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ABSTRACT
B R

Two "experlments were performed in order to
‘1nvest1gate diffetring predictions . from the spatial
mapplng hypothesis of hippocampal function proposed by
- O'keefe and Nadel (1978) and the working memory
hypothesis. prqpbsed'-more recently by Olton‘ and his
colleagues. 2

In Experimeént One groups of rats were trained to
use different strategies to locate a submerged platform
in: a. tank of water. Group MAP used a spatial mapping
strategy 'to locate a fixgd platform, and group CUE used

guidance stategy (following a suspended cue)
locate a platform %which was relocated after eyery»
trial, Follqwing‘ acquisition half of each group was
ven a . single 1low  level wunilateral electrical .
stimulation of the dentate .gyrus and {hen run for four
_trials. A-  large interaction Waé\kfoundn~ between
stimulation and group, indicating th ‘only-wthe"MAP
~group was impaired folloleg stimulation. : ’
- In Experiment Two a woprking memory component was
added to the Experiment One task, by requiring  the
subjects to determine on the f1rst daily trial, which
of four potential platform locations was correct, for
-the spatial mapping ' group, or which suspended  cue
signalled the platform, for the ghidance .strategy

group. Working pefiory was required in that subjects
then' had to refember the results of this first trial
‘for - the rema nlng daily trigls, in  order to

subsequently find the platform. Following acquisition
stimulation once again selectlvely impaired the group
using the spatlal 'strategy, while the guidance strategy
group was unimpaired. These results have important
implications for the" cdrrent controversy between the
spatial .mapping and working memory hypothesis - .of
.hippocampal function.

) - N iv _ , L
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INTRODUCTION

| L
Since the original report by ScovilieaL and Milner
(1957) of the celebrated subject H. M;, a cererted effort
has been made to characterize memofy deficits prbduéed rby
interferen&e with hippocampal function in laboratory

animak¥s. The research engendered by the original finding of

severe anterograde amnesia and partial retrograde amnesia

in H. M. and others, has shown hippocampal‘subjects to be
' /
impaired in a bewi!ldering variety of tasks. Consequently it

is not 3urprising that this massive body of data Has lead
to a large number of différent hypotheses concerning the
function of thé hippocampus. It was the purpose of the
present “series of experiments xd investigate two of the
major hypotheges vwhich have been advanced~ conqerning
hippocampal function, the spatial ﬁap hypothesis, and the
working memory hypothesis. To begin with, though,'a brief
summary of some of the earlier hypotheses of hippocampal

function is provided.

'

EARLY HYPOTHESES OF HIPPOCAMPAL FUNCTION

One intefesting point concerning the majority of  earlier
hypofheses to be advanced is thﬁt they tended to propose a
hippocaﬁpal rdle which did not directly involve mediation
of memory brocesses. The prime feason for tﬂis is ghat it

¥ _ :

was quickly discovered that hippocémpal damage to .animals

did not- produce impairments in simple learning tasks

1\



@
comparable to those of H. M. While it appeared that H. M.
was unable to acquire any new information following his

‘ surgery,‘ nﬁmerous reports ffom the animal literature
concluded that hippocampal subjects were unimpaired in
simple <classical ang operant conditioning tasks. These
findings made it necessary to postulate something other
than a pure memory deficit to account for those
impa}rmenté which had been reported in the veafly ~animal
literature.

For ekample the response inhibition- hypothesié,
| proposed by Douglas and Pribram (1966) suggested ;hét
hippocampal subjects wére unaﬁle to inhibit their
‘responding in a task in order to switch to a more adaptive
response, when the conditiohs of the task changed. Findihgé
which were ‘cited in support of 'this hypothesis includev
impairments  in a wide range of tésks thch involve
inhibition of some ongoing resonse in order to switch to a
mor; abprdprfate response, The list of éuﬁh tasks in‘whith
hibpocampals were found to be impaired includes habitﬁatioy/
(Leaton, j 1965; Leaton, 1967), ‘extinction in Operqﬁ£

) /

conditioning (Isaacgon, Douglas, & Moore, 1961; Niki, 1962;

Jarrard, Isaacsoy, & Wickelgren, 1964; Kimble, 1968),"
éxtindtion in classical conditioning (Niki, 1965), initial
stages of feversal tasks (Douglas & Pribran, {966),
spontangous altérnétioh (Roberts, Dember &_Brodwick,f1962;

Douglas & Isaacson, 1964; Douglas, Peterson & Douglas,



1973), and Successive discrimination (Stein & Kimble, 1966;
Jarrard & Lewis, 1967; Hostetter & Thomas, 1967). Typically
hippocampa%; subjects tend to pe&severgﬁe (Peretz, 1965;
Niki, 1965; Douglas.& Pribram,. 1966;. Brown, Kaufman, &
lMarbo, '19@9; Franchina & Brown, 1970) "and are quite
indistrgéiibfe (Wickelgren & Isaacson, 1963; Hend;ickso; &\
Kimble; 1967). Eventuallys though, it became apparent that,
in \itS original fo;mulation, tﬁe fespomse inhibition

T ew ®

»hypothesis waS'untenasle. Cléarly hippocampals could switch
their behaVior.i’Suqucts did not stafve bgcagsé\they could
not ¢eaS¢ a@ response 'in order to eat 6r drink. However it
was équally clea; that for some reason hippocambals.did not
swigch responses when such’changes became necessary within
the context of the task. In‘1972 ‘Douglas published an
hypbthesis which proposeg that the ﬁ;ﬁpogampals were unable

/ . \ .
to/ attend to the relevant, environmental. cues which

~.

. \ T .
signalled that a change in responding was necessary.

According» to ﬁéuglas (1972) the hippocampus playegx*an /
attentional role 1in tuning out non-reinforced stimuli.
bamage to the hippocampus Qould result in" subjects which
were unable to distinguish between reinfdrced :and non-
reinforced stimuli, =~ hence they would not 'e}hibit
behavioural changes wheh previously reiﬁforced stimuli iost
their reinforcement.

A réformulation‘\bf this hypothesis was provided by

Solomon and Moore (1975). Basically“fhglg\iﬁig d Qith



"Douglas (1972). However they. preferred to divide the

. category of non-reinforced stimully into two sub-categories,

redundant and irrelevant s¥imuli. Suppgrt for thié

hypothesis was derived from s u@ies on two attentional

phenomena, latent inhibition and blocking., These

‘acquisition phenomena were shown‘bto e impaired by
hippocampal damage (Ackil, Mellgren, Halgren, & Frommer,
‘1969; Solomon & Mere, 1975; ‘Solomon, 1977: McFarlana,
Kostas, & Drew, 1978; Rickert, Beﬁﬁett, 'Lané & French,
1978).

At the ‘time much of this work was beihg done _av
radically new hypo£hesis of;hippocampal function was bédné
developed. O'Keefe & Nadgl'(l978)\published an extenéive
work in which they o@tlined’a pure, bﬁt highly'special£éed,

memory function for thethppocampus. A detailed discussion

of this hypothesis, which is central to the present series:
. 5,

of experimgnts, is provided below:

‘THE SPATIAL MAP HYPOTHESIS

In 1978 f0'Keefe ~ &  Nadel published theirEH\
controversial bdok' in which they proposed that the
)hippocampus is  theV brain location in which neural

representations, ‘or maps, of those environments with which
the animal was familiar, reside. In support of this
theory they .provide a comprehensive review of the

literature, focussing primarily on the results of lesion

[T,
y‘.& iy
R

\



_ \ .
lstudies, stidies which correlaue\ hippocampal EEG with
behavioulr énd étudiesbwhich correlake single unit activity
Qith: behaviour. Before discussing \inn mdre detail the-
formulétion and‘nimplicatidns' of th@ir theory, it, is

. a .

-important to point out that since a map 1is constructed
. \ R . 4 \

- \

through experieénce, the system which coptrols, oF mediates,
Lo T I

its construct;&on mus& be regarded as a rinemory system.
To  ‘introduce their theory O'Keefe & Nadel (1978)

provide an initial review and discussion of the various

r~ :
problem-solving strategies, or hypotheses, .available to
normal- animals facetl with achieving some spatial task. In
this discussion they also ﬂprovide a useful formal

definition of the two major memory systems, which have been
: co U " .

commonly proposed to mediate such strategies: taxon and
place. A brief summary of the capacities each provides 1is

given below. ¥

The Place System

To use a place strategy, an animal must possess an

internal map of the environment. This map is composed of a

/
i

set of place representations which are related to each

other by a set of rulés which represent the disténﬁés and

directions amongst theseiﬁlaces. ‘The spatial map méy ’be

used in the following ways: |

1. It allows movement from‘any location fo ‘any
location in the enyirqnmént via ahy route.

2. It allows the animal to locate itself within



[ N

an gnvirowﬁent? ‘ .

3. Items preéent within the environment can easily
bé located.

4. It @ontains a system which[sighals mismétchgs

‘ when unexpected sensory]inférmation is presénE.

. oy
This information may take the ‘fqrm of an
“expected item not being présent»' or an
unexpected item, being presenf.

5. The anima& can navigate within aﬁ' enyifonment

- in WHich only a smé;l.s$bset of the original
cues is still in its originaﬂ'location.

6. dnimals .which possess a spatial map can form
affective relafionships with aépgcifit place
repfésentations, such thap not only-can places
be reached or recognQZed, but they may also be

regarded as reward or punishment sites.*

O0'Keefe & Nadel (1978) propose that since the spatial

map system resides in the hippocampus, ’hippocampal‘animals

are therefore bereft of the capacities afforded by a
spatial mapping system. Instead they must rely solely on

the remaining memory system, the taxon 'system, and the

Vi
WA

strategies mediated by this system.

The Taxon System

The. main differencevSeparating the place system from -

the taxon system is that the taxon system only allows

y

egocentric spatial relationships to be used. In other words.

(¥4

e
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responses must depend on thexgmmédiatecrelationship of- cue .
. . ' - . '

locations or cue objects to the animal, and may not depend

upon relationshigs between remote objects or locations in

the environment. The taxon system includes two distinct

strategies, which may\\be.used either separately, or in
gonjqnéti%n' with eacﬁ other. The first taxon-mediated
H:straﬁegy is called orieﬁtation, in which the actual »motﬁr
acts required to reach or ;voiq a goal are specified (ie.
.perform t;e following seriés of‘behaviouré to obtain a food
reward in’g maze: move forQard five stepé; turn ieft, 5ove
forward eight step§,‘ turn left again, and so on). The.
second taxon-mediated étrategy, referred to as a gﬁidance
strategy, is: one in which a specific cue or cue clustér
which is proximalt to the objectv or . destination is
approached.(or»avoided); regardless of the épecific motor
acts,reduired to reach the goaé\\\

Instead‘ of usiﬁg mapping strategies, animals relying
on the taxon system generate rou;eé; which O'Keefe and
&adel (1978) describe asllists of guidance and orientation
strategies. The important point about the§e'routes is that
they must élways_bé sﬁecified with respect to the ‘énimal,
and not to some éxternal object or 1ocations.

Since they conclude that hippocampal animals must rely
solely’on the taxon system, O'Keefe and Nadel (1978) spend
~ considerab1e ﬁime vdéscribing the properties of the taxon

system, and then evaluating the literature ’dealing"with
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Vdrious. forms of hippocampal disruption, . to see how it

conforms to the predictions based on these properties.

Properties of the Taxon System , - 'y

O'Keefe  and, Nadel (19785 .suggest.' that taxon

information is stored on the basis Q£ category inclusion. A

category _vinc;usiénb system stores similar iteqs ‘in

neighbouri&g neural circuits. A major implicatibn of fhis

propert& is that‘the taxon system Should be particularly

sﬁbject to interference effects, Thus when the«sa%é‘item is
. - :

associated at different times with the target item, or

different it'ems are associated with the target item at ‘the

same time, strong interference would. be expected to

develOpe.

:A second . property of the ®maxon system is that ‘the.

‘a.strehgth " of the representation of an . item changes
incrementally as a function of experience and of the time
which elapses - between successive ~experiences. The

implication here is that taxon-using aﬁjmals“ should be

. L o .
particularly subject to change$ in the intertrial,.interval

- #
©ow

employed within a task.

Properties of the Place Systenm : T

o

In contrast with taxon properties, O'Keefe and Nadel

(1978) sﬁggest that~3patial maps are formed in an all-or-

none manner during active exploration upon introduction to

-

"a novel environment. ‘The all;qf-none nature of the map

implies that the strength of the representation may not be



incremented once it is formed. It may become richer (more
items may be introduced later) but no strengthening of
existing items may occur.

O'Keefe and Nadel (1978) describe another important
property of spatial maps.} Since a map - oontaips
. , , . S

representations' of items in relation to other itemsvfpr

'\..,,I

locations, . the same item occurring in two places will be ™

differently represented according to its'surroundings. This

means that 'spatia%A‘maps ~showld’ be  subject .to “little
' e ‘

interference since each item they contain is" uniquely'

,determlned by the particular context in which 1t appears

Since | the spatial map can not‘_be strengthened or -
~weakened: it follows that animals uSing spatial maps should«
S~ : ) :
‘not be affected by variations in 1ntertr1al 1ntervals

It can be seen that the properties discussed \above

generate very différent predictions of how animals will

behave, depending on the memorw system they are employing

The. main pred ction o' Keefe and Nadel (1978) make is

that loss of the 1ppoeampus should lead to the subsequent

loss " of two functions dependenm on a place memory system.

¥ %

First they suggest that normal exploration upon entry to a
" novel environment shouldibe'impaired in some 'manner. Second

iplace learning 1n general should ‘be 1mpa1red to the extent

that the, task in question can not ea31}y ‘be "solved by
employing' ternative taxon—mediated;étrategies. ‘_. e

s 7
D o-
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" LITERATURE SUPPORT FOR THE SPATIAL MAP THEORY

Lesion 'and Stimulation.Studies.

" The prime necessity in evaluating the evidence O'Keefe
, > ' ~ . o
and' Nadel -~ (1978) provide in support‘of their theory is

: ‘ -
that, at. the very least, it should conform to»,their
preqyctions concerning ‘the behaviour of hipprampa;s-,in
rp;edeminaﬁtly'spatial situations. Secondly i£ 1is necezsary
._co show that hippocampals are still able to solwve tasks by
reserting to taxon—mediated hypothesespb This dcesbnot mean
that perfpfmancé<vshould be equally éeod;acrossvall tasks
coasidefed,qsince ase df‘taxon—mediated‘stcategies pbobablyi
proyiqu'quite'inefficienc solatioas to a variety of casks
éasily‘solyed'by asing tHe piace system. Tpiraly,yix shodld
aiso,!be the case that che literacpfe aemonstrate‘ that
‘ hipﬁécampalsvlare deficiencein exploracionfof°ncveisobjectsf
, ér'biaces; | - -
: Iﬁ general (and not too. surprisingly) yche eVidepce -

presented by O Keefe and Nadel (1978) prov;des good support.

for[rthelr_cheo:y.' This review will deal with each of the
prédictions'outlihed'above in tUrn,~, v sr,‘

SR A : .

SUDDort from Studles on Exploration

To begln w1t@ they deal with the'iiteracqfey support . -
" for a def1c1ency in exploratory behav1or in hippocampalsf.

K’/‘

"There are two types of ev1dence to con51der vunder this
topic; _reactlons to novel obJects 1ntroduced 1ntQ famlllar

-

env1ronments such as. home cages, and exploratlon of wholly

10 R



novel environments. O Keefe and Nadel (1978) suggest that

in order to 1n1t1ally construct -and subsequently‘update, a 'V
.~ spatial - map, normal orienting reactions must occur 1in
both ~of these situations. Thef“literature‘ "concerning

orienting tesponses will be considered first.@s To begin
with initial’orienting responses, in the'presence of non-
directed behaviour, .seem = to . be intact' in hlppocampals'

" (Crowne & Riddell, 1969; Sanwald,{' Porzlo,‘ Deane, &
| o

Donovick, 1970), although thelr subsequent exploratlon of

;novel'places or objects is‘deficient.A Gllckman{ ngglns{'&w
Iséaéson6(1970) have sboyﬁ_tbatbhibpoéampal gerbils expiore
'fnonel objectswintrodueed intoﬁthe home cageﬂmuch'less tban;”
controlsl 'O'Keefe ‘and Nadel (1978) also c1te unpuinsheo

3

results of Dalland (1976) who reported 31mllar results for :

'hippoeampal rqts;, e I
Some interesting ‘results beppear: :wnen" studiest.

‘ .investigating‘orientation‘and exploration‘of nouel objecfs

introduced' during directeo' behaviour .are Jexamtned. A

variety of studies report.that when engaged .i
N . . . Sy

directed
behaviour, 'hipbbcampal rats are quite i distr ctible,' and:

show little orienting. to, or exploratldn.oif novel obJects

.\,'(Hendrickan; Kimble, & Kimble,'7"l969; chkelgren'.&
« I#aacson@$1963); ‘Kimi(1972) reported'that'althOUgh'stronge

prienting“responses were absent in hlppocampals engaged in
/ ' d

/ dlrected behav1our, there’ ‘were 51gnff107ntly more, -weak-

¢

or;entlng responses 'Kim (1972) dlstlngu1shes between ;



«
"strong' and weak',orlentlng responses on the ba51s of the

- presence Or absence of tran51tory xeactlons (whether the

12

animal ceases 1its ,‘ongoing activity' or not). K; non—‘

tran81tory change in behavior following initial orlentlng'

is cla531f1ed as a fstrong’ orieneing -response. The
implication of_these results is_that Subjects.do:not appeaf
to ‘be impaired in thelr abliif? to perceiVe' énd'fshift
!attentlon to novel stlmull, but do seem toﬁlack a tendency
to subSequently explore the novel 1tem.‘ In cases énVolv1ng

directed . behavior; it;'may be that the atténtion: shif;

usually manlfested by an overt orlentlng response 1s Stlll

present- but is effectlvely‘masked,by’an overrldlng goal"'

directed behavioral reSponse..

' Keefe and Nadel (1978) then turn to the questlon ”of'

exnloration_voff novel.environments:by hlppocampels.' They

describe the . pattern of exploratory behaviour in’ narmal -

animals as follows: - . =~ .

"Typically, the animal will remain quiet for . a -
~while, perhaps sniffing ,about its perimeter.
Slowly -~ it~ will move . gut and explore its

Surroundlng, often withdrawing back into areas
already explored (and ence known to be 'safe).
Once explored aﬁﬁ anéa is less likely, to be
‘visited <again on a-slibsequent foray. In . time,
‘the : animal will t oroughly explore the ‘'entire
- -situation and w111/®e¢ome relatively ,qu1€s¢ent;'
¢ vor“f%at if it li hungry ~and  there is food
"~ . available. At ¥ /point we can say .that the
~ ‘animal” has . co plet d its = exploration of  the
.. novel situatior/. 0 subsequent exposures. to the
" situation the/ animial might make a cursory check
‘to ensure that Mmothing has 'changed, but its
‘activity - widl Ke much less than it was on- the
- first occasi09@ (p. 255) S
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The conclusion they reach on the basis of their literature

review is that typically hippocampals appear hyperactivé

but hypoexploratory. O'Keefe and Nadel (1978) cite

numerous’ studies which descrlbe hippocampals as showing
markedly 1ncreased activity ‘over. normal levels, whEn placed
in novel environments such as an open field apparatus
(Kimble, 1963; Eichelman, 1971). Typically, though, ghis
increased activity consists of noticeably 'steréotypéd
patterné 'of behaviour in which the same area of the
-environment 1is repeatedly visited, It is primariiy' this
finding which leads O'Keefe and Nadel conclude that this
.increased level  of dgctivity is not due, to an increased
~tendency to egplore. A supporting fiﬁding reported by
Jéckéqn (1967) and Clark‘ (1970) is. that hippocampals
exhibit a téndency to rear less than normals while in an
bpén fié;@; or enclosed box.

| The main explanation advanced for this increased level
df activity is - that hlppocampals are Hyper reactive tq
‘stimuli in general. A study G'fﬁﬁplan (1968) demonstrates

that the level of activ1§y exhlblted by ‘hlppocampals is

largely determined by'fhe nature of the external stimuli

present in the testingf apparatus. Rats showed <classic,

hyperactivity in a large well-illuminated testing box,

while the same rats showed no increase in activity over

, normals when tested in a small darkened jiggle-box. Thus it

seems that 4extéfnal stimuli direct the behaviour of

13



hippocampals such that they are characterized by an

increased " level of general activity, ‘consisting of

stereotypic movements, directed at random toward stimuli.

which are present. O'Keefe and Nadel (1978) conclude that -

this finding:

"demonstrates the complete absence of * anything
remotely comparable to exploration in
hippocampal animals, their high-level activity
consisting almost entirely in (sic) repetitively
stereotyped behaviours; these are best described
as microstereotypies, for the form of the
behaviour can be remarkably constant."(p.258)

Although O'Keefe and Nadel (1978) regard the fact that

hippocampals show repetitive behaviours as support for

their conclusidnJ_that exploration is impaired in .these
subjeqts, it[is important to point out, ’in passing, that
this finding may be interpreted to provide su@port for
.other hypotheses of hippocampal funetiqn which postulate»é
less specialized role of the hippocampus in mediating
memory processes. In particular /the ~working memory
hypoﬁhesis advanced by Olton and his colleagues would also
~predict repetitive behavior. A more e}aborafe discussion of
thi; hypothesis is pfovided in the introduction to
Experiment Two.

Support from Studies on Place Learning

It is . well beyond the scope of this review to deal
exhaustively with the massive literature O'Keefe and Nadel
(1978) present in support of theéir theory.'Pérhaps the best

strategy to follow is to begin by looking at the way

14



* hibpocampals vauire and perform tasks which are regarded
as almost exclﬁsively spatial. According to 0'Keefe and
Nadel (1978) these include a variety of maze learning tasks
involving quite varied apparati, and explicit spatial
discriminations. While there are many other tasks which may
be séid to gontain spatial components to some degree; it is
of little use to dwell on them until the more obvious
spgtial tasks are considered. Most important of theée is

maze learning.

Spatial Maze Studies. O'Keefe and Nadel (1978)
begin their discussion. of the spatial maze literature by

reviewing Dashiell (1930). He studied acquisition by rats

of a variety of related mazeé tasks involving a rectangular:

box. with removable partitions. The start box and goal box

were always on opposite sides of this rectangular
enclosure, The fact that rats improved on this task not
only within a specific | configuration, but also across’

different configurations suggests that instead of. simply

chaining 'S-R responses, the subjects were learning about

the general direction of the goal. Further support for this

interpretation comes from the finding that rats tended to

selectively avoid new blind alleys which led away from sthe
goél, and were less able to avoid blind alleYs which
pointed in the direction of the goal. The conclusioh of
this study was that - the rats learned some general

information - about the direction of the goal which they
PR ‘ .
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could apély across maze configurations. Confirmqtidn that
this was the case was supplied directly'byga final gspebt
of the Dashiell study in which £até were seen ‘to chose
various alternative paths to reath the goal when placed in

mazes which allowed several different solution routes.

O0'Keefe and Nadel (1978) suggest that these results are

compelling evidence that rats typically rely on a placé

strategy in complex maze tasks, rather than simply chaining
fixed S-R responses. Since rats seem to prefer a place
stratégy in most mazes, a direct tesf oflfhe OiKeefe and
Nédel hypothesis may be achieved by producing hippocanmpal
disruption“during acqﬁi;ition or perforhance of complex
maze tasks. berhaps.the most compelliﬁg evidence presented
by O'Keefe and Nadel (1978) is that in their list of twénty
lesion papers feViewed‘in this category, eighteen repofted
a deficit féf hippocampals in complex mazé léarning.

One of the most interesting of the early complex maze

studies with hippocampals is that by Jackson and Strong

(1969). The study employéd a six alley, 12 cul-de-sac.

Lashley III maze. The task required rats to run along each

alley at right angles to the goal until it reaches an
opening in the wall infthe direction of the goal. The rat -

must then turn 1into the alley and run along it in the’

opposite direction. The most interesting aspect of the task

is that two types of errors are possible. 'First rats cowld

miss the initial opening in the goal direction and continue

ol

-
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to the end of the-alley, and second,_once they turned into

the opening they <could run along the next al}gz//in the

wroﬁg direction. Of these two erors énly.the first. was
sensitive to an impaired sense of goal direction, and it
was found that hippocampals showed many more of these
errors than normals.

One type of spatial maze task which has gained immense

popularity over the last several years is the radial arm

maze. Although O'Keefe and Nadel (1978) do not mention thisv

task 1in their chapter on spatial maze .impairment, mény
%
later studies employing this ‘task ' provide exce{&ent

demonstrations of spatial impairment followiﬁg hippocampal
disruption (Olton, Walker & Gage, 1978; 'Beéker, Walker,

Olton & O'Connell, 1978; Olton & Werz, 1978; Walker &

©

Olton, 1979; Winocur, 1982). It has also been reported‘that

2

damage to more selective regions of the hippocampus °

equally effective in producing spatial‘méze impairments. A
study by Handelmann & Olton-(1981) reported an impairment

following lesion of CA3 pyramidal cells by kainic -acid.

Earlier, Jarrard - (1978) showed that selective lesiogs of

alveus, .fimbria, and intrinsic CA regions produced a

similar disruption of radial maze performance. In contrast,
damage to other areas outside the septo—hippocampal complex
seems to have 1little effect on -spatial maze ability

(Becker, Walker, Olton, & O0'Connell, 1978).

4

Is
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Finally a quite recent body of evidence which will be

discussed in the section describing the Morris water task

also provides evidence of disruption of “an exclusively

spatial task.

Thus the conclusion based on the literature (not only

that discussed spedifically by O'Keefe and Nadel but also
those studies published after publicatfon of their book) is

that hippocampals do seem to be impaired on a wide range of

tasks which require the subject to employ place learning

strategies in order to solve them efficiently. It can. be

.

seen then that the predictions made by O'Keefe and Nadel

-(1978) have been confirmed in the majority of cases,

indicatihg that the theory is of value heuristically as

‘well as being able to account for much of the ‘early

literature.
One other valuable contribution made by O'Keefe and

Nadel (1978) concerns their discussion in which they

- provide operational definitions of problem-solving

Strategies. This formalization has led to increased
attention to.the type of strategy tYpically used by intact

rats .on a spatial task, and to increased concern that

experimental groups are homogeneous with resﬁbgt to. the

strategy they are most likely to employ in givgﬁ_task. A
related cause for concern is that tasks la}

to solve them

by investigators may, in fact’, allow sub

without using place strategies. For exampMe’, groups of rats

o

Y
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.may show perfect T-maze performance, but may.have employed

different SErategies to producel;piS'perfectl performance.

In order to. identify the strategy actually used by the
t . .

subjéct it is necessary to conduct probe t;ials. To test
for orientation strategies, one can rotate the start -arm
180 degrees,v while keeping the goal box 1in ‘a cbnstant
location,. Subjects whiph were previously solving the task

on the Ddasis of a "turn 1left at. the choice point"

orientation  strategy will now respond incorrectly.-

Similarly, 'switching a proximal cue whicf)éignals the goal.

to the opposite side (i.e., switch both goal arms, but
. » \X .

leavem the reward in the same location) will reveal those -

.r.;g'i .
. subjdets which were employing a guidance‘stiategy to " solve

‘the task. A case in point which effectively illustrates the
danger - of not controlling for the response stfategy of the
subject 'invdlvés a paper by MunOz‘ and Grossman (1981):
These authors studied the effects of kainic—acid induced
lesions of the hippocampus on T—maze pe;formancev and
concluded that spatial performance on the .T4maze was
unimpaired, Qithqht assessing whether{ in fact, the T-maze
performance was due to orientation or guidance strategies.

As 'will be described- below, the conclusion of no spatial

19

deficit. has .been effectively disconfirmed by Sutherland and i,

his associates (see footnote 1).
Thus, the use of probe trials to identify strategies,

and - of manipulations designed either to eliminate or



encourage specific strategies (for example, see 0'Keefe and

Congay, 1980), has become an essential element in current

‘resgarch on spatial capacities of animals. )

THE MORRIS WATER TASK

It is in this regard that a relatively new - spatial

task may be seen to be particularly wuseful, since it
provides several important’ advantages over more
conventional spatial tiask apparati, such as T-mazes - or

radial arm mazes, for studies with intact and brain-damaged

subjects. The task has come to be known as the Morris water

task (MWT) (Morris, 1980; Morris, Garrud, & Rawlins, 1981). .
It requires rats to swim, from -different starting-

locations, to -a submerged platform located inside a five

. foot ‘diameter white fiberglass fank. The platform 1is

rendered invisible by filling the tank with an. opaque

- liquid (skim milk powder dissolved in cool water). The

P

procedure is as follows: subject rats are’placed_intd the
water facing the wall and released. The path taken by the

subject is then recorded by the experimenter, who also
s

measures the latency to find the platform (submerged 2-3 cm

below the surface).‘ Some of the badvaﬁtages the task
provides include:
1. It is, extremely simple; inﬁact rats require only
a few‘trials to leérn it.

2. Orientation strategies are eliminated since the

20



rats are started from different locations around
the tank circumference, thus varying the
distance the subject is required‘to swim on each

»~

‘trial and the body turns needéd to reach ‘the

platform. -

3. Guidance strategies‘ are also eliminated ‘since
the rat must orient using distal cues only; The
submerged platform provides no'prpximal cues and
“also eliminateé the'possibility that thetéﬁbjgct
may lay dOWﬁ an odor éue.of‘its own' to mark‘ the
platform location for future reference.

4. No Satiaﬁion'effects.occdr'since the'subjec; is

not' motivated by a state of deprivation.

=

Thus the .task provides an excellent control byer the.

strategy used by subjects since oqu a place strategy may
be uéed_;o efficientlyAsﬁlve the task. Since it eliminates
orientation and guidance strapegies alike, it is
particuiarly well;suited for use iﬂ studies on the effects
of various ‘types of interventiop in normal hippocampal

‘neural activity. on purely spatial capacities in rats. Since

ité' original publication, the MWT has been extensively

\émpIOyed to show that hippocampal 1esioﬁs produce severe

,Spatial‘deficits in réts. Sutherland (1982) has shown that

lesions from a variety of techniques, including bilateral
electrolytic lesions, bilateral kainic acid-induced lesions

of CAB énd CAé; and unilateral and bilateral <colchicine-
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induced dentate gyrus lesions, all consistently produce

impairménts on the MWT. Further workv(Sdthérland, 1982 -
personali communication) has shown that damagé to virtually
any component of thé septo-hippocampal complex (SHC),
_inciuding qpnhected -éreas of the frontal cortex (Kolb,
Sutherlandi;-&  Whishaw, 1982), produced reliable spatial
deficifs;v.ln _addition, thé specificity of the spatial
impairment“ té the SHC has been amply demonstrated . since
lesioning a vafiety‘of’ext;a—SHC:bfain structures has beén
inefféctive in broducing deficits in the:MWT. Such areas

"include "parietal cortex (Kolb, Sutherland,. & ;Whishaw,

1982), dorsoWledial thalamus (Kolb, Pittman, Sutherland, &

Whishaw, 1982), habenular complex, amygdala, and motor
cortex’(Sutherlénd, ‘Kolb,  & Whishaw, 1982);and tegmental
.grey, substanﬁia nigra, and fastigial nucleus of the

cerebellum (Sutherland, 1982 - personal communication).

: . : . .
Thus the SHC specificity of the spatial impairment appears.

-quite robugt. (In addition, it is worthwhile to point out

that each of the lesion techniques employed in Sutherland's

A

major study (1982) is associated with a unique combinétion

‘

of extra-SHC tissue - invasion and damage,' So that the

finding of a similar deficit in all cases implies that it

is the cbmmonaiity shared by the 1esions, namely the damage

. .

to the hiﬁpocampgg,' which “is: producing the = spatial

impairment. : : o
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" BRIEF REVIEW OF HIPPOCAMPAL STIMULATION

P

In the literature lesion studies far outnumber those

¢ . S

. . : ' 7~ ‘
employing stimulation of SHC structures. Oﬁfthif,/ifiiiii/,//,,g/.

number of studies, the majority involve <consolidation

. paradigms, in 'wh;Ch~ stimulation is applied immediately

following a learning_trial‘(i{e., Kesner énd Conner, 1974;

Brunner, Rossi, Stuti, and Roth, 1970) and later retention

is tested.

"Acedrding,»to Kesner and Wilburn (1974X\ Hippocampal
stimulation  temporarily.disrdpts normal neural adtivity i?
thé hippocampus and related structures, thereby proddéing a
reversible 1esi0n. Such é~pro€edure would therefore be
expected tq\ produce a memory impairment 51mllér to that
demonstrated to result from hlppocampai le51ons

© In general ‘this appears to be the gase “(Kesner and
Conner, 1974; Li;éséy, 1975; ‘Zorﬁétzér, Chronié;er and -
;Rpss, 1973)‘ although there have béen/eXCeptions in‘ which
hippocampal Stihu;ation' has been:pepbrtéd “to fagilitate
perfprmaﬁce of some tasks, includin% lever pressipg for
anidance | (Ericksop énd.’Patel,,' 1969), and _operanb
coﬁaitidning in the mouse (Destrade, Soumireu~Mourat,‘vénd
Cardo, 1973). |

| Thev‘stimulation emploxgd in the presént 1expériments’
Aéoﬂsisted of low level sqﬁére wave pulses delivered to the
hilus of the dentate gyrus. -In Ekpefiment One ﬁnilaferal

Spimulation was used and durlng surglcal implanting of the
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electrodes this produced a strong contralateral evoked
T : . e

potential, presumably through the»hippocampal<commissural

- N
fibres. As will be discussed more fully below, the site
chosen . is * based on findings . by Routtenberg and his

colleagues that stimulation of entorhinal cortex (Collier
and Routtenberg, 1978) and of the granule cells w1th which
the - entorhlnal efferents synapse via the perforant pathway

(Collier, Miller, Travis, and Routtenberg, 1982) produces

memory disruption. The present vexperiments included a

/

/

replication of the stlmulatlon procedures of. the Colller et
7 al (1982) study, s1nce they had succesfully obtalned aﬁﬂ

dlsruptlon of memory effect. .
Py
/

'@though much lesion work has been done u51ng tne/MWT

-

- ~.
fcal' Stimulation of the: hippocampus ~on - spatial
_yt1es 'as assessed by the MWT In fact tﬁe liter@ture

fbeen partlcularly scanty with respect/to the effects of
z S .
ftrlcal h1ppocampal stlmulatlon d/llvered 1mmed1ately >

;or to performance of a retentlon’task for any ‘type ‘off\;<
;.k. For thls reason, Experlment One was de51gned to use ’
stlmulatlon- procedures of’ Coll1er et “al " to dlscover_
Lhisr subjects which had learned th\ standard‘version‘of
tne, MWT would berimpaired following 'Stimulatlon “of. tne
granule cells of the hlppocampal dentate gyrus |
L) :

~As mentioned above,_ the vast maforlty of st1mulat1on

studies involyed‘stimulation lmmedlately afteru‘learnlng,

i%there has been no publlshed work on the effects of '/’



rather than immediately prior to or during retention tests.
This issue is discussed more fully in the introduction toO

Experiment Two.

EXPERIMENT ONE

This experiment was designéd to provide a direct test

of the O'Keefe and Nadel (1978) hypothésis that hippocampal

%,

disruption ‘éhohld"drastically impéir,perfprmancev_of' the

‘Morris water task learned through use of place strategies,

but should . have no effect on Morris.water task performance
which is learned exclusively through guidance strategies.

Although there have been a variefy of reports which have

- ‘provided evidénce that thevability’OE rats:toiuse guidanée
strategies- is "unimpaifed*'aftér '-hippOcémpal fdamége,
typically the Cue ta;ks and'spaﬁial'fasks ﬁbén which theseﬂ

conclusions .are'bééed_do not,employ thé samé apparaﬁi for

testing,the.subjects,? The present experimental design  and

tasks - allow  a direét..comparison of the effect of

J‘r_hippoCampai stimulation on the employment of placen-vefsuS'

cue strategies, since the apparatus (Morris water task) and

physicalf"stimuli used are identical for all groups. The

'predittion‘hdderlying'this experiment, based on the spatial

/

- map ‘hxbdth§SiS of Q‘Keefe{/and‘bNade; - (1978), 1is thét
‘dis;uption‘ éf‘ hipﬁoqampél nehfél actiViEy..Bx_ electrical
: stimuiatioﬁ should p;oduce a_spatiél impairment’éimilar to
that &fesulﬁingb from .les;dﬁed ‘subjéEts. >-Howevef‘ Sudh

’Stimulation should have no effect on subjects trained to

[/*’

e
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solve the Morris water task by employing a guidance

. ‘ ,
strategy.

‘It should be pointed.out that no studies have been

)

published ~on the effects of hippocampal lesions on ability

to use a cue strategy to solve the Morris water task.

| HoweQer Sdtherlénd (1982 - personal cOmmqniCation)“reports

that while dcquisition of such a strétegy' is  slightly .

‘déiayed for h}ppocampai- rats, 'eventuaily‘ they ﬁsh0w

" performance levels equal to normals. The present experiment

examined a complementary -sifuation to the studies of

 Sutherland in that it dealt with the effects of stimulation

of the hippocampus qn=performaﬁte of- the Morris water task

-

by subjects trained to use either.a guidance strategy;or a

e .

place strategy to solve the task.

+

Design IR S o
During tpaining: all subjects. received. identical

/

acquisition .tri
. ’ . / ¥

P

als.’ Fellowing this each gfouplwas>divided

26

‘into equal subgroups for. a series of performance trial days -

during which stimulation was given to the experimental

LaEN ¥ !

subgtopps-fgroups’ only over three conseéUtiVe"dayégf The

 re@§{hing subgfoups acted'as éoﬂt%glé‘forvthesé_'déys;» Aﬁ-
the »éhd‘;of.theSe three stimhiatioﬁ‘dayé_.éaéh. stimulétéd;
_subgrouﬁffWés:vgiQen'p;bbe £riéi$ yitﬁ a 'cheeéeéloth' ten{
¢dVering v£ﬁe“tank;- Following;;his‘éohditioné_ﬁere chaﬁéédj

80 ‘thatfthé.cﬁe:Signélling'thé‘piatform for ‘the 'subjéc;s‘,

ol
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aghe experiment.

using guidance strategies was suspended over the platfornm
' 1 i .

instead of being on the tank wall: All subjects were givgn

additional écquisition training with these conditions in

effect. Following this the subgroups which previouslyracted

as controls were now stimulated on two consecutive days,

with the previous experimental subgroups now acting as the

controls. The last part of the experiment consisted of the

‘initial experimental subgroups receiving two additional

stimulation days.

‘ﬁétﬁod

Subjects

The subjects conéi;ted of 40 male Long-Evans hooded
rats, ‘wgighing.between 350 and 450 gfi before implantation.
All  subjects were housed together in a temperapure:

controlled room on a 24 hour continuouslight cycle and

given ad libitum food and water throughout the course of

Before ~acquisition training, all subjects received -

identical surgical implants of bilateral hippocampal
L ‘\

{

elegtrode assemblies. After a minimum of two weeks for#

.
recovery acquisition trials began. (Circumstances dictated

that 12 subjects received up to 4 weeks of Jecovery,

however these subjects were divided as evenly as possible

among the groups.) Prior to training, subjects were
randomly allocated to two groups of twenty animals,

referfe@ tqvas a MAP group and a CUE group. During traihing

L
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one subject' from the MAP group lost its head cap and was

discarded.

Surgical Procedures

Each subject was anaesthetized with sodium

pentobarbital and fixed in a stereotaxic apparatus, with

the incisor bar set'at -3.3 mm. A mid-saggital incision was
made along the scalp and the skull was bared by scraping
away the periosteum. Bilateral holes wcre drilled using the
following coordinates with respect to bregma: AP, -3.5 mm,
L, 2.0 mm. An electrode assembly was then implanted in each
hippocampus and fixed_i;nplace using dental cement.

In additioﬁ'to the electrqde holes, three other holes
were drilled in the‘skull prior to implanting the assembly.

“A reftrence screw electrode was placed épproximately four

to five mm anterior to bregma, betwen the subject's eyes, .

and two screwsrwhich gnchored the dental cemenc cap to the
skull were placedﬁin.holes caudal to the electrodes.

Actual pf%cemenf‘of the electrodeAassemblies employed
the technique of reccrding EEG activity from the descending
electrodes, described by Collier et al (1982). %he
,molecular layer cf the dentate gyrus of the hippocampus
produces ‘a very distinctive and characteristic bursting
péttern when invaded b§ a :mic{celectrode, hence it 1is
relatively easy to achieve very accurate placement of

electrodes in this region, by slowly 1owéring the electrode

until this pattern appears in the EEG record. -

il;f
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When both assemblies had -"been implantéd, 'Rhe
placements were tésted by stimulating ode side with a puise
of‘ up to 12 volts at one ko five Herz, and recording the
evoked potential-in the contralateral homologous site.

Fiﬁally the -assemblies were fixed in place and the
scalp wound sutured and paintﬁd“with Neosporin antibiotic
ointment. The subject was then removed from the'sterebtaxic
instrumént and replaced in the home cage for recovery.

4

Prepatation of Electrode AssLmblies

The individdal electrodes which were employed in the
assemblies were constructed using a technique outlined by
el .

Vanderwolf & Cooley (1978). The insulation was scraped from

the ltop of a length of fine Teflon-coated stainless steel

wire (00,0092 mm with Trimethyl insulation, -commercially‘

available from Johnson Mathey Metal Ltd.) which was then
soeldered to the short end of a female Amphenol
microconnector, using phosphoric acid‘as a flux. Finally a
short length (3-4 mm) ofvblack\bolyvinyl tubiﬁg was.fitted

\

over the female end of the connector. Three electrodes were

“then placed in a row and held in place while the outside

wires were twisted together around the middle wire. A drop"

N

of " dental cement was theﬁ used to keep the glectrbdes in
"place. Finally the wires were measured‘and cut so thét ‘a
distance of 0.5 mm separated each wire tip from the next
closest one. This reésulted in an electrode‘assembly with a

deep center electrode, intended for use as a stimulating
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electrode, and two recbrding electrodes fYanking itv a
different héighté. The uninsulated cross-sectional area of
each electrode tip was sufficient to produce a good EEG

' o
signal in all electrodes during implantation.

Apparatus N

~The apparatus consisted of a five . foot diameter

fibreglass water tank, colored white on the inside. The

Il

tank was fi11ed daily with cold water (approx. 9 “degrees
. , ‘

. . / .
Celsius) in jwhich a . mixture of skim milk powder and
/ ,
/

commercially/available whey powder was dissolved, sﬁch that

the water was rendered opaque. Submerged one to three cm

under the Furface was a plexiglass platform 12 cm square.

/ .
To allow Fhe animals to grip the platform: a monofilament
/

nylon lide was randomly laced'through holes drilled in- the

platformJ

i

A /black plastic rectangle (8 inches X 5 inches) was

placed in various locations on the wall of the tank about 2

. f el

: / = 1 ‘

inches/ above the waterline. This served as a distinctivF
/ . ¢

/

/
/

/

cue wi&hin the tank.

/Each trial for each subject was récorded on video
tapi/ for later analysis. A video signal special effects
gengrator was employed to superimpose an insert‘containing
a /digital clock, and identification of the trial and
j%bjectv number of each trial on each video record. This
leowed the latency for subjecté to climb .on the platform

o be aqcﬁrately determined during later analysis.
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All electrical stimulation.of the hippocampus employed
a .standard 120 volt Variac ;onnected to a 1:1 stimqlus
isolatioﬁlhransformer. Two 500 Mbhm resistors were placed
in series with the two output leads of this transformer to
prodﬁcé a current of 10 microamps »measured using half
amplitude (peak to bqseline).

All meésurements of distances swum in thevtank on. a
trial were obtained using a Apple ;I mitroéompute{:graphics
-tablep‘ and software developed ét the ‘University of
Lethbridge,'Alberta, by Sutherland and ﬂis(associates.
Procedure

The procedure used“during all acquisition trials was
aé follows. The subject was removed from its home cagé
whicﬂ had.been placed on a table close to the tank. After

"being held for a brief period while the experimehter turned

on the video recorder the subject was carried to the entry

S
~

position for that‘trial, and gently releaéed,‘»facing the
tank wall. Upon completion of the trial the video recorder
was turned off and the rat retrieved from the piatform,,and
replaced in its home cage to await the next trial. During
acquisition trials four or five rats were run in
succession, so tha§ each trial for each rat was separatea
by four or five intérveniﬁgftrials. |

For each subject a triél laéted until the platform was.

reached or a maximum of 120 seconds had elapsed. During

initial acquisition trials, once the platform was reached,

F
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subjects were allowed to remain on it for 15 seconds, 1n
order to allow a segment of the rearing behavior to be

recorded for - later analysis. This 15 second period was

continued wuntil the overall amount of rearing declined’ to

near zero for all subjects.  Rearing was quite
distinguishable on the videotapes and was scored for the

first eight trials.

Entry points for each subject on each'trial (and also

for the position of the cue for thf MAP subjects, and the

cue and platform location for the CUE subjects, afpef“Tfial'

16) were quasi-randomly selected such that each\\gubject

entered from each of fpur potential entry points (compaés

N, S, Ey & W), over every group of four consecutive trials.

In this way it was ensured that all subjects would have

equal experience with all entry points.
Although acquisition trials were conducted identically

for all shbjects;_ conditions differed slightly for each

group. To begin with each group was trained on ‘alternate

days for the first 44 trials. For stimulation trials,
though, all subjects were tested on the!same day.

The experiment involved four groups with 10 fumjects
per'group; These consisted of two groups, Ml'and»MZ, which
were trained termploy a map, or place, sffategyy and two
groups, Cl and C2, which were trained to use a guidance

strategy to perform the MWT. During acquisition trials

groups M1 and M2 were treated as a single group (to be

-y
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referred to%:oylectivély as the MAP group) as were gfoups
Cl Aand C2 (to be referred t& collectiVelj aé the CUE
group). Duriné stimulation trials, éf course, one'sﬁbgroup
was stimulated while the remaining SUbgrouﬁ acted as a
Vcon}%bl group. ‘

. 'The major difference between the groups cancerned the

relationship between the platform and the black cue card

over trials. For trials one to sixteen the platform

'position for the MAP group was in the south-east quadrant

of the pool, and the cue card was located on the south-west
. ‘ . ,
wall. For the CUE group both the platform and the cue card

were in the south-west quadrant.

Days One and Two. All subjects were given two initial
days of four trials each,. since each trial tended to .last
close to the maximum allowed and it was felt that eight

»

trials on these ;nitial acquisition days was too many.

Since most subjects had shown substantial ‘acquisition of

the -task by the end of day two all subsequent training days

consisted of eight trials per day. L

During the first eight trials for each subject, three.

‘distinct behaviour patterns were recorded; -~ rearing,
scratching .at the cue while swimming, and jumping off the
platform once it had been reached.

. o ‘ o R
- Measures were obtained of the -number of times a

4

u,mv\\wjﬁubjegt reared in a fifteen second period which started

when a subject climbed onto the platform. A rear was
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operationally defined as any/éovement which caused the head
to rise and the body to a#QUme a more . vertical posture.
. ) . ) ‘/ - . . .

Typically rears were easy'to identify, consisting of overt

stretching - to the full héight of the subject, followed by

~orienting movements'qf’the~head. The time spent scratching
at the black cue card on the wall of the tank was recorded

for each subject, . as was the number of times the subject

~ jumped back into. the water from the platform. These
behaviours were‘subsequently analysed-when thé video tapes
lvere viewed.

» Day Three. On Day 3vof1a8quisition trials all'jsubjects

were shifted to eight trials per day.

Day Five - Probe Trials. Followingv\}6 trials under

these. conditions all subjects were then given a series of

probe trials - to ascertain the degree  to which these

conditions had been successful in requiring the two groups

)

to use dififerent strategies to perform the MWT. Probe

trials for \the MAP group consisted of maintaining the

platfqrm 1oc§tion but moving the cue card around  randomly
on .each ﬁrial. The prébe test fof the CUE group involved
keeping the platform and cue card tqgether, but -moving
their position Lrandomly over frials, such that the 1oniy
indicater of the pla;form ‘position évailablé to these
subjects was the cue-card, The,result of the pfobe.trials

revealed that the CUE group were relatively disrupted by

these changes, indicating that some subjects were learning
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to .follow the cue, while others were‘actuElly learnihg; a
spatial 'strategy. ‘Coneequently the tYaining procedure was
changed . after-trial 16, so that the conditions in effecg\
during the probe.triels were maintained throughout the

remaining acquisition trials. ' ' "

Days Six To. Eight. Fach group was then given three
additional acquisition days to learn the ‘changed conditions
after Trial 16.

Days Nine to Eleven - FlrSt Stlmulatlon qus Following'

acquisition the MAP and CUE groups were- divided into
subgroups M1l and M2 and Cl and C2 respectively. Subjects in
each. subgroup were_matched according to their performance
over acquieition training. In;order~to mateh the subjeetsr.
all subjects were ‘ranked in ascending order by’ fhe mean -
distance swum by each‘subject over the last ZO acquisition
trials. In _addition a similar  ranking was made using the
mean disfance swum over the last four aeqﬁisitiod trials.
This resulted in a recor% for each subJect of how it had
' performed in general durlng acqulsltlon, and specifically
on the last day of acquisition. Each mean was then compared
iwith the overall mean for that group so that each subgroup
could  be’ metqhed "for those subjecté ~which deviated
substantially in either direction from the group means.
Stimulééion trials began betweeﬁ ehe.third and{foufth
trials on the ninth day of training (trials 47—48)? »Aftef

three normal trials, each subject in groups M1° and Cl



received thirty seconds of stimulation (10 microamps, 60

Hz) during thé':latter half of the one minute interyal

between trials 3 and &4 (47-48). On stimulation days each

subject was giveh eight consecutive triéls, with the cﬁe

and platform positions changed as reqéired between tfials.
. | , o

After the single stimulation, the subject 'was placed in the

<

tenk for the remaining five trials for that day. In order

to obtain an accurate picture of the course- of Trecovery

from stimulation, consecutive trials wére run as-quickly as

possible. ~ Control groups M2 and C2 ~were = treated

-identically;’ ~although ‘they, ,0f course, received no.

stimulation. The above procedure was\employed for a total

N
N

of three stimulation days. | , B

Days Twelve and Thirteen. Following thié first part of

Experiment One, - all groups were g&ven a two day resty, to

allow complete recovery from any remaining effects of

stimulation, prior to more stimulation trials.

7

Day Fourteen ~ Probe Trials In Tent. In order to

discover whether the t}aining conditions had been effective
in 'producing groups which had learned. to employ, different

strategies to perform the Morris water task, .a series of
. . " .
*

four trials was given to groups Ml and Cl. For these trials
. [N :

~a cheesecloth tent was constructed;' which was then placed
' ‘ R

over the tank in order to eliminate all the usual fixed

‘distal, room cues present during previous trials. The cue

card was still included within the tank, since the trials

36



<

were designed to see whether tﬁe MAP group was disfupted by

the 1loss of distal cues, -and whether the CUE group

performance was unaffected since the cue they  had ~been

following was still present. To ensure that all room cues-

were eliminétedt eaéhﬁ subject was placed under .a‘ blé;k
cloth upon removal from its cage;r walked around the roon,
and s}un around‘so“that familiér handligg cues aﬁd .cues
which might have been avéilable'jusg before entry into the

pool were also eliminated. 1In addition the video recorder

and - video monitor were moved so that any. auditory cues

would come from a different direcpion*fbr these trials. The

probe results confirmed that each group had,” in fact;bbeen
t ] . .

employihg a different strategy.

&

Procedure - Part Two

One interesting finding which resulted from the first.

stimulation trials was that the stimulated Cl group-

subjects appeared wunable to locate the platform if they
3wam by it on their initial aggroach'to the card on the
tank wall. The ‘subsequent failure to find the platform

suggests that the ‘task for the CUE group contained a

substantial spatial component, and that stimulation‘of the.

CUE  group resulted in disruption§ of.'this component,

& ’ i

producing large swim distances on stimulation trials. The .

spatial 'édmponent of the cue task was due to the fact that

the 'cue card and the platformnwere .physically separated,

since the card hung on the wall in theAquadrant in which
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~the § B n was located.
‘?stigate this further the spatial component " of
sk was eliminated by . suspending the cue

‘a'over the platform, so that any subject. which

;ﬁ when it swam under the cue. The cue employed for
f:mainder of Experiment One was a - black cube.i(2.5
;g'uper side), suspended direcfi&]over the platform

Tximately three - to four inches above the water. The

baéﬁ %of the cube was hollow to allow‘subjects to .rear 'hp

ins% the cube whilé exploring it, thus allowing

distigctive tactile. cues as well as visual cues to be
associated with the cube.

resulf obtained from the first three stimulation days,

“this time stimulating grbups M2 and C2, while groups Ml and-

Cl acted as controls,

vDaxs One To Four -~ AcquiSition.'Following the last

trials of Part One (probe trials with tent), all subjects
: 3 ’ , Rt

Vweré given three-days‘to rest, folfbﬁbd by four ‘days"of
acquisition traininévin-order td.get ysed to'the‘sﬁspended

cue which replaced the cue on the wall. During these days

all other conditions were identical to those present

immediately prior ‘to the first stimulation days of this

experiment.

“

Days Five and Six = M2 and 92>.Stimulation§' All

,jto‘approachvthe cue woﬁld,aﬁtomatidally reach the

ﬁecond%ry purpose of Part Two was to replicate the"
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stimulation procedures ~were identical to those ~ used

previously. Stimulation was given for thirty sé¢onds (10

A8}

micrgamps, 60 Herz) immediately following trial three on

each déy.

Days Seven & Eight - Ml and Cl Stimulation. Following

the stimulation days  for groups M2 and C2  two final

stimulation days were held, during which dnly groups Ml and
Cl were run. On both days each group received stimulitiqn
between trials three and‘four”/“as they had previously

during ghe firs: part- of Experiment One. The purpose of

this additional testing under stimulation was to detetminé—

if the preéencé of the suspended cue would eliminate the
large swim ~distances which appeared in the original data

for the stimulaﬁede1bgroup,' A second.purposé of this last

stimulation' session was to see if the Ml,group again showed

a stimulation-induced disruption to that of -Experiment One.

jTable liprovidesvan oVerallisqmmary of .the procedufes'

used for each group in Experiment One.
\5"‘{

'.\ g

“
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Table 1. Summary of Experiment One Procedures.
" Table shows chronological order of F
events during Experiment One for all -
‘groups. . s : o



GROUPS

3ooe

M1

M2

Cl

C2

 PROBE
- PRIALS
1ST ACQ.  IST STIM N 2ND STIM
DAYS DAYS TENT DAYS
12 3 1 2
NST ST. ST ST NST NST NST
NST NST NST NST ST ST
NST ST ST ST NST NST NST
NST NST NST NST ST ST

BLA

'ST - RECEIVED STIMULATION
NST - NO STIMULATION

NKS - GROUP NOT RUN
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3RD STIM

DAYS
1 2

ST ST

"ST ST



Results

Electrophysiolog}cal Results

= The surgical techniques employed in these experiments

AN
iﬁvnlved electrophysiological recording from the electrodes

in eac assembly .as they were being lowered into the brain.

\
According, to Collier et al (1982) <«this makes possible

highly accurate placement of electrodes into the rat
' |

dentate gyru When an electrode passes through the dorsal

CAl pyrahidal' layer the recording is characterized by a
burst of high ahplitude spikes. This is followed by a
period of relative silence until ﬁhe descendigg electrode
reaches the molecular layer of thé denﬁate gyrﬁé,- at which
time a secend burst appears which is characterized by
slightly lower amplitude spikeé. ’

All examples of physiologicai”records are presented in
Appendix One. figure A‘shows a representative-example of

these two bursting patterns. The top trace was obtained

from the electrode as it reached the CAl pyramidal layer,

.

while the bottom trace was obtained when the same electrode

.reached the molecular layer- of the dentate gyrus.‘ The

figure illustrafes the slightly smaller amplitude spikes

which, characterize the dentate gyrus records. ®nce the
’ , 5]

latter pattern appeareﬁ/fﬁgfhe deepest electrode of the

™~
~

assembly the assembly was fixed in place.
' ) A
Typically a period of relative silence followed a
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burst, at the pyramidal and molecular level alike. Most

Iikely this was due to a slight potassium block resulting

from the bursting activity. When the area recovered it

was common for well—defrned'thpta to appear in the record.
Figure B in Appendix One provides an example of these theta

waves., The top trace shows theta waves obtained from the

pyramidal layer. The bottom two traces show s'imultaneous,

traces obéained frém the dentatgvgyrus‘(top) and pyramidal
layer (bottom).

While the ’contralateral assembly was being lowéred
into place, stimulating current ﬂ?s passed-intd the aiready
implaﬁted stimuléting electrode to allow én evoked
potential to be recorded by the descénding electrode.
Figure C in Appendix One provides  some- sample evoked
potential reéords obtained in .this way from different
subjects. It can Be seen thdt‘since each record consists of
”multiéie traces, the evoked potentials obtai;ed were fairly
consistent., Evoked potentials were obtained from the
‘majority of subjects implanted and representative fecords

from each electrode in the assembly are presented.

Histolbgiﬁal Results

Following Experiment One all'subjectézwere perfused

intracardially with a s$aline solution followed by 10

percent buffered formalin. The brain and electrode assembly

were then removed in one piece and immersed for about a

week in formalin to allow sufficient time for the fixation

T

€
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process. The &electrode assemblies were then removed from
the brainé,' and the ‘brai®ns were blocked. Standard paraffin
embedding procedures were used and coronal ribbon sections
lO microns in thickness were obtained ffom each embedded
brain.A“Every fifteenth section was then mounted on

microscope slides and stained with cresyl violet.

.The resulté, of these procedures indicated that all-“
platements were accurately located along the hilus of the

dentate gyrus. That is, the tip of the deepest electrode

[

(used to stimulate) was logated along’the hilus, while the
middle and shallow electrode straddled the pyramidal layer
-of - the dorsal hippocampus. Figure A (in Appendix Two)
presents photomicrographs of some representative sections,
showing ‘clearly the electrode ﬁrack ending on the hilus of
the dentate gyrus. The large size of the.éuperior port;oﬁ
of the electrode track is due to the fact that the three
electrodes twisted together were .appfoxihaéely one
millimetre wide. /Finally some additional width was added
due o the .fact that the top two electrodes.>{ended to
protp%de> slightly from the assembly atv their respective
tips} as a result of being behgntb'broduce the kdesired

distéqce between the tips.

Behavioral Results

ot

scratching At Cue Card, FJ;sthe first few acquisition

trials rats from both groups would typically stop swimminéu
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when they passed close to the black cﬁe card, and begin to
\scratch‘at it with both foreliﬁbs. Of interest was whether
either group spent more time scratghing.on the aVerage over
"these trials. Figure 4A presents the mean time spent
scrétching at the black cue card by both groups during the
first four agqhisition trials. The CUE group showed
significantly more dinclination than the RMAP group to
scratch at the cue over these four trials F (1,33) = 9.84,
p < .005.

\ Rearing. Measures were»obtained‘of the nuﬁber of times a -
subject reared during a fifteen second period which started
when the subject climbed onto the platform. While on the.
platform most subjects would stand on their hind legs, with
their fdrelimbs held close to but out of the water. A rear
was operationally defingg as any movement which caused the

I _ . :
head to rise and the body to assume a more vertical

posture. Typically rears were easy to identify on the &ideo
recordings, consisting of overt stretching to the ull
height of the subject, followed by orienting movements\ of
the head. - |

The mean number of rears per éuccessful trial (a trial
.in which the rat reached the platform, climbed onto it, and
remaine& on it for 15 seconds was considered a succeséful
trial) is plotted for each group in Figure 4B. This figure

shows that the MAP group reared significantly more than the

CUE group over the first eight trials of acquisition



Figure 4. Mean Time Spent Scratching At = Cue

Card And Mean Number Of Rears During
Acquisition.

Graph A presents the mean time spent

scratching at the cue card for both
groups over the first four trials.
Notice that the MAP group scratches
relatively little throughout the
first four trials. In contrast the
CUE group shows\ a high 1level of
scratching initially, followed by a
decline to the MAP level.

Graph B shows the mean number of
rears per trial for both groups over
the first eight acquisition trials.

The figure shows that the MAP group -
reared consistently more - than the
CUE group throughout the first eight

trials. The difference 1is most
pronounced on the first four trials.

>
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F (1,13) = 19.63, p < .00l.

‘Leaving the. Platform. The third behavior measured during

acquisiFidn trials was the average frequeACy with. thch
each gfduﬁ ‘jumped from.the platform back into the waterj
before it spent an uninférrupéed 15 seconds on the
platform. It was. noted that during thél first few

“acquisition trials rats would dﬂ&en climb onto the platform

RS

and ~ then jump back into the water and swim away from the

platform.

The results for this section were obtained by - first

détermining the number of subjects in each group which
~successfully reached the platform on each ‘trial (although

the subject did not necessarily have to remain on  the

platform for the full fifteen'seconds in this case),

Histogram B in Figure 5 shows, for each of the first four
tfials,‘ thé percentége of each group. that successfully
reaéhed the platform. From these resulté,ithe percentage of
those (succeésful) gubjects in each group which jumped from
the bplatfofm at leastronce during’a trial was calculated,
and the résu}ts are presented ih.histogram A of Figure 5.
This histogram clearly shows a greater incidenéé of leaving
tHe platform .for the CUE group over all four “triafls. The
data rep}esented in this figure are even. more striking when
considered in conjunction with histogram B. From these two
histograms it  can be seen that although the CUE group

showed less overall success in finding the platform on the
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~Figure 5.

W

Figure Illustrating. The Differences
Between The MAP And CUE Groups - In
Their Tendency To Jump FroM The
Platform, '

A. This histogram shows the 7. of
subjects making at least one jump on
each of the first four trials. (M =
MAP; C = CUE) Note that the CUE
group jumped consistently more than
the MAP group. = . .

B. This histogram shows the %Z of a
group making a successful trial for
each of the first four trials. Note
that this graph shows that the MAP

-group started out being ~ more

successful than the CUE group, but

that by trial three the CUE group

was Showing substantially  better
performance. Also note that in spite
of this initial syperiority the MAP
group ~'still shows . fewer jumps
throughout the trials.

C. This graph shows dramatically the
difference in . total jumps between

- the two groups for this time period.

The CUE group «consistently shows
more jumps, in spite of the fact

-that. fewer CUE subjects actually

reach ﬁhe platform on trials one and
two.

ty
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first two trials, those CUE subjects which did ;each the

platform on any of the first four trials showed a much

greater ° tendency to jump back ‘into the watér  than

‘\Qprresponding MAP subjects. This point is also shown by

RN

.

g:aﬁﬁ\’c iﬂ?Figure 5, 'yHich presents the total numbe; of
’jumps‘bn each trial for thetMAP and CUE groupé. Iﬁéépendeﬁt
one-way analyses of Qarianéeyan eaéh triqi revealed that on
acduiSition trials two, F (1,29) = S.74,Ab <‘.05,’and four,
F (1,38) = 6.58, 3p < .02, the CUE group:jumped from the
platform significaA£1y more.thaﬁ the MAP g;ouﬁ. |

Aﬁother result worth nofing is that by trials three
~and »four the CUE group showed>supbess rafes at finding the
platform of ninety—fi:;’ “and one hundred | percent
reépegtively, in: contfast with rates of sevepty—five and

e%&hty—five percent for the MAP group. Thus, althodgh the

CUE subjecté left the platform more frequently, they seemed-:

to show more rapid overall acquisition of the task of

]

locating the platform.

Swimming Distance - Acquisition. Figure 6 presents a

- summary of the mean distance swum on each block - of four’

trials for each group over all the acquisition trials. In .

spite of the differences in the behaviors discussed abgve,
thefe"was no significant main ‘effect of acquisition
stratégy for distances swum by each group over thei first
sixteen acduisition trials, run over the first four days of

training.
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Figure 6. Mean Swim  Distances During

Acquisition.
Note that in = spite of the
differences in rearing, -and jumping.

from the platform, both grodps are
very similar in their  overall
acquisition curves. It can also be
seen that the CUE group was more
disrupted by the introduction of the
conditions for-'the first probe trial
(Block . 5) but that recovery from
this was swift and-complete by. the
end of training. ’
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|

\ ‘ However, as Figure 6 shows, the CUE group was more

//disrupted than the MAP group by the change ‘in' trial

conditions instituted,during' the initial probe period of

3

revealed that ~this differen@e was highly ,significant ‘F
(1,37) = r4.61, p < .0005.

Itrlwill beiremembered that the change at thlS' point

involved moving the platform 1ocatlon for the CUE group,

but not the MAP'group. As a‘result of thlS ;flndlng,_ the

e,

o)

.7 probe trial conditions were maintained for the remaining

‘acquisition - trials, until a stable baséline was obtained .

for both groups.

e

‘Stimulation  Days One To Three. The effect of

stimulation onvgroupSJMl and Cl is. presented in Figure 7.

This figure shows a dramatic, but transient, veffect of

bstimulation which ‘is strongest for both groups .on: trial ;

trials 17 to 20 (Block 5). An o#erall analysis of Variance

54

four. Figure 7 pwesents a graph of the 31gn1f1cant three .- -

way stimulation‘by strategy by‘trials interaction F (7,245)

= 2.45;><p T < .02 obtained,from,the overall ’ analysis of

variance of the first three stimulation days. ' This-'figure

" shows the mean swim‘distdnée for each trial for stimulated

groups Ml and Cl, (graph A) and ‘their vcorresponding .nonQ'
stlmulated controls M2 and C2 (graph B), collapsed over all»

days._The reader is remlnded that stlmulatlon occurred only

once on each day,'vbetween tr1a1s three and-four. As'rthe

figure clearly'shons.both.stimulated groups wére disrupted, .



Figure 7.

Graph Of The Significant Three-Way
Interaction Obtained For The First

Phree Days Of Stimulation.

The graphs show the interaction

means for each group over eight

daily trials for stimulated and non-
stimulated sub jects, Each graph

.represents the data for three days

combined. . It can be seen that
stimulation (arrow following trial
3) had a dramatic, but transient,

effect on groups Cl and M1, while
the corresponding control groups C2
and M2 did not differ.
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when compared to their non-stimulated control groups 1in

\

\

graph- B, It is also clear from graph A that the effect of

étimulation seems to have been much greater on the CUE
group than the MAP‘group, a somewhat unexpected. finding.
Independent t-tests reveaied that on trial four group Cl,(ﬁ
(490) = 5,41,. p < .001l, was significantly impaired wiéh
respect to its appropriate control. In gddition group Cl
was also highly significantly differént from group Ml, t
(490) = 4.26,' p < .001. (The symbols indicating the level
of Significance for individual points in Figu}e 7k require
some explanation. ®Since it is of interest to compare each
experimental group with its own contrJ} group, ans also
each experimentalhwith‘the other experimental group, two
diffefent symbols ére required. The eight-pointed star
indicates that the group is differen; from its control at
the p < .05 1level. The asterisk indicates that the
experime;tal groups differ at the p < .05 l;vel. Ifi two
identidal'symbolsrare present the diffefencéfis significant
at the p < .01 1ével.- This scheme is émpldyed thtoughout
the remaining relevant figures in Experiments One and Two.)

Similar results were obtained for t-tests on trial five.

Group Cl was still significantly different from group C2, t

(490) = 3.50 p < .001, but no longer different from group

MI.

Finally one wresuit worth emphasizing is that the

I3

stimulation effect is quite transient, - having declined
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substantially by trials six or seven,

Analysis ‘gi Rescored Data. Close re-examination of the

video. taped stimulation trials revealed an interesting and
important finding. On every post-stimulation trial in which
a CUE subject was disrupted, the animal would swim directiy
towar& the cue card w<tn inﬁroduced‘inco the tank. However,

g

since the platform was physically separated from the cue

.

card hanging on the wall, if the subject swam past the

[y

platform on its way to‘the cue card, it would then begin to
SWidn around the éircumference of the .tank, thus
consistentNly missing the platform énd producing iérge swim
distances ogfthese trials. This behavior  suggested that
ﬁerhéps an experimental, értifaét, namely a spatial
~component involved in locating the platform with respect .to
‘the "cue card, was fesponsible.far the elevated scores of
-

the CUE subjects. Since these subjects were trained to
approach "tﬁe cue card, it.appeared important to assess
whether >fhéy cogzinued to approach the <cue with no
hesitation after stimulation. Thus the data wére rescored
such that the distance covered before the cue <card was
reached, rather than the platform itself, was recorded, and
subsequently analysed.

The results of this rescofing procedure are presented
in Figure 8, which shows the same three-way interaction as

Figure 7 for the rescored data. (To begin with™ it is

. important to point out that the taped trials of all the

58



Figure 8.

Graph 0f . Significant Three-Way
Interaction Obtained Using Rescored
Data For The First Three Days Of
Stimulation. : ’
These graphs are similar to Figure 7
except that in this case rescored
data was employed in the overall

analysis. Note that the effect of"

stimulation on group Cl group has
completely disappeared while the

effect for group Ml is unchanged. .

Also note that now group Ml is

significantly impaired with respect:

to group Cl on trial four. Finally
the control subgroup. results are
unchanged.
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subjects in all groups were rescored in the way described
above, yef the only group in whichyény scores were changed
was the CUE group.) As Figure 8 shows rescoring the data
completely eliminated the stimulétion effect for'group Cl.
Rescoring the data also maiﬁtained the overali level of
significance for this thfee—way interaction F (7,45) =
2.53, p < .02,

Independent t-tests for trial four using the rescored
data revealed that group Cl was no longer significéhtly
different from group C2. However, eliﬁinating the larée
variance introduced by the elevated scores for ggohp Cl
revealed a significant difference'between groups. M1 and M2,
t (490) = 3.22, p < .01, which had previously been masked.
Also groupé.Ml and Cl were significantly differenﬁ on tfial

four, t (490) = 2.85 p < .0l. On trial five similar results

were ‘%ound. Groups M1 and M2 remained significantly.

different, t (490) = 2.89, p < .01,. and groups Ml and Cl

were also significantly, although slightly less, different,

s

/

t (490) = 2.24, p < .05.-
Thus ‘the rescored d;ta still shows a strong transient
effett of Stimulation for the MAP group, but the CUE group
effect. has now diséppeared.
One final point worth making rega;dingbthe first. three
days of stimulatién is that there'was no main effeét~ of
days, nor wefe there any significant»interéqtiqns involving

the days factor.
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Figure 9.

Mean Distance Swum On Each Probe
Trial Conducted In The Cheesecloth
Tent. ’ . :

The graph clearly shows the dramatic
disruption :produced in group M1 by
removing the fixed room cues during
these trials. Although quite
variable, the deficit does not
appear to decrease substantially. In
contrast group Cl was relatively
unaffected by these measures and
continued to approach the cue card
when placed into the water. . ,
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Probe Trials With Cheesecloth Tent. Figure 9 presents

the results of the tent probe trials, which were designed

to determine-whether grouwp Ml required familiar fixed room

~cues to locate the platform while gboup Cl needed only to

approach the cue card. It can be seen that with no cues
available .to them, MAP subjects were highly disrupted in
locating - the platform, while the CUEl-subjects were
relativeiy unimpaired, thus confirmiﬁg'that the groups had

learned different strategies to locate the platform. The

\

overall analysis of variance on these probe trials revealed

a highly significant main effect of strategy employed to

reach the platform, Khﬁl,l8) = 68.88 p < .0001.

Acquisition Trials With Suspended Cue. " Figure 10

pgesenté the mean distances swum by all groups ‘on each

block of four additional acquisition trials after the

hanging cue ?ad been introduced. The reader is . reminded
14

~

that for th/se trials the cue signalling the platform
. e v .

.locatioﬁ for groups Cl and C2 was a black c¢ube suspended

over the platform. Figure 10 shows that the CUE subjects

Y

were initiall& disrupted-byAthis change, while the MAP:

‘subjects were relatively unaffected. Also it can be seen

that by the end of the first day of training a substantial

amount of recovéry had occurred. .

Analfsig Oﬁiéhe first eight trials of Experimentv Two
revéale: that the CUE Qubjects swam significantly longer
distances F  (3,34) ‘;311.91‘, ;&k‘.@oou than the MAP

»

I
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Figure 10. Mean Distance Swum By All Groups

Over All Acquisition Trials - With
Suspended Cue.

The 1increase distance seen in  the
early trial blocks is due to the
introduction of suspended cues for
this experiment. ‘It can be seen
that the greatest effect was on
group C2. However by the end of
these acquisition  trials all the
groups = were showing a stable
baseline. ' '
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4

Subjeéts. Independent t-tests on the one—way'analysis of

T

variance for the first block of four trials, Trevealed that -

“group : C2  showed a significantly longer average swim

distance fhanvgroup M2,~ t (238) = 2.50, p < .02, and thatf

group Cl showed significantly longer average distances thaﬁ;

group Ml t (238) =12.19, p < .05, There were no
differences within the groups for each st;ategy ‘(i.e.,
between ‘groups Cl and C2, and Ml 4apd ‘MZ). A similar
anglysis of 'the last eight tfaining trials shows .no
éignificént difference among anf of the groups;‘Aindicating
that all had reached a stable baseline prior to stimulation
trials;

A

Stimulation Trialé=for‘Groqps M2 and C2. Figure 11 is

similar ‘to Figures 7 and 8 in that it‘présengs a graph of
the highly sigﬁificant three way.stimulatioh'by stfatégy
by tfials interaction F (7,245).= 5.66,' P <v.0001‘§btained
~from the overall analysis of the stimulation trials .data.‘
This figure clearly shows that‘the stiﬁulatibn  had a.
”draﬁatic! but once again transient, éffect on group M2
only, while groups Cl and C2 did’nOt differ."A§ was,_the
case for‘thé previgus results of the stiﬁﬁlatiénlgriéls for
groups .Ml and Cl, the datg'repréSented in;this figufg is

4

collapsed over'days.

s

Independent t-test for trial four revealed that group

 M2 was :highly significantly differeht from grqqp M1, t

(245) =f8.35,! p < .001, and from group C2,uwhich.was also,////'
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Figure il..Graph 0f The Sighifica

ificant ~Three-Way
Interaction Obtained From Stimula-

/

ting Groups M2 and C2. -
Once again the graphs represent the

,data collapsed over days. It can be

seen that %ﬁe'results for these

stimulation tMays ‘areé~simi1ar to
P

those in Figure 8. Gro C2 did not

'differ from its non-stimulated
control Cl, while group M2 was
highly disrupted on trial four 'byt

the stimulation. ,The  transient

nature of jthe effect is again -
"~ evident in éﬁis graph. :

Y
S
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stimulated, t (245) = 8.40, p < .00l. The results for trial

five »reQealed no sigﬁificant differences among the groups
indicating that the effect of stimulation was only
temporary. Once again no main effect for days was obtained,
‘nor were there any significant intéracRions, ~in which days
‘'was a factor.

Second Stimulation Trials For Group M1 and Cl. Figure 12

is a graph of the significant trials by strategy

interact&on F (7,126) = 4.33, p <.0001 which resulted from

the overall analysis of the last part of Experiment One, in

which only the MAP and CUE groups were run. The figure

Y

shows a strong, transient effect of stimulation for group
M1, and no effect for group Cl. Independent t-tests showed
that group Ml swam significantly longer distances than
;group Cl did on trial four t (126) = 3.51, p < .001, but
not on any subséquent trial. Once again, no dayg/;actor was
significant, indicating consistent results over both days.
Finally it is important to compare the results shown
~in Figure.12 and Figure 7 for groups M1l and Cl. It can be

- seen that the introduction of a cue hanging directly over

jﬂg platform.for‘groups Cl and C2 eliminated the disruptive

~effect of stimulation for these groups, while the effect on,

groups M1 and M2 was unaltered. .

Consistency of Stimulation Effect: It has bken shown in

the histblogy ,section that the overall accuracy of the

electrode placements was quite good. At this point it is of
T — . -

/'/
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Figure 12. Graph Of The Significant. Two-Way

Interaction Obtdined
Second Stimulation Of
and Cl. _

The graph shows the
stimulation on groups
collapsed over both
days. The digruptive
group Ml is evident in
Also it is important to
results 1in this figure
in Figure 7 for groups

From The
~.Groups M1

effect of
M1 and Cl
stimulation
effect on

this graph.

compare the
with those
M1 and Cl.

With the suspended cues present,
the increased distances seen in

Figure 7 for group Cl are no longer

prgsent, while the

disruption

effect for group Ml is more

dramatic.
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inter®st to examine the consistency of the stimulation
~effect, within and échss subjects,‘to provide some further
support‘ for lthex conclusion that the piacements were
accurate. Since only the MAP subjects shbﬁed any effect of
stimulation, thié section is primarily devoted to them.

In Experimént One each subject in group Ml received
stimulation a total of five times, while the M2 subjeéts
received it.only twice. Table 2 provides aMSummary of the
pr0p6rtion‘ of these times in which a subject was 1impaired
‘by~ the stimulatipn. To determine whether the subject was
.impaired on a given stimulation day, its distance swum on
each .trial was examined and if it was more than 150 over
the baseline (ie, about 300 or over) that trial was scored
' as' showing impairhent. It"cah be seen from the table that
évery M1 and M2 subject showed impairment at least once
during the course of'stimhlati;n. Also the overall average
percentage of impaired trials was quite high for both
~groups. Lastly no subj‘@% in fhe M1 group showed less than

two .separate days of impairment, and only one 0of these

failed to show any impairment during the first three -

stimulation days.
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Tgble 2.

A

Summary Of The Proportion Of

Stimulation

Trials In Which M1 And

M2 Subjects Showed Impairment.
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STIMULATION DAY

GROUP SUBJECT 1 2 3 4. s “oraw
Vo
M1 1 NO  YES NO  NO  YES 2
2 N0 NO  NO YES  YES 2
3 YES, YES YES YES ' YES 5
" YES YES YES  NO  YES 4
5 YES  YES YES YES  YES 5
6 YES YES YES NO  YES - 4
: 7 YES YES NO  NO  YES 3
B 8 YES ‘NO YES NO  YES 3
9 -} YES  NO YES YES  YES 4
10 ° YES YES YES YES  YES 5
TOTAL....37

PERCENT AVERAGE....74 7

M2 |
1 YES YES
2 YES  YES
3 YES  YES
“ YES  NO
5 YES  YES
7 " YES  YES
8  YES YES
9 YES NO

o | " TOTAL....14
PERCENT AVERAGE,...88 %



Discussion

A

The acquisition results reported indicate that

s

although the overall rate of acquisition of the two tasks

did not differ for the two.groups, nevertheless there were

somev'subtle differences apparent in the way each group
acquifed the task.. For example, the decreased amount, of
rearing shown by the CUE group suggests that these subjects
did not find ‘it as nééessary to familiarize .themselves with
the arrangement of fixed objECtsLoutside the tank. This
impiies Fhat the presence of the éingle fixed cue within
the tank was sufficient ’for this group to locéte the
platform. In contrast the cue card could simply have been
another dista'f.fixed cue'fgr the MAP gfoup,‘ since it was
located across the pool from their platfofm location. In
_ fact there were several outside objécté which were equally
close to the MAP grouﬁ platform 1ocation; which could serve
equally well as landmarks for this group.

’ The  suggestion that the Cue card was thev mosﬁ
imp;rtant ‘cue available for the CUE group 1is further
supported by the finding tjat this‘grqup had a .much greater
tendency to scratch at th‘ cue card on’the tank wall, This
indicates that the card had become m;ch~more important for

the CUE grpup, perhaps because they had quicklj learned to

o

find the platform once-they ‘had reached the cue In

contrast, it would have® been detriméntali for the MAP

subjects , to have spent time scratching at the cue since

Y
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their platform location was quite distant from it. ¢

Finally the greater tendency of the CUE group to leave
the platform is also interesting. Typically CUE subjects

would reach the platform and then quickly jump off it . and

1]
swim off in some other direction. Then they would return
o N

and climb back onto the platform. One of ‘the &Er1 ing

aspects of this behav1or is thatthe subJects appeared to

have no d1ff1culty locating the platform after +the irst

#
one or two trials. This ease of locating the platform is

-reflected in the finding-that the success rate for reaching
the platform on trials three and four was 957 and 100%
respectively for the CUE group and only 757 and 857 for the

MAP group.

It is suggested that it may be possible to regard

%hese dlfferences as dlfferent manlfestatlons of the same

underlylng phenogznon. Perhaps the CUE group learned qulte

quickly that the cue card was all they required to - reach

" the platform, whereas the MAP group needed time to Dbecome

familiar with the whole coaetellatian of available cues:and

' ) . '
the relationships among these cues. The disparity in time

.

spent scrafching' at the cue card provides additional -

support for this interpretation. If this was the case, then

the CUE subjects'might be expected to explore the-tank more

fully, 'since they could quickly re%@? the platform without

difficulty‘ by simply“swimminé toward the cue card, This

‘would then account. for the inctease _in jumping from the
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plet;:rm seeﬁ in thislgrQUp. It also suggests a reasen.fqr
the MAP group showing substantially less - jumping, since
once the'platform was reached subjects tehded te remain on
it and rear freQuently, and in different directions,
presumablyl to learn to recoghize.t%e various 1ahdﬁarks

which could guide them to the platform in future. Thus .-this

interpretation would predlct that the MAP subjects would

‘show more rearlng, less Jumplng from the platform, and less

scratchlng}at the cue card.

The } difference - in swim distance following the

the fixed nature of thé cue card and platform.fqrgthe CUE
group allowed a substantial spatial component to enter ihto

the task.for this group. Suddenly movlng the platform and

cue card combination had a disruptive effeqt on the CUE

group, which can be seen in Figure 6,5 Thus atfthis point in

&

///' “wcondition chapges on probe trials 18 to 20 iedicate that

A

the acquisition trials it was found that some;CUE ‘subjects

were employing a spatial strategy in addition to a guidance
LB

strategy. For this re%gon the probe trial condltlons were
‘ oy

malntalned @j%nt{ fthezgend of this and subsequent

experlments, The‘remalnlﬁg trials in Figure 6 show that the

CUE group. soon learned to sblve the task with these new

conditions, so . that when stimulation trials were .given,

there was a feirly high degreelof%confidence that the two

B

.grodpd were ufing the . desired different strategiee.' The

probe trials wlth' the cheesecloth tent (discussed more

4.
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fully beibw) also supported this conclusion.

-

The results of all the’ stimulation trials in
Experimeht One strbngly suppd;t the épatial map hypothesis
advanced‘by O'Keefe and Nadel (1978). Electricallj induced
disruption of ongoing hippoéampal ;éural éctivity prodused
a qonsistent‘ severe impairment for subjects which wére
skrained to use a mapping strategy to reach the'plétform. In

contrast, subjects wusing a cue st‘ie‘ategy to reach the ,‘

plasform were unaffected by the stimulation. As desgribed
? : .

3
i

above, the spaﬁial map .hypothesis ‘predicts that the
‘isubje;ts ‘in the MAﬁ‘group, -which rely on spatial cues to
havigate, will: b? impairéd by the_stiﬁulation, while the
CUElgroup subjects, nwhich dseAa simple guidancé‘ stfategy,
will not be impaired by the stihﬁlation.»

Althéugh group Cl did  show 1long swim distan;es‘
following stimulation (see Figure 7)3 ff.was"found tﬁat

- these subjects were unimpaired in theirkaqility to swim -
_ ; o ‘

toward and reach the cue card immediately upon being placed %7

into- the waterf The‘increésed scorés fof tpis'group ‘were
apparently due to the presence of a épatialfcomponent ip:
the cue task. Consequently rescoring the data in'Ehegqannef
de#cribéd showed that the ability to’approaéhkthe cue card
had .beénv preserved in stimulated subjects, thﬁs Athé

~ stimulation did not appear to affect the guidance strategy

capacity of the’CUE-subJects. .

e}
A\
A
o
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In contrast there was a severe impairment of the MAP

: / . . .
subjects  following stimulation. This result remained
following réscoring of all stimﬁlated_ﬁrials, and was also

present on each stimulation day, indicating that the effect

was fairly consistent.

—

The first question to’ ask concerning thfse. results 1is

whether, in fact, the -experimental manijulations were

»successful in;prdduéing groups which were forced to adopt a

map or cue stréﬁegy to locate the platform on each trial.
The results of the probe trials conductedflin - the
. . ’ L

cheesecloth tent. (see Figure 9) speak rather eloguently to

thi% point. These trials clearly show that when all fixed

¥

~distant room cues wete eliminated, brjrelocated, and 'the

. . .. i
black cue card remained present, the MAP group was tﬁtally

: _ ; s \
unable to . find the platform quickly @nd efficientlf. In

most .cases subjects in this group reverted to iswi%ming

-

randomly around the tank, staying six t§ ten inches 'from

its perimeter,('vIn contrast the CUE subjects khad',no'

difficulty in quickly finding the platform 'undér' these

conditions. Note that 'in Figure 9 the mean distances swum

on each trial fqr the CUE group are'in,the-same 1bw ‘range-

ulation trialgy

A d

asfttheipbtainedrfor stim

One anecdotal discovery is of interest at this point.

T : ‘ ) - . K "l

The complexity of the . ongtellation‘qf’gues ,gvaglab

the - subjects under ‘normal conditions . is clearly
X R ; S «\ M : o . - .

demonstrated by ' the .%labbraté  p;ocedures”-3eventua11y

.
i

~. )
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required to-reliminate these cues. It was quickly found that

it was not sufficient to simply‘efiminate all robm cues
visible fébm the; water by covéring ~the tanh with the
theesecloth tent. It was also necessary to relocate the
vfdeo'recording,equipméntyin another room\in~order to cause
.the ~noise it made to come from a_different direction. In
additionait becane.necessary’to,eliminate;any cues that the

subjects 'may havé‘habitually obtained from the " handling

procedures*used This was dlscovered when/thg/irpsf two MAP

@ p”

‘subjects were given the first probe trial with the tent.

These two subJects were 31mply remowed from the home _cage

o TR

Ty et

and placed into the tank~through_an openlng in rthe tent
_ P e = .

wall. Both :Subjects then quickly found the-platform° withfw

S
£ <

little. d1ff1cu1ty, 1nd1cat1ng that it was not suff1c1ent to

'remove only those cues avallabke from ins1de the’,tank.

7 ' C S :
This discoyery ~made it necessary to ‘devise the. ratheér

‘elaborate handling technique described in the Procedures.

- -

‘section, including covering the subject in & black .shrog# .

~and spinning it Yandomly“around the room' prior ,to'ﬁ

‘

introducing it into the tank. (The importance of these

0y

v
'handllng cues to the MAP subJects w111 be dlscussed further

_below,)- Thus th%re was a hlgh probabllity that durlng thef
- probei trlals all relevant cues had elther been removed .or

fdrastlcally altered except for those present 1n91de ' the

_ta k. ‘The .crucial f1nding,~ of course, fis? that these

elahorgte precautions affected only the MAP group, which}

\
Y . e, N : . Cen ¥
‘\. R

} \

P
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invites the conclusion that the two groups did ~ in  fact,

use different strategies to locate the platform, ano'thst\

‘these strategies may be safely described as map and cue:’
9. 3

\
I

‘ experiments do not specifically address this 1ssue, 1t'mayf

, : - % ,
stretegies.' Further it strongly SUpports ‘the-. conclu51on \'¥§ﬁ>3

>
, BN

that the hippocampal stimulation 1mpa1red the ability _to
@ - .
use a map strategy, but not a cue'stretegyu' :

Having reachred this conclusion, it becomes of interest

‘.‘?‘A",

to spégulfke' briefly on. the nature; of 'the._MAPf'group‘”

- s - S

ﬁmpairment:f While 'theh”data ’obtained from- these © two

o

be p0531b1e to approach the problem obliquely by exémining

in detail the differences in the task requiremgpts for both—‘ff:f'?»

L

groups. These differences may be summed up as follows'

1. The “platform qusitioh wasﬁ ixed for~?the MAP —w—hgem RSN

I8

v ‘ i . ) S R L : ol " » . &

_’steps were identical for both grou

l,ftthe platform immediately on entry

'group '%nd_‘ranﬂomly,fplacedf inw ~one of -four7

'.._locations for: thé CUE group.’ L L ls-‘x; ' ’ff”
FZQ The? black»fcard ~(or cube) 'only wa ﬁ%itherum”.if.‘gp:ivx .
B necessary nor - suff1c1ent to allow ‘the MA group o e
.to] locate the platform. In contrast,_-it f;ss :

esse«tiib// for the CUE group
: N RIS
R efficiently. vl;f;““ N

SN / s R
Aside from these differences, -

g

s.u-g"

Since th platfotm 1&catioq v“;

‘C;trials for the CUE subjects.: the*only way for them ﬁﬂ:'

to the water"'

i.»

v




approach the suspénded cue. Under these copditioné, the

i

presence or absence df other more distant fixed cues'wodld
be iargely irrelevant.: In fact it is &ifficulﬁ to conceive
of 4anf'wi&hin which the CUE subjects might profitably _usg
these fixéd cues. Thus.it_can be safeiy concluded that the
task facing the CUE subjecté was most easily solv;d by
following -a single salient cue on each trial. Tn order to

- conclude that this is the crucial element responsible for

the different effect of stimulation on both groups, it

remains to_ be shown that the MAP subjects werér\ﬁlso not

following a single cue, but that they required two or more
cues to navigate to the platform.

To begin with it is certainly possible that MAP

\
subjects could reach the platform simply by swimming from

each 'entryg point toward a single Jlandmark which was .

directly in line with the platform. Thus it could be sa'id
that in some sense the MAP subjects were doing f{he same
thing as the CUE subjecté, ie. foliowing'a salieﬁt (to
themi cuet However cioser exaﬁination of this suggestion
‘reveals that it ié highly'oversimplified.‘Upon entry to :%e
taﬁk, the MAP»subjects, if thgy habitually swim.to}ard a
distant fixed landmark, must first décidé which landmark is

appropriat ut another way they must be able td recognize

-

where they ar
o

appropriate depends entirely on the starting point for that

trial. Thus in order to choose the correct landmark to

5 \

» Since the choice of which = landmark is
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follow the MAP subjects must be able to recognize the
K 4§
'landmarks which distinguish the different entry sites. The

probe triais with »the cheeseclaoth tent provide ampie
evidence that pgrception of the entry point landmarks ére
e;sential for{theAMAP.subjec;s, wﬁile they‘afe not required .
at all by the CUE subjects. It is suggesteh that this may.

be where the crucial difference 1ljies between the two

strategies used in the task. The CUE subjects do not

require any landmarks present, either before entry or

| ... o
during swimming, except the single suspended cue. This cue

is éasily visible from all points in the pool, and, more
importantly, it is possible to reach the blatfogm from any
pbint‘ ig,.‘he"pool by simply approaching the cue. In N\
contrast, the MA? SQPjects,'even if they use only a'single |

distant landmark for each entry point, must be able to

» N

identify at which éntry point thef\are located., Thus MAP

subjects do require the presence oé identifyihé landmarks
not only during swimming, ‘bﬁt also prior to entry. Thus in
order t§ becdme familiar witﬁ th; t;nk apd its surrounding
”envfronment some neural memory sygtem: into which this
spatial information may be entered, 'is required by the MAP
”sdsjects but not by the'CUE-subjects. Tt is suggested‘that
this is where the spatial map requirément of the task is to‘
be found. As the O'Keefe and .. Nadel (1978) hypothesis

suggests,” interference with this map will produce impaired

capacities to navigate. The experiments described hdve

I8
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shown that disfuption~ from two sources: can result in
‘impaired havigati6nal abiiity; First electrical stimulation
of the hippocampué has been shown to consistentiy disrupt
spatial abiljties, and .second, the tent probe trials have
disrupfed spatial ability by not allowing the subjgct ta
perceive any landmarks to compare with the Storéd map.
fe . .

Neither, the stimulation nor the tent prdbe trials produced
disruption of the CUE subjects since they required no map
at any .time. ‘ z : ' ..

The  results of Experiment One have been shown to

strongly support the spatial map hypothesis of 0'Keefe gnd

Nadel (1978). Not only were stimulated subjects which

required - familair landmarks impaired, but stimulated.

"subjects which simply'fbllowed a single salient. stimulus
were ynaffected, results which are equally consistent with

~

the spatial‘mép predictions.
f"' N . s X

Having rleached this conclusion, it becomes of interest

to see how the spatial map hypothesis fares when directly

compqred . with a - competing hypothesis of hippocampal

function, the working memory hypothesis advanced by Olton

and his 'agsociates; Experiment»Two_was designed to use

“identical arrangements ©of physical stimuli in order to

. 4
-~
.

diregtly“investigate the opposing predictions made by these

“two major hypotheses.

s
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EXPERIMENT TWO

v

In contrast to the spatial map hypotheSis of O0'Keefe
and Nadel (1978) Olton and his assoc1ates have proposed a
second hypothesis suggesting a pure memory function of the

‘.

hippocampus (Olton & Papas,‘ 1979; Olton, Becker, &

" Handelmann, 1979), They suggest that tasks may be analysed

-

' N o
into working memory and reference memory components. In

their .lengthb reviéw_of a number of earlier experiments

‘carried @ut in their lab (Olton et al, 1979)x01ton and his

colleagues describe these two terms, drawing heavily on

Hon g's earlier definition (Honig, 1978).

v

Working memory procedures refer to aspects of a task

»
.

in which stimulus information is useful for some portion of

the experimental period, wusually a single trial. Reference

3y

memory procedures, on the other hand, are those in which

information required for a single trial, is required for

all trials. Perhaps the easiest way to ciarify this

.

distinction is to stndy a brief example of a tdsk . regarded

as hav1ng working and, reference memory components allke.:,

The radlaQ maze has been exten31vely used as .a task'

involving‘reference and working memory prqcedures, In some

of th\\studles described by Olton et al (1979) an elght arm

radial*maze was used. Typically each arm of the maze would
be baited and the subject would be allowed enter, any ‘of the
arms to obtain the fon reward it contalned Tﬁe~ optimumf

" strategy for a subject éo use in thls task is ‘to enter. each

<t
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o . : e W
arm only once, thus obtaining all the rewards. w1thw a-

minimum of effort. This strategy is pftén :éfer?gﬁyﬁotaéia; o

'win—shift; strategy. Iﬁ order to achieve ﬁhié, the'suﬁ&eét?
must \beiéble to recall which.arms_it ﬁa§'énterea during aé
triai; so‘~thap it 'doés~h;t waste time and eﬁergy by
'rEent;ring one 6f thf arms; Since all‘the arms are baited
“af thé étant'ofkgéch trial, the informa;ioh about ‘whichﬁc
;afms wefé;‘entgred; and the order in. which  th§y we'ra.
entered; {on the”previoué‘trial’is‘irrelevant on subsequgnt
tfials. TRus information-gainéd_én‘a single tfial is useful
'fdr;'fhag triai ley;‘ and thisAéomponent of the task “fs
‘referre&/‘fo léé" a working memory procedure. From this
dgscription it‘ can'heuseen-that;it_must be hypot zed
‘that .working. memoryb~processe§ inv&lvé the capac1t€ to
catélbgﬁe eventé”tempdfall§;'1n-thié respect thé‘coﬁcepp is
‘similér to that bfjepisodiclmemory . proposed by ;Tulving
l-(1972). ThefnréferénqevmemOry procedures in. the same >ga§k
fintlude ghe"kngﬁledge ltkat'ali,armé’afe’baited' on. -each
triél,4 aﬁd' thaﬁv:the subject.is only éllowed a  certain
number - of entries intd afms,(usually eight) on each trial.
,Thué‘ it ‘éan 5e éeén that any sfimulus‘_informationu;whic;
.rgmains cbnsténﬁ-oyer tfialg may be regardéd ésva reference
'memory.bomponént,_ whiie st;mu1us inforhation\wﬁich chanées v
.Qver trialshmay be'regarded'as’a working memory combonenﬁ.

At this point- a short digression concerning the

‘terminblogy - employed in the literature is of soméA value,

N



using it. For example the term "working memory"

‘most - cogniti%é)psychologists>tO»be almost syn6
. . o = s - .

"The term working membry has come to have different

méaningé éccording‘to the'discipline of psychology which is

nymous with

TN

is taﬁén bj' ;
. A

e

,"co?sciousness",f that 1is, information which may be, kept

immediételyA available in a working ‘medory store by

chearsal;:‘In esseqﬁe'theACOncept'is roughLy»equivalent to

. ¢y . o .
the Waugh and Natman (1965) concept of "primary -memory".

W

" The (impoftaﬁtA property of this mem&\g store is that its

distracted. In this sense "working memory" is characterized
, | g y har

- f

as highly labile and isvuéﬁally of _short duration. In

‘contrast the term "workin memory" when used by Olton et al

»

‘Honig's concept of "working memory" requires a high degrée'

rd

(1979) or Honig‘(l978).differs in a fewt.impbrtéﬁt"ﬁQé}s.

lost due to distraiting events., .Since subjects retain

88

r

current contents are lost when the subject is sufficiently

‘ Firgﬁ' the contents of working memory are not necessarily

"working mémpry"_ information across trials, and other

perhaps . longerv periods of time, the nmemory ' ‘store

.cbnceptualized by Honig (l978) must be characterized by an

ability to survive distraction. The second difference.

between these two concepts of "working memory" concerns. the

degree " of control. exerted over each store by the subject.

of conscious cqntfol to be‘maintéined_by:the subject, both

. , _ N
when a change is.afpropriate. In contrast, "working memory"

'in  retaining information and in resetting the information



89
~ for cognitive psychologists does not imply this high degree

of 'control. Given, that the‘two. definitions of 'working:
‘ o ,f N ‘
memory possess some 1mportant and 1ncompat1ble d1fferences

a good case may\be made for suggestlng that a replacement
term be‘found for Honig's concept of yorking mmemory" in
}the‘interestpof elérity._ Howeﬁer, for the purposes‘of this
paper,.fthe term "wofking-mehory" will befdsed in the seme
sense that Olton and Honig have:defined it.

.Using this approach, . Olton et al f(1979) ‘then

jinvestigated the effect of hlppocampal lesions on a numherA :~_q

- of diffenent tasks,, and ,concluded that damage ‘to the.

'th;hocampds impeiredvthe werkihg memory pfocesses required
to. perform ‘tasks with workfng hemory pfqtedu;es. One
‘importagt fact coneerhing 1the,ex§eriments vdescribed by
| Oiton .et al (1979) is that' they 'employ _ﬁfeop ;\e
= tralnlng,\fnd hence are de31gned to 1nvest1gate the effects

of hlppocampal damage dp performance-, rather than',

.aCQUlsltlon, in order tb”test‘an hypothesis proposing a

memory funttion “of the ’hippocampus. Since the working

A
ant
.

memOry hypothe81s was or1g1na11y formulated to prov1de

alternatlve explanatlon for some data not readlly handled -
s b

by the spatial map hypotheSlS, Olton et al (1979) 1nC1ude TN

the follow1ng ‘in their 1ntroduct10n° : C 4 /
, : y

"The“ purpose of this paper.is to compare the
usefulnéss of these two general ‘approaches - in
describing the behavioral changes following
hippocampal system damage in rats in a series of
~experiments using a radial-arm maze. The initial



(_& ‘f/

studies showed that in a test of spatial memory,
rats with hippocampal system damage were severely
impaired. Subsequent studies = systematically
varied the spatial and the memory characteristics
of the task. The} demonstrate that the «critical
variable responsible for hippdcampal involvement .
was the memory requirement of the task and not

&

its spatial nature., We see  these data as
compatible  with memory interpretations- of
hippocampal functions, but not spatial ones. "

(p. 313)

Before describiﬁg in greater detaii "some of the

experiments referred to in this - quotation, ' it is.

appropriate  to discuss some of the points made in the:

passage. To begin with 'Olton et al (1979) continually
distinguish the spatial'hatufe of 'the task from its memory

requirements. It would appear that this tendency is

premature at best, ‘for it is difficult to. see how an

animal's retaining information about its environment in the

form bf ’a‘neural.represenfation of a'map could be called
anything other than memoryi functioﬂ, albeit a  highly
specialized one. While thié ﬁay be‘é minor point as far as.
, Ohgon ef' al (1979) are,coh;érhé&; it is> wortﬁwﬁile “to

clarify it for the presen;,pﬁrposes; since both'theﬁspatiai

~

map and the working memory hypotheses are characterized as

~hypotheses  which suggegt a memory function for. the

' .y

hippocampus:™ . I

Lo

v

- 0lton et -al (1980) describe a series of experiments
which were Ufun to test the impLifatian of the working
memory hypothesf?? These were systemétically orgénized into

categories depending‘qn whether spatial méps and/or working

y
’ »
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memory  could be used iq_'the ~tasks employed by the
individual studies. Olton et al (1980) presented a - four

cell matrix, each cell eorrpsponding to one of the oossible

combinations of memory requirements (working or reference)

and mapping requireéments (mapping permitted or not’

permitted). | . .o

The study 'representative, of the first category

vinvoLves a spatial component (i.e., “the_maze i3 in“a fixed

»1ocafion with ffixed extramaze cues present around the

s

strategy. Becker, Walker, »Oltgn,'i& O0'Connell, Ll978)

testing room) and a worklng memory component a win—shift

”reported. that . nippocampaI’Lesions produced an ‘enduring -

deficit 'in this‘task using an eight-arm-&adial maze, while

]

Olton and“Werz (1978) reported a simiiar deficit using a

17-arm radial maze. These results are interesting but .

unfortunately “the working memory. component and &Fe spatial
component of the task are confounded Consequently they”can
.not be regarded as‘valid_tests of the working memory-

spatial map hypothesis distinction.

- The crucial design ta test between the spatial map

hypothesis " and the working memory hypothesis requires a

comparison - between a working memory task which includes a
- : . \ . .

spatial component, and one which does not. Such a task was

used by Olton and Feustle (1979),A‘ihvoiving"a four arm

radial maze in which intramaze cues were made salient by

| increasing the height of the“arm walls and‘inciuding visual,"

91
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and tactile stimuli. Extramaze cues were 'mini:dzed by
covering the tops of the ,arms with cheesecloth and reducing
the -room illumination. Uee; of a spatial 'strategyt s
(further excludeﬁ‘ by randomly awitching each arum ﬂhetweenl_'
trials ~ such that the arms did»not maintain a eonstant
'topographical relatibnship with each other overl‘trials.
U31ng this task they found that normal subjectgftookllonger _
to learn the 1ntramaze cue task than the\ extramaae cue
task,. and. that’ follow1ng hippocampal lesions perform&gce
dropped 'toA near chance levels. Thus '~ with no 'éﬁatial
,comnonentl present,r'aubjects were'impaired on a cue;baSed
vereion of th rad1a1 arm task . R ;

Olton et al (1979) then descrlbe a Etudy in whlch ther
'apparatus> is 1n_a»f1xed 12cat10n, thus :xlow1ng a place .
_strategyn to be used'by.thevsubjectsr However dn this case

.‘Ehe task contained distinct working.memory and._rEference
memory components (Qlton &\Papas,‘4l979)ﬁ' A'17-£fn radiai
maze was used, and eight oéithe arms were ainay9~baited'at'
the beglnnlng of every tr1al while the remaln1§§ arms were
never balted throughout tﬁ%~dourse of the exper1ment. " The
worklng memory * component of thrs task was idek#ified 'by IR
Olton and Papas (1979) as belng the factdthat the jsame'.
eight, arma' were always balted at the start 'of za trialj'
hence the subJect needed to remember the identlty and order;

i
of the arms entered on any one" tr1a1 The reference memory 42i

component consisted of the faet that the_ rema;nlng arms

. : . ? . . . . . N 4
. . . B ‘ R . Ve
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were never baited, and hence should always be avoided. Two

L VO & ‘O ) : .
.patterns - of baited arms were gged; a mixed pattern and an

: adjacent pattern in which all baited arms were grouped
~ o N ] i
) together., Entrjes to unbaited arms were scored as referen

memory lerrors,4'WhiIe'nreentries to,arms'from which’ the

' ‘nsupiqu“had on that nge trlal, prev1ously removed the

‘memory . components was equally 1mpa1red for rats with'

’

"randomly immediately‘ _post' 1e51on, Surely‘- a more

r'

bait we%e scored as worklng memory errors. SubJect3p were
'trained preoperatlvely ~unt11 they learned to ignore the

unbaited ‘arms and showedvfew reentry'-errors. ’?oIlowing

surgery, performance on both the reference and. working

~fimbrigsfornix lesions. .'After . about‘ thirty :-tests
performance othhe referenCehmemory component.had returnedbh

to nre;lesion'levels,v while the performance of the working.

‘memory component remained at chance levels. These findings

are take@ as\gupport for the worklng memory hypothe31s.-

&ome comment is approprlate here. To begin with the:
f1nd1ng that. fimbria-fornix lesions- produced _fequalv

impairents in eférence and worklng memory - procedure

performance * suggests that subJects tended to enter arms

per81monlous 1nterpretatlon for thlg aspect of the data__is

that thev hlppocampal damagefvcould have~¢rendered the

.subJeCts'°unAb1e :tQ dlstingu1sh the: different-‘armsf7by‘

1mpa1r1ng thelr ability to nav1gate on the maze. It”Shonid

\

’be‘ remembered\_that the maze empyoyed had identical arme.

N,

CON

. ] . Lo L
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place°strategy to locateﬁspecificuarms is/ required, hence

e

. Vo
the ]finding of equai impalrments for ba1ted and unbaited

arm ‘entries is exactly what the spatlal -mépr hybothesis

'wonld oredictl'Tﬁtllater*data, then)'is the'only data which
‘.

dmayd be argued to eXC1“51veJY SUPPOrt the“working memory

x

«hypothe81s.

The studles dlscussed so far pertaln ‘to three of ‘the

; lfour :cells“h‘n the matrix Olton;'et alA presented 'The

remaining«.cell 1nvolves an expérlment with worklng mﬁmory

components absent and mapping- permltted in. one task byt not

- .in a Nsecond, 'The xstudyv (Becker, Olton{C)Anderson, &

" ‘Margolies, 1979 . reviewed byﬁ'Olton et al is of ‘great
importance to the Experlment Three, Tsince'it represents‘a
v . : . r /’ )
complementany 31tuatLon tg the condltlons employed 1n the

present experxment; -Before dlscu531ng the details of ~ the
Becker et al ﬁstudy,‘ 1t is 1mportant to: deal' with- itsf

~implications and the predlctlons arlslng from 1ts design;_

.Since ;t“does ndm,lnvolve’worklng ,memory 'elements; the
following 1nterference w1th the hlppocampus. The spatial

working;-memory ‘hjpotheSis' would predlct no - impairment

"hypothe51s‘ predlcts e diSSOClatlon of the effect of

whﬂ;h were . distinguishablevpnimarily on hhe basis of - the

amaze _room’cues available, In this task the use of a

94

. hlppocampal 1e51ons on performance, since one task requlres

-

l'spatlal mapplng while the seéond does not perm;t "it; Thus

' 1t can be- seen that the résults of suhh a study are cruc1al.



Tt

'=1dent1cal ‘apparatu&;ffan& conditions,A w1th the exception,

:;spatial_ map hypothesis was confirmed.; The rats employlng

%,
87
o
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r

V-working menory* hypothesis -and those whiCh' Support:vthev

o

spat1a1 map hypothesis. Ennally, it is. ‘of great 1nterest to

. \_,,,-

contrast the results of the Becker et al study w1th those

v .

'reported for Experlment Two to betdeStribed below.

—

"The_'study 1n questlon 1n%elved a central square arena

w1th1n an._ enclosure. The~area outs1de the arena was called

,the runwayf‘and. each wall of the ‘arena contalned three;

_'doors._ Thev»task*wasjto enter thé arkna through 'the{;onlyn’

g

:?open_:door,lauailable and apprOaéhnone‘of 7the;:distinctiue

: - RS P U
obJects present ~wh1ch concealed food In the condition

which» d1d not permit' spatial .mapplng,. ﬂthe food

the working~menorx,hypothesis, Further,~ntheytallow,a"

clear ‘d#stinction between outcomes_ which -support . the

.

'consistently assoclated w1th the 1dent1ty of the‘ objects,x*;

and not their locatlon. To ensure no mapplng was“nsed the

obJects and the points of entry to the arena were hrandomly.

arranged The condltion-hpermltting mapplngv 1nv01Ved an.

»that: the 1ocation of the obJects was constant over trlals.

-

The; results ‘of thls 1ngenious experiment were somewhat

. L

B E - B
troublesome for the worklng memory hypothe51s, 1n-that the

.dissociatlon following lesions whlch was" predlcted by {the:.fm

i,

spatial strategies to solve the task were severely 1mpa1red

f'.while those khich had to discrlminate the 1dent1ty of 'the {h

obJect vere unimpalred by the 1es1on. Thus this exper1ment,,p



-V,
while necessary from the point of' view of systematically
. . ‘ s R

investigating the implications of *the working memory
hypothesis, actually provides strong support for the rival

spatial :ap hypothesis. Lastly, the Becker et al study will

be seen to be quite similar, . in many respects, to

'

Experiment Two, pPrticularly the fact that both designs

. invite predicgiohs, where the spatial map hypothesis -is

concerned, of a dissociation of stimulation effects' on use
oy ' ’

of place versus guidéncev strategies., Experiment Two

differs, though, in that it invites the .working memory

. ] .
hypothesis prediction that bo@h groups will be im’red

following 'étimulatioq since the design contaifds a strong

working memory component. The remainder of this section
will be devoted to a brief summary of the étﬁdy after which
Experiment Two is closely modelled, followed ‘by a
description of the deéign of Exp.riment Two. “
The‘ spati&l ‘map hypqthe s and the working mémory
mﬂypothesis of hippocampal funétio have.engende;edla large

amount ¥ of controversy in the’recent 1literature. As 1is

-

96

apparent from the 'above-discussion a major reason for this ™

is that many of the earlier working memory studies employed

¢ [

spatial tasks, such as radial mazes, ' thus introducing " a
. < ' " .
source of confounding. One of the purposes of Experiment
"Two is to eliminate this confounding by controlling the
. ~ ) S

spatial and WOrking memory components of the experimental

tasks independently. _ L



Although Olton et al (1979) concentrate on performance

effects, there have been few studies which have examined

the effect of-hippocampél stimulation during perfofmance of
‘a working memory fask. Recently, however, one interésting
study has reported that low-level unilateral stimulation of
the dentate granule <cells in rats produces a markéd
retention impairment in a radial méze task (Collier,
Miiler, Travis & Routtenberg, 1982). Siﬁce their study
provides the étarting pbint for Experiment Two, .it warfanfs
q

a brief description. . ' \

-

Rats were first trained in an eight-arm radial ?azg/dn
/

‘ \
a standard task involving a "win-shift" strategy. _Id“gkher
words, errors consisted of reentering armé»already visited

on a given trial, Rats were given one daily trial to a

criterion of 7-8 correct entries per trial over five déys."

Chronic unilateral dentate' gyfﬁs monopolar stimulating
electrodes were then implanted using electrophysiological
‘placement techniques. Training was then given on a  task
involving delayed hatching'to sample in the radial mazel
Th;s  task involved a "win-stay" strategvahich meant that
S's had to learn to’locate the only baited arm on trial one
and return to that afm only on trial two; S's were given
two trials per day for this task. Following mastery of this
task S's wére shifted Fo‘a version of this delayed match té
sample task which involved five daily trials. As before,

-]

N . ‘ .
.S's discovered the baited arm on trial one and were
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required 'to return to that drm only on subsegaent trials.

Tr1als two and three were to show that the rats_had indeed

£

* maatered the task. . All trials were separated by ~a one

minute intertrial interval (ITI), and for the first 30 .-

seconds of the ITI between trials three and four unilateral’

stimulation of the dentate granule cells was given (60 Hz

sine wave, 10uA peak intensity). The effect of this

stimulation was. to produce a marked impairment in

trials four and five. On trial four this

,A\\\/}ncreased errors for choice

to find the balted arm) and choice

—,
<

performanc
impairment

accuracy

fepetition (reentry into arms already entered on that

trial), ‘while for trial five only choice accuracy errors
.persisted. Triai five perfo;mance overali’was better than
trial. four but S's were still significantly impaired over
controls and their own earlier performance on trials two
‘and three., In total‘three stimulation days were given, over
six days of trials, with the result that no change in the
degcee of impairment was seen over‘accumulating amounts lof
stimulation.

Collier et al, 1982 concluded that these results
revealed a distinct retrograde amnesia’ (RA) and
anterograde amnesia (AA) effect. They suggested that errors
in choice accuracy reflected a RA effect Since an thls’case

the subject could not recall information about the correct

baited arm learned prior to stimulation. In contrast, an AA

.»w\

-
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effect was revealed by errors in choice repetition since in
this case, S's were failing to remember information learned
after the stimulation., It was the persistence of the choice
accuracy. effect which led to the conclusi%n that ‘working
memory which they equated with choice accuracy) was
S ¢

impaired by the stimulation.

p This conclusien' is open to question on a number of
grounds. The prime problem with their conclusion concerns
the fact.that, as with many of the other studies mentioned
ig~this discussion, ghere was a strong”spatiel'coﬁponent in
the task which is confounded with the working memory
factor. Stimulatioﬁ—induced impai%ments"iq the spatial
capacities of the S's could be equally expected to produce
random entries to arms, as ¥h the case of the -Olton & Papas
study (19795. Thus the ihterpfetation that these error

k4 .
patterhs reflect impaifments of two different memory

capacities  of the subject, may be replaced by a more

parsimonious explanation based on impaired spatial

abilities - of the subject as a result of the hippocampal /

v’stlmulatlon. SubJects £u4~—5e aware of the rewarded arg/
and of arms already entered on a trial, vyet not be able tg
/
locate them due to pure spatial impairments. Yhis
explanétion is "even more feasible when it is real&iedfthat
the apparatus end room cues alike were in fixed locations,

a condition which encourages use of place strategies.

A second problem concerns the definition of working

59



memory employed. In this design there appear. to fbew.tij

£

areas 1in which working memory may be said to be reggired.

- ) \

.Subjects must forget the relevant arm from tpe previous day
on trial Qhe of a giyeh day, end-oncevtsef discover the
current relevant'arm on trial one they must remember it for
the rest of tHe day. This all comes under'the heading of
chorce accuracy, -to use the authors' definition. However,

within this second task, there is a working memory

X4

‘component with an even more restricted time ,frame, namely

Yhe subject may make a reentry error once a choice accuracy

.
-

error - has occurred., This is referred'to as ar choice
. ‘ j
epetltlon error. The results 1nd1cate that ch01ce\accuracy

»

errors 'are longer 1ast1ng, yet it must be concluy ded ‘that

both types of errors reflect worklng memory 1mpalrments. A

major problem arises from these data 1n*t@at the working
’ 5 ) » : \\\\r\ »
memory hypothesis makes no prediction concerning different
B B i it . \
\

time courses of these separate working memory effects\\ In

addition, the worklng memory component of this experlment‘

which is most directly comparable to the Olton et al (1979)
'def1n1t10n is that of choice repetrtlon within a tr1a1,
that is, reentrj errors, which, in the Collier.et al (1982)
study, showed~ relatively. vquick retpvery following
stimulation; In tontrast the enduring deficit ;in the
Collier et al (1982) study was the choice accuracy

component; an element whf&h was operatlve across trlals in

the" sgense that the correct arm had to be remembered w1th1n

N [ 3
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a day. ' ¢
Since the'Collier;et al (1982) experiment was open to
geveral‘ interpretations it as decided ,to partiélly
replicate the study, ‘dsing the\Morris water task as the
. experimental task,‘ since the ta%k may be solvgd using

s demonstrated

either spatial Orvnon—spatial strategiés,
by Experiment One.
| Design '_' ﬁ N
.This~ experiment :was desigﬁed to test the effect _of
stimulafion on performance of the Morris water task vyhich'
involved a‘wopking memory component; As before,kghé design
iﬁvolvéd tw§ groups given é;quisition traihing'on a task

requiring either a taxon strategy or a place strategy. The

MAP group was trained to ignore the cues suspended dver the
tank, and to_rely on the fixedvrdomvcueé;in order‘fo locate
~the platform. The CUE groﬁp was tré;ned to associate a cue’
. ] 0 ) %
with the glatform,.. and ignore ;ﬁgffixed room cues, ' since
the 1location of\thé cue'and pléthrm‘ combination IQaried
‘randomly over trials., It should be noted that this_vdesign
. [ . ) 4 .

is véry similar tdﬁthat'uséd in the p;evious'experihénts.
A second elemen;'fh Expériment Two Qas'the presence of
- a 'working memory component within the task for ea@h é?oup.
As in the COllier et al (1982) study, " the target ‘memory
item, iﬁ. this case the‘IOCation of‘the plafform, ‘rather

than a baited arm, remained constant over all the trials in

¢« a sinéle day, but changed over days. Thus the task ehploYed



\

in this experiment was essentially 'a water maze equivalent

of the Coilier‘ét al (1982) radial maze, 'win-stay' task,

one difference being that only four potential target items

A

were present instead of the eight arms of \the radial maze,

w

Following acquisition of this task Sy‘ both groups,

dentate gyrus stimulation was then given qo'half ~of each

\ . |

P
.group. The prgdictioét concerning the results for each

group are clear-cut for the hypotﬂeses being tested in this

experiment., The working memory hypothésis predictions will

_be _ﬁescribed ‘first. Since both groups were 'required “to

perform "a task involving a working memory component in the

sense that Collier et él‘define it, disruption of the

‘hippocampus gby electrical stimulation would be expected to

, T : o -
produce a marked impairment in both groups. In contrast,

the sbatial map hypothesis prgdicts that only the MAP group .

subjecfs would be disrupted by the stimulatiqn,~ sincg they

are the only ones which required'an intact mapping ability

to solve the task. Experiment Onéfﬂés;éhown that the MAP

subjects were highly disrupted by the stimulation, hence it
-7 ‘ ", . _ ) .
is reasonable to expect a similar'disruption in this case.

Thus the crucial results for this experimedt were those for

the CUE group, since this group must show some impairment

£ .

if the working memory hypothesis is to be suppof;ed.:

Following the first day of stimulation testing, it was

decided to manipulate the presence or .absence of the-

suspehded cues for the MAP groups, and to  counterba1an¢e
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. . . . T oA
the these conditions for groups Ml and M2, 1In other words
o \ ‘ ' ‘ '
he- order in. which a-subject received stimulation and
ekposure to the tank  with no suspended - ‘cues was
. . . : . - ) ‘\\k"
cqunterbalanced. The -reason for this was to discdver
| ' : R . S K
wjether the presence or absence of sugspended cues had any

affect on the reaction of the MAP gdbjects to the initial

présentation of stimulation. . The resulting design. is

illustrated in Table 3. It can be seen the presence of cues
factor and the presence of stimulation factor were treated

as within subject factors, while the strategy factor and

the group factor were between subject factors. Since only

MAP subjects had the cues removed f:bm the tank Table 3

o

By

only. shoWs one between subject factor,: nameiy groups. It

should be re;Iized that albetweenigroups factor of~étrategy
with two‘leVels, CUE a;d MAP, waé also present. With this
design .any effect due to the presence or absence“of cues
would éhow up as a main~éffe§t, while the effect of the

A4

order in which the subjects were ‘given stimulation and the

.

suspended cues would appear in the various interactions

involving the fprésence of cues' and the stimulation

2

factors.
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Table 3. Design For | Treatment = Of MAP Sub jects . ;

[ . Showing Counterbalancing of Suspended Cue ‘i
' Factor And Stlmulatlon Factor Over Four Days S
Of Testlng . E - j

The table shows that the suspended cues
factor and the stimulation factor were
';é;Atgd as within subject variables. The
imber in each cell represents the actual
(day on- which the condltlons for that cell
) . ' were fulfllled :

. : - .
l
| . ~ \\\



N

L CUE _  NO CUE

STIM NO STIM  STIM NO STIM
MAP 1 & 2 3

MAPCON 4 1 3 2
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Méthod

Subjects

The subjects for Experiment Two consisted of 40 . male
Long-Evans hooded rats, obtained from Charles River in

Quebec.  Subjects ranged from 300 to 400 grams at the time
- ‘ ‘ ' - v : ’ o
of  surgery. All subjects were housed together in a

f§ ijtemperatufefcontrolied room on a 24 hour continuous -light

- cycle, and given ad libitum food and water throﬁghoutifhé

course of the experiment.
o . g .
Before acquisition ftraining all 'subjects received

identical bilateral monopolar electrode implants. in  the
N ‘ L3 ‘ ‘% M ) .
stratum moleculare of the dentate gyrus. After seven to ten

days _fof recbvery racquisition trials fbegan.-,Prior- to
training subjects were randomly allocated to two groups of
twenty subjects each, referred tE\as'a MAP group and a CUE

'group, as in the previous experi:i?&s.

” \ o »Dgring training, a total o three subjects: lost their

.}
e

""Iéfffgaé assemblies and had to be discarded.

‘Surgical Procedures e

','4u;gicél, pfoée&u{es for"tﬁis experiment.‘ clogdely
fbllowed ”thOSe'for the brévioiéﬁexpériéénﬁs. 'in this case
only a single.elettréde yaé-i&bianted in each dghtaté»gyrﬁs'
“at‘ the-fle§¢1 Qf,.the -st;atﬁg; moleculafe. The same
.g;éréotaxicv éoordinates‘with;respectbﬁo‘b%égméi (AP,f ;3;5

mm; L, 2;0mm), ~ and ' the §ame . technique  of
. , ‘ saf . ~

*

eLéctrophys ologiCal implantation Wag'used,3‘?



- :

'Following surgery each subject was replaced in the

home cage and allowed about a week to recover.

Preparation of Electrodes
LY

‘Each electrode consisted of a single length k(approx;

10 "= 12 mm) of f1ne Teflon coated stainless steel wire

<

(0 0092 mm 'with Trlmethyl ‘1nsulation;' commercially

avallable from Johnson Mathey Metal Ltd ) The 1nsu%§t10n

was removed from the tip of the electrode for a dlstance of

o allow a site for connection to the stimulating legds.
ectrodes were held vertical in an alllgator cllp attached

,to the stereotaxlc electrode holder.,'

’Aggaratus R

scr1bed f r the prev1ous experlment. Thls-includes
‘the tank 1t thefv1d90‘equ1pment, and the st1mulat1ng

apparatl.

R Three cues in addltlpn to the black cube were suspended

-

oVer the tank dur1ng trlals
”1;“A whlte golf ball ‘with a vert1ca1 and hor1zontal
black stripe palnted on it. ]
_2;‘A black and’ whlte checkered cone made from an
v1nverted funnel three 1nches 1n‘d1ameter.
3. A vwhlte styroanm 2 5 inch ball into wh;ch a
| 'number .of' thdn sticks,i'each Wlth‘_a‘ smaller

coloredk'Sphere on the end'distal to bthe ball,

0.5 mn and from the other end for a distance of about’4 mm,

- A1l apparati used in,Experiment Two'were-identical' to“
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‘the tank during_tria13+

Procedure

[}

were randomly inserted. This cue will be
_ ' ' : : " A

referred to as the 'star'. i

Thus the cues‘used in this experiment consisted of .3 ball,

v S . : S »
a cone, a cube and a star, -each of which was suspended over

o .

The procedures followed for each trial, training‘andv

.stimulation, were identical to'those'described for  the

S

prev1ous experlments. The only d1ffereqce in:the . present

experlment. concerned the protocol*p1nvolv1ng the = four

suspended cues and the four pqtential,platformh loCations;
Training consisted of gradually introducing more cues and"

platform 1lodations into .the eXperiment'vuntil subjects

shoWwed relatively direct swim paths to the current relevant

cue. ,Durinévtraining'care was taken to ensure that‘the CUE.

1 -

group was glven equal exposure to all four cues by the tlme"

—

stlmulatlon was glven, and that each cue was the relevant

cue for an equal numbep of’trlals.i The ‘same applled to the = -

MAP .group,' except/ that in thelr case care w@s‘ taken to

sensure-'that each{platform 10cat10n wasw elevant for”pan

equal//number:of tﬂiale. The protocol fo lowed to achieve.

\
kY

this"state$f0f: training is glven below. vaop'simpllﬁye

ldescriptlon the -references to. the cues ,apply, to both
'groups. %%at flﬂar the MAP group experlenced the same cue

configuratibns'{as the: CUE group onw each trlaf.} 'The.

: °

- dlfference between the groups consistei of the fact .that
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the platform location remained constant. for the MAP . group"

regardless 'of the cue positions.- The platform losation

moved w1th the relevant cue for that day for the CUE group{‘

—

AT1 cues 'used on a glven day were used for all trlalsf on'

that day. One flnal dlfference from'prev1ously descrlbedl

»

procedures was that on .each trialball subjects- from both

groups were 1ntroduced intp the tank from the same startlng

locatlon, whlle startlng‘locatlons'varled over trials 80

_.that each location was used once ‘in every‘four trials. Also

*

subjects were run in groups' of vnine “or ten . during

.acquisition 'trials; For stlmulatlon tr1als subJectsv.were'v

run through all elght trlals in.a row to obtaln - a’ better

14

plcture of any recovery effects whlch m1ght haVe occurred

Days One To Four. Only four trlals were glven on each of

LI

these days, since, ‘as before,'subJects tended to sw1m long;

_ddtstances‘hdurlng 1n1t1a1 trlals and it was‘ deslrable to
avoid'ffatigue veffects.~.Onf-eaCh.day».onlyv onev-plathrm

_1ocat10n and one cue was used, o
o e

'For vthe MAP group only two of the . four 1ocat10ns weref 8

FAY
L. P

used’over~the first.four days, _on~alternate day55ﬁfﬁor‘the;'

_cue,group only two of the cues were exposed the cube and:ft

:the'ball agaln on alternate days._ w0 s

E & .
40

D y F1ve.,0n day flve the third cue, fthe‘cone, aﬁdfthé' ,
f°th1rd platform locatlon were 1ntroduced » Elght trlals wereg:
'_glven on day flve, “and for the remainder of the eXperiment.<

'/The reader ‘lS remlnded that on each trlal to _this4 point'q
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only one cue had been present on each trial.

Day Six. On day six the fourth cue, the star, and fourth
platform.location was introduced. In addition this day was
the first day in wﬁich there were two cues suspended over
the pool on;each trial. The star was the relevéntfcue for
thislday,, resulting in each cue being associated with the
.platform‘ a total of eight times ‘by the end of day six.
Similarly each: platform - location was exposed an equal

‘number of times to the map group.

Dgx‘Seven. This was the second and last day in which two

)

cues were present over the tank,

Days Eight To Ten. During this period three cues were

present on each trial. "By the end of day ten each cue had

signalled the platform for a total of 16 trials, and each

,platformllocation for the MAP‘group.had been used 16 times.

Also each cue had been exposed for a total of 32 trials.

Days Eleven To Fourteen. This series of days constituted

a second complete set of trials in which three cues were

present. Thus by day fourteen a Jgcues had been relevant

for a total of 24 trials, and afl platform positions had
been used 24 times.

Days Fiftéen Ig_gggngyéTwo} This period codsisted of'two

fou; day sets of trials in which all four cues were now
present -over the tank. At the end of day twenty-two all
subjects had received 160 trials during which all cues had

been exposed an equal number of times.
- ' s ‘
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Day Twenty-Three. Following day twenty-two the MAP group

"was divided }qto groups M1 and M2, ‘and the CUE gfoup' was
divided into groups Cl and C2, in a‘sidilar manner to ;hat
used in Experiment One.v On day twenty-three groups M1 and
Cl received unileteral dentete.‘gyrus stimulafion (18
microamps peak amplitude at 60 Hz) for the th}rty seconds
during the ITI between trials/three and four. Following
this the subject was immediately placed in the tank such

that it had to swim across the tank to reach the platform.

Once on the platform the subject was removed and the cue

arrangement was changed appropriately. The subject was then
placed back into the tank agaln at an entry point -across
from the platform. This was repeated unt11 eight trials had
been runf The remaining halves of each group were treated
| identically with the exception that -~ they received no
stimulation.

Days Twenty-Four & Twenfl-Five; Following the first day

of 'stimdlatidn‘it was discovered that little effect seemed
to have occurred as a result of the stimulation, which was
inadvertently of greater intensity than the 10 microamp

/

amplitude used %ﬂ Experiments One and Two. ConSequently it

was decided to give/the subjects -two days rest to recover

o

from any effects of the stimulation, followed by a series
’

of . four bilateral stimulation days at the previously used
stimulation parameters of 10 miéroqmps and 60 Hz.

Day Twenty-Six. Before stimulating the subjects again a

'
£

111



day of training was given to counteract any decrease in
performance level due to the previous two days rest.

Day Twenty-Seven, On this day groups Ml and Cl were
stimulated betwéen trials three and four. The procedures

AN
followed for these stimulation trials are identical to

i

those described above. : -—

\

Days Twenf}-Eight & Twenty-Nine. Due to the nature of

the effect the stimulation was apparently having, it was
13

decided to train the groups for two additional days. During
this time the cués\were removed from the tank for the MAP
grodps, while .conditions for the CUE groups remained

unchanged.,

Day Thirty. Groups Ml and Cl were stimulated on this

day. For the MAP subjects the cues were not’ present on

these trials.

Day Thirty-One. An additional day of training was given

at this point to allow recovery from the effects of the
previous day's stimulation.

Day Thirty-Two. On this day groups M2 and C2 were

stimulated, while the remaining groups acted as controls.

Once again cues were not present for group M2,

- Day Thirty-Three. This day represented the final day of

1

; ‘ <G
.testing in 'this experiment. Once again groups M2 and C2

were stimulated, w@;lg the remainder acted as controls. For

this day the cues were replaced into the.tank for the M2

subjects.
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Some elaboration on the manipulation of cues for

»

groups Ml and M2 over these last four stimulation trials is

appropriate. The fesults of the stimulation on érOup -Ml
made it necessary to investiéate the éffgcts that presence
of the cues was having on the MAP subjects. Consequently
the <cues were removéd and tﬁe stimﬁlationl repeated. 1In

order to counterbalance the conditions under which the

-

initial experimental groups (M1 & Cl) were stimulated, it

was necessary to stimulate the previous control groups (M2

& C2) fifst with the cues removed, and then with the cues
present..

.To briefly'summarize the proce@ure, rats were trained
to use either’a place or cue strategy on a version of  the
MWT which included a zgrkigg‘memory{component, namely that
CUE subjects had to,geﬁﬁ{; gpcgpe‘samevhanging cue for all
trials on a given dﬁy, .and MAP subjects did the same for
the pafticular relevant locatidn for that day.‘ Both groups

»

were trained by a method of successive approximations until

they had become equally familar with all four platform

. I
locations and were q& asymptote. Thus each subject was

required “to remember the platform location for each trial

of a day, and theng reset 'this memory with the information

obtained on the folloﬁing day.
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Results
Histological Results. , ’ . ;/”,ﬁgfw//’////ﬂ
The procedures employed for perfusing, fixing,
embedding; sectioning; and mounting the brains of the
subjects of Experiment Two were identical ‘to - those

‘descrgfed for Experiment One. Once again all placements
Qéfe found to berextremély accurate, located on the hilus
of the dentate;gyrus,"or just below in.tﬁe inecular layer
per se. Figure B in Appendix42 provides some repfesentative

WSections from the Experiment Three %ubjetts, showing the
vfip of the electrode aiong the hilus of the d;ngate gyrus.
Note that, sin;e only a sinéie electrode was used, the
electrode tracklis much narrower than in the Expegiment One

subjects. There were two. subjects in which one electrode

was not precisely located along the hilus, but instéad was
located ‘either in the pyramidal layer, or below the
molecular layer.  However in both cases.the contralateral.

electrode placement was accurate. s

The rather high degree of acéuracy. concerning the
electrode piacements attests to the value of empléying
bhysiological recording techniques.during.implantation. The
hilus  of ﬁhe 'dentatek-gyrus was found to be quite
-distinguishable on the basis of the qharécteristic bunsting

' pattern "which occurs when.it is reached. This .technique

. makes it relatively simple td align electrodes precisely
? | _

“\ along the hilusiof'the dentate.gyrus.

i
{



One problém was found to be present in some of the

& s

~sections -obtained from the\ subjects. It appeared that in

many cases a circular area of gliosis was present along the
electrode track or at its tip. The last sections shown 1in

Figure B in Appendix 2 show some examples of this gliosis.

It is possible that these areas were due to "infection.

Although the_eleétrodes were immersed in an alcoholic soap

solution prior to being implanted it is possible that they
may have come into contact with the non-sterile edge of the
drill  hole when being lowered into the skull, Qr.possibiy
some other souréé of c&htamination was contacted prior to
implantation. | |

Whatever the cause, thi# discovery necessitated some

post hoc -analyses of the data to determine the degree to

which the presence of infection affected the acquisition
performance of the subject. Thé»anaiyses were carried. out
as follows., First the MAP and CUE gfoups were divided into

three subgroups according to the extent of the infected

area found in each. The acquisition data for each ‘trial‘

over the first four acquisition days (sixteen trials in

all) was then analysed wéing an,anélysis;of variancef.with;’

strategy and extent of infection as between subjﬁct
variables and days and trials within days as within subject

variables. A significant strategy by infection interaction

was found F (2,23) = 4.41, p < .02 and the interaction is.

}

shown in graph A of Figure 13, It can be seen that ' the-



distance swum increases as the extent of the infected arda

AN

increases. This finding suggests that the presence of

{ .
'infection produced some initial impairment of . acquisition
for the MAP group. To determine the longevity of this

reffect an identical analysis was performed using the data

from .days seven and eigﬂt of the acquisition phase. No-

v

significanf interaction involving the infection factor was

obtained  from this analysis and the = non-significant,

strategy fby infe;ﬁion intgractionhfrop tdis part of the
data is shown in graph B of‘Figure 13 for comﬁariSOQ. It
caﬂfvbe seen thatjthé différences hav; dﬁéappeared by day
eight of the twenty—ﬁyo acquisition days. This lattér
anélysisA.suggesps that ;the effect of tﬁe infecti?n‘ on

acquisition had been eliminated well before the stimulation

‘trials started. However, identical analyses were performed,

using the data from the first two bilateral stimulation

days and the last two stimulation days. The non¥significant'

strategy by infection interactions obtained from thesé two

‘énalyses.afe pféSenEéﬂ in”Figure 14,  where graph A is from

the first two stimulation days and graph B is from the last

two. ~In both cases, it can be seen that there is little =

differencebamong the the infection groups, and in fact the

trend toward increased distance with jincreased area of

'
2

infection = is  reversed: in graph B} = Once again. no

significant effects were found which involved the infection

factor. Lastly, a similar analysis was done on a second

.

/
N\
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Figﬁre 13. Graphs 0f The Strategy By Infection
' . Intergction For Days 1 To 4 And Days 7 And.
Eight Of The Acquisition Phase. = ,

A - Graph df'the significant strategy by
‘infection interaction obtained from the
first four acquisition days. Note that the
MAP " group is most affected by the extent
of the infection, while the CUE group
shows 1little change'over all 1levels of
1nfect10n. a ' ' ’

o - e ' T
B - Contrasting  graph of the . non-
significant - strategy by infection
interaction ~obtained from data for days: B
seven and eight. Note that the Joverall. '
distance is much reduced from Graph A, and-
that no dlfference is present between MAP -~
and CUE groups. ~
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Figure-14.

IS

.Graphs Showing The Non-Significant

Strategy - By Infection "Interactions
Obtained From The First Two And Last Two
Bilateral Stimulation qus. '
. ~ N .
A - Non-significant interlmction from the
first two stimulationigﬁyé., Note that in
both A and B the sca f the ordinate is
different from Figure ?. Also note that
the MAP group values are consistently

higher in both A and B, due to the effects

of stlmulatlon

B - Non- significant interaction from the

last two 'stimulation days. Note that the
curve for the MAP group indicates a

‘reversal in the previously seen (Figure ?)-
trynd “for . distance to increase w1th the |

of the 1nfected area. 4
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\\\\ d9p€§¢enﬁ variable which was of ‘importance during the

e

7 initial acquisition days. -Although there was_a“étrong main

' . B » . ~
effect o trategy on the incidence of rearing, there were

no»éffects involving the infection factor.

These findings, plué tﬁe.finding thét only fhe//MAR
b_subject§ ;wene'affected, thle'both MAP aﬁd\ CUE subjects
showed infected areas, shggesﬁ ‘strong}y . tha the
impairment$ fouﬁd:dufing stimulation‘triéls>wefe due |to the

stimulation and not the presence of infection,

Finally.it must be admitted, though;'that the.presence'

of the® infection cohld have inffuencéd the.extent,of_ the
impairment produced by the stimulation.' This issue will be

discussed ‘more fully in the Discussion. section,

' Of Stimulation Effect

fle . 4 presents a summary of the Tonsistency with

Fthe stimulation produced -impairment, in the MAP

~

fer impairment has occurred was identical to that \for

res

in ~quite hiéh_ for - both . groups. In ‘fact"in both

fimentsv therg Qaé onleOne sUﬁjeCt‘wbich,did‘not shqw

any- impairment fblloﬁing, stimulétio . ,:Thus | this

infqrmation,chmbiﬁed with the accurate p écémént# found . in

:ﬁése subjects}. strongly~ihvite§ fhe cdﬁclﬁsion thaf, low
: . ~ . N .

leyel. stimulation of the déntate gyrus in rats Severely:

ts in Experiment Two. ' The method of determining

:iment. One. -It can be seen from the table that the -

all average percent of trials showing impairment is -
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Table 4. Summary ‘Of The Proportion Of Stlmulation-
Trials In Experiment Two In Whlch M1® and
M2 SubJects Showed Impalrment -
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. ~ STIMULATION DAY

| | UNILAT BILAT BILAT
GROUP SUBJECT 1 1 2 TOTAL

- M1 1 YES  YES  YES 3

T YES  NO NO o
- R 5 YES  YES YES 3
L '3 ’ N0 ¥ES  YES 2
D 6 YES  YES  YES 3
i R 7 ¥ES ;/;xfg | YES 3 :
~ 8 YES' ¥ES 'YEsf;,’f3_:7 ,

| 9. s YEs ¥Es 3
do s resves s

o

;o "' R B ; ToTAL;:f.2A
el L PERCENT‘AYERAQE;.;;89VZ'
1 YES  YES 2 ,;‘ R
 2:*. ” €:. F:YEQ : YE%7" 2ﬁ;. |
3. U YEs. YES ' 2
& yEs YEs 2
T 5$Jﬁ6  !..i %" :'E:YES/ TYES‘ 2
Tee U ywiums o
9. yes s 2
erﬁz}; f ;,-v'-?/TQTAL;;g.14*

' PERCENT AVERAGE....88 %



disrupts their ability to mnavigate in a familiar

environment,

Beh?viorél Résults

/Rearing. Figure 15 shows the mean number of rears on
each trial for the MAP and CUE groups for the first 12
.trials of acquisition training. Itccan be seen that the MAP
group feared consigtently more over gﬁgﬁgﬂprials, as'graph
B in Figure 4 shows for Experiment Oﬁ;.. It is also worth
‘:notiﬁg that the @aximum figure .reached by the CUE group is
five%rears, while most remainigg-grials for this grouptshow
only three or four rears. An oQérall analysis of variance
showed ;he/mai;Jeffggg/pf”étrategy éb be highly significant

P (1,24) = 15.45, p < .001.

Swim Distances During Acouisition. Figure 16 shows the.

"initial acquisition curve for both groups over the first

four trial days (16 trials). The figure shows the mean

distance swum by each group on each trial, with each ‘day
- \_‘

délineated'lby a verticéi \dbt;ed' iine., The reader 1is
reminded that conditions for theég four déygyﬁonsisted of a
single' suspended,cué being present for the CUE‘gfopp, and
hlone of two possible platform locations being USed‘fpr the

MAP group. The figdre reveals an overall similarity of the

o L
curwes, with the exception of the peak on,the first trial

~of each day for the MAP‘group. Excluding these trials there

#

g

was no significant main effect for strategy over these 16

&)
5

trials. ' ’ e
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Figure 15,

Mean Number Of Rears Over The First Twelve
Trials Of Experiment Two.

- As was the case in Experiment One (see

Figure 4) . the  MAP group reared
consistently - more during the  early
acquisition trials, and was still quite
higher than the CUE group by trial 12.

B
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Figure 16. Mean Distance Swum By Both Groups Over %Qe
First® Sixteen ‘Acquisition - Trials I

-

i

Experiment Two.

It can be seen that the acquisition curves
for both groups are quite similar, with
the exception that the MAP group shows ‘a

distinct peak on the first trial of each

day. This 1is due to the fact that the
platform location was changed daily for
this group, while the cue group had simply
to follow the single suspended cue present
on these four days. In spite of this,
though, both groups show rapid acquisition
of the task over these trials.

\

s
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Unilateral Stimulation. Figure 17 shows the results of

thé unilateral stimulation glven to groups M1 and M2 on
trial 164, The graph shows the mean dlstance swum for all

groups bn each trial. Immediately following stimulation

there appears to be an increase for grbup MI (but this 1is

non—significant) while group M2 remained‘consistently lower
for all remaining trials. In contrast no such peak appears
forvthe groub Cl, and it is consis;eﬁtry,lerr than grodp
C2. THe overall analysis of vafianée, however, revealed'a
main effect; of strategy f-(1,32) = 12.02 p < .002 but no
‘ ove;ali main effect of‘stimulation for this day;y |

Bilateral Stimulation.‘A total of-four‘dayé of bilateral

stimulation weré given, such that each group - received
stimulation for two consecutive days, and’ acted as a
control for two consecutive days. .The results of the

stimulation were that both groups Ml and M2 were disrupted

following stimulation, while the stimulation had no effect

on groupé Cl and C2, AFigure 18>presents' the significant
three way stimulafion by strategy by trials 1nteractlon
obtained from these four days of stimulation trials F (18,
162) = 1,69, p}< .05, The flgure clearly shows that groups
Cl and C2 (closed and open circles respectively) showed no

effect of the single stimulation given prior to trial four.

Not only 1is there no peak‘in the graph‘aftér this point{

but both 'groups'sﬂow remarkably similar mean distances

throughout the graph. Also, if anything, they are slightly
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Figu%e 17.

L
Mean . Distances Swum BY All Groups On The
Unilateral Stimulation: Day )

" The graph shows that the swim' distances

were quite variable on this day for all

'groups., It 1is of interest to note ‘that

following stimulation (after trial 3) the

curve for group Ml rises sharply and
continues .to be higher than' group M2
throughout the remaining trials,:

suggesting a slight, but insignificant
effect ‘of the stimulation on this group.
In contrast the curves of groups Cl and C2
cross each other several times, and show
no sudden rise following trial three,
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lower than the corresponding unstimulated CUE subjects in

the right hand graph.

»Indépendent 't—tests were run to.compare the groups on-

all trials foilowing stimulation. It"Qas..fouﬁd that
stimulation of groups M1 and M2 resulted in a cbnsistent
disrdption of performance, whiie the stimulatibn‘had no
effect on groups Cl énd c2. .Thé‘results\of éhése tests are
shown by the distribution of symbols around the points in
the graph showing stimulation results in Figure -18. The

reader 1is reminded that interpretation of the symbols in

Figure 18 follows the same scheme as for earlier Figures.

However the.appropriate control for each stimulated group

in this case is the curve for that same group in the right
.- ) :

hand. graph. Thus ﬁhe figure shows that group.MQ'following

stimulation was sigpificantly diffefent from group M2 ‘when

it received no stimulation. As before, the comparisons

between experimental (i.e., stimuiated) group$,£re shown in

the left hand graph. Tﬁus g;kup M2 was alsé siéhificantly
impairéd with respect-to”gfoup C2. Table 5 {Sfa‘>summary
table of all these t-tests fbr trials‘féuf, five and eight.
.The fdllowing ig a brief-éﬁmmary of the results for the
bilateral ‘stimdlation days'oﬁ Experiment Two. On- trials
four and five group M2vwith stimulation swam significantly
further than group M2 without stimuiation éﬂd,g;oup C2 with
‘éﬁimulation."HOWever éréup M2 with Sfiﬁulatidn>aléol swéﬁ

further than group Ml with stimulation, a rather surprising

132



- Figure 18.

e

Graph Of The Significant | Three-Way

Interaction Obtained From The Four Days Of

Bilateral Stimulation in: Experiment Two.

The graph shows that only the M1 and M2

subjects were disrupted.by the bilateral .

stimulation following trial three..  In
addition it can be seen that the effect is

of longer duration in this case, since it

is still quite high on trial eight. As
expected all control groups show  similar
curves. Finally these results are based on

data from four days of stimulation, two

for each group.-

14

~
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Summary Table For Independent T-Tests Run
Five And Eight.

PUstimulated group is tested against its own
i performance when non-stimulated. Thus the

identical.

On Selected Comparisons For Trials Four, .

- The , first part.of the table concerns the
g within subject . comparisons.  Thus . each

group names - in each .comparison are
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"Within Subject Comparisons’

. X

. Trial Comparison

wr n

o

[, ]

Qo

M1
M2

M1
M2
M1

. M2

Between Subject Comparisons

M2
M2
M1

LMl

M2

M1
M2

Vs

/v

VS

Vs,

VS

vs

M1~
M2,

M1
M2

ML
M2

‘d.f. T-Value Probability

162

' 1.80

162 7.22
162  3.03
162 .2.83
162 5.46
162 6.89

Vs
vs
vs

Vs

vs

vs
vs

c2
Cl
M2.

C1
cz

cL
c2

4]

162
162

162
162

162
162
162"

4,94
4,96
3.88 =

1.79
1§72

2347

© 3.8l

.10

001

01"
.01

.001
.001

.001
.001
.001

.10

.10

© .02
.001

v
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flndlng Also grdup M1 with stimulation was not different

from group M1 w1thout stlmulatlon on trial _four, ‘although

137

the two groups werewdifferenb on.trial‘flve.sFinally groups ...

,Ml-:and M2fwith stimulation were Significantly different

from their'd.respective controls (M1 and’lMZ ‘ufthout

stimulation)- anducorresponding eiperimental.groups'(CI and,

- C2 w1th stlmulatlon) on tr1a1 elght.

e e - -

in)

" The effect‘of‘bllateral st1mu1at1on seems to have been

1onger—lived - than the ‘unilateral Wstimulation used in

—

wo"daily"trialS’appears in.the'graphs;for grOups M1 'and
.’M2. The”.correspond1ng non stlmulatlon trlals for thesej
groups show a con31stently flat graph It is 1nterest1ng td
compare the value on the f1nal trial for the stlmulated and'
;non stlmulated ‘M1 and M2 subjects..In contrast to the sharp
lvrlse wthh appears for’ ‘the stimulated subJects, there 1s an

actual decllne for the non- stlmulated subJects. (A s1m1lar

: pattenn also appears in Figure 19 to be dlscussed below )

Flnally it should bevemph331zed. that the‘ overall

I

- analy31s of variance showed no. maln effect for’ days,,d or

any '31gn1f1cant 1nteract10ns w1th days, as has been the

" case upf to thlS p01nt.,~However,1n-thls ;ét?e's-h;’gdays
“factor was confounded 'with”the'p?esence ]orr abssnce' of

s

L me

ﬂ'

.significant effects vinvoIVing_the days _factor indlcates -

 Experiment One since a significant‘sharprrise»on.the,'finall

suspended cues for groups M1 aﬂﬁ M2 (see Table 3 to rev1ew s

the ‘ .de51gn fOr‘vExperlment‘ Two) ‘ Thus 'the absence Of.



%

~

‘Figure 19.

Total Number Of Cues Passed "Under By All
Groups
Stimulation.

" The graph shows that foilowing trial three

there 1is a dramatic increase in the Ml

‘ curve ‘which contrasts sharply with the M2

curve. The values on trial eight are
particularly striking, since at this time
the M1 group averaged over three cuaés
while' -the M2-.group did not pass under a
single cue. Groups Cl1 and C2 are

consistently intermediate to groups Ml and

M2 throughout the day.

On Day One of Bilateral .
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~

that the effect of stimulation on the ‘MAP subjects was

constant whether or not suspended cues were present during

stimulation days. o

[N

Figure 19: provides some further description of the
N ] ) ‘

stimulaf&on effect seen in groups Ml andalMZ following *

N

A _
bilateral " stimulation. This figure presents the total

Ay
A y

Aumber of \suspended'cues under which each group swam on -
each trial ok\the first day of bi%ateral stimulation. The
striking feaéure of this graph is the peak shown By the
‘stimuiaped M1 \subjects following trial four, 'which ;s'
y contrasted by kthe corresponding deégease shown for the
Kunst§mulated M2 sﬁﬁjec;s. As mentioned aboveyﬁhe differencé
i mgst’dramatic\onctrial eight. The total value of 23 for
graup M1 indicates that on this trial stimulated Ml
subjects :typically -yisited three suspended cues béfore
reaching the platfbrm; Finally it is important to note that
both groups Cl and éZ show no marked increase following
trial three. In fact the stimilated Cl groﬁﬁ. actually
decreases immediately following stimulation. This  figure
clearly .- shows that the effect of stimulation was - confined
£o the stimulated MAP group, while‘both CGE groups appeared
to be quite similar. “\ $
The overall analysis of variance for this dependgnt
variable’ revealed a highly significant strategy By

stimulation interaction F (1,31) = 7.39, —p < .OL.

Independent t-tests were run on selected comparisons for



\ | :
| \
\

- Table 6. Summary Table Of Selected Comparisons Made

* On The First Day Of Bilateral Stimulation -

For Groups Ml and Cl.
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Trial

‘Probability

Comparison d.f T-Value

4 M1 vs M2 186 1.80 .10
4 Ml vs Cl 186 1.80 .10
s Ml vs M2 186  4.83 ,001
5 Ml vs Cl1 186 2.72 Jo1
6 M1%vs M2 186 2.11 .05
6 Ml vs Cl 186 0.54 N.S.
7 ML vs M2 186 3,57 .001
F7 Ml vs Cl 186 1.87 .10
8 M1 'vs M2 186 5.92 .001
8 Ml vs Cl 3.57 .001

Pz
e

186
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each trial following stimulation. Table 6 summarizes the

Ll
-results of these comparisons for trials four through eight.

In general, the results showed-that group M1 passed under

significantly more cues than group ‘M2 on trials -five

through eight. Group M1 also passed under more cues than

group Cl on trials five and eight.

Verification of Strategy Employed By Cue Subjects

The fact that the pattern of suspended cuesv and
potential platform locatioaglwas symmetrical within the
tank allows the possibility that the cue subjects could

have employed a simple orientation strategy to reach the

platform” on  each trial. That is, instead of actually

identifying the relevant cue\fbr each-day,"and showing the

desired win-stay working @emorj element of the task, .the
possibilitf exists thét cue subjects may simply have
maintained a constant distance betﬁéen theméélves and the
tank wall, such that the swim path‘>thén passed under
suspended cues in tqrn‘until the platform was reached. In
this case, the presence of a working memory element in'the
task would be in doubt, as‘would the conclusion that the
fats were actugllf learning the identity of the .relevént

[y

cue on each new day.

This vpossibility made it necessary to perform some

'addiﬁionql anaiyses on ‘'the data obtained . for the cue
v & ’ . : .
subjects. Specifically the remaining videotape records for

\

the cue subjects were reanalysed to obtain a raw error
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score for each subject’on each trial. Unfortunately the

amount of videotape available during the experiment was

limited, so that a number of earlier tapes had to be

’sacrifiéed to record latef.trials - thus the remaining
trials on which this reanalysis was done included the last
three:days of acquisition':;d the remaining stimulation énd
recovery days>to the end of the experiment. Each tfiél was
scored as follows. On entry facing the wall each rat then

turned so that it faced the cues. (The rats exhibited a

remarkably consistent direction of turning over strials.

Only two of 18 showed turns in both directions over the

trials analysed.) The initial entry point and direction in

which the rat turned was doted,, An error was scored when
the swim‘path'of the rat paséed'undern;ath a sdspended cue
which did not signél ﬁhe platform for gPat'déy. If the rat
appgoéchéd a cue but did not:actually\pass under it an
‘error was not scoréd. Thus it was possiBle, and, in fact, a

frequent occurrence, for rats to swim a curved path within

the perimeter’ of the suspended cues before reaching the

platform. An independent rater was asked to score all the

trials for a single day for each cue subject using the same

criteria.  The interrater reliability coefficient thus

L

,obtained‘waé quite high (r = .91).
When tﬂg error scoriﬁg» had been completed, the

~ analysis was performed.in two ways. The. first involved

comparing the raw erngr score for each_trial with the error
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scofef which would be expected if the subject was employing

the orientation strategy described above. The expected

score was quite simple to calculate since the entry  point,
4 \

direction of initial turn, and location of the platform was

known for each trial, If the rat simply visits the

suspended cues in order until it reaches the one over the

platform, the expected error scoke for that triél is' the
number of cues ‘in the path before thé’ platform. For
"example, whéﬁ the platform isllocated in the south—éast
quadrant, if the rat is placed in the water facing.the wall
at thé‘south entry point, and then turns to the right, the
éxpected error score for that trial is three errors. (See
Figures 20 and 21 for more examples ‘of expected error
scores.) The next step was to count the number of trials on
which the observed error score differed from the expected,
and to discover if the majority of these trials showed
observed scores higher or lower than the expected. In
geﬁeral there were far more lower obsefved scores than
higher. Howgver the pattern of the suspended Cues made it
necessary to be slightly more se;ective in' this épproach.

It was often observed that the turn made by the rat brought

it directly undérnéath the closest suspended cue. This

L

meant that for those trials where the expécted score was
zero little could be concluded with respect to the strategy
the rat was employing. The same also applied to expected

scores of one, since the path of the rat after making its
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. an orientation strategy

trial. Thus the measure

.

initial turn would take it under the first suspended ,cue

automatically, regaqglesé of "whether it was  using an
Yy ’ . ' . : .

\

orientation - strategy, or did actually know the cue- to

approach. In the latter case the most direct route would be

straight under the first cue. Thus it is the case that only

those trials with an{expected error scd;!‘of two or three

~are of use in determifjing whether the subjects were using

*

In this case lower observed’scores

would indicate that thle rats were -empldying a win-stay

strategy involving knowlédge of the relevant cue‘fork each
which 1is of interest is the

percentage of those trials With expected scores of two or
three errors on which the obs ved score was lower. The

results were as follows. Group C-h ghowed lower scores on

71 percent of these trials and group C-2Nshowed 67 percent.

In view of the fact that very few of ‘the trials should

diﬁfer from the - expected score if the subjects used an

orientation hypothesis, these rather high percentages

e N

~support the cohclu?ion that the subjects had learned which

\

cue to approach. & further point is that the above'fiéures
also'include first daily trials. ‘On theée triaié, when the
subjects had _not discovered which cue sigqalled 'the
platform, wuse of. én orientation hypotheéis would be an

optimum stratégy,x hencebon these‘triéls the observed and

expected scores would be more likely to coincide. \Egp this

reason, the  results were corrected by removing all the
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Figure 20. Sample Swim' Paths Produced By. A (-1
' Subject. : ' <

The figure illustrates the performance of
a C-2 subject over an entire series of
trials , starting with the final three
acquisition  days. The solid line
represents the swim path for that trial.
The dotted 1line in the top eight trials
are  swim paths expected from " rats
employing ~ an orientation strategy. Note
the dramatic reduction in errors foliowing
the first trial, » '
The broken lines represent the pathways
travelled following stimulation of the
hippocampus. Note that stimulation has
‘little disruptive effect. ‘
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Figure 21.

little disruptive effect. ' , s

Sample Swim Paths Produced By A C-2

‘ Subject.

- The figure ‘illustrates the performance of

a typical C-1 subject over an entire
series of trials starting with the final
three acquisition days. The solid line
represents ' the swim path for that trial.

The dotted line in the top eight trials

are. swim paths expected from rats
employing an orientation strategy. Note

' theé dramatic reduction ia errors follow1ng

the first trial,
The broken 1lines represent the pathways

- travelled following stimulation of the

hippocampus. Note that stimulation ‘h%sfw
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~first trials from'the analysis- (of course, if a first trial
‘happened to have a lower observed score 4nyway it was still
‘ elininated’along with that‘instance of a lower score)- The

corrected results‘~uere 80 percent for group 'C-1 and 76

percent for C-Z" Thus it _appears that on over three

K

quarters ‘of all the relevant trlals the cue.'subjects did

~

not show the expected number of errors w1th respect to the

-

'or1entat10n hypdthe31s. Flgures 20 and” 21r111ustrate the

°

swim paths of a C- 1 and C-2 subJect respectlvely. It can be.

seen - that in most cases the swim paths follow an
orientation' strategy on trial one. Following thls, the
-number of errors‘ declines such that thef'paths deviate=

| markedly from the expected path (shown on the top set of

h;
trlals in each flgure)

.

The second/approach centered on. the observatlon ’that

'~.. / . .
Tif ats/yere learnlng the 1dent1ty of the relevant cue on -

-

the ff;st trial and then dlsplaying a w1n stay strategy on

subsequent tr1als,-,there should be a rellable decrease in

raw errors, fbllow1ng each f1rst dally tr1a1 Furthermore;

the error scores: for all the remainlng trials should be.
consistently low. Thus separate analyses of varlance were
run onhpthe; error scores -for' acqulsltlon : days I !C l

,stimulatiOnidays;‘ c-2 stlmulation days, and recovery days.f

In orderf to le;iminate~‘var1abllity due ?t§ ”;comparlngf

pdifferenttliength’ltrialsg.(i.e., long versus. hShortiﬁwith_:

fn

respect to the entry point.ands'platform -location)ﬁjohly
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DAYS

ACQUISITION

(SHORT)

ACQUISITION .

(LONG)

-

STIMULATION

~ (GROUP C-1)

STIMULATION
(GROUP C-2)

RECOVERY

FACTOR .

TRIALS
P. C.
TRIALS
P. C.

P, C.
TRIALS
P. C.

B
TRIALS

" P. C.

TRIALS

.D'F.

3,51

© 1,17

3,51
1,17
6,42

‘1,7

7,35

3,39
1,13

F-RATIO

«

13,
18.
8.
14,

3.

4.
7.86°
4.
19.

14
66

85.

21

17.79

07

84
44

SIGNIFICANCE.
LEVEL (P<)

011
.00053
008
.001
.007
.0004
023
038
.015
0007

P. C. = PLANNED COMPARISON

Table 7. Summary of Anova Results For Raw Error -
Score Analyses. ‘
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Figure 22.

A . |

Graphs Showin‘ Mean Errors For Allb Cue
Sub jects Tria}}-During‘Acquisition.

A. The gragiashowslmeaq error performance
on short trdals collapsed over two days
Note the sharp decline in errors following
trial one. ’ .

B. The graph shows mean error performance
for long trials during the final day of
acquisition, A similar decrease following
trial one is seen in this graph.
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Figure 23.,°Graphs Showing Mean Error Performance For

Groups C-1 And C-2 On Stimulation Days.

A. Graph shows results for group C-1. Note
the decrease following trial one and the
absence of change following stimulation.

B. Graph shows the results for group C-2.
Note the same features as above.

The stimulation appears wfter trial two in
these graphs since only long trials are
included in the analysis.
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similar length trials were included in the analyses. Thus

the three acquisition days consisted of tWO“days;in which

the first trial was short, and one day where it was \IEHQT\\\\\\\
Thus the analyses compared the scores on the first trials

for two acquisition days with the remaining short Mrials on

those days.l The” analyseé included a planned orthogongl
comparison to discovef differences between the first trial
and the femaining-trials. Table 7 provides a summary of the
F-values obtained in each analysis and planned comparison,
for each set of trials analysed. It can be seen that in
 every ' case 'a significa main effect for trials and a
bsignificant planned co@parison was obtginé&. Figure 22
shows: graphs of the mean errors made b& all cue subjects
‘for all acquiéition days. (Rémember.that two énaiyses were
run since éne of these days began with a 1long Vtrial.)
Figure 23 proyides graphs of the mean efrors produced for
groups C-1 and‘C—Z stimulation days. Note the consistently
“lowes:- errors followimg. trial one in both figures. The
1argé}- number of trials plotted in Figure 23 reflects the
fact . that-stimuia;ion triafs were‘mos:}k long ones. Note
also that following stimulation the efror scores do not
change gignificantly; a finding which agrees with the
results for the dist;nde analyses presented earlier (see
“Figqre 18).  This strongly suggests that the subjects were
in facttléarhing the identity of the relevant cue on the

first trial _and_displaying a subsequent win-stay strategy.
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Further fk_suggests'that the stimulation trials produced no
impairment in the ability of the-cue subjects to .continue
to employ a win-stay cue strétegy involving a working

-memory component.

e _ Discussion

——

It is interesting to note that the pattern of‘rearf‘fgg

during initial-~“acquisition trials was quite similar in

N

Experiments One and Two. In both cases the MAP subjects
" reared consigtently more onée the platfofm ﬁad beep
reached. This finding supports the conclusion proposed
earlier' that the CUE subjects quiékly realize that the

suspended cue signals the platform, hence théy do not

1

require an - extensive knowledge of the " external fixed -

environment. -

B;%org discussing the  present results of = the

stimulation trials, . perhaps a brief review of the

predictions underlying the design would " be useful. The
design included a working me@ory component common to both

. _ v : /
major experimental groups, namely the subject was required

-

to remember, during the seven remainihg daily trials, which

was the relevant cue or platform location, once it had been

-

discovered, According to the working memory hypothesis all
stihulated subjects, regardless of the strategy they were
required to' use, should be imBairéd by electrical

stimulation of the hippocampus. The spatial map hyﬁdthesis,

‘however, predicts that only those subjects which'employ a



spatial strategy to solve the task will be disrupted by the

stimulation, thus in this case only the MAP subgroups would

- be expected to show impairment following stimulation. As

the results of this experiment clearly illustrate, the

spatial map hYpothesis”predicPion”isﬂconfirmed}vStimdlation

"réliablixpfaaﬁégaﬁéeVere disruption of MAP subjects ability

to locate the platfofm,‘ while the perfomance of the CUE
subjects following stimulation appeared unaffected.

Inb order to state éonclusively that these results
simultaneously strengthen the spatial map hypotﬁesis and
weaken the workingimemory hypoéhesis it is necessary to
demonstrate that the MéB subjects were relying solely on
spatial strategies th:perfofm the Morris water task.

‘

Confirmation' that this 1is the <case comes fron two

- independent sources,

First the probe trials with the cheesecloth tent in

Experiment One confirmed that the MAP subjects required the
' ’

. _ ¢ ,
- presence of fixed external cues to locate the platform. As

far as possible the procedurés' used in-ling with the MAP

subjects in Experiment Two were identical to those in
Experiment One so that it is more than likely that the MAP
subjects were forced to rely on a similar spatial strategy.

The fact that the'suspended cues were fandomly located on

each trial further insured that MAP_subjécts could not use

‘these cues to locate the platform.

Second, the fact that identical results were obtained

¢
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for the stimulated MAP subjects on each bilateral

stimulation day,” regardless of whether the suspehded cues

were present during these trials, strongly,suggest§’ that

the MAP subjects were employing spatial = strategies

throughout these trials,
It 1is dimportant to comment on one aspect of the
procedure used to train the MAP subjects. In retrospect, it

. ; © _
is perhaps unfortunate that the platform locations for the

Mgﬁ"subjects were identical to the locations of the
suspended cues for 'the CUE subjects. This 1lead to a
situation in which a MAP subject'whicﬁ had learned ﬁhat the
| p%ptfdrm ,coula, be in one of four locations on the first
trial of any day, could locate the platform by simply
swimming .under each of the suspended cués‘in succession.
Thus it bécame diffiquliﬂ;o tell whethef_ this searching
behayior‘ reflected é tendency on ﬁhe part = of the MAP
subject to simply follow the cues or to actually visit the
.%ocations ih whiéh it previouély fouhd'a platform. As the
trials without suspendeﬂ';ues later showed, the tues Qere
not nécessary for the MAP subjécts to find .fhe éléﬁform,
suggesting that they had, ’in féét,.'learned‘the_ platform
vlqcations. Ho;ever, it is élear that the simple change of

»

 spatially separating the platform locations for the  MAP

bgroup and the cue and platform combinations for the CUE

group may héve been a desirable modification.

Of perhaps even greater importance is; the further

¢
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problem that such a desig& permitted the possibiiity .that
the = CUE subjects could ;gmploy' a simble . orientation
hypothésis to perform the task. From the perspective of the
CUE subjects alone, ‘clearl‘hg better approach would have

been to make the pattern of suspended cues totally randonm,

161

with no fixed number of potential locations. However such

an approach would not have allowed comparison of MAP . and

CUE  subjects - performing under identical stimulus

conditidns, since the working memory aSpect for--the MAP

Subjects required four fixed potential locations from which
to choose. In this regard, the last section of the results

section strongly sugé%sts that the CUE subjects were 1in

fact employing a win-stay strategy. The consistent decrease

in errors following the first daily trial, and the 1large

percentage of trials where the observed error score was
lower than the expected’ both provide evidence in support of
this conclusion.

Returning to the MAP subject results, a point of

further interest relates to the symmetrical nature of the’

suspended cues and potential platform locations. This 1is

the question‘of why the stimulation-induced ﬁisruption of
groups M1" and M2 was'substantially‘smaller in Experiment
Two than in Experimegt Qne. The'peék mean value reached in
Expe'rﬂimer.xtu’ One (see Figure 11) waslwelll over 1000., -whi,le
-the peak méan value fér %}périmént—i?b %3 s only 400, in

spite of the fact that bilateral stimulation was used in



Experiment Two.

- The explanation for thiis flndlng 1slto be found in the
%ehav1or of the stimulated MAP subjects in Experlment 'Two.
It was noted thatk when 1ntroduced into bthe‘xxeter*.all
subjects had a distinct*preferthe'és to the direetigq in
. which they‘turned to begin swimming away from the wa11: In
non-stimulated subjects this turning_behaviorvmade littLe
difference to the speed or distance covered in reaching the
platform. Thus if a sub}ect's preference was to thirn right,
and it was placed.in the tank with the platform close on
the left when the subject was facing the wall, it would
simbly‘ turn right and then immediately head f?r- the
platform./ The behavior of the .stimulated MAP subjects
usually contrasted sharply;with this, and it is here that

)

the difference with the MAP subjects in Experiment One may

also be found. In this cese bilaterally stimulated subjects "’

would siﬁply visit:each pptential locétion in seQuence,
gstarting with that clqsest{to ite positioﬁ following ‘its
" turn to face the eenter‘of the tank. This tendency to visit
the locations in sequence usually led to —the“eubject
| findieg the platform rather quickly, although by a cfrculgx
route; Tpus‘the scoréé of stimulated MAP subjects, although
they were significantly<higher theﬁ the control ‘shbjects,

‘were still much 1lower than the scores in the prev1ous

experlments. It is important to point out that there were a

few’ stimulation“trials in Experiment Two where the MAP
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subjects would swim around randomly in the tank, as was the
. g _ o N

case in the previous experlmentf,' but these were C\n a

distinct minority. | ' -

The discovery of the significance of the turning

preference led to a simple change in procedure to reveal

the effect of the'stimulation on these subjects. Following

stimulation subjects would be platéd in the tank at either

of the two distant entry points, and the direction they

turned was noted., The remaining trials alternated between

these distant entry points until the final trial. At this
b S : _

point the subject was placed at an eptry point close to the

<

t

'SUbjecte preferred turning direction. The subject would

then invariably turn apai'from the platform and swim to

each potent1al location until it reached the platform. Thus

the flnal tr1al always con31sted of a long circular pathway

for the stlmulated subJects during wzﬁgg égey passed under

several cues before reaching the platform. In contrast, the
3 .

control subjects, also plaCed in the tank at an'entry point

which was close but on the opposite 31de 31mply continued

theégb turn untll lined up with the platform and swam

directly to it, w1thout passing under any cues. This is the

reason for + the str1k1ng d1fference in cues passedv‘under

seen in F1gure 19, partlcularly on trial eight.

‘This pattern- of sw1mm1ng by  the s_*.timulatedr"tj MAP -

subjects ‘suggests some interesting 'possihilities with

platform but with the platform on the side,opposite to the.
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respect to the effect of the stimulation. ' First it is of

3

importance to :note that the bilateral effect was much

ionger lasting than the unilateral effect. Second the

circular» path shown suggests that these subJects had to

resort to a different strategy to solve the task, since the
spat1a1 strategy was  disrupted. There is a distinct
possibi;ity‘that'subjetts'hsd learned a simplerlnon-spatial
strstegy, one made pOssibie hy the conditions present in
the tank. Specifically subjedts‘Could have enployed‘hthe

strategy of swimming around the circumference of the tank

while remaining six to ten inches from the wall, since the

subject's prev1ous experlence has been that the platform 1sh
1nvar1ably- located at thls dlstance from ‘the. wall. The‘
tlrcular swim path in the preferred direction supports thls{

‘conjecture, since the strategy-requires a regular pg%h for

efficient operation.

._Some independent support for this conclusion is. also

available. First it is.significent that the same'circularp'
swim paths were seen when stimulated MAP subJects were

given trials with'no suspended cues present; Thls suggests

t

that the suspended cues themselves were not respon31b1e for_

thev c;rcular.sw1m paths.» Second 0' Keefe ‘and Nadel (1978)
‘Suggest that subjects deprlved of the hlppocampal mapping
' system can 'still use orlentatlon strategles 1n whlch ‘the

subJect malntalns the p031t10n of 1ts body with respect 1to

a, given landmark or target In_this case the_target:wouldf

2
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be the tank wall and the. strategy would consist. of .

maintaining ~the set distance from the wall of the ‘tank.

Thus O Keefe and Nadel (1978) would have no problem. with

this postulatlon that the MAP subJects were employlng can -

alternate strategy when deprlved of the spatial strategy by

‘ ,stlmulatlon. F1nally" Sutherland (1983) has reported that

hippocampallynlesloned rats appear incapable ofllearnigg to

use " a spatlal strategy to solve the Morris water : task ‘but

often do appear to develope precisely the same or;entatioh

&

strategy as has been suggested,above.

Problems and  Ambiguities. - iAlthough the Tesults -ofr

K

Experiment> Two 'appear to be relatlvely ‘straightﬁorWard,ﬁ

~there ' are some ,p0351bf¥ obgect1ons 'which' should "be

discussed. Prmmarily _these"relate to thelgact thatl_the,7

» exper1menta1 designe and procedures employed were quite'
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COmpllcated and as sucﬁQ contalned some potentlal source5j~

of ‘-ambigulty . conoernlng o the-o-results‘ and thelr;m

I T e

interpretation. It'is this/fé%t’feoupledVWithvthe existenCe-f’

\;f a
' 1scr1m1nat1ve capac1t1es of rats, wh1ch nec3331tates th1s

te
-

sectlon of the dl&CUBSlon. - ,' o .}yrz

A.' :

1lre1at1vely _old bbdyiof 11terag?re conoerning ;the»ra

cA substantlalt amount of Klsearch on the capac1ty “ff:,""

g <

the rat to dlscriminate stlmull and subsequentlﬁ show‘ good

one- tr1a1 reversal has been published. tud}es have shown

f'that“ ratsw can’ learn to discrimlna e between ft?oﬂ stlmull

_whlch d1ffer on at least one dlmen31on,. such as brightness
_ S S _



\
\

' . .
(Laﬁhley, 1930; Lashley, 1938 Bitterman & McC%nnell 1954;

MacCaslin, 1954; Gonzalez and Shepp, 1961), size and shape
(Wodinsky, Varley, & Bltterman, 1954;‘Blpterman, Tyler,. &
Elaﬁ, 1955), and pattern orientation (Bitterman’ &
McConnell, 1954; Su;hérland,'1961). However there appear té.

ﬂbe very few studies thch report on the ability of the rat

to make a simultaneous discrimination amongst four fgistinct

‘ : i
stimuli. Indeed, those studies reporting acquisiton of
‘discrimination on the basis of visual cues generally

involve long training periods for only two .stimulus

discriminations. Furthermore, when the experiments involved

2

3

subsequent reversal * procedures +the. performance level

«

5usually_declined initially and, even at asympftote, still

showed definite errors in successive reversals, especially

: A
"so in one trial reversal paradigms. "'Thus, since this

- /

'lliterature fréportéz a limited capacity of -rats 'to learn
suC;egsiVe. discrimination rvversal with only two stimuli,

it follows that.?yén mo;eerj

failure to acquire the task, might result from “an

experiment requiring 81mu1taneous dlscrlmlnatlon of four

. -
visual objecthand subsequent one-trialvreversal.
In defence of the present results two p01nts may be”

, .

made. First the majorlty of the early studles employed non-
xvcorrection procedures in &hich the subJect was not allowed

to 1experience a- reward if it made an 1n1t1a1 wroﬂg ch01ce.

.AInv contrast undqr- the present condltions, each trlar

—

ors, or perlaps even complete

166
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could, in fact, be regarded as a series of up to four
shorter trials, each involving the use of <correction
procedures. If the rat makes an error on its first <choice

in the water maze, it is then immediately allowed  to

correct itself and try egain until it loca@es the platform.

Each subject could then be considered to have received a

" substantially greater number of training trials dinvolving

correction, procedures (i.e., the number of acquisition
trials given times the total mistakes made during those
trials). Hence the ‘alidity of directly comparing the
present resultsg with the earlier studies mentioned above

may be called into question. Second the reader is reminded

that the majority of the early studies cited above involved

stimuli which differed in only one dimension. In contrast

the stimuliw useq in the present study were chosen
specifically to be highly distinctive and distinguishable.
Thus the experiment contained -a proc%}u&e which addresses
thls 1ssue. Although the two p01nn§ ralsed above are
important, there remain addltional issues tq be raised.

The major problem with the experimental design has

.already been mentioned, namely, the fact that the stimulus
h objects were symmetrically placed in the pool, ellowing the
subjects to locate the platform-quite quickly by simply

visiting each suspended obJect in turn. This arrangement

s
3

o e ke
does tend to 1ntroduce an element of amb1gu1ty into the °

eXperiment. This ambiguity derives from the fact that
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subsequeat scoring of errors foé‘each CUE subject involved
an cer}éin degree of arb{trarinéss, as did the
establishment of initial criteria for assigning an error.
On the one hand, it is true that the analysis performed was
reliable, given.the chosen criteria, and that the results
were statistically significant. On the other hand, if the
criteria for scoring an error were to be relaxed slightly,

it is highly likely that the tendency of the rats to swim a

curved swim path would result in much larger error scores.

® This, 1in fact, is a major source of 'the ambiguity which is

. . . ' ! |
present in the data. K ]
o . . /
In addition, the cam@®ra used to record the trials was /

. \
////’/EZaced at a slight angle above ﬁhe; pool, in order to.\\
encompass the whole pool in the picture. This alsq led to /
~problems in assessing ef?ors, since it was often difficult
to tell whether the subject had passed directly under the ' ‘
suspended cue in view of the camera angle involved. Thus
~although the results of the error analysis appear to
indicate a high degree of learning on the.part of the CUE
subjects, the original means of obtaining the-error scores
IB‘_' require thatvthese resulls be viewed with caution,
Some alterﬁative explanations also bear méntioning. If -
one takes t?e approach that‘the error séores were in fact
vaiid, and that the subjectg'were learning something, tﬁen
thé. pdséibility ariges that the s;bjects were employing o %

incidental cues to locate the platform, rather than

-

L




actually discriminating amongst the suspended objécts on
each trial.

One possibility which arises'i§sthatJthe movements of
the experimenter during the trial might provide a signal to
the subject where the platform was. That is, after placing

the subject in the pool,ﬁ perhaps the experimenter was

moving to the vicinity of the platform too quickly, in -an

attempt tog'remove the subjeé; soon after it reached the
platform. To investigate thisupossibility further the tapes
were reviewed pnce 'again and scored according to the
movements of the experimenter outside the tank. Each trial

was placed in one of three categories; (1) no movement

until the subject reached the platform, (2) clear movement -

in the direction of the platform before,the subject reached

it, and (3) impossibié to ascertain the movement on the

videotape for that trial. This latter category was only
rarely ‘used. In the vast majority of trials it appearéd
tha; this Qiternative was not viablé. It  was clear that the
usual pattern folowed by the experimenter Qés to release

the rat and then step back from the tank and remain still

until at 1least the rat was headed. for, or was in the

]

immediate vicinity of, the platform. . Thus on  only.

approximately 10 % of the trials was there clear movement

before the subject had reached the platform., Howéver this

is 'not sufficient to discount this alternative- entirely,

[}

for the possibility still remains that théssubjects" could
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.
have been perceiving some subtie signal given by . the
experimenter, which the camera could not pick wup.; This
possibility must be allowed since in most cases the
assessment of movement was made on the basis of only the
experimenter's 1egé being visible in the videotape. This

then is ‘another' source .of ambiguity which must be

_cofisidered in evaluating these results.

Another 'problem became apparent through repeated

analysis of the videotapes. One unfortunate result of the

°
<

randomization proFedures concerning the entry point and
platform iqcation, was that the vast majority of trials
were oﬁes in which the expected error scores mentioned
above were eifher zero or one. That is the platform Qa% in
either the first or second lécation in® the  preferngd
direction of tﬁrn on thesg'trials. As has been pointed out

+

before, it 1is impossible to distinguish between use of ‘an

\\_/brientation hypothesis and true discrimination learning as

far as these trials ar"boncerned, hence the number .of
trials which can’ provide such information is drastically

reduced as: a result of these randomization. procedures.

Relevant to this point a further assessment of the percent

of prials on whi¢h the observed error scores was less than
the expected error score was performed. In this case, only

those trials on which the expected error score was two or

‘more were considered.: The results were interesting,

although not conclusive. Using fhis épproach, the values

b
.

-

T
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for the number of trials on which the observed error rate
was less than the expected error rate declined t% between
: 8 ’ .

25 Z to 40%, substantielly less ‘than the high.percentages
: - .
obtained with all trials considered. . Thus on those trials

on which the orientation and cue hypotheses could be

readily distinguished, there were still a\relatively large o ﬁ

number of instances where the obsérved error score was
lower than the expected. It should also be pointed out that
on the initial assessment including all the trials the high

percentages obtained reflect many trials on which the
R ‘ .
expected error score is one and the obsenved is zero. Thus / !
4 i . L

these trials may also ‘be regarded as o6nes. on which.

i L . .

orientation and cue hypotheses may be distinguished. Thus,
although the evidence is not conclusive, these -analyses

pfovide some good support for suggesting that the CUE |

subJects did 1earn the task ‘as 1ntef?eds It is unfortunate,

' \2
though, that  the  randomization §wfg%qures employed
. X

resulted in . a'-reduced-number of useful trials in the
overall assessment of the performance of - the rats. In

future experiments care should be taken to avoid this

-

4

problem.

v s

One other pfoblem concerns the lack of videotapes of,

early acquisition trials when shaping was occurrlng

would. have been most~helpfulv1n assessing the~&
v stretegies- developed b& the eubjects .while, thig

consisted of only two or three .suspended obJects. As it is
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one can only sﬁeculate as to what they may have revealed.
Finally ﬁhe tapes were assessed one last fime to see
if any evidence could be obfained to suggesfithat, oné{he
firgt daily t;iai, the CUE subjects t§ﬁically aﬁpréacheq
the suspended object which had been relevant on the
previous Qay. 'Sucﬁ a finding would offer suppqrt fog vﬁhe
conclusion that the’CﬁE subjects had léérned the nature . of
the relévant object on the previous day; Here the evidence
ié- quite clear cut, in that there was n6 discernable
tendgncy in this direction. On the first;trial subjects
wergfmpch’mo;e likqu to simply Qisit objects.in 'sequénce,
than'they we;; to méFe a sbecigftapproach to the préviously

#

relevant - object. Qﬁless one assumes that the CUE subjects

had, in fact, leafneq to reset their working’memory over

each day, °"this finding weakens thefconcluéion that the CUE

+

subjects had learned to discriminate the relevant object on
. _ .
each new day, '

%

Thus. it can be seen that there are several problems

which preQent ‘the unquestioning acceptance of the

conclusions drawn from this study. I; is clear that before

'y

unequivocal conclusions may be. drawn, further research

which eliminates these sources of 'ambiguify must be

performed. At the very least the type of folldw—upr study

>

required must eliminate the symmetrical arrangement of the

suspended  objects, and involve a non-arbitrary ‘means of

scoring errors during a trial. Also'the,Proylem'invquing
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randomization procedures needs to be dealt with. Finally it
appears to be of great importance to ensure that clear
videotapes of all trials are available for subsequent

analysis.

In conclusion, it appéars that although these sources

of ambiguity can not be denied, the remaining results of

the various ‘analyses done, still point toward the

conclusion that the‘CUE'subjeé;s did, in fact, learn the
; ~

task assigned to thenm. While the presence of ambiguity must

forestall any attempt to make firm conclusions to this

effect, the weight of the findings provides stfong

"encouragement to perform follow-up‘studieS'which dre not as

subject to ambiguity, in order to verify the conclusions"

e

~which the present study invites.

General Discussion .

Taking the results from-both experiments as a whole,
it is-.clear that the spatial map hypothesis of 0'Keefe and

Nadel - (1978) is strongly and consistently suppdrted,

‘Experiments Oqe -and Two
ehploy a spatial stfate to solve the task are severély
impaired by brief lo level ‘ unilgtéral 'electricql

stimulation of the hippocémbus. Furtheffthe ihpéirment is

~t:ansient, allowing  recoVery_ effects to‘bé demfonstrated
. . ) i . . i B . K ! . - - “ -
‘within the series of daily }rials givén. Iri-.contrast, the

animals forced to uée a guidancé‘strétegy'-consisting of

[ 4

owed that animals forced: to
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‘apprdaching a. single cue did ﬁot show any disruption in
thgir ability to reacH - the pl;tform effiq&ently.y Such
results are.in‘agreement with the O'Keefe and Nadel (1978)
pOSition; tince O'Keefe_and ﬁadel (1978) . postulate thét
subjects bereft'of-a functioning hippocampus shotid still
be able td employ ;( simple guidance strategy.. The
importance of the present results is that they :déhonstrate
%disrﬁption ofvfé highly learned spatial task through
stimulatidh  techniques. ’In;.additibn théy show that
stimulétion 'immedtately‘ prigr to performance produces a
séyefg performaﬁce deficit. Pre?ious to these f}nditég the
véét. majdrit}\ of'StUdies ihioli&mg'stimulﬁtioh; to study
spétial funct ifys }of the _hippocampué have employed a
‘conéolidatioh‘ aradigm in which stimulation was givén at

vaEYing intervals after training and testing was not

carried out unt11 hours or even days had passed “(Kesner, .
‘ u _ } PN

‘1980). :Thus very: little research has been reportedlbn the
effétts,i of fdls;uptioqt of“hippocampal neural ~activity
imﬁédiétely before péfformahce of the taék in question‘,wgs
| Eested.“This, hoint‘;will' te retﬁfﬁed‘to ‘later in the
diécussion;' / | o |
| “Theret ié one éthdy:by Oltonb(1973)‘§hich is relevaﬁt

to this: part of the discuSSidn. Olton trained rats ’'to

174

criteripn in the eight arm radlal maze and then gave, them .

f&ur »cholces 'after whlch ti me they w"g conflned lthef

,'center of the maze for about flve minutes during wh1ch time
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some rats received hippocampal stimulation sufficiently
strong to produce seizure afterdischarges. When the = five
3minute period had elapsed, the subject was released and

allowed to make further choices. The results'were that oﬁly
: ) \

on stimulated trials did subjects enter any of the ‘arms
previously chosen on the initial four choices. This . study
is interesting in that it represents an intermediate

position between a consolidation paradigm and a . true
) e ,

performance paradigm. On the one hand ‘the subjects would -
certainlyfﬂhave still been under the effeets of the seizure

~wplevel stimdlation, bﬁt on the other hand the stimﬁlation
was éiven}soos aftef the,iﬁformatioﬁ which_;as crutial. to N~
tge future'performance of the rat had been 'obteined, Aie.‘”
the arms'echosen'during the‘first four ch01ces..vThué it”"

qualifies as a consolidation study aé‘vwell UnfofE;ﬁeteli .
it is consequently imp0331b1e to deg%rmlne whlch aspect of.
the design was primarily responsible for the Qesnlts. klsq_

it must be remembered that the stimulation used was qulte
intense, which ralses the 90331b111ty that extrahlppocampal‘

?'

{ ,
structures wgregug_oubtqdly involved.  In _any case,v the

be . r,garded as ev1deﬁce of a Spatlal deficiti

g7 B RS i, A

sihce' rats apparently éntered drms. randomly follow1ng

results may:

' épimulatioh; although Olton's own‘lnterpretatlon 1nvolves

54
3

the working memory hYDOthESiS-'Q v@

It should be mentloned that,u in a sense, the present”

studles may be’v1ewed as involv1ng consolldatlon paradlgms.

A



Subjects receive a single learning trial each day in order
to discover where the platform is located for  that day.

Since stimulation is given two or three minutes following

this trial the claim may be made that the experiment used a

consolidation paradigm. Consequently the information in the
working memory store may not haveh been consolidatéﬂ,
resulting in disruption of subsequentvperformance ~in ‘the
MWT. There ;;;f;bg main points to/ge made at this pointt

First the time span”of two to thrge minutes 18 generally

Q N

unimpaired. .Second even if the obtained results are due to
\interference ‘with ongoing~_consoiidation proceéses, the
effect ‘has been shdwn to occur only in subJects using place
‘strategles. As such the results still do not prov1de any

support for- Olton's hypothesis,‘s1nce worki%g memory is not

' restrlcted to ‘spatial 1nformat10n, Olton and hls colleagues

would st;ll predlct' 1mpa1rment in subjects using non-

spatial strategies. b .

Whlle the. results from both the. present experiments“

support the spatial map hypothe31s. those of Experlment Two.'

con%idered to be long enough for consolidation to occur.

176

";R\;

specifically undermlne the worklng memory hypothe31s 'of_ .

Oiton and his colleaéues. The workiné memory hypothe81s
f clearly pred1cts that hippocampal dlsruﬁhlon should producei

o impalrments in tasks 1nVOIV1ng worklng memory components.b

The- present flndings that stlmulatlon d1d not affect groups.

'CI and C2 directly‘jcontradicts, thxs pre@;ct;on. ‘This#:

P

e
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a1 - . N :
conclusion 1is strengthened by the fact that the task on

which the dissociation of the éffect of - hippocampal

stimulation was obtalned involved 1dentical arrangements of

" physical stimuli. In;other words, each group was exposed to

-the same configuration of stimuli, susoended and fixed

alike.  This represents a significant adfantage over

.experiments which  test predictions using different

. £ A

experimental setups. The direct nature of the comparison of

P2

" the two hypothesis‘adds strength to the conclu31on drawn.

Im discu831ng the results of. Experiment Two there»

appear - to be, two_findings‘whichvneed ‘to be explained.

N Py [ . . c » S

First, as- in Experiment .One, what is the' nature of the
« " ? . ' s . N .

spatial impairment produced, and second why was there no -
| ‘ . S

\sffedt seen_ in the stimulated CUE sﬁbjeCtS? ' o ',\ ‘ B
o : . R :

, » The answer to thé'first'questiomi has‘_already ibe?h
- exten31§ely discusssd. It is suggestéd that in this casev
. A o e ,

;fv1rtua11y ths same comments apply, since the traﬁnimg }

procedures were constant across the series of experiments./

-

Howsver:‘there is one important difference which must be
t.~memtioned‘ In Experiment Two the MAP subJects learned that‘
:thew platform could’be in any of four 1ocations on_a given L
fdai.. Each locatlon wasAat a s1m11ar distance from ‘the wall .
hVTof'ithe tank,v énd,‘ perhaii even more impontant, all-four ‘ |

-.locatioms were symmetrical Fﬂnally the subJects weve glv

’over four times as much training prlor to stimulation 1ih c.ﬁ,\,” §

.‘:Experlment Two. This\ combination of factors :m'y have - _‘f R
: R A REN I :

l(




. R | 178

encouraged. the development of alternate strategies, ~which
remained latent until thenspatiel strategy uasl elipinated
as ‘an altérnetive byvstimulation. HAs -suggested‘ in the
discussion of’Experimenthwo,'.thisbwouldeeccountifOr the
dlfferent nature of the behav1or shown by {AP subJects. in .
the two experlments. . -

While the feilure~of stimulation to hsve—an~effect on
the CUE,Agubjects -does noth eomtradict ’the _spatlal vmap\
hypothesis, it;doesv;fesentva‘ooﬁsiderablevpiohlem/for,the
working memory hypothe31s. It uill be recalled that ’the
d1rect orlgin of the present series of experlments\was ‘them”
radlal maze study of Collier et al (1982) They 1nterpret%d‘ ) ‘f
the vflndlng, that °h1ppocampally stlmulated ,rats. often

L3

entered arms previously entered on that trlal ag evidence

‘}.

Al

of an 1mpa1red iworklng 'memoryuﬁ Simllarly- they _fiewéﬁl
inszences of stimulated rats’ entering ‘the wrong arm. for

that day as ev1dence of a d1fferent type, or element,f'of_

P S - )

work1ng memory. Based on(thls 1nterpretation they proceedeib

~to regard the experlment as strong ev1dence 1n support of“ ‘ *ay

*
; o ’ w
3 A

~the worklng memory»hypothesls. ’Ine‘the ;ntroduct;ont to - B Jo
Exper1ment ,Twoﬁit Was suégested‘thatrthe findings.eouldfbe3:
.more par31mon10ui;y 1nterpreted as a 31mple 'manlfestetionfi
,hof a spatial 1mpairment 1which resultedvﬁn random‘:entrie;‘ v
”; of stimulated ‘rats 1nto».the/meée:lstms.f The 'tesk-- ?sts*v

‘ unden:ably spatlal 31nce the maze was 1n a fixed p031t10nf'

__'and no'distinctlve intramaze cues wére present. Inellght of



Al

R contradictory‘ concerning the fact'

’fb errors

‘the present results _it seems warranted to continue to

7stimulation 1nduced 1mpalrment 1n performance of ‘a spat1al
‘task. It -is_ 1mportan§ to p01nt out. that it is’ only. the'

,interpretation of the Colller stmdy whlch is questioned,l

“assails _ the working memory hypothesis ;is: theg lack f'fg“w =
'evidenCe based onf;non-spatial-tesks; A_‘second equally |

.important prpblem fac1ng ‘the theory Ls that ‘ev1dence isjfélfgr

iforii’;he: remaining discu881on f'
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S

regard the Colller etﬁAal; results 'esf“evidence ‘of &l .

i

. i
u

v~v

The. data obtalned “on the other hand 1s.rebliceted ’b

Experlment Two and supports the conclusion that the worklng .

memory hypothe51s 1s not c0nf1rmed in’ either st‘dy. . R
3 The important‘question remainlng, th‘n, 1s what 1s to , é[
become of the working memory hypothe31s?' As mentloned Alﬂ-ﬁf' R

the 1ntroduct10n to Experiment Two one. severe problem which

‘r

: that ',Slgniflcant..~ N

reference memory errors often seem do accompany 1working

. , 1 ;
memory errors, particularly during the- 1n1t1al/ test1ngr;~ R
trialsa Such results pose problems for the worklfg memory"y;;hﬂt

hypothesis. These two areas'of concern w1ll fory the basisﬁ

S

e S=z

- e

hypothesis._ﬁ’ﬁs;3lif[555’-e%uﬁ_,f

Although there appea# to be

@

the working memory hypothesiif‘iﬂ"

following: h;”ﬁt



~emphasized above, seweral studies in;qlving spatialf fasks
have been cited in suppor£ of the workfﬁg memory hypothesis
(Olton & Papas, J1979; Collier et al, 1982). However the
bagtern of results typica}ly reégrtedlin these studies
often includes findings that lesionéd subjécts‘make as many
reference erro}s, that 1is,. eﬂtefing nonibaited arms, as
working'mémory errors, that is, reentering baited arms on
the éame trial. 7Thi; apparent equality-of reference and
ﬂQbrking memdry errors paints a compelling picture of the
diérﬁpted subject being unagle to distinguish betweén the
arﬁs; aii Qf\wHicﬁ appear similar. Consequen;ly the subject
may recall that it has entered arms on thét trial, but if
may not be able to distinéuish them spayially. Thus it is
equally as likeJy to gnler a non—baitgd arm as it is to
geenter a baited.qrm. In fact, .the spétiél map h}pothesis
would predicg that referenée and working memory errors
would be equal'where a spatial task ;s invoived. : _ vm
The task employed_ip the OltopJénd Papas study (1979)
has been rigorously anélyéed by its authors into its
reference - éﬁd working memory components. Since »thg
hypothesis ‘predicts only workipg memory efroﬁs following
hippocampal disruption,.the finding of aﬂy'reference memory.
errors presents a problem. Olton and his colleagues poin£
out that the reference aémory errors decline afterﬂfdrty or

so trials. However forty trials is not particularly quick

in +ha AAantaoavi AfF YhA +aal o1 ._._.1 - =4 PO .



allows ample Qpportﬁnity for changes due tos some underlying’

process to become.manifest. 1In this case it is possible a
;

relearning phenomenon may account for the reference memory

¥ » 4

‘imp50vement.AThat is, after  forty test trials, during which

time  the same conditions as those present during

acquisition remained in effect, subjects may have been able

to relearn to identify baited and non-baited arms.

In this regard it would certainly be interesting to

k¢ N
~

compare thé\re§ults obtained from earlier test_tfials for
the mixed arm \Qersgs the adjacentkarm éonditionf Tun _5y
Olton and Papas in their experiment, but such results are
not- adequately rep@rted to éllothhis. This brings up the
quesgion of whigh results Oltoﬁ and Papgs félt were most
valuable to cgncen;rate on and subsedugﬁtly—publish. .They.
limited their presentation &f resuits‘to those 6riginating
from ther final‘ten trials 3f postoperative tésting; The
total number of postopeéative trials thaf‘they gave is 50

f}

at a rate of one per day for five days a week. Olton\kqu

.
\ 3

Papas gave two reasons for concentratigg an the final’

A3

A

segment of postoperative testing:
" First it gives the animal with a damaged brain
cevery opportunity to develop the appropriate
behavior 'so that any effects due to changes 1in
- motivation, emotionality,  or other irrelevant
behavioral variables should be minimized,
Second, permanent or long-term behavioral
changes following -brain damage are of more
significance . in making inferences about

" functional localization than transitory ones."

g

(p. 670)
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‘endurlng working memory deficit would be more severe, and

With respect to the second reason offered, . it is entirely

possible that, as suggésted abovej given a recovery period.

4 . p
of 10 weeks, during which time testing - was «continually

performed, therprocess of relearning may have occufred.‘Thé
fact that the testing period was longer than the initial
acquisition period supporté this conjecture. Thus the
terminal .pergorménce emphasized By Olton and“Papas may

actually have reflected the effects of the lesions combined

with a relearning component. Presentation of the initial

[ ‘ .
and middle testing results for the adjacent and mixed arn

conditions would cast some light on thisg possibility. "Such

data is particularly important from the point of view of an
appfoach which ppoposes that the data from the Olton and
Papaé study could be a demohstration of an impaired ability
to perform spatial tasks.

This alternatlve 1nterpretat10n would predict that the

.

the reference memory recovery would be more dramatic in the

adjacent arm | condition. The logic wunderlying this

prediction is as follows. The mixed arm condition requires

the ablllty tdf-gake fine spatial discriminations to

dlStlngUlSh between'arms,~‘regardless of whether they are

o

baifed or not., Thus a spétial hypothesis would predict;poor,

reference memory eérror recovery in the mixed condition. In:

contrast; the adjacent arm condltlon rqgulres only a broad

dlscrlmatlon based on a large_block~of arms to distinguish

.

18

&
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baited from non;baited.arms, hence the spatial hypothesis .

would predict better recovery from reference memory errors

Ny

in this condltlon; Further the adJacent condition would
also make it more difficult to avoid working memory errors

since subjects must make fime discriminations among similar

‘

arms in spatiaily similar locations. Consequently the
L4

spatial map.hypothesis would predict that faster recovery
(]

from reference memory errors and a more enduring working
memory deficit ‘“would result while the adjacent' condition
was in effect. Unfortunately the data,required “to test

these predictions were not presented. The only mention
: - T~ v

Olton andf?apas-made of the result of the analysis of ~;.the_

adjacent 'versns mixed conditien was to concludg that. they.
didlnot differ'over the finai ten trials.
The fact that'recovery of reference memory errors ‘took
for%y~traals, in itself prov1des some suggestion that the
| spatiaL! hrpothe51s is valid. Olton has reported eleewhere‘
that reference and workihg memory errors were neariy eqdal
for the first few postoperative testing trials (Oiton et -
al, 1989).“Reéardless of their pTeference to deal nith the.d

~tinal trials, ,something must account for the initial, test

¢

trial‘reSm{is, since the worklng memory hypothesis cannot.

It. is propo ed by the present author that the spatial map

¥
hy,pothesis is a valuable candidate in this regard.

In their discussion = of the reference memory - error

recovery Olton and Papas suggest an explanation based on



® the ihterference characterigtics of the working ‘and
reference memory tasks. In their analysis they §uggé§t that

]

the amount 'of interference produced in the task 1is
”substantiaily"lgreater for the ;orking memory than  the
reference memory componentr_'Their reasoning is as folloas.
The more baited arms which are sﬁccessfullj visited on any

given trial, the greater the subsequent interference in the

working memory component of the task. Thus the fworking

memory component would ‘be expected to be a greater source

A P

of interference. However what is notf'clear is 'why

-

interference would not be equally great in the reference

-

memory ‘' component ‘31nce performance of the overall task

. - . ~ 4 . : ‘
requires an equivalent memory of which non-baited arms have

been entered on.a trial, One interesting question that thisgy

raises is whether to score reentries to non-baited arms as

[y

reference er working memory errors. Olton énd Papas (1978)

do not address this aspect of the experigent - in their

rather brief: dlscu331on of . 1nterference.

I4 ©

ThlS approach is echoed by Jarrard in a later study on

the ,effects of . selective lésions of the hlppocampus “on’

@ o ~

.spatlal behavior (Jarrard 1980) In his experiment Jarrard

>
o

employed a design similar to Olton and Papas, ‘except that

he used an eight arm mazer "His f1nd1ngs were similar to

Olton and Papas 1n that following 1lesioning hlppocampale o

tended to make almost equal numbers of reference and

working‘memory errors. As testing progressed the reference
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memory error raQe showed substantial recovery. In his

discussion .of these results, Jarrard raises the following:

important question:

" While the distinction between reference memory
~and working memory is "useful in-+ analyzing
different components of ‘the task, a reasonable
quest'ion to ask is whether the different errors:
reflect different- wunderlying processes or
whether a single process &s, in fact, involved.
ce CH (complete hippocampus), fimbria and

dorsal fornix anig ‘were _impaired. in the '\'
resent experimentgon both reference and working’ 3
meémory components of the task, it seefss most

must be involved." (p 204)

- Jarrard egrees that~ theoda&E;may be accounted for by

parsimonious to conclude that a 31m11a\ process

‘-analyzing " the interference characteristics present in éach

[

component, and 4dit is this approach. whic¢h leads him to
conclude that a single factor, namely susceptibility to
interference, may eccount for <“the difference ~ between

reference and working memory error 'rates. Thus Jarrard

questions the ‘explanatory-.nature of the working: memory

hypotheeis, ‘since» his conc1u31on 1s that a 31ng1e process

)

underlles the differing error rates. /A\\

It .is. 1mportant ’to point out that‘ the same

interpretation based on the spat1a1 map hypothe81s which .

‘'was applled abOVe to the Olton and Papas study may also be

applied to the Jarrard experlment Once} agaln"a fixed
radial maze was used and individualpermﬁ did not contain
selieht intremaze cues, indicating thét:the nature of the
. task was predomioantly"spatiai. The fihding of equal

reference and wérking memory errors immediately 'following

v
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1

\

1esioﬁing ‘ﬁay be regarded as further support for this

~ approach.' . ] i

' :
. h - . ‘0‘ ) ) . L3
The present results are interesting to consider 1in

\

working and reference memory components for spatial and

non-spatial tasks. If the gradual dissociation  between’

working and reference. memory error rates was due to an

increase in working memory interference, then the spatial

and non-spatial groupéAQhould.have been,equally'éffected by

. the  presence of intetférence in the working memaxy

¢

’ ) N - - . . a . .
component, and 'a distinction should have emerged in the

~

data., What this abprdaéh does not prédict is the observed

" dissociation based on thé spatial nature of the task.

-y R

' Further support for the O'keefe and Nadél hypothesis °

has .also been reported in studies ‘on man and other

K

which resultsv~ffomifmedia1 teonral lobectomy has been

phimates. A pggmising lineé of research which attempts to

.

produce and study Primaté models of the severe!' amnesia

reported by Mishkin and his assoéiates. Mishkin ‘reported

Fhat §iﬁu1taneou$x3esions of the  hippocampus and amygdala

greatly ‘exacerbated the relatively minor impairment in
K] : : : ’ B

'?recdgnition memory ~ which followed lesion of 'either»

structure alone (Mishkin, 1978).. In a follow-up €0 this

.initial .report,i(Parkinson and Mishkiﬁ, 1982) it vas

reported that memory for spatial lochtions of objects was

sélectively iépaired by hippocampal ablation but not by

/

this connection. The\ design of Experiment \Two included
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amygdala ablation. Thesevrésuits produced the <conclusion

that the hippocampus is integrally involved with the rapid’
: . . N

. » < _ .
memorization of the location of objects: Such a.conclusion

is ’échoeh by earlier recent Qorkaith human. subject who
“have undeggohe right temporal lébeCtomies. Smiﬁh and Milner
«(» used a task invqlviﬂg inqidental ‘récall of random}y
placed objects on a gabie, "and of their spatial 1ocations.
They 'r;ported.thét right temporaigiobéétom; patienté were
consistently  impaired in fecallingithe location of ‘the
objects wheﬁ compared to normal controls and left temporal
lobectomy subjecfé. in addition Tight tegboral lobectomy
, has 'als;&been shown to impair maze léarning in intentional

recall conditions (Corkin, '1965; Milmer, 1965). Thus in

addition to a wealth of corroborative ' animal 1literature,

the O'keefe 'and Nadel hypothesis also receives q&g&ort from-

o

primate and human studies which suggest a selective spatial
g . // E

i . = :
memory ﬁg{Ction of 'the hippocampus.. Of further interest is
o~ . S

the finding that there seems to be a hemispheric asymmetry

in . humans which ,agfees with the generally 'accepped

L

conclusion that right hemisphere'structures are  concerned.

_ 5 L S . s T
with more holi&tic and spatial types of information.

ﬂ =T
o | -

v ]

t  Conclusions

.

. v
-

z “Yne of the prime motivations forqwcarrying out the
N .

three = experiments  described in this report was to

investigate a pergeived gap in research which has been

v
L. IS
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1 4

concerned . with studying the'rdié 6f the hippocampus in

behavior. As has been stated, the literature is extremely

4§

o - | :
sparise concerning studies which have examined the effect of
£ . ‘ : . : N :

-

various itypes.?f?hippocampal disruptions ,on,»pgrformancé.
Since it is'génerally agreed that theAprime“imppgus for ‘the
large increase_inrthe ;o}umé éf hipgdcaﬁpél ;esearCh over
't‘he . last two decades wa‘s' the need= to&ind animal analog.u{es
of the severe, memorf déficit‘found.tg 'follgw Surgicaily_
induced ~hibpgcampal damage 1in.\yumangi//it is somewhat
surprising  that- the animal literature has eséeﬁtialli
neélegt%d the effect of .bngoing Eisruption' of . the
hippocémpus during performén€§>§f a learned \task.' It is
pfobable that ﬁhe main reaéon for this negiéct mas~mbéen
that mthe  deficit: in rhippotgmbai hﬁmans wés initially
regarded as- én inability ,tQ‘ learn, or. at least to
'consolidate informétioﬁ in-some neﬁrai storage vldcégibn.

ﬂowéver this view has often‘beén,challenged in the last few

yeérs by researchérs‘yho suggest that. 'the human deficit may -

be due to faulty retrieval during performance (Warrington
and Weiskrantz, °1975). Given this change in approach, it
would appear necéssary to bégin t,0 cbncent:ate on possible

-performance effects of disrupti&n.pf thé“ hippocampus, in

BT | ’ g RO N
addition to the more traditional concern with acquisition

"and consolidation.

If one accepts this reasoning, then it follows that

the  cur}ent low levei bfjperformancé oriented ,hippocampal :

»
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research is a severe limitation on ‘the data base upon
which hypotheses as to the function of the hippocampus ani

foundep; In other 'words, it may be premature to makS{A
el : ) : - ) _ . A
sweéfﬁng\ conclu31oqf .concerning .the function -0f, the
- A Te ’ . A . i N

hippdcamphs untii .the completg ‘nature of thé"déficit
reéulting from disruption -of the ‘hippocampus is~ {ully
éhafé;teri?ed,»'and .the larggmgap~‘con¢erning Pefformancé‘
effects iS»substaﬁtfallf feduéed. '

Sincer‘both major hypothesesApropose' a _membry—bagedey R
. '\ . . ‘- .

fudcpionv of the hippocampus, it follows that performance

variables - should be of great interest to them. In this

regard the work_ﬁgA memory‘hypothésis héé . the distihct | .
advantage"‘of b'ing based' on studies _whic%uunempioyed
‘pfeoperative a;quisition tra;ning, uin orﬁer.to examine the
effects of interference with normal hippocampai 'neu:ai.‘

} ‘ ] :
Ifuni‘?Zn on performance of‘learnéd tasks. Indeed, Olton's
stated research sFrategy.is‘ Ep emplo& post—aéqﬁisition

G

lesioning. , :
. B . - } gg
\hypothesis, however, may be regarded
as being equally conéerned-witb the role of the hippocampus
‘ . e . .
~in acquisition and performance alike. According to O/Keefe

The spatial pap

©

and Nadel_(1978) the hippocampusfis‘esséntiai for not only
. : ' 8 Y- o
rformance

«

the retrieval of information from the map when “pe
f . . Q

. + .
™ . L™ M :

. . o ‘ o - ¢ . ) -
is required, but also with the initial construction of the .
map. Unfortunately there 1is a large discrepéncyv in the L
- proportion of acquisition versus perférmangé-research upon

PEN



which. 0' Keefe and Nadel (L978) base th 1r hypothesis. The.

8

'vast majority of studles cited in impport of the spatial
A ) , o
map- hypothesis have involved‘ pre—acquisition{ legioning,

+

with the result,that pure performancezdata'has‘heen largely '

A

» ] . .
“ignored. The*'previously diignssed distinction - between

O

'spatial map “and memory which appears in the .quotation

mtaken from the’ 1ntroduct10n to Olton et al® (1979), »clearly

illustrates thlS ‘lack of emph331s on the memory aspect of

the spat1al map hypothe31s. ?

}

In view -of ‘the above, it is perhaps even - more

b'impressive - that nresults obtained from the present -

performance stndies should agree“so closely With‘ the

predlcted results based on the spatlal map hypothe31s. The

present f1nd1ng that performance of the Morris water task

following stimulation 'is -impaired when the ‘task  is

L . s N S | ’

exclusively spatial, requlrlng.fa’place strategy , and

unaffected when the task requires a 'guidance strategy, is

preciselyi the pattern of results predicted by the spatial

3mapdhypothe31s.

Given- this strong con 1rmat10n,,from both experiments,

of the spatlal map hypothes1s,"and the lack of support for_‘~

7_thew worklng memory hypothe31s,_ﬁit must be concluded~ that.

U
.

the present series of_experlments- clearly indicates -a

’.cruciaag‘role of the hippocampus in the ability to employfa

_place strategy. The results obtained are complementary to

~the other main body of results obtalned from the use of the"



Morris water task, namely, those‘employing"p;eacquisition

. ‘ . 3 A | ) |

lesioningk Taken together the results from these .studies

"and the current ones strongiy‘suggest that at least one of
. _ - '’ . .

i

the .majnf:functions in{which‘the-hippopampus plays a ﬂpaft

is the abiiitj-to efficiently ¢Qnstruet and employ e-neuralp

representation of a familiar egvironment.

Haping.fdrawn this conclusion, it is important to

discuss one ffinal issue which has: often"been raised
N . ‘ -
concerning both maJor hypotheses dlscussed in thlS paper.

191

One of the prlme cr1t1c1sms IevelTéd at both theorles is™

¢

that.they propose.a unitary functlon for a braln ‘structure .

-which receives input from a large -number of . cortical, and

hypothesis, Ellen [1979) makes the following crucial point:

"It is clear that Olton is attemptlng to subsume
‘all aspects of the hippocampal deficit under a
single functional rmbric, ch like those. that .
argue. that hippocampal ‘damage results:  in a  °~
failure to process spatial cues or to form a
cognitive map. ‘In either case it is postulated
that the hlppocampus has a unitary function and
that ‘the lesion impairs this function. -It “is
remarkable— that investigators still attempt to

find unltary functions for structures as complex - NG

= with —respect td‘ input-output connectlons,

_neurotransmitter mechanisms, and so forth - as
“the hippocampus. Given the many ‘sources of/input
‘to the  hippocampus, and ~ its exten51ve
progectlons,‘unltary conceptuallzatlons (slc) of

,’hlppocampal functlon would seem to . be overly A
simple and , unwarrdnted. Rather, a more -
reasonable  strategy would ~seem to be . the

~assumption that the hippocampus is involved in a

~ number = of" ‘behav1ora1 functlons -and ~ that

~different behav1ora1 tasks may tap into these

" functions to varying degrees. It would then
become important‘to determine for any given task,
whether, for example, spatlal/non -gpatial cues

. f
subcortical areas. In his reaction to the WOrking()memory~'
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play a greater role in determlnlng performance

" than the -operation of .a worklng memory ratherdl

,than a reference memory system.'
: (Ellen, p 329)

. s
'.Whlle Ellen makesdthis point rather forcefnlly 1t may é:'
~ be argued that the e@fort 1s not altogether necessary. :It:-
vis. probably the case that_neither O‘Keefe Qndi;Nadel, nor. -
:.Olton‘and hisl colleagues seriously 'suggest that‘ the
nippocampus is: solely 1nvolved in 4spatial}]maﬁpin8'~°
yorkingg'memory respectlvely. Most'likelp»the reason .this

)

criticism has been vv01ced is that each author has ‘been

sconcerned w1th presenting the strongest p0531ble case “forﬁ

his approach ,one whichgdoes not adm1t many,alternatives toy

l o . . .
kN . . \

.;the<discussi0n. Hence in dealing with a 31ng1e~~hijthesis

it - 'is 1nev1tab1e that 'some ‘may, view the author °as‘:'“

1suggesting‘,a unltary functlon. ’Thel”problem_iis easilyh
eliminated by -slightly ’modlfylng the ”claims of those;i;f
vpresentlng the hypothe31s. Instead of postulatlng that "The-

hlppocampus medlatesvfunctlonpA", all.that-is;necessary is

Wto restate the assertlon, 7suchﬂthat it'becomesf"Onefofhthe'
-functlons or "Thevﬂmajdr functlon In. thisv‘waXLﬂthe.
,fhypothe31s belng forwarded loses llttle impactggvyet"thet e

“"overall effect is to;redudejthe'rigidityldfkthe‘;position
'~espoused. B B | | BRSO
‘f;ééoné .concrete ev1dence suggesfing that Olton etfjai
et : AR SR

; ireadily admltnto alternative functions of the hlppocahpns '

is found in thelt discu331on of the Becker'bet ‘al“ study

“:’descrlbed in the_ 1ntroduct10n ' Experiment Two. fﬁIn



\ [0 \'(
. ‘ : |
tommenting upon Fhe impairments found in this study they

- -

S “ -

conclude:

" The selective impai of rats with fimbria--.
p

. ) P . : . \
fornix lesions in ‘the retenthon of the location
disq;imination but not in the\retention of the
object discrimination does not\support the idea

that only the memory requirement of a task 1is.
important in determining wheXher or not a
deficit will occur / following amage to the
hippocampal system."

- (Becker et al) p.244)

.

Thus the'Beckef et al experiment is

illustrates a situation where thefresults clearly show that

-

the hippocampus is involved { functions other than

4
'

mportant in that it

193
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mediating working memory. In the same vein the present ‘

v

results invite 4 similar conclusion.

While Ellen makes this gpint rather forcefully‘it may

be argued that the effort is not altogether necessary. It
is probably the case that neither O'Keefe and "Nadel, nor'
Olton and his <colleague seriously suggest that the

hippocamﬁus is solely 7anol§ed "in spatial mapping o or
working memO®y respecleely. Most likely the reason- this
criticism has been voiced is ‘that each author has been
concerned wiﬁh presen;i;guthe étrongest possible case for
his-approach, one which dbeé,nog admit many alternatives’to
the discussion. Henqetin déaliné~wiph a singie h}pothesis
it is inevitéble that some may view the author as
éuggeéting ,a unitary func;ioﬁ. The p;oblem is 'easilf
eliminated by jslightly modifying ‘the claims of those

presenting the hypothesis. Instead of postulating that "The

¥



hippocampus mediates function A), all that is necessary is
to restate the assertion, su that it becomes "One of the
functions" or "The major unction". In this way the

hypothesis being forwarded loses little impact,  yet the
overall effect 1is to reduce the rigidity of the bOSition
‘espoused.

Spme concrete evidence suggesting that Olton et al

readily admit to alternative functions of the hippocampus

is found in their discussion of the Becker et al study
described. in the introduction to" Experiment Three. In
commenting wupon the impairments found in this study they

conglude:
fr
fornix lesions in the retention of the location
discrimination but not in the retention of the
object discrimination does not support the idea

= that only the memory requirement of a task is
important in determining ' whether or not a
deficit will occur following damage to the

hippocampal system."
(Olton et al, p.244)

" Thus the Becker et al experiment is important in that it
illustrates a situation where the results clearly show that
the hippocampus is involved in functions other  than

mediating working memory. In the same vein. the present

"results invite a similar conclusion.

The selective impairment of rats with fimbria- .
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Plate ‘1.

\

EEG Records Obtained Durlng Surgery In

Experlment One.

Part A shows the bursting patterns

" recorded as the -electrode entered the

pyramidal layer (topltrace),and then - the
molecular layer of the . Hentate. gyrus

(bottom trace). Note that the .pyramidal -

burst has more spikes over 100 microvolts
than the dentate granule burst (17 vs. 2).

Also the frequency of the’ spikes 1is,e

slightly grea§§r in the pyramidal record.
Calibration: ‘microvolts & 0.5 sec.

~Part B shows representative samples of

theta . activity from the hippocampal
region. The top trace is from the dentate

gyrus, and the middle and bottom traces

are from the dentate gyrus and. ipsilateral
pyramidal area of a different subject.
Calibration: 200 ﬁlcrovolts & 0.5 sec.

Part Cv'shows sample evoked pothtials
obtained during  surgery. The top and-

middle = traces show similar evoked
potentials obtained from -the top and
middle - electrodes of one subject. The

'stimulating electrode situated in the

contralateral dentate gyrus was stimulated

at a low frequency (12 volts, 2 Hz, 0.2 ms

pulse width) such that each record in Part
C .consists of multiple evoked potentlals
superimposed on -each other,

The bottom trace shows an‘evoked potentlalv~

obtained from . the dentate gyrus
contralateral to - the - stimulating
electrode = (stimulus parameters. were 9

volts, 1 Hz, 0.2 ms pulse width).
Calibration:- 200 microvolts & 10 msec.
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VPlate 2.

respect1ve1§

RN

Phétqmicrograﬁhs Showing Electrode -Place-
ments For Subjects In Experiments One and
Two., . . T S

. Sections A to D provide ,repfesedtétive'___
. sections from Experiment One, showing the .
electrode track and the tip placement.

Sections E  and F are from, .subjects  in
Experlment”'ng.‘,NOte'that.‘the.'elctrode

- wtracts. - are wider -in ‘the first ' four-
- .sections, and also note the presence what
" appears to be 1nfected ‘tissue.  Sections E.
and F show examples of subjects classified
as -having large /And medium 1nfect1qnsv
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