surrounding the perieruciate

AREAT.

Right Hemisphere. There is total loss of substance of
the middle cuwprasylvies gyrus. The latersl gyrus shows loes
of substonce fu ite snterier 1/5'R uhich extends wedially to
inelude the cingulate gyrus. There 1s total loss of substamce
about the pericrueiate arcas matchimg that of its comtralateral
henlsphere,

Cament., The losions seem to cover the imtemded aveas.



APPENDIX IXw

®Analyees done subsequent to the completion of the thesis.



TABLE 1
SMRARY OF 2 SEC., AND 10 SEC. DELAYED RESPONSE DATA

Correct Respemses

Hermals Pesteperative 3 week

Days 1-4  Days 5-8  Days 9-12 X

Cat 1 2 see. 23 24 30 77
10 see. 21 23 22 66
Cat VI 29 28 28 85
17 20 22 59

Lesiened
gat I1 s O 19 23 56
19 15 1% 48
Cat IV 17 22 23 62
17 12 14 43
Qat V 19 26 22 67
15 14 i4 43

Postoperative § Month

Wormals
Cat I 24 24 27 75
17 21 23 61
Cat V1 26 29 33 aa
26 23 24 73

Lesipned
Cat II ' 21 26 20 67
22 15 i5 52
Cat IV 22 23 23 68
. 16 21 20 57

Cat V 21 24 25 70
; 12 12 13 37



PABLE IX

SIRMARY OF REJPONSES ON TRIALS 2 AD 246 INCLUSIVE
DEPENDENT OF VIlFTHER INITIAL OBJECT IS REVARDED (+) OR MOT («)

Correct Responses i

3 Week | S Hemth
Trial 2  Triaks2e8§  Trial 2 Trials 2.6
Cat# ¥ . “ - + - &

1 25 1 136 128 2% 3 13

" 88 B8 ® 5§ B
11 B 22 95 108 21 2 us
w 19 25 106 101 2 2 us

T § W ow- B OB OB

131
#

114
107

Moo



dpditory Blecximinaticn
Bouzeg of Verisgion g
Batwosn oparates and unoperates 2,900.0
Setweon 8s in same group —hdfad
fTotal between S» - 3,112.3
Batween J-week and S-month 176.2
Interaction (opevatss and unoperates
£ (3-week + S-month) $77.3
Interastions pooled B3 X trials 2,691.9
Total within S8 3,404.5
laacnisg Sot
Botween operates and unopsrates 2,652.0
Between Ss in cume group -t
Total betwesn 8o 2,771.0
Botween 3-weak and S-month 1.3
Interaction {operates and umoperstes
% (3-woek 4+ S-uonth) 525.0
Intezaction: pooled Ss X trisls 2.389.5
Total within 8¢ 2,915.8
Dolayed Bampensg
Between operates and unoperates 1,040.0
Petwesn S8 in same group —Ai2:0
Total between Be 1,192.0
Setween J-week and 5-moath 146
Intexaction: (operates and unoperates)
% (3-week 4+ S-momth) 1258.2
Intersction: pooled 8s X trials 2720
Total within Ss | 1,098.6

*

TANLE ITI

Comparison Betweasa 3-Wesk and S-Month Uparates and Umoperates

Significent at .95

we Jignificant at .99

4 lasnfe. ¢

W opere e p s W O e B Rawe

W e w5 Now

2,980.0
.l

176.2

577.3
897.0

2,652.0
al.7

1.3

525.0
796.5

1,040.0
50.7

1.6

125.2
324.0

67.6%0

63,6% *

20.5%





