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ABSTRACT

The present experiment was designed to test which of
: [y
three proposed theories offered the most parsimonious ex-

planatlon of the response perseveratlve behavior of hlppo—
campal damaged animals. _

Tﬁenty—fonr male albino rats‘weresubje}ted to either
bilateral hippocampei lesions (HP groun) or-sham operations
(sH group). Equal nunber of HP and SH animals were reo;ired
to learn a redundant relevant dlscrlmlnatlon in which bright-

ness ‘was made redundant and relevant with response._ alternatlon.

After acqulsltlon criterion wae reached, ‘all Ss were given

- N

brightness and alternation cue utilization tests with order

of presentation counterbalanced.

Pretta%ning test trials found that both'groups-showed

position preferences, but-SH rats displayed more response

alternation than HP rats. The HP animals acquired the Yy ™™

-

redundant reléyént_cue task as eaeilyﬂes the SH control
animals. Both Qtohps.aoquired*thé bgiéhtness d;meneion and
neither group acquired the aiternation dimension. There
was, however, a clear difference in the reeponse pattern
of the two’groups. During the e;ternation'test trials,
HP Ss revetted to the originally preferred side of pre-
tratning, while SH Ss'did not reliably do so.

None of the proposed hypotﬁeses oould adequately

explain the observed findings. ' The results were discussed

. K iii



in terms of response perseveration being a function of
minimal external cue discrimination.* Small,réﬁiafrequency.
lesions in the posterior hippocampus appeared to be re-

lated to the ability to process information under ambiguous

~ °

cue conditions.
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-Chapter I

Introduction

Statement;of the'Problem " A

éhree major hypotheses have been prOposed to explaln
the perseveratxve behav1or of animals followlng hlppocampai
damage. f

Kimble (1968) maintains that the hlppocampus, along
with- arousal systems of the braln stem and thalamus, constl—"

tutes a ‘co-ordinated system whlch is lmportant in the produc-

tlon of pPavloviar 1nterna1 lnhlbltlon. He presents ‘both

>

neuroanatom1cal and electrophvs1dlog1cal ev1dence to” support
this thesis, and posits that Ss with hippocampal lésions
suffer from an inability to cease.an ongoing motor response

regardless of any external stlmulus changes. .This is an

'_example of a'deficit in 1nternal inhibition. Douglas‘and

iPrlbram (1966), on the other hand, maintain that the hippo-

campus acts to exclude 3t1mulus patterns from attentlon thré%gh
a process of efferent control of sensory reception whlch they
call’ gatlng. Therefore, the DOuglaa—Prlbram model would pre-
dict that anima ls with hlppocampal lesions would be less able
to 1gnore prev1oualy attended to stlmu11 no longer assoc1ated
with relnforcement and hence be less distractible than

t

normal Ss. DouéTas (1967) later termed. this a defzcxt in

7

stimulus habituation. A third interpretation,’ that of

. - !
Winocur and Mills (1969) states that the persg¢verative

1,



-“band of cortex 'which is almost entlrely surrounded by. the

)

,\'_. l I . ' 2.
behav10r is secondary to a fundamental deflclt 1n the ability
dto 1ntegrate relevant sensory lnformatlon. Daﬁage to the
”-hlppocampus results in.a’ def1c1ency in proceBSLng 1nformat10n
'.about env1ronmental changes. | | -
T was the purpose of~this'study.to further exploref
the relatlonshlp between hlppocampal lesrons and the above

descrrbed hypotheses of response perseveratlon.

Bacquound and Related Research

The hlppocampal formatlon is a large and complex

archlpalllal structure whlch takes up a consxderable portion
. =
of the central section of each hemlsphere. In the human braln

'the hippocamoal formation extends from the septal region over-
.the cofpus callosuﬁ and ventrally into’“the rostral end of the
temporal lobe. o S “

. The hlppocampus proper iAmmon;s horn, or cornu ammonls)
‘consists of three layer’ cortex. It extends along the floor

of the fourth ventricle and“is'covered by the ependymal llnlng

of the vent 1cle and a sheet of myelanated fibers called the

- alveus. Thege flbers are contlnuous with the dlatlnct fiber

fbundle called the flmbrla which develops along the medlal
borxder of the hlpp?campus. Th ,hlppocampl of the tqo hemi- | _;-x;
‘“:spheres are profuaely interconnected through the hlppoqampal: ‘
comnlssure ' The dentat gyrua or fascra dentata is a narrow‘

Fy

hlppocampus and is contlnuous thh the hxppocampus in, the

hlppqcampal fissure. ‘ e, | . LT
'?The'hippocampus in the rat is formed by“the tight

A
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1nterlock1ng of the hlppocampus proper (Ammon's horn) and the

dentate gyrus. The hlppocampus receives direct connectlonsf

from’ several reglons of the llmbxc cortex (entorhlnal area, the

presubiculum, and septal area) and sends its efferent fibers
out of the fornix to the mammillary bodies, the hypothalamus,
the dlffuse thalamlc system. and the brain sten {(Green, 1960).
Electrophy31olog1cal recording and stimulation have
prOV1ded ‘a technique for explorlng the neuroanatom1ca1 circuits

of the hlppocampus. Green and Ardulnl (1954) observed an in-

_yerse relatlonshlp between h1ppocampal and neocortical act1v1ty.

Neocortlcal desynchronlzatlon (fast low voltage actld&ty, a

-,

‘slgn of attendlng 1n the normal awake animal) was accompanied

by the appearance of high amplltude slow waves (4-7 c.p.s.) in
the hlppocamphs. Conversely, when cortical splndle waves were

recorded hlppocampal desynchronlﬁgtlon was pre 'nt; This 1n£

‘verse relationship between hippocampal and cortical activity

°

was maintained during rest or sleep. The authors proposed that

* " the slow waves of the hlppocampus represented a specialized

h1ppocampa1 arousal react10n._ -In support of this hypothesis,
Holmes and Adey (1960) recorded actlvzty from the hlppocampus
and ,entorhinal cortex in cats in a delayed response 51tuat10n.

The Ss attention was drawn to the baltxng of-one of two food

contalners, then, after a delay of 5-10 sec., a brldge was

"lowered to the cups. The slow-wave pattern in the hippocampus

”'.'appeared just before the animals began to walk toward one of

the goal boxes.ﬁ The researchers suggest that the theta activity -

_ of the hippocampus might indicate a "readiness to act" since

-
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it accompaniee an alert state found in goal-directed activity,
Thig view that theta (4-7 cps) wave activity in the hippocaﬁpus
was’ an arousal reaction was further strengthened by - the observa—

t
tion that it appeared as a result of stimulation of- the retlcular

-

formation (Green, 1960Q).

The same electrophysiological phenomenon, i.e., the

inverse relationship between hippoEampal and cortical activity,

A 5, _ , ‘

received a very different interpretation from Grastyan (1959),
/

'He observed that cats stepped all ongoing behavior and oriented

‘toward a moving object during electrical stimulaé&on cof the

hippocampus, Furtﬁermore. hippocampal stimulation alone, with-.

out specific sensory stimuli interrupted ongoing behavior.

These observations led Grastyan to view the theta rhythm as an

indication of hlppocampal non-functioning, and that 1nh1b1t10n

of attentlon was the result of hippocampal desynchronlzatlon.

Meissner (1966} found that the theta activity of the
hippocampus could be influenced by stimulation of the geptal
and entorhinal areas. Stimulation of the septal region re-

sulted in generation of theta rhythms in the hippocampus.

‘Stimulation of theientorhinal region led to hippocampal de-

A’

synchronization. He attributed higﬂfiefings to two separate.
afferent paths to the hippocampus: 1) the septohippocampal
circuit {SH) and 2) the teapbroammonic circuit (TA). He con-
cluded that' the generation of the theta rhythm was linked to in-
puts from the medial septal reglon via the SH circuit. De-
synchronlzatlon. on the_otyer hand, was-linked to inputs from

a

the entorhinal area via the TA circuit.



S

Micro-electrode studies of single hippocampal nerve cells
in the rabbit have shown thef bursts of berlular activitf;tend
to oocur in synchrony with the grossly recorded theta thyt
‘ and can be evoked by all types of'sensory stimulaﬁioh‘(Gr n
-and Machne, 1955il Reddingl(1967) depressed cortical euo'ed
potentials in both the auditoryband visuel-mogalities bﬁ‘Fon—'
current stimulation: of the hippoeampus. He further reported
that thlB depresslon of the cortical evoked potentlals was | ‘
.Opposlte to the augmentlng effect of reticular stimulation.
Therefore. the hippocampus may exert an 1nh1b1tory effect on tﬁel
reticular formation;. In general the electrophy51010g1ca1 data
suggest a role for the ‘hippocampus in the processes of arousal
and attentlon. Although the exact nature of this role is as
-yet not clear, the above studies suggest that it is more 11ke1y
to be a modulatory 1nfluence rather than primary control.®

In human research the hippocampus has been implicated in
short term memory function as well as-a modulator of attention.
The majority of animal hlgpocamoal research was.initiated by
accidental clinical findings in'human'patients with temporal
lobe legions. Milner and Penfield'(1955) found that after the
hippocampus had been removed in humans, a deficit in recent
memory occurred. Such patienta could remember quite well
events.that happened weeks or months ago but could not recall
immediate events such as what they had for breakfast. In
aupport of the memory deficxt theory. ‘Talland {1968) reported
that patlents with Korsakoff s syndrome (a psychoszs resultlng

from neural damage to the ‘temporal lobe including the hlppO- .

campal system due to alcoholism) demonstrated dramatic deficits

-



6.
on tasks réquifing sh?fting of attention.-although they were
impervious to aistraction by noise, or unscheduled incidents in
their environment. Scoville and Milner (1957) showed that.the
deficit does nééﬁoccur unless the hippocampus %5 includgg in .
- the temporal lobe-leéion.- ALthough reliably démonstrated. the
use of‘bhe term "recent mémofy loss™ to deséf{£e_the behavior
of patients with hippocampal operations,” has been misleading.
The term has been used as an equivalent of “recent memory"
implying a short-lived effect of a stimulus. By £his‘definition.
a recent memory loss would imply that the trace'effects of a
© stimulus would be lost. This is not the case, however, as Pefi-
jfield and-Hilner-(lQSB) have demonstrated. They showed that the
- attention span is normal in patieﬁts-with hippocamﬁal damage, and
"that they could recall successfu11§ for up to several minutéa |
after exposure to the stimulus. Mil r‘(19§5) suggested that
human subjects wiﬁh bilateral hippocampal damagé could sustain
" memory of current.experience as long as no distracting stimuli
were present; The deficit was considered to be a lack of ‘con-
solidation of the trﬁce effects of the stimulhé into perméﬁeﬁ£
memoryl Thé "re¢ent" part of. the term refers to:receﬁtly
since the operation, not recently-after_the stimulus.
The experimental literature in animal research fails
:tb consistently'replicate human.sh§rt term memoxy deficits
observed after hippocampal damage. Jarrard, Isaacson, and
Wickelgren (1965) trainéd hippocampal, cortical and un-
operated control rats in a straight runway iask. Resbonse
latencies and running ‘times were recofded under two inter-"

trial intervals (10 mec. and 10 min.). The "short-term”

¢
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'memofy hypothesis would predict that the larger ITI would _

éroduce a reduction in the acquisition performance of the
hippocampal‘leaionedlgs. They found no difference in aoquisi-
tion rates between the groups. and concluded that the integrity
of the hippocampua was not essential for short—term memory.

A slmllar flndlng was reported by Kimble and Pribram (1963)

in monkeys under dlfferent experimental task. condltlons..

An automated dlscrlmlnatlon apparatua ( DADTA ), which could
present 1-12 stimuli (numbers) at a ' time at dlfferent ITI 8,
on 1nd1v1dual’Luc1te,pene1§ was used. In the first paré

of the experiment-gs Fesponded by depressing consecutively
the two panels which 1it.up in any order for a peanut reward,
In a seconé”part of the experiment an externally imposed
correct order had to be maingained On both tasks hippo-
campal Ss performed more poorly than controls deimonstrating

a defic1t in behaviors of a sequential nature. However, the/’
lerigth of the ITI's had no effect even though some wene ex-
tended.up to 6 min. Lastly, Kimble (1963) trained hippo-
campal lesioned and cortical control rats on a black-white
discrimination task with an 8 min. intertrial interval.

The long ITI produoed_no significant differences in acquisi-
tion rate between the two groups. Furthermore, the experi-
mental Ss showed good (70%) retention of the discrimination
problem a week after acqulaitlon He conclud;d that a short-
term memory concept could not account for these results,

Hippocampal lesions did not seem to impair the acquisition

and retention of learned tasks for relatively long periods

o -\\\
N N
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oédsfme. Thus, the animal and human data appear to be in-
consistent., ‘

A possible resolUEion}Qf Epese contradictions may be
that the recent memory loss pbserved in man is a secoqdary
eff&st of a different type of pgimary disorder. Another
plausiﬁle'explanatipn may be that the methods used ;o test
for memory deficits in animals, such as ITI, may not be
sensitive enough to detect the subtlﬁjmemory disturbances
that humans easily report verbally.

In animals, one of the more consistently observed
effects of hippocampal damage has been a perseﬁeration of,
ongoing or previously learned locomotor responses. Several
behavioral measures have been used to demonstrate this
effect. |

Orie index of the rela£ive incapacity of animals with
hippocampal }esions to sﬁow normal.bchévio:al vafiabiliﬁy
has Béen fougd in non-reinfotrced alternation studies.
Kirkby, Stein, and Kimble (1967) tested hippocampally
damaged and control rats for spontaneous alternation after
;arious lengths (50 sec.,_ld min., and 50 min.) of confine-
ment in the first choice arm of a Y maze. Only the hippoJ
campal Ss failq@ to alternate as expected. Roberfs, bember,
and Brodwick (1962) allowed hippocampeétomized and neo- .
cortically lesioned rats to expiore a T-maze, with one arm

painted black and the other white (to facilitate dis¢rimina-

,tion). ‘The number of spontaneous alternations was recorded.

The hippocampal damaged group habituated more slowly.to new
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.envi;ohménts and lost their tendency to altérnate sooner.
Deficits similar to those in spontaneous'alternation
have also been observed in learned or forced alternatlon -
studles. Racine and leble (1965) gqave water deprlved rats-
three trials per day of alternatlon training (i. e.. reuard
followed an alternmating repponse). ‘Surgery was then per-
formed to produce a_hippocampéctomized and cortical control
group. All cortical Sg reached their pre—dberatiﬁe level
of alternatioq while none of the hippocampal Ss did.
Position reversal ghift 1earning has also Been employed

to dehonstr&te response perseveration following hiprCampal
lesions. Kimble and Kimble (1965) trained hippocampal aﬁd
control rats to run five consecutive times to one then to
the other side of a'Y maze for a food Yeward. If hippo-
campectomy intereferp with the inhibition of previously
learned response patterns (i.e., impairs.fhe S's 'beha;ioral
flexibility”) then the hippocampectomized Ss should per-
severate side responses which were no longér reinforced.
Hippocampal lesioned Ss were found to be distinctly inferior
in acquiring the position reversai task relative to control
Ss. Cohen, LaRoche, and Baharry (i971) reéuired rats to
learn a left-right-d%scrimination in a uniformly colored
Cross maze. _yhen tested for perseveration by Changing the
start box to the oppésite side, hippocampal lesioned Ss
were found to perseverate the original turning reaponée in
the reversallsituation. In a second stage of the same ex-

periment, one choice arm was painted black thus adding a
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brightness cue. This procedure dld not lead to a axgnlflcant
dlfference betwetn hlppocampal 1e31oned and operated control
Ss. These investigators concluded that response persevera—
tion aftgr hippocampal damage appears to be a function of
minimal external stimulus differentiation. ’ ,

Resistance to extinction has been found to increase
in hippocampal damaged animals, and has, therefore; often
been used as a measure of response perseveratlon. Niki (1965)
reported that hippocampectomized rats did not lower their
bar pressing responses when a signal was introduced to -
 indicate that no reipfofcement uould.enﬁue during its presence.
He interpreted the observation as a clear lack of the Pavlovian
type of internal inhibition. Douglas and Pribram (1966) found
no dlfferences between hippocampectomized and normal monkeys
on size and brightness discrimination tasks. Houever. they(»
found the experimental Ss signifieantly more resistant to

extinction than the controls, and described their behavior
;_as an insensitivity to the absence of reward. Peretz (1965)
-tralned hlppocampally ablated and neocortical ablated control
rats té& open a small window for a food reward. -When the
latency of responses reached an asymptotic level, Ss ueref
inen 20 eitinction trials. -fhe extinction trial latencies
were sﬁorter for the experimental than for the control Ss.
In addition'to resistance to extinction, e%pefimenta‘
have indicated that animals with ﬁipbocampal lenionas per-
severate during changes in reinfofcement schedules. Jarrard

(1965) showed that rats with hippocampal lesions bar pressed
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at conaiatFntly higher rates than control groups on a variable
iﬂtervdi schedule. Hippocampal Ss were appaéently less able
to withhold responding when reinforcement was not available._
Clark and Isaacson (1965) demonstréted significantly ﬁoorér

performance in hippocaﬂPectomized than in normal rits when
they were'ahiﬁted from a continuous reinforcement :;hegule | {
to a DRL —.20.‘ The experimental Ss did not wai£-20 sec.
between bar press responses. However, if they were not pre-
traihed\on a continuous sqpedule, hippocampectomized Ss

couid learn the DRL - 20 reinforcement schedule és aquickly

as normals (Schmaléz and Isaacsqgn, 1966). Finally, Swan?on
and Isaacson (1567). in an attempt to show that hippocampal
lesiong diarupt an inhibitory process, and result in the
_observations recorded in extinction and réinfércement
schedule studies, ran a discrimination study whgre a specifié
'S°Vaignaled the absen%e of rewﬁrd. They shaped hippocampalky
ablated, cortically ablated and normal.control rats to bar
p%e;a on a CRF schedule. After stable response rates had
been established, the 30 min., training sessiong were inter-
rupted\by five, two min. intervals during which S2 (a train
of medi%m inteﬁsity ciicks) was presented coﬁfinuously and

. reinforcement was withdrawn. The hippocampal Ss were dis-
tinctly impaired in the capécity to withhold responses
during.S‘a. Ih the firat two studies, the lesion-induced
differences with VI and DRL schedules may have been the‘

| result of an impaired Ability to time or pace,béh#vioi.

There are no specific cues to inform the animal when not to

v T
]
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rehpond. The last study, however, suggests that h1ppocampa1
'damaged anlmals .perseverate responsea‘desplte lack of re—

i 1nforcement or cues lndlcatlng changes in reinforcement
schedules.

Measuring acguisition rates during avoidance task
.performance has also been employed as an index of response
perseveratlon Performance on active avoidance tasks
should be improved by hippooampal lesions ainoe the persev-:

1)

eration of motor responding (such as shuttling in-a shuttle

box) leéds to faster acgquisition. Isaacson, Douglas and
.Moore (1961) trained rats to.cross to the other side of a
shuttle box when a buz;er was aounded. If a response was
not made during the 5 sec. while the buzzef'was on, Ss’
'received a shock. The experlmenters found that the hlppo-
campal Ss learned thls double actlve avoidance problem
significantly faster than ei:;er normal or cortically
ablated control animals. Similar results were reported
by Niki (1962) on the acqulsltlon of a one-way active
avoidance task. Heﬂtralned lppoc;mpa; lesioned@ and
control rats to jump from an electrified grid into a safe
goalbox.‘ Each-learning trial began with the soundlnq of
a buzzer that contlnued until the animal ]upped into the
goal box. If, after 5 aec., the animal had_ not crossed
into the safe box, an electric shock was delivered along
- with the buzzer until crossing occurred.'.The S was‘left
in the goal box for 30 sec. and then was replaced to the

& :
grid side and a new trial was begun. Hippocampectomized

2
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Ss iearned and retained the avoidance task as well as

coﬁtrols. The.two studies seem to indicate that hippocampai
aﬁlation édés not interfere with the acquisition of either
i . ‘ .
a one-way or a two-way active avoidance’task. .
Acquisition of passive avoidance fasks. oﬁ the other
hand, éhould be hindered by iesiOns of hippoééhpus. In
" passive aVOLdance tasks the anlmal must learn to 1nh1b1t
respondlng in order to perform well, Varlous studies have
borne out this prediction. Klmura (1958) showed deficits
in shock avoidance learning after hippocampal lesions. He
trained 2 groups of rats (hippocampal lesioned and control)
in a straight runway fﬁf food" reward. After acquisition,
the food cup was electrlfled and 2 shock was administerd@
to the Ss mouth when reaching for the food Hippocampal
lesioned Ss showed a deficit in acqulrlng the passxve avoid—
ance task. Similar results were reported by Isaacson and
Wickelgren (1962): They trained bilaterally ablated :
hippocampal and cortical animals to enter a small goal
box for food. After 4 days of training, the animals were
given.a shock while eating-in the ‘goal box. The cortical
damaged animals would not_re-enter the goai box whileothe.
hippocampal lesioned Ss did. The effect of the shock on
'the hxppocampectomlzed anlmals was tran51ent and slight,
resulting in 1mpa1red passive avoidance learning. Teitel-
~ baum and Mllner (1963) placed hlppocampal and normal rats
on ‘a safe platform in the middle of an electrified grld
They found that Ss with dorsa{ h1ppocampal lesions could

. not inhibit their unc0ndit10ned locomotor activities. and

o
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would repeatedly leave the safe‘platform.
The above c1ttd studies of av01dance 1earn1ng suggest,
that depending on th;\type of avoidance task involved, -
damage to the hippocampus may either enhance or interfere

with avoidance conditioning. The perseveration of.motor

responding will lead to faster acquisition of an act}ye

avoidance task-éugh as shuttling back and forth in a shuttlé

box. ' The same péiseverative responding will interfere with

the acquisition of a passive avoidance task which reguires

' the-animal to inhibit. its responses. \

[

Studies have demonstrated that hippocampal ablations
did not affect discrimination learning when no inhibition
was involved. Truax and Thompson (1969) tralned hlppocampal
and normal rats on a whltengrey-door discrimination task
under threat of foot shock There were nd afgnlflcant
acquisition dlfferencea,between the two groups. Silviera
and Kimble (1968),§h&§ed that hippocampal rats acquired
both visual and-aﬁdtial tasks as easily as did normdls.
However, when the acqulsltion of a discrimination task

wasg dependent upcn the S's ablllty to inhibit 1ts reaponaes.'
hlppocampal damage lead to an acqulsitlon deficit. Stein
and Kimble (1966)_tra1n?d hippocampal lesigsed and control
rats on a successive brightness discrimination. The |
experimental anlmals took axgniflcantly longer to.- Iearn
the discrimination task than the control animals. Similar
resulta were reported by Buerger (196§f for cata. Removal
of the ventral portion of the hippocampdd caused a popt—'

a
r’
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‘must - decide vhich of’ the stimu11 to reapond to. ?he‘

' - 15,
o :

operative acquisition deficit on a successive v1sual pattern

discrimination. S8 were reﬁnforced with milk if they
pressed a key when L-was presented or if they did not press:

when T was preaented. The hippocampal damaged Ss took

almost three times as many days to learn this.task as the

controls. Kimble (1963) trained hippocampal 1esioned;
cortical lesioned and unoperated control rate'in aT maze_
on a successive and a simultaneous discrimination task.
In. the simultaneous dlscrlmlnatlon, gne of the arms of the
naze was aluays white, the other black In the auccesslve
dlscrimlnatlon, both of the arms were either black or

white on any given trial. The hippocampal dama@ed Ss took

'balgnificantly ;longer to learn the succeaalve discrimination

'task whlle no differences appeared on the slmultaneous

task between the experimental and control groups.

The observations reported in the above studies are

consistent with a perseverative deficit hypothesis of

hippocampal functioning. In a simultaneous diacrimination:'
all the relevant stimuli are present.on each trial and
the'task_isrof a "go-go* type On each trial, the animal
solution of ‘a snccessive discrimination task, on the other
hand.uappears'to depend upon the etrengtneniné of an
approach response to a stimulus over many‘ipdividqalitriale
(Spence, 1960}). The task is of a “go“no'go“ kind where
the § is required Eb\rfapond to one stimulus but withhold "
responding to another.'\;E:hlppocampal damage résuifj/in/;ff

e

¥
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perseverative reaponding, then one oodld expect.é deficit
. in‘ndppocampal lesioned anihals‘on‘fhe shccessive discrim-
ination,problem; _Pereeverative reeponding should.inter—ﬂ
fere wlth a go«no go*” type task. 'The same pereeverative
responding should not interfere with the acqulsltlon of a
;031multaneous dlscrlmlnatlon task The" observed results
support this hypothesxs.

© Some other studles u31ng discrimination tasks suggest
that in 31tuat10ns where inhibition of responding determines 4&E®
- the quallty of performance, perservatlve responding depends
on sxtuntlonal factors._ For example, Winocur and Mills' (1969)
allowed hippocampal lesioned and operated conFrolqgg;to;
explore and feed in the four aileyaﬁof a crose—ahapedﬁﬁeee;mw
Focd was always available in all four alleys. Test trials
were adminiatered in'which.eaeh § was placed in'the cenrre
”of the maze (always facrhg the same dlrection) and allowed

to run down the alley of its, choice to obtain food. They

recorded the alley chosen._ In this test aituation where

several alternatives were avallable and any of the reaponaes

were equally likely to be relnforced there was. no slgnifi—
cant dszerence between iealoned and control Ss with res-
pect to.alley preference.' Neither group perseverated s
1ts responding to ohe partlcular alley. The lnvestlgatorh’
lnterpreted their reaults tgﬁmean that peraeveration or
reduced renponse r_~fpit10n is not an invarinble conse—‘
quenge of hlppocampal "damage but depends on aituational

factors. Nippocampal animals did not perseverate to a ~—~

"3



specific choice when others were avallable and equally
_reinforced. _'
. Several 1nvest1gators have shown that anlmals become
less dlatractible af/er h1ppocampa1 ablation. ;rckelgren
and Isaacson (1963) tralned rata in a atralght runway ta
.Hormal rats slowed their running speed when tactile (sand-
paper) dlstracting stimuli were placed in the runway, while
hxppocampal Ss did not. Riddel], Rothblatt and Hllson (IéLQ)
taught hippocampal.‘neocortlcal control and unoperated
control rats to run a atralght runway for food reward.
Runnlng speed was usged as-a measure of drstractlbrllty.
They 1ntroduced v1aua1 (ser1es~of flashes 300/ﬁ1n ) and
audltory (series of cllcka) dxstract1ng stimuli. nxppo—
campal Ss were less dlstractlble than‘the two control
groups. Leaton (1965) establighed base rates for explora-
rtory behavior in the T maze and then recorded exploratory
llact1v1ty after hlppocampectomy 1n rata. He found that
the hippocampal lesioned animals had 31gnrf1cantly hlgher
rates of locomotor actxvrty than dld»cortlcal lesioned
~or sham operated controls. HNe algo noted, ,bﬁ*ever. that
~ the hippocampal ‘lesioned S8 did not ‘show any preference
. for entering arms with novel stlmull aa oppoaed to empty
arms. ' It seems that h1ppocampa1 damage may 1ncrease
general locomotion but not exploratlon. ‘The hlppocampal
1ealoned Ss. were not distracted by novelty.

Cohen and Swenson (1970) allowed hippocampal and

sham operated' ats to explore a novel alley introduced into
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one side of a straight runway. They hypothesized that in
hippocampal S8, previous experience with a notel alley on
a particular side of the runway aﬁould result in me¥eJex—
ploratory entries into other novel alleys lntroduced on
the same side than on the' opp031te side of the runway.

The hippocampal lesioned animals continued to run down

the straight alley, rather than being distracted by the

1ntroduct10n of new alleys on elther side. In another

study, Cohen (1970) found similar distraction deficits

1n.hippocampalrab1eted rats as cempared to normals when

the distracting stimuli were bliﬁ& eide alleys., Changes

in side alley location failed to distract hlppocampectgglzed

Ss from runnlng down a straight runway. ”
An obvious 31m11arity among these experiments is

L

the fact that all of them measured dlstractiblllty against
a strong, well- establlehed, ongoing repponse. Hendr'ickson,
Kimble and KimBle (1969) investigated distractibility in
hippocampal lesioned Ss in the absence of a strong ongoing .
response. Although hlppocampal damaged Ss were lesa dis-
tracted from a drlnklng response by an external c¢lick

_than controls, they were just as eaally dlstraéted by the
clicks when the water was absent, The hippocampal Se
exhibited normal oxienting responses. The investigators
concluded that hippocampally lesioned animals were found

to be less distrdbtiblﬂ than controls only when either a

motivationally relevant or a novel neutral stimulus had

" been éreviouéiy attended to., while the hippocampus does

1.
-
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‘not seem to be critically lnvolved in the actual productlon
of the orlentlng response; it may play a critical role in
Bhlftlng attention: Therefore. 2 normally functlonlng
hlppocampus may be essential in‘tasksg whe;e rapid shifts
of attention are necessary.

. In general, the above reported stﬁdies on distracti-
bility in hippocampectomized animalg indicate that lesions
of the hippocémpus producg Ss that are less distractiblé(ﬂ\
Athan normals. Hippocampal damaged Ss seem to pay less
atteﬁﬁion‘to the introduction of novel visual, tactile or
auditory stimuli into their environment.

' In summary, the changes in behavior found after
damage to the hippocampus are almost’ always of a persevera-—
tive nature. Interpretations of the above findings %ave'
generally taken one of two positions;

-One interpfetation.is an external cue model proposed
by Douglas and Pribram (1966), and Douglas (1967). The
hxppocampua is postulated to exclude stlmulus patterns
from attentlon through a process of Sensory gating. Damage
to the hlppocaﬁpua results in a breakdown of the gating

.mechanism-and the animal isg unable to sgtop respondlng to

- a previously attended to external stimulus.

The other interpretation, an internal inhibition
‘model of perseverative responéing, has been propoaedlby
Kimble (1968). In Kimble' 8 response (internal) cue model,
the animal peraeverates because of an inability to stop

an ongoing motor. response in spite of external stimulus

A
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change. Both models rleceive ample empirical suppbﬂ.:, and
the functional ‘similarity between the internal inhibition
(response deficit) and attentional deficit explanation is
apparent. Both.models make similar predictions but for
different reasons. Douglas (1967) maintains that response
perseveration is due to an attentional deficit gf external
stimuli, while Kimble (1968) attributes it to an internal
response inhibition deficit.

The finding that peéseverative responding may be ‘
task dependent led Winocur and Mills (1969) to propose an
explanation similar to that of Douglas (1967). They found
that perseverative observations depend onlsituaéﬁbnal
factors and are most prominent in tasks where draﬁtic
shifts occur in the experimental conditions: They found
that on tasks whére several equally reinforced responses

were available,(hippocampal damaged Ss did not persev-

erate to a specific choice. The response inhibition hypo—

" thesis could not explgln these observations. They suggested

instead that the perseverative behavior found on s?me
tasks is secondary to a fundamental deficit involving a
failure to integrate relevant sensory information;‘ Thus,
they maintained that lesions of thg hippocampus result in-
a basic deficiency in' processing information about changes
in environmeﬁtal events, | .

The present experiment was designed toffurther
explore the relationship between hippocampal lesions gnd

the Douglas and Kimble models of response perseveration.

vy
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-Specifically, it was expected -to reveal whether the per-

severation observed in hippocampal lesioned animais was -
due té: a) an inability to inhibit an ongoing motor
response, or b) an inability to stop responding to a
previously attended to external stimulus, or c) a general
llnformatlon processing deficit.

Sham operated control and hippocampally lesioned
experimental rats were trained to learn a discrimination
task with two redundant relevént cues - brightness and
respénse alternation. The discfimin&%?on task consisted
of simultaneously presented black and thte doors. The
position of the doors was variea‘in a single alternation
sequence (LRLR...). Equal number of S8 were trained to
the black and the white doors as p031txve stimuli. The
day after acquisition criterion was reached, all Ss wé;e
tested fo determine which dimension (brightness or alterna-
tion). they used in solving the discrimination task. The
.test for alternation consisted of 16 trials in which S
could make free choice responses to simultaneocusly presented
grey doors. The number of left and right responses were
counted and the number of alternations were recorded. The
brightness test consisted of free choice responding to
black and white ddors presented .in a double alternation
sequence (LLRRLL...). The number of times the incorrect
brightneas door was chosen was recorded

The redundant relevant cue task provides a method

for evaluating which theory of perseveration offers the
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more parsimonious explanation of the behavior of ‘hippocampal
lesioned rats. The discrimination task could be learned
by the use of either an in£ernal stimulus (i.e., recall
of the previous position reéponse) or an external stimulus -
brightness, or both. Testing for the cues utilized during
acguisition should show whether hippocampal Ss persevefate
to external or internal cues.

Séver;i‘specific hypqpheses can be geﬁerated about
the expected results based upon the ﬁouglas (1967), Kimble
(1968), and Winocur and Mills {(1969) models Pf response
perseveration in hippocampectomized animals. If hippo-
campal }esidﬁ§ producé a general information précessing
deficit as proposed by Winocur and Miils (1969), then
the hibpocampal 1eai§ned S8 would be exﬁected to take
ldnger in acquiring the redundant relevant cue task -and
show a relative lack of cue utilization during the testing
phase. If, on the other hand, hippocampal lesioned animals
pergeverate previously learned motor responses, as Kimble
suggests, then, during the test phase, hippocampectomized
rats should continue to alternate responses in the absence
of external brightness cues and to perform more poorly on
the double alternation brlghtneas test task than control

Ss. Lastly, if hlppoca%Pal damaged animals perseverate

. previously attended to exte' al cues, then based on Douglas'
-

model, hippocampal Ss should depend more on the brightness

cue and shoﬁ‘a deficit in the ability to alternate in the
y

absence of the brightness stimulus. Sham operated controls
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- would be expected t8 be able to utilize both internal
alternation response‘cues and external brightness cues.
This prediction is based on the findings of Bruner, Matter,
Papanek (1955} which demonstrated that intact rats could
easily ﬁtilize both brightness and response alternation cues
during the learning of a redundant relevant cue task. AN

In the present study, small radio freduency lesions -
were made in the posterior hippocampus.' This location was
selected on the basis of previous research'(kimura, 1958 and
Na?el, 1968) indicating thét perseverative responding-was

most obvious following lesions in this area.
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Chapter II
Me tixod . - )
Subijects

Twenty-four male albino rats from the breedlng
colonies of ﬂbodlyn Farms, Guelph, Ontario were used,
Each sub]ect was 90 to 100 days ‘old and weighed apprpxi-
mately 300 to 350 grams at the time of surgery. lﬁlf
the Ss were randomly assigned to an experimental grdup,
ﬁippocampal oberateﬁf(lr), The other half ;erved as the

cdntrol group, sham operates (SN).

Agggratus

A dlscrlmlnatIOh box as shown in Piqure 1} (79.0 x
46. 0 x 30.0 cm:) was used. The apparatus was divided-
into a decision chamber, 47.0 x 46.0 cm., and tuq:goal
chambers (37.0 x 23.0 cm.). Entry into the decision
chamber was gained through a covered start box (18.0 x
13.0 x 8.0 cm.) at floor level midway on the wall oppo-
sxte the dxscrlnlnanda A manually operated, clpar plexi-
glass guillotine door could be lifted to expose S to the

decision chamber. Access to reinforcement was through a
/

"doorway (13.0 x 11.0 cm.) to each of the goal chalbera.

Each doorway was 8.0 cm. from the other and 8.0 cm. from
the nearest wall. Interchangeable stimulus doors could

be attached behind each doorwvay. Except for the two

- » .
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Fig.1 Discrimination apparatus.
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dlscrlmlnatlon doors, all intdriors were palnted flat grey.:
The only source of 111um1nat10n was provided by a 100 watt
incandescent bulb situated over the entrance to the decision ?

4 .
chamber. The stimulus objects were two doors, one white

and one black.

Procedure -

Surgerx. After a one eeek hendling period-during
which each S was haridled for 5 min. per day, all animals
were subjected to,surgery. 'All 6perationa were “per formed
in one stage using aseptic sergical techniques. Each S
was anesthetiZed hy an intraperitoneal injection of 1.5 cc.
of-Nembutal solution (16 mg./ml.). The skull was exposed
and the animal was secured in a Stoeltlng stereotaxic ins-
trument. Bllateral openings were made in the skull for
'theyinsertlon of the lesioning electrode{ 2 mm, anterior
to theinteﬂaural line and 5 1/4 mm. from the midiine‘suture.
,% Pormvar insulated stainless steel electrode (CL&?LAdama
insect pin size 00), with a 3 mm. long exposed strip on
one side of the electrode tip was positioned intO'the brain .
such that the exposed portxon faced the cortex, leaving the
‘thalamus protected from damage by the 1nsulated side. The
'elgctrode was ertered through the predrilled holes 2 mm.,
anterior to the inter-aural lihea, 5 1/4 mm. from the miﬁliee
suture, and 4 mm. , below the brain surface, perpendicular

to it. Bilateral radio- frequency lesions were made by

'pa931ng a 30 ma. current for 5 sec. through the electrode

»
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at this site. An LH4'mode1’g}asa lesion maker was the power

27.

' source. 'SHAM (SH) animals received exactly the same opera-

tion, except that no current was passed through the elgctrode.

&4

1

All animals were given a 10 day recovery period in their
home cages before the beginning of R;etraining.

- Pretraining. After the 10 day recovery period, all

'§§ were placed on a 2l-hour water deprivation schedule and

-
-

pretraining was begun. The 3-hour water maintenance schedule.

i 4
was selected since it was considered great enough to moti-

vate the animal but n&t too great to interfere with the ‘
acquisi;ion of the redundant relevant cue -task. This de-
privation parpméter waslbadea on earlier RRC rquaréh in
normal rats (Télegdx and°Coﬁen {1971) . During the éirst

5 days of pret;aini;g, §3 were-handled 5 min. pe;.dgy while

-

allowed to drink a 10% sucrose solution. For the next 5
‘d?ys, Ss were permitt;d to eiplore freely in the discrimina-
tion apparatus and allowed to drink in either goai chamber
for 5 min, oﬁ each da?. for the heit 5 days, grey doors
were placed-in the dobrwaYi;and Ss had to push them open

to secure the sucrose water. During these last 5 days of
pfetrai;iné each S receivéd 16 spaced.trials per day during
which it was allowed to drink for 10 sec. in the goal box
on é;ch trial. NO attempt was mapew;o\break any pesition . *
habits S may have formed during pretraining: However, the |

grey déors were randomly alternated during .these trials to -—~:§>

prevent extraneous (ex-olfactory) cues being associated with

specific doora. It was felt that since.perseveration is a

!



S_was replaced in the start box when 1t‘had made an error.
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consistently found defrcit in hippocampally damaged animals,
its.presence in che;HPﬂgroub would lend empirical supporr

to the correct placemeﬁt of the lesions. In order to
measire perseve "n‘following surgery, the number of
left-right position responsee during.the last 16 prerraiﬁihg
trials were recorded. Each ani@al experienced approximately
a2 3 min. intertrial interval, since an S received. one trial
acd then was replaced in its home cage while another S was
given a‘trial The number of anlmals run at a time were
controlled so that an approximate 3 mln. intertrial interval

was malntalned. This procedure was contlnued throughout

the study.

Discrimination Training. The discrimination task

consisted of a black and a white door presented simultaneously.

Equal number of Ss (1n both the experimental and control

‘groups) wete trained to the black and the white door as

the positive'stimulus}_ The position of the two doors

was' varied in a single alternation sequence (LRLRLRLR).
Tn this and all subsequent phases, S was given 16 spaced,v
corrected discrimination trials per day. A trial con31sted
of a number of runs made untxi S chose the correct door.

The stimulus doo¥s were changed only between trials and

not between runs on any one trial. An error was considered

a

to have been made when S pushed or touched’the incorrect

Fl

door,. (Since each door, when touched, “gave" aboﬁt,0.25 cm.

observing mistakes was not difficult.) A correct response

-
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constitut%d running to the appropriate-door'or switching
over to it lf the lncorrect door had been approached but
‘not touched A correct response was relnforced by a 10 sec.
drink of the 10% sucrose solution. An S reached dlscrlmln—
atlon acqulsltlon criterion when it made one or less errors'
within a block of 16 trlals.' The day after acquLSLtlon
.crlterlon was reached the test phase was begun. The number
of errors and trial blocks to acqulsltlon crlterlon were

recorded.
“\ .

Testing. This phase was deeigned‘to test whether

hthe stlmulus dimension of orlghtness, or‘alternatlon or - -
f both were used in 1earn1ng the orlglnal discrimination.
. Each S'was preeented with a block of 16 alternation test
‘trials and a block of 16 brlghtnesq\test trlals. During
test trlals, both stimulus doors were unlocked and S could
receive relnforcement by enterlng through elther one. . Thls‘
procedure was used to prevent the. test trials from becomlng

p
spec1f1c transfer dlscrlmlnatlon trials for the animal,

The alternation test consisted of 16 trials in which
§ ¢ould make free choice responses to simultaneously pre-
-sentedugrey doors. On these trials both doors were grey.
The number of left and right door responses were counted

. o 7
and the number of alternations were recorded.

o

The brightness test consisted’ of free ch01ce res—
1pond1ng.on a double alternation task —On these trlals, one
door was black the other white and the position was varled

accordlng to a double alternatlon sequence such that the



. 30.°
black door appeared ‘twice on the left-then-twice on the
right (LLRRLLRRi..). The number .of times the incorrect
.brightness door was ohosen-ﬁae recorded. A doable alternae
tion sequence was selected ober-a randon sequence'indorder
to maxlnlze the p0551ble numbex of errors made by an anlmal
1f it were u51ng alternatlon,as a cue. Hlppocampal and
‘control Ss were counteroalanced"for ‘the order 'in whlch the
brlghtness and alternatlon test.trlals were presented ’
Between the- brlghtness and alternation test trlals, all
Ss were glven a block of 16 redundant relevant cue tralnlng
trials in order to reestabllsh prev10us responding and

3

Vel
control for any effect one set of test trials mlght have

+

had on the other test _

-Perfusion._ After completing the test phase, all ss.
weré lnmedlately sacrlflced by ether and perfused through
the heartwath phy51olog1ca1 saline (0.%%) and 10% ‘formalin,
Heads were removed and submerged. in 10% formalin for 48(hours
The brains were then renoved and allowed to further stadd

I

+.in 10% formalin for another 48 hours. : . .

-

Hlstolog:. ‘A frozen sectlon technique for obtaining
50 mlcron unistained coronal sectlons ‘as descrlbed by Hutchlnson
and Renfrew (1967), wds employed. After’ v15ual location of
thellesdon, sections were'ohtained from the anterior to the
posterior extent of the lesion, and every fifth section was

tempOrarily mounted, examined mlcroscoplcally, and permanently'

recorded on 35 mn. photograph transparenCLes. ‘The anterior-

[ v

posterior extent of the lesions in HP animals was determined



bilateral lesions that did not invade the thalamus were

31.

by the number of S0 micron sections in which the lesidn

~could be seen. . The lesions' vertical and distal extent was

calculated by comparipg‘the actual sections with the appro-

priate plates f}om DeGroot's atlas (1955). nly_§s'with.

/

used 88 experimental HP animals. A vigsual examination of -

the sham (SH) animals was also made to check for lesions.

!{t\
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Chaptér'III
Results

Figure 1 represents the extent of the smallest and
largest'lesions sustained by the HP:subjects. The examina-
tion of tlssue sections reVealed that all bilateral lesions

{
1nvaded the hlppocampal arch. In some cases, slight intru—

JSions into the overlying cortex or lateral geniculate bodies

were seen but the thalamic area remained intact in all caaes.
The lateral extent of the lesions was approxlmately 1. 5 mm. .
All 1e31ons extended vertically from 3 to 6 mm. below the
brain surface and extended distally aﬁqut 1 mm. from the

electrode. ' Histological examination of the SH operated

brains failed to reveal any lesions in any Ss.

Behavip£a1 Results

Three basic types of behavioral measures were
analyzed: 1) the-number-of trial blocks and errors required
to reach discrimination acéuisition criterion by the HP and
SH groups, 2) the numper of. errors made‘by/the two groups
during thé,black—white test trials, and 3) the number of
alternating responses made by each érdup during the last
block of §retrainiqg comparedlto the number of alternating
responses made. during the,alternatioﬁlteat trials. The

within cell S2's for both the number of errors on the

‘black-white teat and the number of alternations on the.

' alternation test appeérgé to be héterogeneoua; Individual

32.
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Fipure 2. Example of the extent of the
smallest and largest hippo- - .

campal lesions. in the HP animals.
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Fmax tests were run to test the homogeniety of error variance.
The observed F__  statistics exceeded the critical value in
both cases (see Appendix A). The assumptibn of the homo-
geniety of variance was not supported and the raw :?ﬂres
were tranéformed. Since the data involved were. ,gmnerically.
small frequency measureé. the trapsformation formula took
the form:, x' = AX + ~x+1 as suggested by Winer, (1962).

Purther Fmax tests on the transformed data revealed homo-

geniety of variance (see Appendix A). Subsequent statisg-

tical analyses on the number of black-white test errors

o

and the number of pre and post discrimination alternations
were performed on the transformed scores.

fable 1 ﬁ:esents the mean number of trial blocks
and errors made. by the HP and SH groups to reach acquisition
criterion. There was no significant difference between the
two grQups in either errors made or the number of‘trial |
blocks reguired to reach discrimination acquisition criterion
(t = 0.62, df = 22, p>.05; t = 0.35, df = 22, p >.05).
These results indicate that hippocampal damaged animals
acquired the redundant relevant cue task as easily as the
sham operated control animals. - |

In order to ascertain the presence of perseverative

responding in the hippocampectomized animals'following

: :
" surgery, the number of random left-right position responses

during the last block (16 trials) of pretraining was recorded. .

A summary of the data for both the raw scores and transformed

" Scores are shown in Table 2a, {p. 35).

/



35.

Table 1
Mean Number of Errors and Trial Blocks during Discrimination
Acquisition for Hr.and SH Groups

(Standard Deviations in Parenthesesg)

HP SH t
Errors 31.90(17.90)  29.30(15.00) 0.62 NS
Trial Blocks 4.25(1.21) 4.08(1.18) 0.35 NS

NS - not significant, p’.05

Table 2a
Heah Number of Aiternatibns on 16 Trials during Pretraining
and the Alternation Test Phase (RS-Raw Scores,
TS-Transformed Scores, SD-Standard Devia-

tions for Transformed Scores)

.

Group Pretraining Test Phase
RS TS Sb RS TS SD,
HP 1.1l6 2.06 1.35 4.25 3.89 1.76

SH 3.30 3.65 1.56 5.83 4.89 0.90
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Analysis of Variance on Number of Alternations -

during Pretraining and the Alternation

Test Trials

~

A * (Transformed Scores)’
> _ _
~ b £
= = .
Source of Variation Ss df . Ms F
A (HP vs. SH) 20.8 1 20.8 9.45%*
B (Order of test trial 1.2 1 1.2 0.55 NS
presentation)
AB Interaction 2.6 1 2.6 1.18 NS
Subjects within groups 44.2 20 2.2
o
C (Pretraining vs. 27.6 1 27.6.  11.04%w
testing)
AC Interaction 1.0 1 1.0  0.40 NS
BC Interaction 0.3 1 0.3 0.12 NS
ABC Interaction 0.1 1 0.1 0.04 NS
C x subjects within 49.3 20 2.5 .
groups
** pLn 01

NS - not significant,’p;>0.05



~—

37.

Table 2c _ ) .
Individual Comparisons of HP and SH Groups on
Number of Pretraining and Test Phase

-Alternations

Pretr&ining vs. Test Phase

F
HP 9.Da**
sa 4.20%
HP vs. SH
. During Pretraining 6.75*
During Test Phase ) v 2.72 NS
*¥ p<0.01
* p<0.05

NS - not significant, p>0.0S
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The number of position alternating responses made by the

HP and SH groups were statlstlcally compared.

A 2 x\? x 2 repeated measures analysis of variance
(see Table 2b, p. 36} was carrled out on the number of al-
Fernatlng responses nade by the HP and SH Ss during the last
16 trials of pretraining agd the altefnation test trials. -
A summary of the number of bretraining and testing phase al-
ternations is shown in Table-2a (p. 35).‘ The HP gréup in-
creased its mean number of alternagions from 2.06 to 3.89
between the pretraining and testing. Similarly, the SH group
incregsed from 3.65 to 4.89. During the 16 pretraining trials,
the SH group made an average of 3.65 alternations:compared to
2.06 by the HP group. 6; the 16 alternatioﬁ test trials
SH Ss made a mean of 4.89 alternat;;ns as opposed to 3.89
for the HP group. Significant maln effects were found for
the number of alternatlons made by HP and SH Ss (F = 9.45,
df = 1/20, p=.01) and for:the number ‘of pretralnlng versus

testing phase altermations (F = 11.04, &f = 1/20, p<.01).

No significant interaction effect was found. ST
gr\- Individual’ comparisons on the, pretraining and test-
ing alternation trials were carried out to test the hypo-

thesis that the BP and SH groups were different in their

number of alternatidns. .(See Table 2c, p. 37.) The hippo-
campal lesioned group made 51gn1f1cantly fewer al ZZ‘/P
responses during the pretraining test trials than

>

the alternation test trials (pS.Ol). Similarly, the sham
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qperated controllgr;up made significantly fewer alterna-
&ions during éhe pretraining trials than during the test
trials (pS.OSj. It seems that all animalgg(both'gP and
'8H) at least noti&ed the position dimension of the refundant
cue task. Both groups made more alternating re$pohses after
the discriminatieon training phase than ﬁefére..

3 Whén the performance of the HP and SH groups was
compared on the number of alternations made during the
pretrain;ng trials, it was found that the hippocampal
lesioned Ss' made significantly fewer alternating responses
than the shams {p$.0l). These results suggest that the
hippoaampal'damaged Ss were peréeverating following surgery.
_During the alternation test trials, however, while the
HP group still made fewer alternations than thelSH; the
difference did not reach statistical.significance’(pg.osl.
These findingq indicate, that the HP group aéquired the’
alternatin§ responses as well és the SH, and appeared . to

h)
break their position responding habit during RRC training

phase. *

| Table 3a (p. 4l1) presents the mean number of errors
made by the HP and SH groups on the 16 black-white cue
utilization test trials. An error was defined as a
response to a‘bfightness door other than the one resfondéd-
to during discrimination training. The HP group made.an
average of 1.4l errors while the SH group made’0.50 errors.

on the .16 brightnéss test trials. From this small number
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of errors it appears that both the HP and the SH Ss acquired

~
the brightness dimension. Even the two HP animals (#7 and

™,
N

#11) that had lesions slightly invading‘the lateral

. geniculate bodies made 0 and 3 brightness errors respectively.

,1nd1cating that the ability to make brightnesT discrimina— -
tions was not impaired. A 2 X 2 analysis of variance

‘ N
(Table 3b, p. 41) revealed no significant differences

Al

between the HP and SH groups on either the number of errors
made or the Szder of presentation of the test trials. 'No
significant interaction effects were found, individual
comparisons again revealed nolsignificant difference
between the.HP and SH groups on the number of brightness
errors (Table 3c, p. 43). |

The type.of bi@ckfwhite érrors made by the two
groups .was aIBO'ggamined. An S could make brigh;nea;
errors for\two reésppa; 1) because it was responding to
a particular position, (this'" can be define& as a position
error), or.2) because it waﬁ altefnating its responses
from triél to trial (this can be defined as ;n alternation
error). Either 6f_£hesgﬁgko strategies of responding
.during the black-white te;t trials would lead tb errors;
Consequently, -all black-white errors were typed as being
of the alternation or positién type. In thg HP group,
of the total of 15 black-white errors, B.were position
and 7 were alternation.‘ In the SH.group of the total of

5 errors, 2 were position and 3 were alternation type.

There appeared to be no significant difference between the

-
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~ Table 3a ‘

Mean Mumber of Errors on 16.Black and White Cue
Utilization Test Trials (stnaﬁ Scores,
TSFTranéformed Scores, SD-Standard
Deviations for Standard Scores)

-~ HP - sm
RS TSJ sD RS TS SD’
Number of 4 43 2,41 1.19 0.50 1758 0.88
Errors
Table 3b
Analysis of Variance on Number of Exrors
on 16 BlackiWhite Test Trials o
(Tranaformed'Scores)' o
- ,
Source of Variation .88 df MS E
A (HP vs. SH) 4.6 1 4.6 3.50 KNS
B (order of B/W : 0.4 - Y 0.4° 0.30 NS
test presentation) . '
AB Interaction 0.8 1 0.8 ‘0.60 NS
Within cell 26.5 20 1.3
* p&. 05
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ﬁP and SH groups on the nature of the black—whitg errors.’
(Fisher exact probabilities test{. N“

In v1ew Of the. fact that Poth groups made few.
alternatiéns, it appeared that Ss (both HP and SH) _responded
to sPeplf;c p051t19ns during the pretraining and alterna-
tion test trials. 'According to a.Binomial‘teSt, an S
had to alternate 12 or more times.out of 15 to reach a
.05 level of significance ana 7 or more times for above
chance alternation.l;None e HP oriSH Ss met wither .
of these criteria. However, whensbosition resbonding was ,
examined, only one aﬁimal (2. SH) showed no position pre-
ference, and gnly during the aiternation test trials.

All other animais résponded 9 or more times to one posi-
tion or the other during both the pretréining and test.
phase trials. Another way of anilyzlng the .alternation
data was to look at the type of posxtlon responses made
by individual Ss.- The folléwing aspects of-position
responding weré gxamined: 1) the degree to which the

HP and SH-Ss responded to any particular pOSIthn during _
- the pretralining and alternatlon tests and 2) how strongly
AthlS responding was maintained during the’ alternation,
test. To this end, the number of reéponses to a pre-
;ferred side during both the pretraiﬁing and thé.alterna-
tion tests were compared. A préferred side‘during either
phase was defined as the side to whiqh moretthan-bne-half

(9 or more) of the 16 possible responses were made.

Table 4a (p. 43) shows a summary of the data. The HP ‘group °

-~

e - - A
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Table 3c
Individual Comparisons of HP and.SH Groups on
' Number of Black-White Test Errors.

(Transformed Scores)

HP se . F

2.14 .- 1.58 ' 3.20 NS

NS - not significant, p20.05

>

' Table 4a

Mean Numher of Reaponses to Preferred Side during
- '

: NI _
Pretraining and the Alternation Test Trials

(Standard Deviations in Parentheses)

' "

-

Group .~ Pretraining - ' fTesting

"HP o . 15.00 (1.52) 12.75 (2.41)

sa . 13.50 (2.36) - 11.25 (2.12)
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decreased its mean,number-of responses to any preferred side
from 15.0 to 12.75 between.éretraining“and the alternation
tests. Similarly, the SH group decreased from 13.5 to 11.25.
‘During both pretraining and the alternation test, 'thé HP
group made more preferred Side responses than the _SH group
{15 compared to 13.5 and 12.75 compared to 11 25)

A 2x2 X' 2 repeated measures anslysis ‘of variance
(Winer 1962, Table-4b‘.b. 45)'was carried out. A signlfi~
cant difference was found for pretralning versus the test
phase (£ = 24.3, df = 1/20, p-.01). No significant differ~
ence was found between the HP and SH groups on the strength
]of the preferred side responding. The order of test trial )
presentetion and interaction effects were not significant.

Individual comparisons'of the HP and.SH groués on
the number of responses to tie preferred side during preL
‘training and the test phase revealed no sighificant differ-
ences. These'results suggest tnat both the HP and SH
groups showed strong p031tion preferences during the pre-
training and alternation test trials. The 1nterpolated
RRC learning significantly weakened pOSlthnB responding
as such but hippocampal damage did not have-any 51gnifi—
cant effect. However, the above data do not;reyeal whether
the.Observed.position preferencefduring the pretraining.
trials was maintained for the same side.
To ansﬁer this gnestion. the nuﬁber ofnresponses

made to the preferred side during pretraining was
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Analﬁais of Variance on Mumber of Responses to

_ Preferred Side during Pretraiqing and thé

Alternation Test Phase .

’

;o
Source of Variatian' ss | df * Ms P
A (HP vs. SH) - | - 27.0 -1 . 27.0 .56 NS
‘B (Order of test trial 21.3 1 21.3  3.04 us
presentatlon) L : .
AB Interaction 4'1 N T . 4.1 0.58 ws
Subjects within groups_126‘§’ ';ZEO 1T:f“10,
'€ (Pretraining vs. - _
testlng) 60.7° 1 60.7  24.30 ==
o AC Interaction 0.0 i " 0.0 ° 0.00 NS
: BC Interaction 1.4 1 1.4 0.56 NS
ABC Interaction | .j~é.q 1 2.0 ' 0.80 xS
‘éux subjects within 49,9 " 20 1-‘2.5
groups - _ , v
** p=0,01
*'péo.os

NS - an significant, p>0.05

L

-
«
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Table 4c .

L

Individual. Comparisons of HP SH Groups on

Number of Responses to Preferred Side

during'rretraining and Test Phase

-

d_ﬂ_,,ﬂffff"fzggfaining vs. Test Phase

F
HP ) 4.35*%
H SH ‘ 4.35*
HP vs. SH.
-
During Pretraining . 1.96 ¥s
During Test Phase 1.96 NS
* p%0.05

NS - not-significant, p>0.05
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compared to the number of responses made to the same side
during the alternation test pﬁase,‘ Table 5a (p, 48)
shows the mean number of responses madeeby‘each groub.
Both the HP and SH groups decreased their nﬁmber of res- _
ponses between pretraining end the test_ghese from 15.0
to 12.8 and 13.5 to 7.9 respectively.’

A 2 x 2 x 2 repeated measures analysls of varlance -
-(jable -Sb, p. 49) revealed 31gn1f1cant maln effects for
HP versus SH (F = 13.1, df = l/20 p=. 01), and for pre-
tralnlng versus teeti;g_kF ="26.7, df = 1/20, p$.01).
A significant surgety treatment X pretraining/testing
interaction w;s found (f = 4.8, df = 1/20, p=.05).. No
othet.mainmor interaction effects were significant

Ind1v1dua1 compaflsons (Table’ 53¢, p. 50) were again
‘-carrled out A slgnlflcant dlfference was found between
the HP and SH groups durlng the alternation test trxals
only (p—.Ol).' There.ﬁﬂs no difference between the two
"groups doring:Btetraining (p>.05). when the performance
"of the two g:iupe”duriné pretraining was comoared to the
test phase. only the SH group showed a slgnlflcant decrease
Lin reapondlng to the same side during testing as during
pretralnlng (p<.01).

. The above results %Fdicate that while the inter—

polated RRC learning task weakened the posxtlonal re5pond-
ing of both groups, the HP group had a stronger original

position preference than the SH group. During the

)
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TableKSa .
Mean Number pf_Rggponses to Preferred Side
during Pretraining ﬁnd the Same'side
during the Al;ernation Test Phase 5

{Standard Deviations in

<2

Parentheses)
\ | .
Group ' Pretraining , Test Phase
HP o 15.00 (1.52) 12.75 (2.41)
SH 13.50 (2.36) 7.90 (3.89)
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Table 5b

-

Analysis of Variance on Number, of Responses to Preferred

Side during Pretralnlng and the Same Slde

during the Alternation Test Phase

Source of Variation ss af ' MS F
"ﬁ‘\.r] -
\ A (BP vs: SH) . 120.3 1 120.3 13.1 #*
B (Order of test 3.0 1 . 3.0 ' 0.3 NS
trial presentation)
AB Interaction _ . 0.8 1 0.8 0.1 NS
% | Subjects within groups 183.8 20 9.2 i
\ . : it
C (Pretraining vs. 184.1 1 184.1 26.7 *x
testing) U
AC Interaction 133.8 1 33.3 4.8 *\\\
hC Interaction 3.0 1 3.0 0.3 NS
ABC Interactxon ' 19.3 1 19.3 2.8 NS
C x subjkcts within 136.9 20 6.9
groups
i .
** nt0, 01 -
*+ p£0.05

NS - not aigni;ﬁcant, p>0.05

—ra. 4]

-
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Table 5c¢
Individual Comparisbns of HP and SH Groéps‘on Number
| of.Responses to Preferred Side during ‘
Pretraining and the Same Sidé

during the Alternation Test Phase

Pretraining vs. Test Phase o F
HP , | | 3.29 NS
SH : B 20.36 *x*
'
HP vs. SH
During Pretraining ' .= 1.47 NS
L During Test Phase ™~ . 15.21 **
** pfo,01 - o } - | s
% p¢0.05

ol
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altérnation test trials, HP Ss showed a signifiéantly
;trOnéer tendéncy than SH Ss to respond to the same side

as the one preferred during pretraining.

'To determine how many Ss prefexred a particular ‘
position Quring pretraining and the test phase, a series
of non-parametric tests (Siegel, 19565 were executed. Two

“criteria of position preference were employed: 1) aﬁove
chance responding (>5 ) anahz) 75% or more. Abové?éﬁance
responding was defindgxgs 9 or more ;esponsés out OEJIG.-
while 75% or more respohding was defined as 12 or more

'resppnses out ‘of 16. Tﬁe number of Ss in each group that
preferred the same or different side duriﬁg both pretraining
and test trials is presented in Table 6 (p. 52). Aall 12
HP Ss preferred the same side >50% of the time during both
pretrainiﬁg and testing. Eight of these 12 preferred the
same side more than 75% of the time.éﬁ;n the SH group., only
5 of the 12 Ss preferred the same side during both pre-
training anq testing more than 50% of the time. Three of
these 5 preferred the same éiae >75%. Of the rem?ining 7
SH S8, 6 preferred the opposite side more than 50% of the
time, and one showed no preference. Three of the 6 pfefenriﬁé

- !
the opposite side did.so more than %% of the time. FPisher "

" exact probébility teats‘revéal;d that significantly more
< HP §g°preferred’the same side during both prepraining.and

( testing than SH under both the 50% and 75% conditions
C(p.05). —

ihese findings indicate that during the

-

N
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P

Number of Ss Preferring the Same Position during

both Pretraining and the Alternation Test Phase

AN

52.

-

Group . . Same Different
\

>$0%. ' 12 o

HP .
275% B8 o]
750% 5 6

SH ‘
275% 3 3

<
Table 7

Number of Ss Preferring Any Position during both

. Q Pretraining and the Alternation Tést Phase

X. -
Group .Pre Posat

>50% _ 12 12

HP
275% 12 8
2 50% 12 11
SH .
6

2759, . 10
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alternation test,trialé, in the ab§ence of the external
brightneﬁs dimension, all HP Ss reverted to responding to
the same position as the oné they respdnded to during pre-
training. In the SH groﬁpf hoﬁever, less‘than half (5)
of the 12 Ss reverted to the same position while the rest
gesponded to the opposite position.

. Table 7 (p. 52) shows the number of Ss in each group
that preferred any side during both the pretraining and
alternation test trials, more than 50% and more .than 75%
of the time. All 12 HP Ss showeé either a left or right
positionbpreference during pretraining under both the 50% -
and 75% conditions. fsiﬁilarly, all 12 SH Ss showed some
position ﬁ:eferenééﬂgbove 50% and 10 Ss above 75%. During
the alternation test trials, all 12 Hp Ss preferred a
position more than 50% of the tiﬁe, and eight of them-
moré.than 75% of the timé. In the SH group, 11 preferred
a position more than 50% of the time and 6 over 75% of the
timé. Fisher exact probability tests disclosed.no signifi-
cant differences between the two groups (p>.05). It seems -
-that both HP and SH Ss exhibited position preferences

during both pretraining and alternation test trials.



Chapter IV
'_Discussion and Conclusions

The hlppocampal damaged group made significantly
fewer alternating responses durlng the pretraining than
the.sham group. These results are similar to those found
in ﬁrevious studies employing reinforced free choice situa-
tions (Racine and Kimble, 1963). It should be noted, how- -
ever, that both groups failed to alternate above chance
.and sho&%d strong. position preferences. Damage to the
hippocampus did not interfere with the acquisition of ther
redundant relevant cue (RRC) task as measured by errors
made or trials- required to reach'acquisition criterion.

On the brightness cue utilization teaﬁ‘trials, hippocampal
~damage did not. result in any deficits in acquiring this
dimension._ Both groups (HP~aﬁd SH) acquired the relevance
of the black-white cues. During the alternation tesgt
trials HP animals did not dlffer from SH animalg in thelr
frequency of alternations, and none of the Ss, elﬂher HP
or SH, could be‘considered to have acquired the relevance
of the alternation dimension of the RRC task.

" Both groups showed posltlon response perseveration
'durlng the alternation test trials. However, only the HP ‘
animals reliably perseverated to the same ‘position that

they responded to during the jinitial pretraining

54.
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“trials., Sham animals did not reliably contihug to respond to
the first preferred side during the alternation test trialr.

The above findings dld not support predlctlona based
on any of the three proposed models of hippocampal function,
~All three theories would have predicted that the hippocampal
lesioned Ss should havé continued to make more position res-
ponses during RRC training thagy the sham animals. According
to the Douglas (1967)\model, rhe HP Ss should have found it.
more difficult to switch their attention from previously
attendéd to stimuli; i.e., the left or right siae, ro the
new brightness stiméli. According to the Kimble (1968)
model, the position response, per se, should not have been
as easily inhibited by HP Ss as SH controls. Winocur and
Mills*' (1969) model would have predlcted poorer acqu151tlon
of the RRth;sk by HP rats Hﬁiigii of their 1nab111ty to
1qtegr3§e new information.  All r&\ee models would, there-
fore, have predicted difficulty in‘the RRC acquisirion by
the HP group. The present study, however, found no RRC
‘acquisition é}ffgrences bétween the groups.

. The three theorles also could not explain the findings
of the cue utillzatlon test trials. The Douglas (1967) model
would have predicted that during testing, the HP Ss should
have shown a greater rellance on the brightness dlmenSLOn

‘than SH Ss. However, there was no significant difference

between the two groups on the number of brightness test

_exrrors or the degree of brightness cue utilization. Accbrding
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to the Kimble (1968) model, the HP Ss should nave continued
to alternate during the test trials after RRC training. fhe
results did not,sﬁppnrt_this hypothesis. Hippgocampal
damaged Ss did not differ from sham 8s in thelrﬁ%lternatlng
response frequency during the, test trials, Finally, both
groups utilized the brightness dimension but not the alterna-
tion dimension. There was no.difference between' the two
groups on the amount of information gained from thé task.

Therefore, there appeared to be no general information pro-
: C _

-

cessing deficit in the HP Ss. _
From the. foregoing discussion it would seem that the

hippbcampal lesioned Ss conld 1) "gate out” senéory informa-

tlon, 2) could change thelr—;esponse patterns, and 3) could

adequately handle newly introduced 1nformatlon.‘ In these

respects they were no different from the control Ss. How-

ever, there was a dgflnlte difference in the response pattern

of the two groups. Although both the HP and SHcgroups

showed response perseveration, their mode of perseveration

was different. During the alternation test trials, HP Ss’

went bacﬁ to the originally preferred side while SH Ss

did not relinbly do 0. As long as the brightness_cqes

were available, the HP Ss behaved like tne control animals.

»

However, whgn the brightness cues wefe removed {and re-
placed by neutral stimuli) the HP Ss ceaséd alternating

- ‘and reverted to their pretralnlng position response.
Response permeveration appeared to be a function of minimal -

‘external cue differentiation. The hippocampal lesioned
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animalky seemeth? berseverate only when the external cues-
became vague.or ambiguousﬁ i -

Several anestlgators have reported SLmllar flndlngs.
Jackson and Strong (1969) founa Ehat traditicnal maze-

\

learning def1c1ts fOllOWlng hlnpocampal lesions were related
to an lnablllty to make use of inconspicuous cues, Moreover,
Ellen and Deloache (1968)_and Leaton (1969) demonstrated .
improued maze performance following increased availability
of stimuli in the external envfionment » Cohen, .La Roche and
Beharry (1971) found that response perseveratlon was not
evxdent in 91tuat10ns where external brzghtness cues |
dlfferentlated resp0nse choices. The above studles show‘
that the response perseveratlon of HP Ss is more dbv1ous
-under ambigquous cue condltlons. |

In a recent study Winocur and Breekenridge (1973)
demonstrated that the often observed 1mpa1rment of hlppO-
campally damaged rats. in learnlng complex mazes could be
lmproved slgnlflcantly by the addltlon of hlghly discrimin-
able brlghtness stlmull. Hippocampal lesioned Ss made
: Blgnlflcantly more errors than controls in learnlng a fixed
response sequence in a cimplex maze. Followlnd the intro-

ductlon of - brlghtness cues, the HP rats could learn the -

sequence as well as a control group. .Performance of the -
HP group. unllke-that of the controls, deteriorated follow-

ing removal of the brightness cues used in orlglnal 1earn1qa.

Careful examlnatlon of the results revealed that the HP

group not only made more errors at each choice p01nt of the

= «
v R "‘a
¥ . > . - 1
e .
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complex maze. but also responded in a qualltatlvely dlfferent

way from the control group. They seemed to make most of

-their errors at two partlcular -choice p01nts (3 and 5). When }

—

the external -stimali were 1ntroduced the HE. Ss no- longer

T had this selectlve drfflculty and made . equal errors at all .
. choice points. ' Durlng a re-test with the brlghtneas cues

' removed, they’ agaln experlenced dlfflculty at the same two

- choxce p01nts. It seems that in the absence of thecbrlght—

\ e

ness cues. the HP - Ss reverted to errors at the same two -

ch01ce p01nts as durlng orlglnqlviearnlng. Wlnocur'and

Breckenrldge 1nterpreted thelr results to mean that the

;
hlppocampus is lmportant in processxhg relevant stlmulus.

.

cues and 1n the organlzatlon of- approprlate responae
strategles. ! !

The above observations are almllar to those of the
present study. HP Ss appeared to- learn that 1) reinforce-

ment could be recelved on a part;cular elde when ‘two grey

- doors were present, and '2) that reinforcement was associated

- ; . - _—

.~ with one color (Black or White). They dld not seem to be L

able to ccmblne the -two specrflc pieces of lnformation to
form a new 1nformatlon pattern.  In more parsimonlous and
descrlptlve terms, the 1nterpolated RRC tralnlng did not .

‘break - “the orlglnal S-R habxt of the HP Ss./ It would appear

that‘damage-to

learning aﬁﬁggpr‘ﬁ\

L ' -
to re-process or change previous information. These observa-

-

.
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-—thnB can be explalned by an extensron of. the general informa-

ation processlng deflC}t hypothe51s. Hlppocampal damage
apd%ars to cause difficulty in processrng specrflc types of
3ensbry 1nformat10n rather than a general deficit. Jackson
‘andetrong (1969) described this def1c1t as an 1nab111ty to .
Pprocess inconsplcuoua cues. Response perseneratlon is

. most obvrous in sitvations where the extermal cues are

amblguous.

’*

Implications for Purther Research _ B

éince response perseverdtién due to hippocampal

damage is only found in non dlfferentlated stlmulus conditions,

it is difficult to emperlcally test Douglas attentional. model

In amblguous cue .eutuz:u:lonss.l it would ‘be almost impossible °

[

to establlsh to what apec1f1c cue the an;mal was continuing
to attend The Douglas model is only testable if the am- v

biguous cue. situation itself can be assumed to be a disg-
N /—"N-t‘

“crimingble~cue.' Under this assumption. the Douglas model

is also capable. of explalnlng the p051t10n perseveratlon of

 HP Ss during the post dxscrlmlnatlon alternatlon test. It

lcan be argued that _during testlng, the neutral grey doors

senved as a cue for the HP Ss to respond in the same way
they had responded during pPre discrimination. However,

for this explanation to be tenable, the ambiquous cue gitua-

.tion had to serve as a dlscrlmlnableocue} A way of testing

thlB hypothesls would be to replicate the present experiment

- with one change.‘ During .the alternatlon cue utilization

&
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test phase, instead of ﬁhe two grey doors, déo;s of a different
" color should bé used. I¥ the HP.§§ still revert to pre—.—
‘éisérimination posiﬁion responding, one can argue that the
ambiguous grey doors did not serve as discriminable stimali.. .
The present étgdy did not really test the limit of
the capacity of HP Ss to acquire information. It only showed
that the HP Ss-learned as much about fhe two cues of the
RRC task as the SH's. ‘They bofhnpicked up brightness and .
‘neither piékéd'up altgrq?tion._ Previous research (Telegdy
and Cohen, 1971) has shown that brightness is an extremely
salient:dimension; It is therefore possible that the bright-
ness dimension overshadowed the alternation dimension during
RRC acquisition. ' Because of its salience, both'groupé
appeared to learn the RRC tasi by reiying on the brightness
_diménsion. and .neither groﬁp.seemed t6 utilize the .alterna-
h‘;ion dimension. A more valid test of the_generél information
deficit hypothesis would insure that the-RRC dﬂhenlsions used
. would 5e épprbximately equally salient. One way of. doing
ghi§ would be to select cues that were clése in salience‘
on the basis of previous research. 'In the p:esentgstudy,~

b

alternation was obviously the more difficuit dimengion.
‘ﬁéy.giving animals several biocis of brétraining alternation
frials,“the salience of this dimen;ion could ‘be increased.
The present experimental design could theh be used to test
the general information'defiéit hy?othesis. ;

| | 'Lastly. several investigatoés (Sﬂyder and Isaacson,

1965; Nadel, 1968; Jackson, 1968; Jarrard,” 1973) have

[ b !
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demonstrated that the hippocampus is nét equipotential.

The position arid size of hippocampal lesions have differen-
tiél behavioral effecté. The present experiment used small
radio frequency lesions in the posterior hippocampu3.--It
is possible that the observations of thialstudy areiépecific
only to this locatién and size of lesion. Purther research
Should investigateiﬁhe effects Qf lesions in different

hippocampal areas on the reétention of pre task position

habits.

A

RPN
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AFPPENDIX A

F max Test on Brightness Errors

Before Transformation

r

* p£0.05 ’ : |

SS largest SS smallest F max
13.5 o 0.84 / 16.0 *
* p£0.05 i
F max Test.on.Nﬁﬁﬁér“df-Pretraining
‘ Alternations Before Transformation
SS largest - SS smallest F max
69.4 5,07 13.8%
* p£0.05
F max 1€ST on Number of Test Phase
'AlternatiOns Before Transformation
N \
sSS largest | SS Bmallest F max
75.5 4,9 ;. 15.0%
ot

68.
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APPENDIX A (Continued)

F max Test on Brightness Errors

After Transformation

SS largest SS smallest . F max

3.6 1.8 t 2.0 NS

NS - not significant, p>0.05

F max Test on Number of Pretraining

Alternations After Transformation

SS largest SS smgllest F max
26.7 . 19.7 1.3 NS
NS ~ not significant, p>0.05 ,
F max Test on Number of Test Phase
Alternations After Transformation
SS' largest SS smallest F nax
1 1
4.0 21.0 o 1.6 NS

NS - not significant, p70.05
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‘,ﬁ . | s
_ APPENDIX B
Number of Errors and Trial Blocks Required ’
by Individual Ss to Reach

Acquisition Crlterion

HP No. Trial Blocks Errors SH No. Trial Block Errors

1 6 v 63- 1 . 6 48
2 3 15 2 3 18 .
5 3 15 3 3 e
4 5 34 4 5 . 35 .
5 4 33 5 5. 46
6 4 68 6 4 12
-7 5 33 7 L 21
8 3 18 8 3 ‘11
9 4 30 9 3 33
10 6 36 | 10 3 37
11 b4 b 11 5 51
12 . 3 12 5 35

£
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APFENDIX C

Number of Pretraining and Test Phase

N

Alternations for Individual Ss

) ff
HP No. Pre Acquisition Post Acquisitidhr
1 0 0
2 2 5
3 | '.0 5
. j- . ]
5 2 2
6 0 8 g
7 0 2
8. 0 ‘ 2
¥ 0 0
10 -2 }‘ 10J
11 6 2
12 ! 0 9

4

g
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. ' ~ APPENDIX C (Cor'tinued)
N.urgber of Pretraining and 'I‘esi: Phase K

Alternationsg for Individual Ss

~

SH No. r_, Pre Acquisition - - P'osrst; Acquisition

S

!

1 0 ¢ 10 .
2 | : 2 co 2
3 . | 2
“ 2 5
o 5 8 . 9
6 - Ty 4
7 2 : 4
8 " -5
.. 9. D 4 - | 5
1(\)‘ , | 2 } 7
11 0 5
2., K
, N
: ? . -4,.._3
4 Tr ‘ . '
e i
: " .
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. f;j_? | | ~ APPENDIX D .
. . Number of Responses to Each Side
During Pretraining-and Altﬁeination
“ - . Test Trials by individu’al Ss
~ ' B
: . Pre Acqui_e-xition' . ~Post Acquisition
. HPNo. . p TR . L R )
1 .o 16 T o 16
2 15 10 | .10 . 6
3 | 16 .I 0. | | 15 1
v 4 3 a3 T
N Y I 3. )
6 0 16 .. N T 15 ./
? 16 o . 14 2
8 16 o Ty
9 ] 16 0 - 16
10 1 15 6 10
11 5 11 \ 7 9
12 0 16 s6 10
! X
. o '
" ) ) |
" | -
o



APPENDIX D (Continued)
Number of Responses to Each Side
During Pretraining and Alternation

Test Trials by Individual Ss

R

. | Pre Acquisition _ Post Acquisition
SH No. L R , E L R
1 0 16/ . 10 6
2 Q‘l L 9 S
3 12 T ‘U | 10 3
S 1 15 | 3 13
5 9 10 . 6
6 14 2 15 1
7 1 15 14 ' >
8 . .2 ih 12 4
9 . 12 4 9 o
w0 1 15 4 12
11 16 -0 3 13 -
312; 7 9 8 8
T _ )
%
{7 -
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' APPENDIX E
.Extent of Ieéions for Animals in Hp Group | ':.»
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