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Abstract

'/
A variety ‘of behavioral and physiologlcal evidegge‘éﬁggests that ani-

7

mals possess internal "maps" which represent the spatial disposition

of the environment., Besides the obvious function of navigation, re-

searchers have argued that these maps also function as a novelty de-

tectiion system. The idea here is that an event is novel if it -.does

not match what the animal's map predicts to be in the location where
1 * !
that event dccurs. Since an animal is more likely to learn about a

novel event than a familiar one, this view suggests that the %gcation

.

of an event should be an important determinant ,of what the animal

’ »

will learn about that event. The present series of experiments tesged
this view by examininé the effects of changing the location of a pre~
exposed flavor stimulus on aversion conditioning of that flavor.
Typically, preconditioning exposure to a stimulus has been found o

retard learning involving that stimulus, an outcome known as ‘'latent

inhibition." In all four experiments reported here, manipulationg *

-

e .
which changed the location of the preexposed

0
-

P
attenuate latent inhibition for that flavor.

that the location of the preexposed stimulus

in latent inhibition, and éﬁggest that event

tant in learning than has‘previously‘bEEn recognized.

4

flavor were found to -
These results indicate
is an important factor

location is more impor-

.
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[ ,v, «
. t ) "...the blind and the deaf can usually manage to ‘
.. look after themselves, but not those who suffer .

. v from spatial confusion." -
‘ ’ ’ ’ (Ross,‘1975, p. 108)

* b . . s v * ~
.

- o  There now exists a varlety ofiﬁétg which suggests that animals ,' .

- ’ build internal "maps" of their environment (Méﬁ;el, 1978; O'Keefe &

\ - ~

! = : 'Nadei, 1978): The research to be reportea in thisfq138ertation is ]

. . . - P N -
x ,i — concerned with tegting some oﬁ“the‘implicationquf that idea for our
2 . ' - [ »

r 4

understanding of animal learning and behavior. In addition to pro-

- - ‘ .
> viding the basis for-“animals' navigational abiliﬁ}es, regarchers |, "

. f -

' interested in cognifive mapping have argued that a memory sysﬁem for
‘-spatial lnformatiBn could alqg\:erve as a foundation for other cogni-
: . LI . N

’ C tive précessea which are less obviously spatial in nature, like novelty
+ . - . *
detection. Since most ‘psychologists would agree that novelty is

BN

’

- -important for lq‘gnipg, it seems worgpwﬁile to examine the idea that
4‘ ’
' -~ the novelty of aqﬂevent may depend” on where. it is located in the *

' environment. Accordingly, a series of expeniments was undertaken to .

" . - examine the effects of chaniing the locatioﬁ of a familiar stimulus.
s éh subsequent leérniné involvidg'éhat stimh}us. B;f9ré‘describing
thizafeseaféh and its implications,thowevér, it }}ll be useful to

- speﬁd sgmé time considering the idea that animals build cognitive

maps wigich represent the spatial disposition of their environment.
» .
.A brief history of cognitive mappiqg

- »

N The idgﬁ that animals learn about the topography of their environ-

3

e

v

ment is gft a new one. Tolman 91932 1948) was one of the first bo

- A .

suggest this when he proposed that rats build "gognitive maps" of

their environment. Based on his‘obsefvaﬁions of rats in a variety of
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~
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maze tasks, Tolman concluded that rats learn about the spatjal dispdﬁi—

tion of objects and places in the environment; and that they use this
[N - .
information to s;1ve\Fhe probrems set for them Qz\psychologists. Fur-

]

thermore he argued ‘that the propetties of such place learning were

”different frcm those assdtiated'with other types of learning, like - ,

stimulus or response 1earning (Tolman, 1949).. Tolmén's ideas garnered

little *favor among psythologists at the time when he proposed tHym. \ //

Mainstream psychology was strongly in the grip of behavfbrist thinking

and thebri%®ing, and researchers felt little call te re—introduce.the

~ @ -«
sorts of "mentalistic" terminology they had éouéat to banigh from the

a

deécrﬁption and 9nalx§is of béhavior. A long, a;a sometimes bitter, .
» e " [

debate ensued over the question of whether the rat in the maze leﬁ‘ned .

o

about places or responses in mastering the task (cf. Munnm, 1950) ‘In .,
the.end, the controversy was 'rgsolved" in favor of stimulus—response

(S-R) theory when Restle (1957) suggested that plac&’learning was the
-»

“

same as respouse learxming, except that it depénded,on distal rather

than proximaltstimuli. There was po longer any reason to talk of place f

learning as something separaté from response legrning, and the netton
\ s
(% N k .

-

of cognitive mapping disappeared from the literature. . . -

»

. This situation has changed markedly in the last decade, however,

-

and questions concerning animals' spatial} abilities and knowledge are

once again ﬁeing investjgated by psychologists (e.g., Menzel, 1978).

- ¢

In part, the resurgence of interest in place learning amd cognitive - .

mapping can 'be attributed to the changing intellectual' climate in

animal psychology. Inspired by the huccesq of their colleagues in

~

applying_cbgni%ive concepts and formulations to the problems of hyman
' . e

-



%

R . 3

learning ,and memory, many researchers interested in.animal learring
! ~
hgve adoptad a somewhat more cognitive orieytation toward the study
. A ' ! !

of behavior and are no longer so reluctant to allow the animal an
- . *» N . ' e . . . -
active role .in the learning pro ”E\Si;%.’ Hulse, Fowler, & 'Honig, -

1978). .A greater willingnesa to siYer cogﬁifive processes as pos-

sible determinanta of behavior is insufficient to explain the renewved -

» [

interest in cognitive mapping, however. Psycholbgists still try to

-

make do with simpler explanation whenever possible. Rather, the revi-

val of the notion of cognitive mapping'is due to the fact that the

A
assimilation of place*learning td simple distal cue learning has not

dene justice to the sorts, of observations which one would regard as * -

v

examplea of glace 1earning. N .

There are two aorts of probleus which arise in interpreting place
léarning.as distal ?ue learning. Firgt, it does not explain why placej~
learning appears to be §o~mpch moreé rgﬁid and flexible than other sorts

of learning: A good example of the flexibility associated with place

learning comes from Menzel's work with chidbﬁnzees.‘Usihg a‘variant of

the delayed-response para¢ign,°Menze1 (1973) investigated the chimp's

menory for .the location of food in its enviromment.'On any given trial
. ) < »
one of a group of six chimps was carried around the one-acre enclosure

. .
where they lived and allowed to watch an experimenter hide 18 pieces of

food in various randolly selected locations. The chimp was then reunited

- N

)
.with the rest of the pack, who hadn't .seen tpe food being hidden. Af:er a

short delay, the chimps were released as a gr;up and allowed to collect

whatever food they cou‘.l'd f:@d within ad hour: Invarfably, thw chimp

who saw the food being hidden found much more of the food than the

\ . * . ~ M
p



caéhé, etc. “The. chimp rarely returned to a, site frop which it:, had

-

uninformed controlg. Over the 16 tést,trials that were run,‘ the in-
v . P 1 ’
»

formed chimp found’ an aveérage of 12.5 pleces of food per trial. The'

5

controls, on the other hanq, found a grand total of 17»ggces of’ food~ .
/
over all 16 trials (an ‘hverage of ’ 21 pieces of’ food perﬁn&l on a’

trial). The mcp_; striking aspect of the informed chimp 8 behavior,_ A

* AN
however, was the way it went about: “the._task Wheq rq.‘leased, the chimg u
. [N > * . ‘ - Q'
would run te‘a cache, ea'.'t what' it contained, rup dirett.ly to’ anothers

T ., "a ‘

- 4 A

already collected the food, but would repeatedl_y search a gite "tf a -

*

control had &lready stumbled a?:'ross the food in that locat_ion. More-

» “
over; an examination of the routes taken by the informed chimps showed

that they were not'*'ret:racing the random route taken by the Expeﬂhn\nter

e »
- a

v .

in hiding-the food. Rather, the rputes taken by the informegd ‘chimp T

.. la) .' .& . N
were best-described as being orgamnized according *to a, least dfstance ’

principle.’ Further experimen.gs sb.owed that the areMich would be

searched first by a chimp could be predicted' on fhe basis of food den-

- sity or type of food available in an area. It thus appéars that the

-

- - L/
,’ -, » » (4 »

chimp has & very good memory fqr'thing's it has seen, where l;hose things
- - N = a

are in relation to other things in the environment, md where 1t 19 :Ln,c

3
‘,rn

relatiok to any of those .things. A distal cue 1m:erpretation migbt

IS

- ‘ A »
account for sdme aspects of the chinps -behavior in this tapk, but it

.
Ad . e

.certainly doesn't explain the, nature of the routes tak.pn by the,. ip~

..

. formed chimps, nor the chimps' ability to take 1nt.o account féod d&n— :. i

-

sity or type in organizing thelr routes. - - .

L]

Similarly, a distal cue interpretation of place learaing’ provides

little in the way of a rationale for the rapidity of pl‘acg 1e'arning.,. .

AN ¥

.': - . -

0

e
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Wilz and Bolton (1971) gave gerbils a single 15-min exposu;e to an
[4 ~ l .
open field .containing a group of objects which stood in a gﬁrticular -

. q 3
spatial arrangement relative to one another and to the walls of the

M AR
>

open field. The gerbils were then transferred to an identical open
. | 3
field containing those objects in either the same configuration or a

different one. Wilz and Bolton found that the gerbils spenk more time
t

*a

exploring the objects when they were in a different configuration

(hence in different 1ocations) than when they were left in the same

configuration. Sin fact, changing the spatial arrangement of. the ob-
. .

jects evoked as much exploration as had occurred during the gerbils'

initial exposure to ‘the objects. Wilz and Bolton replicated this

v

finding in a second experiment in which gerbils were exposed and tested

with only a single gqbject in the oﬁen field. Changing the location -

of the ijeet relative to the walls of the open‘;iela again evoked

L]

renewed exploration of the object. Gerbils thus seem to learn the
>

spaiiql disposition of objects with only minimal exposure to a situ-

atio?f Within a S-R framewo response learning is seen as a gradual,
incremental proéesef There is no a priori reason why learning based:

. ~
on distdl cues should be ‘arry more rapid than learning baBed on proximal

4
-

cues. - \ - N

’ O -

The Wilz "and Bofmon (19]1) study raisee a further question. A

distal cge int pretation of plade. learning ‘an be plausibly applied

L

to tasks which tequire or faster the use of place strategies" to”

obtain reinforcenent. ie's not‘clear, though,. how this view should

be applied to 1nstandea of place learning in situations where there

A

is no task for the aniial to solve. Yamangto, Wapner, and Stevens
’ € ) . ! ’

% . . -



.

(1980) gave rats an 8-min exposure Mo an open table containing a vari-

ety of objects on each of 12 céﬁsecutive days. On the 13th day, the
pos A
rats were tested for their knowledge of the locations of the objects

on the table. Half' the Fats were tested on an unchanged table. For

-
P ’

the remaining rats, some of the objects were exchanged with one another

or deleted from the table, while others were left in thedr orlginal
locations. Yamamoto et al. found that rats’tested on the changed tabI;
selectively reexplored those objects’ which had been exchangéd with one k\

another, and those areas which no longer‘contained objects. ~However,

A

they spent no more time investigating objects left in their original

»

locations than did rats tested on the unchangea table. The fact®that

- v

they explored areas no longer containing objects suggests that the

rats "expected" to fiind objects in certain locations. Further, the

.

fact that they explored an object in a location which previously held
a different object indicates that they had some idea of what objeét .
should bj%fgﬂnd-in a particular place. It would appear that, rats ac-

¢ ’
quire a ther detailed knowledge of the topography of an environment

L

- - v
even when they are not required to do so.

14

In addition to conceptual ,problems in reducing place learning to
>

distal cﬁ; learning, th;re are also practical problems in applying a
distal cue interpretation to many place leafning tasks. Part of the
attractiveness of the distal cue view is that it purports to explain

a more complex bhenomenon in terms of a simpler process. This simpli-
city turns out to be more i}Iusory than real. Although readily appli-
cable to simple T~ or Y-maze téska, a distal cue interpretation of

c ~
place learning becomes quite convoluted when applied to a task like,



M - w ¥ - 7 ! - ) e
. .
<place learning id a circular maze (O'Keefe, Nadel, Keightley, & Kill), - i
Y N N :
1975). ‘irst, the animal c%nnot run towards ‘(or away, from) distal - L ’

b

*"cues for more than a shott segment of the runway. - Second, the animal

M %
*

mustwmdke a number of complex conditional discriminations if it is to

differeﬁtiage one part 6f the maze from another. Finally, the animal .

must learn to respond at a site which is different from thas of the ,

cue controldéng the response, a situation which gives animals an inor- . .
-

’

dinate amount of difficulty in discrimination learning tasks (Cowey, -

1968; Miller & Murphy, 1964). On the basis of these considerations, ‘e

onpe would have to predict that place learning would be a Gery difficult‘

. -

task for the rat on'a circular maze, which is not the case at all -
(0'Keefe et al., 1975). - ‘
/ nd K t
By themsslves, none of these concerns are sufficient "to force -

rejection of a distdl cue interpretation of place lea%ning: Taken,
togethfr, though, they provide good reasons for thinking that there

is somelhing more-to place learning than simple distal cue 1earning.\

Thé important issue then begomés that of the mechanisms which under-

lie place learning. Other than likening the animal's spatial knowl-, -
’

edge ‘to that contained in a map: Tolman never formalized “the igéa of ’ .

place learning to any great extent. He thus left unanswered a host ' ,
b '.' -

of questions coﬁcerning how animals acquire, represent, -and uiiliﬁe
> i ‘.
spatial iwforﬁbtion. Similarly, much of the contemporary research

on cogiitive mapping is more properly viewed as‘descriptive than
analytic: “Studies of exploration like those of Wilz and Boltdh (1971) ’
- . . - )

and Yamamoto et al. (1980) indicate that the animal's representation

of its environment is a spatial one, but they do not explain how such

b °
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-

rep{esentatibns 4re pdssible. Likewise, studies of spatial memory

" B N b
(e.g., Beatty & Shevaglia, 1980; Maki, Brokovsky, & Berg, 1979; kobqrts,
ok . ‘
1979) have revealed that the rat's memody for where it has been is far
e M .
more resistant to interfer¢nce .and decay' than its memory for other .

sorts’of'environmental informaQXon, but, provide no rationale for why

that is the case. Thus, although researchers have recognized the -

existegce of place learning, the basis and nature of that ability.
. ‘ ‘ s

¥
have not been well-understood. *

~ L

Physiological basis of cognitive maps

§bme recent work jn the neurosciences should peip to advance our
" -
understanding of Place learning.s As it Aurns out, Toimgn's map analogy
may have been more thapn appropriate. It now appears that there is some
neural reality to the idea of a cognitiv? map.u‘Stud}es of single-unit &

.
1}

activity in the hi;pocampus of freely-moving rats have revealed the
ﬁx%qtence of cells with rather unique spatial properties (0'Keefe,
1576; O'Keefé & Dostrovsky, 1971;, Olton, Branch, & Best, 1978; Ranck,
1973).. Whereas célls with.spatial properties in other brain areas
‘seem to be encoding information about where things are;in relation
to the animal% body (i.e., egocentrie space), many othhe cells in .
the biPpoca;Lus appear to be encoding 1pformation about the spatial
relations among objects in the enviromment (0'Keefe, 1979). To date,
thxee types of spatiél cells have been recorded from the, &ippocampus.

‘The first type of.cell, the "place" cell, fi;es only when the animal

is in a particular place in the enviromment, with different cells

firing in different parts of the environment. ObserVatiqu of the .

animals suggested that Ehese units were coding the animal's 4docation



. * ) ’ 9: ‘

. ] . |
in the environment, as_the activation'of a unit in-a particular loca- |

tion seemed to be independent of the animal's behavior or orientation

in that place. ,

A recent étudy by O'Keefe and Conway (1978) has confirmed these
earlier impressions of the factors controlling the activity of ‘place
celis. 0'Keefe and Conway recorded place units from rats while they

were performing a place discdrimination task which requifed them to
visit all three arms of a T-maze located inside a contrqlled-cue envi-

4
ronment. On the walls of this environment were four cues (a light,

- L

fan, buzzer, and card) which stood in a fixed relationship to one an-
Qﬁ/ (5

other and to the arms of the T-maze. Place units were élso recorded
from the rats while they were on an open platform in another part of

the room. By changing various aspects of fhe environment and task,
O'Keefe and, Conway were able to rule out a number of factors which
might have been controlling a unit's activity, like the animal's be-

havior or orientation when it was dn a particular part of the environ-

ébnt, the presence;absence of reward, or specific intramaze stimuli.

.Ins%x;d, they found that activation of a unit dependggd on where the
¢

aniﬁal was in’'relation to the wall cues, though not &in any simple
fashion. Removal of all the wall cues disrupted the spatial speci- |
ficity of a unit's response, indicating that it was being controlled

by these cues. No single cue, or subset of cuei, appeared necessary

~

for the activation of a unit, though. O'Keefe and Conway found that

many of the place units would maintain their place fields as long as

-

any two of the four wall cues remained in their oriéinal locations

on the walls of the enviromment. The fact that any subset of

o

[] ’
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10
*the wall cues was sufficient to activate a unit when the animal was

in a particular place suggests that these cells were indeed coding
Y »

"

the animal's location im the environment, and not a particular stimulus

or configuration of stimuli.

Thé second type of unit which has been recorded from the hippocam-,

pus, the "misplace" cell, is really a variant of the place cell. Like

the‘placé unit, misplacé cells fire’only when the @nimal is in a parti—‘

cular place in the environment. They have the additi;nal property,
however, of firing maximally when some change has been made in the
place corresponding to the unit's field, like the addition of an object
to that location or the‘removal‘of an object which'éan ﬁorﬁhlly be per-

ceived when the animal is in that location. Misplace cells thus seem

.~

to be signalling change in a particular part of the environment.

Finally, a third type of ué&t has been recorded from the hippocam-
('Y ) . T
pug” the "theta" or "displace" cell. Unlike‘pque and misplace units,

these cells do not have place fields in an envfggfmentn Rather, their

.

activity bears a particular relationship to the hippocampal electroen-

-~

cephalogram (EEG). During "voluntary" movements like walkiﬁé and
rearing, the hippocampal EEG is characterized by a tegular sinusoidal
pattern known as the theta rhythm (Vanderwolf, 1969). Displace cells
increase their firing raéas whenever the theta rhythm is present in
the EEG, regardless of where the animal is in the environment. Morris,

Black, and O'Keefe (1976) suggested that the theta rhythm is conveying

[N

information about how far a particular movement would displacé the

animal i{h space, as they observed that the frequ?ncy of ‘the theta

.

rhythm varied as a function of the distance a rat was reqﬁ;red to

/ -
( -
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Jump. On hese groukds, it seems reasonable to ccnjeétute that the
N [

displace dells are providing distdnce iaformation‘to the animal.

Data from lesion studies have also imblicateé the hippocampus in

. - - -

L& A
the_gyocess}ng of spatial ipformaetion. Although animals with hippo-
cémpal damage 8how deficits in'a variety of éiéuations, theif impair-
ment is particularly profound in tasks requiring the utilization of
> .

t gpatial f;formation. A good example of this difficulty comes from
» \ '
the 0'Keefe gg_glf (1973) study mentioned earlier. O'Keefe et al.

-

trained rats with demage to the fornix (a major input/output path of

the hippocampus) to find water in one of two ways on a circular maze

containing a‘'number of water wells. For some rats, the well the .

-

animal had to lick at to obtaln water was changed randomly, from ,
t

-

trial to trial, but was always marked by a distinctive cue (a small
light shining directly on the well). For other rats, the correct .

well remaindd in the same location relatide to maze and room cues
‘ -

“

throughout the“eegiffment, but the location of the'ligbt c;e changed
from trial to trial. Sbme rats thus had to solve the task on the
basis of where the well was located in the room,‘;hereas!others had

! to solve it on the basis of a distinctive cue marking the correct
well. The results were clear-cut. Rats with fornix damage wege
profoundly‘impaired relative to controls in solving the place-learning

“version of the task, and many of the an@mals (7/8) never solved the -
problem at all. When a distinctive cue marked, the location of th;
correct well, however, fornix-damaged animals were actually somewhat
faster than controls in solving' the task. Hippocampal dysfunction,

then, disrupted place learning while leaving cue learning intact or . .




* » hippocampal function which incorporates these sorts of observations .

\ \
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even facilitated. } ‘
. - . ~
0'Keefe and Nadel {1978) have recently «detailed a theory o .

- 4

and which emphasizésﬂifs role 1in processing spatial information.

They argued that the hippocampus, working with inputs*from other

. )

brain structures, creates and stores spatial maps of the enviromment.

These'cognitive maps capture the qobjective (nonegocentric)'spat;al

relations amoné‘places and the’'objects they contain, and tepresent
them as pgrts of a unified whole. Drawing on neurcanatomical data,
.

0'Keefe and Nadel detéiled a neural model for how the hippocameg

might instantiate these sorts of maps. They also qpecified‘tﬁé‘prop-
r
erties of these maps in some detail, and showed how many of the effects

of hippocampal dysfunction could be understood in terms of an under-

-»
lying deficit in processing and utilizing spatial information. In
developing their account of the effects of hippocampal damage‘on an

animal's behaviof, they made a number of suggest{qna about how normal -
animals use cognitive maps. Thelr work may thus offer some new in-

sights into the mechanisms underiying animal learning and-.behavior-

~

Functions of a cognitive map >

<

According to O'Keefe and Nadel (1978), a cognitive map is a &

representation of a part of space which incorporates information

)
about the objects contained in someé of the places making up tﬁFt
space, and wﬁlch éan'be used to derive information about the direc-~ -
tion and distance between any two places or objects in that space.

Such maps are built up by the animal during its exploration of the

ervironment. Exploration 1is trigge;ed whenever an animal's‘map

~
.

-~

| ‘ |

.
¢ o

-
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does not match the current state of the enviromment. When the animal

- ~ LI

“ - N - . .
}s first introduced to an enviromment, there is ng basis for a wmatch

\

“(as the animal has no map for that situation); and the gituation will ) .

3
-

be explored. As the animal moves throdgh-the envirorment, the objects .

-

it encounterd (good, bad, or indifferent) will be rapidly‘sited iﬁ its
’ . - > .
map on an all-or-none,basis, with inputs from sensorimotor systems
providing a coding strategy whigb allogs objects to be sited in map \<_/)

locations that preserve their qpatial\ordering,pnd distances in the ¢

etfvironment. In additién to initiating map building,. a match/mismatch

°
¥

system based on the contents of spatial locations allows the apimal

to revige already existing maps to reflect changes ip the enviromment.

-

Thus, alterations 1iké the additionideletion of objecfs from an envi-

ronment, - changes in the nature of an object in a location’ or the re-

- . . .

l&cation of ah object in'a different Placé will generate disc¢repancies =

vhich lead to exploration. As_the map i%,revised, these discrepancies

. % - -
disappear and exploration ceases. When this happens, 0'Keefe and Nadel

suggest that the old map is not destroyed, only that a revised map

becémes avaflable. In this way, the animal's knowledge of its environ-

»? -

ent is kept up to date while some information about past stdtes of the

enviromment is retained. : ) R
Place strategied . , .
® ' The most obvious function for a cognitive map is that of naviga-

tion. With a map, an animal can travel from any place in an environ-

Ty -
ment to any othét point in that environment, even an unperceived one,

by any of a ?umber of routes. ,The nature of these maps makes it un-

g r
likely that the animal will become lost or confused as it’travels from

’
»
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* place to place in the environment, .because places are not defined in

.

) any simgle fashion by the cues they contain. Rather, places are

; defined in terms of the ne{?ofk of redundanf and relevantﬁspatial

'Y v

. relations which obtain amoung_the che&xi%,an nvironment. When the

-

v animal ié‘inza pafticular pléce in an environment, the cues it per-,
E - .

&« i

ceives will stand in g.uniqﬁe spatial relations

-~

p to one another,

~ 3

) ;egardless of the animal%s orientdtion in its current location. The
-~ ! N ~ . -~ %

ro

.

ctitical point here, is that no parg}cularrﬁpe is necessaty for the
- ’ » '.‘ .

animal to identify'its Iocatden in the environment. Any cue, ‘Oor
. . .
Jy group of tues, could be removed from the enviromment without altering
the spatial relationships which. obtain among the remaining cues. As

long ds some minimal number of cues remain, their spatial~re1aflops

[N L4 0 .
will 'serve; to specify the animal's location (cf. O'Keefe & Gonway,
. \ .
1978)". In this way, the animal always knows where it is, even in the

N .

face of a changing environment. :

)

The flexibility and lack of confusion inherent in‘cognitive maps
"make them a powerful tool for problem-solving. Since ‘objects are

represented in a cognitive map.in terms of where they occur, the
\ »

animal can use its map to take it to those locations containing ob-

jects of interest or dmportance. Places containing desired objects

(e.g., food, water, mate) can be approached from anywhere in the en-

4 Viromment, by any available route. Similarly, the map ‘can be used
to avoid place# containing dangerous things (e.g., p;edators, traps)

. . e
or to escape from such places to safe ones. When the animal is at- .

tempting to solve a problem on the basis of where things dre located

1

in the enviromment, it can be said to be “using a place strategy.
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" Such plac!‘strategies can be contrasted with other behavioral strate-

a

gies baéed on other sorts of information. For example, ~an animal

might learn to solve a given probl on the:basis of a partiéular .

cue which it approaché§ or avoids regardless of where the cue occurs

in the enviromment (a cue strategy). Alternatively, the animal :ould

. . 'y

learn to make a particular response in the presence of a stimulus (a
response 'strategy). According to O'Keefe and Nadel (1978), the dif-

ference between these various strategies lies not so much in the na-

-

ture of the cues employed as in how they are employed. A cue in a

-

given situation can be used by the animal as a, component of its cog-

nitive ﬁap, a cue to be approached or avoided in‘its»own right, or

-

as a signal for the performance of a particular response. '

i I3
O'Keefe and Nadel argue that these strategies depend on different

neural substrates,_hnd that their interactions are best conceived of

.
.

as compet#tive in nature. Furthermore, they suggested that the prof—

erties of these various strategies differ along a number of dimensions,

1{ke rate of acquisition, glexibility and’ persistence, susceptibility

-

to interference, and ease of ,use, to name a few; The implication of
their argument 1s clear; understanding the behavior of an animal re-
quires some knowledge of how the animal is trying to.solve the task.

While some problems have been devised whiTh force tHe animal to solve

’

a problem in a given way (e.g., O'Keefe et al., 1975), most tasks

used to study learning and behavior in normal and brain-damaged animals
permit the successful use of more than one strategy. In suchscases,

it is necessary 'to give thﬁ animal "probe" trials which pit the var-

»

ious strategies against one another to determine how the animal is
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solving the task ﬂe.g., Barnes, Nadel, & Honig, 1980),. The bulk of .

N n

0'Keefe and Nadel's "book is devoted to a cdnsideration‘of these strat-

o > .
.egies and. their role in various sorts of experimental tasks.' In it,

-

they showed that many of the effects of hippocampal damage'coulé be

.

understood in terms of the elimination of place strategies from the

animal's repertoire and a forced reliance on cue and response strate-
P

[3 v

giEs G&th different properties. By showing that the hehavior of

+

-
brain-damaged animals could be profitably analyzed ;n terﬁs of dif-

- -

ferent strategies with differerit properties, O'ltefe and Nadel have .
provided good reasons for thinking that a similar anafysis of the
behavior of normal animals may pay handsome dividends for our uﬁder-

[ ]

standing of théir behavior.

Novelty defection

-»
Place strategies and place recognition are not the only functions
L J

for a cognitive map. A cognitive map also functions as a novelty

detection system. To some extent, this point has already been alluded

.

to in our discussion of how haps are acquired and modified. Whenever
the environment does not match the animal's map of the situation, the

discrepancy triggers exploration which leads to a revision of the

animal's map. It's not hard to see that this sort of match/mismatch

[
system is intimately related to the question of whether an event is

- -

novel or familiar. Researchers interested in exploration have long

.

argued that questions concerning stimulus novelty can only be resolved
‘ .

with respect to the animal's past experiences in the situation where

the stimulus occurs (Halliday, 1968; Shillito, 1963). The idea 1s

that the animal is constantly trying to match its past and present

!

+
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! 'Experiences in an environment. When they capnot be matched, novelty

exists and the source of thecaiscrgpéncy is explored. The point which

- [}

needs to be emphasized here is that the tepresentations on which .these
- »

nasfhes\and mismatches are based are spatial in nature. Studies like

-

. ' those 6f Wilz and Bolton (1971) and Yamamoto et al. (1980) make ic o
*  clear that the logdtion of an event is an integral part of its novelty.

In fact, almost ahy situation to which we could attach the label of
' >

- novel can be represénted as some sort of change in the gpatial domain.
"
By predicting what, if anything, an animal should find in a given

location, a cognitive map provides the bagis for a novelty detection

! ' system. of considergble scope and sensitivity_ (Nadel & Willner, 1980):
Thig view of novelty as a matter of a' discrepangy in a cognitive

map has a number of implications for bur undegstanding of novelty/

-

" . familiarity effects in learning. Psychologists have long recognized

: that novel and familiar events differ not only in their &ffects on
f . L

: behavior, but also in their effectiveness in learning tasks. Within

L g

S

the contemporary learning literature, this idea most often finda ex-

pre;sion in the suggestion that an animal is more likely to learn

about a novel (surprising, unexpected) event than it is about a famil-

’

- iar or expected one (Mackintogh, 1978; Wagner, 1978, 1979). For .the

-

most part, researchers have abproached the issue of novelty/familiarity

N -

effects in learning as a question of .the extent to which an event is ~~—J
predicted by cues which precede it 1n.;§me: While not denying the ¥
importance of predictive temporal cues in producing surprise, a cog-

nitive map interpretatign of novelty focuses attention on a somewhat

\ P “ .
different aspect of the problem, namely, what is being predicted by

» -



-

those cues. Because a cognitive map represents things in terms of

¥

thejir location, a given event may be seen &s novel or familiar depeﬁd-

- . -

.o v ;
inE/QQ'where it occurs. If an event occurs in a location where it has

. .

never occqued befoxre, it iq«;isntif}ed‘as_novel and the animal will
learn about tﬂat event. If th; event occurs in a place where the map
says it should be, however, it is treated as a familiar event, and the,
animal will be léss‘like1x>to lea;n about it. On this view, an ;nimal

in a learning task is not merely learning to expect a certain_ type of

event, but is forming an expectasion of a particular event in a parti-

cular place. The'implication of this is that swhere an event‘occurs-

3

. . ‘
) may be at least as important as when it occurs if~determining what the

animal will learn about that event. ’

.. There are data which suggest that learning the location of events

~ By

is an integral part of almost any learniné task. For example, Zener

»

(l93ip gave dogs pairings of a conditioned stimulus (CS) with food
while they were restrained on a testing stand in a roem. When they
were tested on a new stand in that room, unrestrained dogs left the

4
stand when the CS was presepted and returned to the original testing

stand to await the delivery of food. An even more striking example of

”

this sort was reported by Beritoff (1965, p. 69). He presented dogs

.in a new room with a CS which had previously signalled the availability
Ll )

of food in another room and found that the dogs left the new room and

)

returned to the site of the foodbox in the original training room. The
, data thus suggest that an animal's expectation of an event is often’
referenced to the locatiop in which that event has occurred.

There are feé studies which bear directly on the question of event
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location and surprise in learning. The data which do exist are highly

suégqstive, though, and have come primarily from the study of stimulus

[ 4
preexposure effects in learning. It has\become a frequent observation ®

over the last two decades that nonreinforced exposure to a stimulus
can retard its subsequent conersiOn into an effective excitatory or .

. - v
inhibitory CS, an outcome known as "latent inhibition" (Lubow, 1973).
r] ‘
Procedurally, studieg of.latent inhibition are much like those of

[ ]
exploration; the animal is simply exposéd to a stimulus in the same

location of a_number of occasions. One might therefore think that

s

the® retardation of learning which can follow stimulus exposure would
be anal;zed in terms of the familiarity of the stimulus. This hasn't

been the c;se, howewver. Typica}ly,.the effect has been attributed to

\ .
the fact that the animal'? initial experience with the stimylus is

nonreinforcéd% The animal learns that the stiﬂulﬁs is not correfated

13

with other events, and comes to ignore it as "irrelevant" (Mackintosh,
»1973, 1975). Having learned that the stimulus is irrelevant, the ani-

mal then learns more slowly that it is a reliable signal for thg,ﬁhcur—~

- . -

rence .or nonoccurregce of other events. .A cognitive map 1nterp§gtafion
. s .
of latent inhibition, on the other hand, attaches no special importance
- -
to the irrelevaﬁce of the piegkposed stimulus in producing the gffeétu
<

Instead, it qnpﬂaaizes the location of the preexposed stimulus as the
(]

.

‘crucial determinant of latent inhibition. Alllévents, regardless of -
their nature or predictive power, are represented as occurring in par-
ticular locatidns. As long as a stimulus continues to be presente? in
the same location, the map will identify it as familiar and learning

will be rétarded. This view leads to two predictions concerning the

-
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- -~

. effects of stimuldé exposure on learning. First, it as%erts that -

20

even a predictive stimulus will lose associability when it continues

1

to be presented in the same location. Second, it predicts that
changing the location in which a preexposed stimulus is presented _

will restore its associability and disrupt latent inhibitionm, as the
* ” «

-

map would identify the old étimulus in a new location as novel. The

N -

available evidence is consistent with both these predictions,

. Hall and Pearce (1979) recently reported that exposure to a stim-

'/ulus could retard later learning even when the stimulus predicted ‘a -

» |
. reinforcer during the exposure phase. In their experiment, rats ini-

1

tially recéiveg pairings of ?ither 3 tone or a light with weak shock.
i Duiing subsequent phases of the experiment, all the rats received
pairings.®% first the gone, tﬁgn the light, wifh a stronger shock..
Hall and Pearce found thet rats for whom the tone was novel when it

was paired with, a stronger shock (i.e., rats who initially received

»

light-weak sheck pairings) were faster to acquire suppression to the
e ~ »

- tone thar rats who ‘initially received' tone-weak shock pairings. Con-
-~ ! ~< »
versely, rats.given' tone-weak shock pairings conditioned more readily

to the light when it signalled a stronger shock’ than did‘tats who had Ww

©

received prior p;irings of the light with the weak shock. Subsequent
-experiments ruled out the weakness of the pretraining shock as the

. . J
cause of this effect. Since one would expect that prior pairings of )

a stimulus with shock would facilitate later learning when the stimu~

lus signalled a stronger Bhock, the retardation of learning observed

»
~ -

in this experiment would seem to constitute strong evidence that non-

reinforcement of the preexposed CS is not essertial for'drtent inhibi-~

»
-
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tion.” This is not to say that nonreinforcement dogs not contribute
to the effect. Hall and Pearce also observed that simple tone preex-
posure prdduced an even greater retardation of learning tha; that
which "occ:urred when the CS was -initia)‘ paired with a weak shock.
Although the presence/absence of reinfof¥cement may affect the magnitude
of lat;nt inhibition, it is nevertheless clear that the processes which

v .

mediate létent inhibition operate in both the presencé and absence of
reinforcemgnt. Thege data ¥re quite compatible with a cognitive map

" interpretation of latent inhibition, but raise serious difficulties
for a learned irrelevance account of the phenomenon.

Data‘from context s;;ft experimePtsnprovide some support for the
second prediction of cognitive map theory. A nugber of investigators
have reported that the effects of?stimulus‘exposure on learning depend
on where training.takés glace. Anderson, O'Farrell, Fsrmica, and
Caponigri €}969) reported that rats sho@ed‘less evidence of latent in-
hi on when they were conditioned in an environment differeng from
the one in which they were exposed to the qs. There have even been .

: .
reports that stimulus yreexposure can facilitate later learning when
training is conducted {n‘a place othgr than the’preexposure environ-
ment. Gibson and Walk (1956) aqa Hall (1976) reported that preexposigg
ragts to objects in their home cages facilitated the rats' mastery of a
" discrimination between these objects in a T-maze. An especially im-
P >

a press}ve example of the importance of gnvironnental context in sgimulus

exposure effects comes from a study reported by Lubow, Rifkin, and Alek
\ p .

(1976), who found that identical ‘stimulus exposure could’either retard -
or facilitate 1earnin;, depending on where training took plac;. Lubow

$ .
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et al. preexposed rats to one of two odours in one of two environments

in a factorially designed experiment. The rats were then trained in .
either the same environment or a novel one on an odour discrimination
task in which they had to discriminate an unscented tube from one con-
'taining either the preexposed or the novel odour. Lubow et al. found
that rats trained in the preexposure environment with the preexposed
odour were slower to master the task than rats trained with the novel
odour. hust the reverse held true when the rats were trained in a

novel environment. Here, rats trained with the preexposed odour were

faster to master the discrimination than rats trained with the novel

.

odour. - . '

"

Insofar as a change of environment necessarily jinvolves a change
in the location of the preexposed stimulus, the results of these con-

text shift experiments can be considered support for a cognitive map
{
A} -
interpretation of latent inh%bitionuf They cannot be considered defin-+
. i

. “}
itive, however. fhe problem is that the disruptive effects of a con-

text shift on latent inhibition can also be interpreted in ways other *

than that of a shift in‘the location gof a preexposed stimulus. For

- 17 8 ’,

example,‘iubow et alt (1976) suggested that the context shift manipu-

lation they employed was effective because it led t;)the ‘creation of
' ?

a contrast between the absolute novelty of the 'preexposed stimulus -
. .

and that of the enviromment in which it was presented. The idea here

° -

is that a condition of contrasting novelty of stimulus to environment

-

is a more effective condition for learning -than the latk of such a'
. !
contrast. Similarly, the disruptive effects of a context shift could
be attributed to the absence of environmental cupi.asaociated with
. r!"

N \
P
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the animal's initial exposur% to a stimulus. Wagner;(l978) suggested
that associations are formed between a stimulus and "contextual" cues
(usually environmental ones), ané that the presence of these cues
serves to "prime" a representation of the preex?osed stimulus into
short-term memoryi Once primed, she stimulus ig not processed or Te-
hearsed to the same extent that it would be if it wasn't primed. There
are thus at least three separate accounts which can be put forward to
explain the disruptive effects Jf a context ;Hift on latent inhibition.

Becadse of this ambiguity, the experiments tq be reported in this
dis;entation were undertaken to further examing th; contribution of QS
location to stimulu; preexposure effects in learning. In asserting
that the nove%}y or familiarity of an event depends on its locatiop,
cognitive map theory predicts tgat changing the location of a preex—

* -

posed ‘stimulus within the preexposure enVironment should disrupt latens

inhibition. The present experiments tested this idea by examining the

-

effects of 'both within- and cross-context shifts in the location of a
preexposed taste CS on conditioning of an aversion to that flavor. The
choice of the taste gversion paradigm for these eXperimeﬂfs was guided
by two considerations. First, robust preexposure effects have been ob-
served in taste aversion learning (e.g., Elkins, 1973; Revusky & Bedarf,
1967). The retardation of' aversion conditioning that follows taste pre-
exposure has often been interpreted in terms of a process of "learned
safety" (Kalat & Rozin, 1973) rather than latent inhibition. Although
subsequent research has discounted a learned safety accouﬁt.of taste
preexposure effects (e.g., Best, 1975; Best & Gemberling, 1977), it is

not yet clear that the same processes mediate preexposure effects with

~

\
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gustatory and nongustatory stimuli. By employing manipulétions known
A

to affect latent inhibition in more traditional paradigms, the present

experiments ma§ provide further insight inte the extent to which the

me ;niSMS underlying preexposure effects with gustatory cues afe like
ose mediaé&ng si?ilar effects in research with nongustatory cues.

A second reason for using the flavor aversion paradigm in these
studies was the practical advantages it offers for studying the effects
of 1oca!lon‘;h1fts on latent inhibition. The characteristics of a cue
like gktone or a light may be dramatically altered by a change in its
location. Because of this, special care must be taken to insure that a
change in the locatlion of a stimulus is not also a change in its physi-
cal quality. The use ofigustatory stimuli in these experiments circum-

%
vents this potential problem; a taste stimulus can be.presented anywhere

in an environment without altering its physical properties. In this
way, any disruptive effects of a location shift on latent inhibition

-

can be unambiguously attributed to the change in location of the preex-
4

.

posed taste CS.

Experiment 1 ° »
This first experiment was designed to derermine whether accounts

of latent inhibition like those of Wagner (1978) and/Nadel and Willner

(1980) are applicable to the analysis of flavor preexposure effecte/inx

aversion learning. Th@ issue is not a trivial one, for researchers
have often held that acquired food aversions represent a unique type

- ’ a
of learning with its own laws, and that nongustatQry cues are of little

or no consequence in this type ‘of learning (efg., Rozin & Kalat, 1971;

o e

— o M—
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1
Seligman, 1970). Qith respect to flavor preexposure effects in aver-
sion learning, researchers have traditionaliy maintained that exposure
to‘a flavor retards later lemrning because the animal learns that the
flavor is "safe." Originally put forth as an explanation for the delay
gradient in flavor aversion learning (cf. Kalat & Rozin, 1973), the
idea is\that the animal processes the novel flavor as if zxt expeéted
that flavor to make it ill. When illness QOes not follow consumption
of the substance, the animal actively learns that the flavor does not
predict illness. Effectively, the claim is that nonreinforced exposugg
to a flavor Cglturns that flavor into a conditioned inhibitor for ill-
ness. The retardation of learning that can follow exéosure.go a flavor,
then, has been explained in basically different terms than those used
to ggcount for similar effects with nongustatory cues.

There are grounds for disputing all these claims. After reviewing
the available evidénce, both Revusky (1977) and Logue (1979) suggested
that the diféergnces between flavor aversion learning and other type§ of
learning are more quantitative than qualitative. Similarly, Batson and |
Best (1979) %nd Willﬁér (1978) have presented evidence that exterocep-

*

tive cues can be asgociated with illness and that such cues are capable

of "blocking" (Kamin, 1969) the estallishment of a taste aversion. In

the case of flavor preexposure effects, Best (1975) has shown éhat

lIearntd safety is not an appropriate interpretation of those effects.
Best found that s%mplé exposure to a flavor dig not turn that flavor
into a conditioned inhibitor. In fact, he found that preexposure to
\

a flavor retarded its conversion into an' effective inﬁ!bito;. The

fact that flavor preexposure'retarded the establishment of that flavor

7
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as an inhibitory stimulus suggests that similar processes underlie
stimulus expgsure effects with gustatory and nongustatory cues.

The present experiment provides further evidence on this question

by testing a prediction derived from current accounts of latent inhibi- -

v

tion. Although very gifferent in Eheir details, the accounts of latent
inhibition offered by Wagner (1978) and Nadel and Willner (1980) share
a common emphasis on the importance of environmental context in media-
tihg the effects of stimulus exposure on learning. Both views, for
example, predict that con&itioning a pfeexposed taste in an environment
other than the one in which it Qas,exposed will disrupt the detrimental
effects of flavor exposure on aversion-learning. If this 1is the case,
there will be good reasonsvfor thinking that the processes underlying
the effects of flavor preexposure are the same as those mediating simi-

lar effects with nongustatory cues.

In this‘experiment, two groups of rats were exposed to a saccharin

° .
N

solu?ion on a number of occasions prior to experiencing a pairing of
that solution with fllness. One of these groups was preexpésed to
saccharin in a novel enviromment, whereas the other group was exposed
to saccharin in their home cages. Followingvghis, the rats received
a saccharin-illness pairing in theif home cages. I1f environmental -
context is important in determining the effects of flavor preexposure,

~

rats preexposed to saccharin in a novel énviromment and conditioned in

i

their home cages should form stronger saccharin aversions than rats
both preexposed and conditioned in their home cages. By comparing

these groups with no-preexposure controls, it should also be possible

to determine the extent to which a context shift disrupts the effects

a
o
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of flavor preexposure on aversion learning.

The choice of the¥rats' Home cages for conditioning environments

-

in this experiment was dictated by some recent data reported by Rudy,

Rosenberg, and Sandell (1977). Rudy et al. found that exposing an

-~

animal to novel stimulation just prior to pairing a preeiposed flavor

CS with illness could attenuate the flavor preexposure effect, presum-

ably by increasing general arousal. Conditioning a preexposed flavor
in a novel enviromment,.then, could be expected to disrupt the flavor
preexposure effect independently of any other role the context might
play’in mediating those eff;cts. The present experiment sought to

dissoc{ate these two possible effects of a context shift on the flavor

preexposure effect by conditioning all the animals in a familiar envi-

H N .
ronment.

Method

¥
A

Subjects. The subjects were 30 naive male hooded rats weighing
350-400 g at the start of the experiment: They were individually
housed in sheet metal and wire mesh cages ;easuring 25 x 18 x 18 cm,
with free access to blocks of lab chow throughout the experiment.

The 1lights in the housing rqom were on from 0700-2100 hr daily.

Apparatus. In addition to the rats' hom? cages, two other environ-
ments were also used in this experiment. Ten clear plastic environments
measuring 46 x 26 x 16 cm were used as preexposure enviromments for some
ef the rats in this experiment. These cages had wire mesh tops, con-
tained j blocks of lab chow, and were located on E?e floor in another

part of the housing room. Ten sheet metal and wire mesh cages measuring

45 x 25 x 18 cm were also used as holding cages for some of the rats.
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These cages provided unrestricted access to blocks of lab chow and

. ' a

were located on a separate rack in the housing room.

During preexposure and conditioning sessions, the rats drank fluids

from small brass drinking cups 3 cm in dianeter and 1 cm deep. These

cups were centrally mounted on 7.5 x 7.5 cm squares of sheet metal which

’

were painted gray.

o

-

Procedure. The rdts were initially maintained on ¥ree food and
water for 6% days, during which time they were handled daily. Adaptation
to water deprivation took place over the next 15 days. During this

period, the rats' daily access to tap water in graduated plastic tubes

- [ ]
was restricted to a single 20-min period beginning approximately 2 hr

after their daily weighing at 0930. Throughout the experiment, each

o rat's consumption of tap water was measured to" the nearest .5 ml. The

rats were trained to ingest fluid from either the left- or right-front

portions of their home cages by daily alterngtion of the location at
which water was presented. The gats were al;o adapted to the injection
procedure during this phﬁse of the experiment. On the last 2 days of
the adaptation period, the rats were given intraperitoneal (ip) injec~
tions of 2 ml of physiological saline after they were weighed. They
were then amsigned to three grodps (n=10) matched for ;verage fluid
" consumption ove£ the last 5 days of the adaptation per}od.

Two groups of rats, Groups Shift and HC, were preexposed to a

v

&
saccharin solution on each of the next 5 days. After their daily

weighing, the rats in Group Shift were removefl from their home cages
and placed in the clear plastic environments./ There they were allowed

20-min access to 2 ml of.a .15% sodium saccharip solution presented in

. -
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a nking cup along one of the.end walls of the enviromment. They
were thgn returned to their home cages, and the plastic environments
were cleaned. The rats in Group HC, on the other hand, recei&ed similar
access to saccharin from drinking cups presented in their home cages.
At the end of the 20-min preexposure period, the cups were remo;ed
from the cages and the rats ;ere placed in the hoiﬁing cages for almost
24 hr. They were returned to their home cages just prior to the start
of the next preexposure session. The rats in the third group, No Pre,
were not preexposed to sa;charin, but déank é ml of tap water from
drinking cups presented in their home cages during preexposure sessions.

These rats remained in their home cagéé throughout the experim@nt. Ap-
proximately 2 Ht after the end of each preexposure session, the rats
were allowed their normal 20-min access to tap water.

3 : All the rats received a saccharin-illness pairing on Day 6. After

they were weighed, the rats-were allowed 10-min access to 2 ml of the

.

A

! saccharin solution from\drinking cups presented in their home cages.
At the end of this period, the drinking cups were removed from the »
cages and the rats were given 12 ml/kg ip injections of .15M LiCl.

They were then returned to their home cages, and allowed 20-min access

L I s it

to tap water 2 hr later. Day 7 was a water recovery day. As before,

e et

the rats received 20-min access to tap water in their home cages 2 hr

after weighing. This time, however, the r;ts were given simultaneous -

access to two tubes of tap water presented at the front of their home

cages. The positions of the tubes were reversed halfway through the

»

B R

drinking period) On Day 8, the rats received a 20-min two-bottle

preference test between saccharin and tap water in.fhgir home cages.

-
)
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The location at which saccharin was initially presented was counter-—
balanced within groups, and the positions of the tubes were reversed

halfway through the test. At the end of the test, each rat's consump-

tion of saccharin and tap water was measured to the nearest .5 ml.

-

Data analysis. The data from this and all subsequent experiments
were analyzed using the procedures described by Rodger (1967, 1974).
In this procedure, 1nalysis of variance and orthogonal post hoc cég-
y ~trasts .are calculated in the manner Lroposed by Schefté (1959). The
obtained variance ratios are then evaluated against a new criterion,
F [Ea}; v, v, (Rodger, 1975), which yields a decision-based error
rate of the first kind Ea. The use of this procedure ens;res that the
rate of erroneous decisions will not exceed the Eo chosen by the exper-—.
imenter when all null contrasts are true. In these experiments, values
of F [Ea] were chosen which fixed Type I error rate at .05.
Results
Examination of the drinking cups at the end of each session re-
vealed that little if any fluid was lost through spillage, and that no
rat failed to consume all the fluid available to;if during preexposure
and conditioning sessions. '
Before discussing the results of the saccharin aversion test, two
eneral features of the data are worth commenting on, as a similar pat-
rn of data emerged in all of the experiments to be reported. The
\figpt of these was that fluid access 2 hr prior to the daily watering

seemed to decrease the rats' consumption of tap water, at least during

the early portion of the preexposure phase, Althodgh statistically

+ - -

reliabie, the effect was a small one, and dissipated over the course
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of the preexposure ghase: By the end of this phase, the rats were
again consuming tap wasFr at baseline levels of consumpgt@q. The
effect was not due to the novelty of the saccharin solution to which
some of the animals were expdsed. The effect was also apparent in

thé control rats which drank tap water during the preexposure ses;ionsh
and there were no signifieant between-groups differences in tap water
consumption during this phase of the experiment.

A second finding which was also replicated in all the experiments
to be reported was that the rats consumed 1ess‘tap water on tﬁe day of
the conditioning trial thaniapey.had on Ehe previous day. Poisoning
the rats 2 hr prior to fluid access thus suppressed their consumption
of famil;ar tap water. The effect was significant in all cases, and
rep;esented an average decrease of 4-5 ml from intake on the precediné
day. As before, the effect did not seem to be related to the precon-
ditioning history of the various groups, as there were no significant
between-groups Hifferences in fluid consumption on the day of Fhe con-

ditioning trial. The rats' water consumption returned to baseline

levels by the next day, and the groups did not differ in their water

-

consumption on the recovery day.

There were no‘significant differences among'the groups in total

filuid consumption on the two-bottle test. Figure 1 presents each

group's mean saccharin pr;ference froﬁ the two-bottle test conducted
in their home cages. Thése data were obtained by converting each
rat's saccharin consumption to a percentage of its total fluid intake
on the two-bottle test. A figure above 50% indicftes that sacchar1?

was preferred relative to tap water, whereas & figure léss than 502 \

L4
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. ) Figure 1. Mean percentage saccharin preference for each group from
. the two-bottle test administered in Experiment 1. ’
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fndicates an aversion to saccharin(relative to tap water.

Inspection of thé graph reveals that all three groups acquired a
stroyg avérsion to saccharin after it was paired with LiCl. Preequsure
to the saccharin solution appeared to reduce the magnitude of the saccha-
rin aversion, as Groups Shift and HC avoided the solutgdn somewhat less,

than the rats in Group No Pre;\lIt also appears that changing the location

-

of the preexposed'saccharin solution between preexposure and condit?oning
atténuated the flavor preexposure effect; the rats in Group Shift avoided
the saccharin solution to a greater extent than the rats in Group HC.
Statist%cal analysis confirmed this impression of between-groups.diffe-
rences [2(2,27)=6.58]. Post jhoc contrasts across the sample means indi- "

cated that the rats in Group Shif% acquired a stronger saccharin aversion

-

than those in Group HC [F(2,27)=3.84]. Given that the true size of the

‘feffect for the second contrast ig at least as large as that for the first

h}

(Rodger, 1974, eqn. 8), this set of decisions implies that the groups

can be ordered with respect to strépgth of saccharin aversion as follows:

~

Group HC < Group Shift < jfoup No Pre.

Discussion .

N

In this experiment, rats preexpQsed to a saccharin solution in
their home cages and conditioned to avoid .that taste there formed
weaker saccharin aversions tban rats who had never been exposed to

saccharin. Preexposure to a flavor CS retarded later aversion con-

1
.

ditioning of that flavpr. Rats exposed td'a saccharin gsolution in a

-~

novel environment and conditioned in their home cages, however, formed

.

stronger saccharin aversions than rats both preexposed and conditioued

| .
in their home cages. Conditioning a preexposed flavor €S in an envi-



effects in more traditional paradigms. \éq such, it would seem more
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ronmené other than the one in which it wh; exposed attenuateéd the

» »

. 2 ., o
normally detrimental effects of flavor preexposure oh conditioning.
This context shift manipulation did not abolifh the fyavor preexpo- :

suge effect, however. Rats preexposed and cthitfoned in different
v .

v o .
environments still formed somewhat weaker aversions than no-preexposure

controls.

. It appears that envirgnmental context is an imporfant determinant
v e ’ * -

- ~ -

of the flavor preexposure effect in aversion learning. A cross-context

shift can disrupt the effects of stimulus exposure on learning, whether

’
-

the preéxposed stimulus is a flavor or an exteroceptive cue. This fact
~ "
suggests that the processes which underlie flavor preexposure effects
A [ v -
in aversion learning are the same as those. which mediaté preexposure
' t '

appropriate to regard the flavor preexposure effect in averdidn learning
- . 3

as another instance of latent inhibition' than as, g separate and differ-
- d & -
ent phenomenon. »
That the context shift ?anipulation oy ,iﬂ‘this experiment

)
>

did not completely abolish the flayor preexposurg'effect is not” espe-

cially damaging to this conclusion. Altboygh a context shift manipu-
7 . t - ' ¢ o
lation has sometimes been reported to facilitate later learning '

involVing’the preexposed stimulus 2e.g., Lubow et al., 1976), that
outcome may not be an inevitable omne (And;rson et al., 1969). In
addition, the context shift manipulation employed in this eiperiment ..
involved a shift - to a familiar enviromment, whereaé‘animals were

trained in a novel environment in those cases where facilitation of

learning has been observed. There are a number of pracedural differ-
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ences, then, between this study and those whieh have reported facil-
itated learning following stimulus preexposure. This issue of facil-

itated learning followfng stimulus exposure 1s a complex one, and will

be discussed further after the other experiments have been reported.

¢

It should be noted that the diéruption of the flavor preexposure

.
A

« effect produced by the context shift in this experiment was not espe-
1

cially large. This is not too surprising, fiven the sméll magnitude

o . ‘
\\\\\b)/ .0f s the preexposure effect obtained in, those rats who were preexposed

*and conditioned in their home cages:. To some extent‘ the small preex-
-
» /posure effect obtained in this experiment can be attributed to the way

in which the rats were preexposed to saccharin. In most flavor preex-

4 A i

po§ure experiments, the subjects are allowed free access to the preex-
posure solution during preexposure sessions. In this experiment,

T however, the rats were allowed only limited access to the saccharin

" solution during exposure sessions. Munroe and Barker (1979) .conducted

a flavor aversion study which suggests that the small magnitude of the

‘e
-

preexposure effect obtained in this experiment is due to.the rats' lim-

‘ited access to saccharin during the exposure phase. In their study,

rats were given repeated pairings of a small amount of saccharin (1 ml)

with a weak illness reinforcer (1 ml of LiCl). In contrast to the find-
ing of one-trial learning usually obtained in flavor aversion studies,

they found that several pairings of saccharin with LiCl were required to

4 v

condition a reliable aversion to saccharin under these conditions. .
;

-

) ! ‘ Experipent 2 ’ ¢

v

Given the small magnitude of the preexposure effect obtained.in

v

. 1

—

[P



-

. 36

Y
e

the first experiment, the conclusions of that experiment concerning the
importance of environmental context for the flavor preexposure effect
must be viewed with caution. This seFond Experiment.was designed‘to
provide further evidence on thé réle of envirsnmental context in the
flavor preexposure effect. Essentially a replication of the first
experiment, this study examined the effects of a cross—conxe;t shift
on the flavor preexposure effect under conditions which should éroduce
a somewhat .larger preexposure effect.

Two parameters which are known to affecé the magnitude of the
flavor preexposure effect are the duration of the animal's exposure
to the flavor (Domjan, 1972) and the number of times thF animal is
gxposed to the flavor prior to conditioning kElkins, 1973). Typically,
increases in the values of these parameters are associated with larger
preexposure effects. In this experiment, both the amount of fluid
available to rats during preexposure sessions and the numger of preex—
posure sessions were increased in an attempt to insrease the magq}tude
of‘Fhe flﬂvor preexposure effect. \
Method '

éubjects. The subjects were 30'na£ve male hooded rats weighing
300-350 g prior to the start of the experiment. They were housed and

maintained like those in Experiment 1.

Aggaratus. The environments and d;dpking cups were the same‘as
those used in Experiment 1. -

Procedure. With only a few changes, the procedures'and groups in
this experiment r;plicated those of Experiment 1. First, the duration

of the preexposure phase was increased from 5 to 8 days in this experi-

s 4
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ment, with rats in each gr;up given a preexﬁbsure session on each of
those days. As gefore, the rats in Groups Shift 4nd HC wereypreexﬁgsed
to sacc¢harin during these sessions, whereas those in Group No Pre re-
ceived tap water to drink. Secgnd, the amount of fluid available to
the rats during a session ‘was increased by 1 ml, so that the ratsﬁﬁrank " 3
either g ml of saccharin or tap water during preexposure sessions.

Finally, the rats in this experiment received a 20-min two-bottle gref-

erence test on eéch of two consecutive days, rather than the single

-
-

test administered in Experiment 1.

Results o

Examination of the drinking cups at the end of each session

showed that no fluid was being lost through spillage. In this experi- *

-

ment, no rat fai}ed to completely consume all the fluid available to |

- ' 4
it during preexposure and conditioning sessions. '

Analysis of fluid consumption on each of the two-bottle tests
revealed that the gr&ups did not differ in total fluid éonsumption.
Figure 2 presents each group's mean saccharin preference from each of
the test sessions. The first thing to note about these data is that
the preexposure effect obtained in this experiment was shbstantially

larger than that obtained in Experiment 1. In that experiment, the_

»
rats in Group HC (rats preexposed and conditioned in their home cages)
A

*showed 'a strong aversion to the preexposed saccharin solution after it

was paired with 111qgss. In this experiment, however, the rats in’

. “
tﬁft group actually. showed a slight preference for sacecharin after it

was paired with illness. Increasing the rats' preconq;tioning experi-

ence with saccharin by increasing the number of preexposure sessions

»

-

- -
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Figure 2. Mean percentage saccharin preference for each group from
— .

the t;o—bottle tests administgred fn Experiment 2.
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and the amount of fluid available in those sessions thus produced a

L]
larger flavor preexposure effect.

’

Aside from the larger exposure effect obtained in this experiﬁénc,
the pattern of ;e;ults—ia similar to that of Exp;;iment 1. Once again,
the rats who were exposed to saccharin prior to con§it}on1ng (Groups
Shift and HC) formed weaker saccharin aversions ;han'the no-preexposure
controls. It's ;iso apparent, however, that the two gréﬁps preexposed
to saccharfn did net develop.év;rsiong of equal magnitude. The rats in
Group Shift developed a stronger aversion to saccharin than the rats in
Group HC. Analysis of the groups' mean saccharin preferences collapsed
over the two test trials revealed s}gnifican; between-groups differences
(F(2,27)=30.47]. Contrasts across these means indicated that the rats
in Group Shift formed a stroniér saccharin aversion, than those in Group
HC [F(2,27)=5.84], but that the;; two groups combined formed a weaker
aversion than the no-preexposure control group [F(2,27)=24.62]. Given
that the true size of the effect for the second contrast is at least as
large as that for the first (Rodger, 1974,’eqn. 8), this set of decisions
implies that the groups can be ordered with respect to strength of saccha-
rin aversion as fq}lows: Group HC < Group Shift < Grouﬁ No Pre.

~

Discussion .

In the first experiment, conditioning a preexposid saccharin CS in
an env*ronment other than the one in which it was preexpoééd attenuated
the normally detrimental effects of flavor preexposure on learning.

Those data suggested that environmental context plays an important role

*

in nediatiﬁg the effects of flavor preexposure on learning, and that
the processes underlying flavor preexposure effects are the same as

those mediating stimulus cxpoéure effects in more traditional paradigms.

™ *

\ - v
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The, generally small magnitude of the preexposure effect obtained'in

that experiment, however, precluded any firm conclusions regarding

these points. "
» L ] .
The results of this exXperiment put those conclusions on somewhat -

P

firmer ground. 1In this experiment, rats received more extensive pre-

.

conditioning exposure to saccharin than in the first experiment, and a .
larger preexposure effect was obtained. Nevertheless, the same pattern
of results was observed in the two experiments. As before, rats pre-

exposed to saccharin in a novel envirornment and conditioned in their

.

home cages formed stronger saccharin aversions than rats both preexposed

14 -

and conditionéd in their home cages. TFhe data thus replicate those of

the first experiment in showing that a context shift can disrupt the

)

effects of flavor preexpésure on learning. As in the first-experiment,

however, the context shift manipulation did not abolish the flavor pre-

exposure effect. Rats preexposed and conditioned in different environ-

ments still formed somewhat weaker aversions than rats who hadn't been

exposed to saccharin prior to conditioning. The similarity of the re-

e

r Y
sults of these two experiments suggests that the small disruptive

effects of a context shift in the first experiment were due to the
small magnitq'e of tpe preexposure effect obt;;ned in that experimeng,
and not to the ineffectiveness of the context shift manipulation.
Taken together, the results of these two experiments indicate
that environmental context is an important determinant of the effects
of flavor preexposure on conditioning. Insofar  as this is thg.case,
it seems reasonable to contlude that the same processes mediate both

« o
flavor and other stimulus preexposure effects on le ing. It should



E P

s
-
-

-

41
thus be possible to use the flavor aversion paradigm to evaluate cur-
rent accounts of 1aten£ inhibition. The next two\experiments represent-
an inittal attempt to evaluate one such account, the stimulus location

hypothesis of Nadel and Willner (1980). v

Experiment 3

Nadel and Willner (1980) suggested that stimulus exposure retards
later learning because the preexposed stimulus is usually presented in
the same location throughout preexposure and subsequent conditioning.
They argued that the stimulus is novel when first exposed because it
does not match what the animal's map predicts to be i:vthe location
where the stimulus 1; pg;sented. With continued exposure, however,
the animal's map is modified to reflect the occurrence of the stimulus
in that place. The animal wil] now expect to find the &timulus in
that location, and its occurrence there will be seen as a famil%ar
evené. Since familiarity retards learning, animals conditioned with
the preexﬁosed stimulus in 1its origina% 1¥ation will learn about it .

. .

more slowly than will animals not exposed to the stimulus prior to
~

-

conditioning. This retardation of learning is not inevitable, however.

Nadel and Willner predicted that changing the location of the preex-

’

posed stimulus wpuld disrupt latent inhibition. The ahimal's map will
identify the preexposed stimulus as a novel event when it occurs in a

-

different location and its associability ,with other events will be re-
stored. Cognitive map theory thus suggests tha; the effects of stimulus
exposuf; on learning depend on wﬁere the preexposed stimulus is pre-
sented at the tin; of conditioning, as this will determine whether it

is seen as novel or familiar. |
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The results of Experiments 1 and 2 are consistent with this ana-
lihis of latehé inhibition. There, rats exposed to a saccharin CS in
one enviromment and subsequently conditioned to avoid that flavor in a
different environment formed stronger saccharin aversions than rats
both preexposed and conditioned in the same enviromment. Conditioning
the preexposed saccharin in a different environment disrupted latent
inhibition. Insofar'Zé these experiments demonstrate that latent in-
hibition depends on the continued presentation of the preexposed CS in
the same enviromment, they can be considered support for a cognitive
map interpretation of the phenomenon. These éxberiments do not directly
address the role of stimulus location in latent inhibition, however.

In asgerting that an animal learns the location of an event, cognitivev
map theory implies that the animal should know not only in what envi-
ronment that event occurs, but also where it occurs within that envi-
ronment. Cognitive map theory thus predicts that simply changing the
location of the preexposed stimulus within the preexposure enviromment
should disrupt latent inhibition.

The present” experiment examined the effects of a within-context
shift on latent inhibition. Here, two groups of rats were initially
exposed to saccharin from a part;cular location in an environment con-
taining a number of.distinctive objects. They were then poisoned after
consuming saccharin in that environment. Omne group of rats was condi-
tioned with saccharin 4n the location where it had previously been
available to them in the preexposure environment. For the second group,

the location of the saccharin solution relative to the other objects 1Y

the preexposure enyironment was changed just prior to the conditioning

[ 4
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trial. The rats were subsequently tested for saccharin aversion in
~ <
their home cages. According to map thgory, the rats preexposed and

conditioned with saccharin in different locations should dévelop

-strqnger saccharin aversions than the rats conditioned with saccharin

in its original location within the preexposure enviromnment. By com-
paring both groups of animals with appropriate no-preexposure cont{ols
it should also be possible the determine how effective a within-context
shift is in disrupting latent inhibition. . \
Method

Subjects. The subjects were, 30 naive male hooéed rats weighing
250-300 g prior to the start of the experiment. They were housed and
maintained under conditions like those in effgct duri ghe preceding ‘
experiments.
. Apparatus. A total of 30 clear plastic environments with perfo-
rated metal tops were used as preexposure environments in this experi-
ment. These environments measured 50 x 25 x 15 cm and were located on
the floors of two dimly-lit rooms adjacent “to the animal housing room.
Each environment contained three wood blocks of different shapes and
sizes (Block A=5 x 5 x 10 cm, Block B=7.5'x 7.5 x 2.5 cm, Block C=7.5
x 7.5 x 5 cmy. These blocks were arranged to stand in a fixed rela-
tionship to one another and to the walls of the environment and were
secured in place with a putty-like adhesive. Each environment also
contained a single metal drinking cup, situated in one of two places
relative to the blocks and walls of the environment. The locatiog of

the drinking cup within the preexposure enviromment could be changed

between trials, but-its location on any given trial was fixed by se-

N -



curing it in place with the adhesive. A echematic drawing showing
the locatiéﬁs occupjed by the wood‘hlocks and the drink{pg cup in
the preexposure environment is presented in Figure 3.

Procedure. ‘The rats were initially adapted to handling, water
deprivation, and saline injections as described in the preceding ex-
periments. They were then assigned to three groups (n=10) matched
for fluid consumption over the last 5 days of the adaptation period. -
» Two groups of rats, Groups Same and Diff, were preexposed to
saccharin on each of the next 8 days. After their daily wetghing“at
0930, the rats were removed from their home cage# and p1§ced in the’
preexposure environmen;s for a 20-min period.”” There they were allowed.
to find and consume 3 ml of a .15% sodium saccharin solution from‘:
drinking cup whose location in the preexposure enviromment remained
constant from trial to trial. The rats were then returned to their
home cages and the preexposure enviromments were cleaned. - The rats
in the third group, NOLPre, were treated like those in Groups Sape
and Diff, except that they drank tap water in the preexpogure envi-~
romments inst;ad of saccharin. App;oximfgg;y 2 hr after the end of
each preexposure sessio;, the rats in all three groups were allowed

€
their normal 20-min access to tap water in their home cages.

«

Special efforts were made dﬁring‘the preexposure phase to ensure
that the rats' orientation and location on their release in;o the
preexposure environment were varied from session to session. Similarly,
the location of the drinking cup in the preexposure*envirou-eni was
coufiterbalanced within groups. Ralf the rats in each group vere pre-
exposed with the d;inking cup in Location 1, whereas the remaining

' /
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Figure 3..<Scale floor plan of .the preexposure environment used in
Experineﬂts 3 and\@. The afZ&B labeled "A," "B," and

"C" indicate the location? occupie& by wood blocks. The

. dashed squares labeled "1" and "2" show the two possible

. locations for the drinking cup.
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.rats in each group weFE preexposed with the drinking cup in Location 2. .
The rats in all three group; received a saccharin-LiCl pairing on k
Day 9. After they were weighed; the rats Yere placed in the preexpo-
sure environments and allo&ed 10 min to consume 3 ml,of the saccharin
solution. gor 8roups Same and No Pre, the drinking Eup‘holding the
saccharin solution was left in the location it had oécupied during the
preexposure phase. For the rats in G}oup Diff, the location of the
drinking cup relative to the other objects in the preexposure environ-
ment was changed just prior to the conditioning trial. The rats wer;
removed f{om the preexposure environments at the end of the 10-min
period and injected with 12 ml/kg of .15M Liéi. They were then re-
turned to their home cages, where they received their normal Zb—min
access to tap water 2 hr later.

\

Day 10 was a water recovery day. Approximately 2 hr after their

weighing, the rats were allowed 20-min simultaneous access to tubes

of tap water presented at the front of their home cages. The posi-

, tions of the drinking tubes were reversed halfway through the fluid-

-

access period. The rats were tested for saccharin aversion on Days
11 and 12. On these days, the rats received a 2(0-min two-bottle
pfefefence test between saccharin and tap water in their home cage;.
The location at which saccharin was initially presented in the home
cage was counterbalanced both within groups and across tests, and
the positions of the drinking tubes were reversed halfway thrdugh
each test. “

LA

Results °

»

Examination of the drinking cups at the end of each session in-

L

\
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dic?ted that no fluid was being lost through spillage. One rat from
each of the three groups failed to con;ume all the fluid available to
it during the first preexposure session. At no other time, however,
did the rats fail to consume all the fluid available to them in the
preexposure environments.

One rat from each of Groups Diff and No Pre broke its teeth in
the home cage during the preexposure phase, and their data were ex-
clude% from all analyses. To maintain equal samples, the data from
a randomly chosen rat in Gropp Same were also excluded from analysis.

Analysis of fluid consumption revealed that the groups did not
differ‘in total fluid consumption during the two-bottle tests. Figure
4 presents each group's mean saccharin preference for each of the test
sessions. Inspection of the figure reveals that the rats in Group No
Pre displayed an almost complete avoidance of saccharin after its
consumption was paired with illness. The rats in Groups Same and

-

Diff, on the other hand, avoided the saccharin solution to a lesser

. Y

extent than the rats 4in Group No Pre. Preconditioning exposure to
saccharin attenuated the acquisition of an aversion to that flavor.
However, it also appears that changing the location of the preexposed
saccharin solutiomr within the preexposure enviromment disrupted the
detrimental effects of flavor preexposure on aversion conditioging.
The rats in Group Diff displayed a greater reluctance to consume
saccharin than did the rats in Group Same. Statistical analysis of
each group's mean saccharin aversion over the twa test trials con-
firmed this impression of between—groupi differences in saccharin

'

avergion [2(2,24)-29.85]. Post hoc contrasts across the group aver-

L
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1 .
Figure 4. Mean percentage saccharin preference for each group from .

. the two-bottle tests.-administered in Experiment 3.
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ages indicated that Group Diff avoided th; saccharin solution to a .
greater extent than did Group Same [F(2,24)=4.40], and that these two
groyps combined showed &ess avoidance-of saccharin than did Group No
Pre [F(2,24)=25.45]. Given that the true size of the efkect f;r the ‘
second contrast is at least as 1a;ge as that for the first (Rodger, 1974,
eqn. 8), this set of decisions implies that tQF groups can be ordered

with respect to strength of saccharin aversion as follows: Group Same <

&

Group Diff < Group No Pre.
Discussion ' ) .
The results of the present experiment suggest an 1;Q9rtant role .
for;stimulus location in latent 1dﬁib;tiop. Here, saccharin preéxposure - ‘

retarded the acquisition of an aversion to that flgvor in rats condi-

tioned with sacchgrin in the location where it was originally ﬁregxposeq.

This retarQation of léatning was greatly attenuated, /however, if the ’

spatial relations between the preexposed saccharin Cs and‘the other

objects in the grfexposure environment were altered gust‘pqior'to the
conditioning trial. Changing Ehe location of the saccharin sqlution‘ .
within the preexposure-environment disrupted latent inhibition for that
flavor. .

These findings support a cognitive map interpretatien_ of latent

inhibition. A basic tenet of the theory is that the\novelty/iamil;arity <

of an event depends on its location. According to this view, ;n event

is familiar if it matches what the animal's map predicts.to be in the' ‘

-,

L

location where the evenmt occurs; otherwige it is novel. Since
novel and familiar events are differentially effective in lcarning
tasks, the effects of stinulus exposure on learning ohould depend on

the location of tha pteexpos stimulus at ‘the tine of cenditioning.

Preexposure should retard leatning if the preexposed stimulus is pre— :
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-

sented in its original location, as the st;mulus will be identified

As a familiar event? Condi¢ioning the animal qith the preexpesed i

stimulus in a different location shoulé disrupt latent‘inhib{tion,

however, as the preexposed‘stimulus wili-be sé;ﬂ as 5 novel event

under these conditions.. Cognitive map theofy e;plicitly predicts a

reduction in ddtent inhibition folléwing a chang; #n the location of

the preexpoéed stimulus. ‘ . v
Envirommental éontext also plays an imporggnt role in the accoungs\

of latent inhibitiqﬂ\developed by Lubow et al. (1976) and by Wagner

(1978). As such, the results of this experiment. would seem relevant

to evaluating these accounts of latent inhibition. Lubow et al. argued

that an adequate explanation of 1ateﬁt inhibition must takehinto account

1 ’

the preexposure history of the environment where training occurs. Ac-
éor@ing to Lubow and his co-workers, the most effective conditions for
learning are those in which there exists a contrast between the novelty
of a stimulus and the novelty of the environment in which it is pre-
sented. Presumabl&, a condition of contrasting novelty of stimulus to
enviromment results in the stimilus having a high "salience,ﬁ while
the laFk of.suéh a contrast produces a stimulus of low salience. Thid
view implies that stimtlus expbsure should retard learning only when
conditioning takes place in a familiar environment. Under these con-
ditions, the stimulus will be of low salien?e for .preexposed animals
(old stimulus in old environment), but will be highly salient for neon—

preexposéd controls (new stimulus in o1d environment). Stimulus expo-

sure should actually facilitate learning if training takes place in a

S~ Hovel environment. Here, the stimulus will be more salient for preex-

iV
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posed animals (old stimulus in new enviromment) than it is for non-
preexposed controls (new stimulus in new enviromment). Whether stim-

»

ulus exposure retards or facilitates learning, then, depends on the

novelty of the training environment. 4

The r;sults of the present experiment challenge a stimulus con-
trast account of latent inhibition. Lubow et al. define the contrast
of stimulus to environment in terms of the difference in their absolute
novelty. Changing the location of a stimulus within an environment
should thus have no effect on its salience in that environment. As a
result, -stimulus contrast theory would have to predict ﬁb disryption
of latent inhibition following a change in the location of the preex-
posed stimulus within the breexpo;ure environment. , The fact th;:\ihis
manipulation does attenuate latent inhibition argues against this ap-
proach_to latent inhibition.

Wagner (1978, 1979) suggested that stimulus exposure retards
learning ﬁecause conditioning of the preexposed stimulus usually takes

o

place in the preexposure enviromment. According to Wagner, the occur-

"rence of an event eygages‘the processes necessary for learning (e.g.,

rehearsal) only to the extent that the event is not already represented
in short—-term mempry. With respect to latent inhibition, he argued
that the repeated presentation of-a stimulus in an environment leads

to the formation of associations between the preexposed stimulus and

the cues comprising the preexposure environment. When training subse-

.-

quently takes place in that enviromment, these contextual cues ''prime"

r

a representation of the preexposed stimulus into ;hort-term memory.

The héimulus will then receive diminished processing and learning will

/ - -
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be retarded. The obvious implication‘of this view is that preexposure
should retagaolearning only when training takes place in the preexpo-
sure environment.: heory predicts that the preexposed stimulu;
would be fl:llly proc:.Sif training occurred in a different environ-
ment, as the contextual cues which would otherwise serve to prime the
stimulus into memory would be absent. Environmental context influences
latent inhibiéion, then, by determining, whether the preexposed stimulus
is primed into memory at the time of conditioning.

The results of the preseﬁt experiment create difficulties for the
information processing view insofar as they demonst£;te that simple
associations between contextual "cues'" and the preexposed stimulus are
insufficient to explain latent inhibition. As it stands, the theory

N

would predict little or no reduction in latent inhibition following a

within-context change in the location of the preexposed stimulus.

Changing the location of the preexposed stimulus within the preeibo-
sure environment dJes not alter the fact that conditioning taéés place
in the presence of the contextual cues previously associated with the
occurrence of that stimmlus. The preexposed stimulus should still be
primed into short-term memory at the time of conditioning and léarning
should still.be retarded. In order for the theory to accomodate re-—
sults like those obtained in the present experiment, it would seem
necessary to assume that the animal also learns about the spatial
relations between thée preexposed stimulus and the other objects in

the preexposure environment. The most ogvioua possibility here is

that the preexposed stimulus 1is represented in terms of its location

within the preexposure environment. If this was the case, a reduction

e e e g
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in latent inhibition following a change in the location of the preex-:
posed stimul&s would make good sense. Presented in a different loca-
tion, the preexposed stimulus would not match the representation of~

"

the stimulus already primed into short-term memory. The stimulus
would be fully Précessed and learning would not be retarded. )

Even though the ipformation processing view can be modified to
account for the results of within-context shift experiments, cognitive
map theory would seem to provide a more adequape account of latent in-

hibition. Given that it is necessar§ to assume that animals learn

about the spatial relations among events, it would seem unnecessary to

postulate associations between contextual cues and the preexposed stim-

ulus to account for latent inhibition. Wagner assumed that such asso—

-ciations were responsible for the effect on the basis of his finding

(Wagner, 1979) that latent inhibition could be "extinguighed" by
giving animals context-alone sessions between preexposure and condi-
tioning. It should be recognized, howgver, that cognitive map th&ory
would also predict a reduction in latent inhibition following context-
alone sessions. Such ;;ssions should cause the animal's map of the
preexposure enviromment to be revised to indicate thkt the preexposed )
stimulus°*no longer occurs there. The fact that latént inhibition can
be extinguished, then, is compatible with both the cognitive map and*
information processing accounts of the effect. Insofar as cognitive
map theory only &@ssumes that animals learn about the spatial relations

among events, it is more parsinonious‘than the information processing

account of latent inhibition.
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-\ Experiment 4

Experiment 3 demonstrated that the location of tﬁe preexposed
stimulus is an important factor in latent inhibition. There,™changing
the location of a preexposell saccharin CS att;nuated latent inhibition
for that flavor. The purpose o% the present experiment was to repli-
cate and extend this finding. In Experiment 3, the location of the
saccharin CS was changed by altering its position relative to the other
objects in the preexposure enviromment. This is not the only way to
change the location of an event, however. To the extent that therloca-

tign of an event is defined by its spatial relations with other objects,

- -
rearranging those objects will also change the location of that event. -

This suggests that it should be possible to disrupt latent inhibition
simply byggearranging the cues used by the animal to define the location
of the pl!xposed Cs.

The present experime;b was designed to test this possibility.'
Here, ¥ats were forced to rely on the relations among intra—apparatuf
cues to define the location of a préexposed saccharin CS. Three groups
of rats replicated the essential conditions of ;xperiment 3; one group
was conditioned with saccharin in its original location, another was
conditioned with saccharin in a new location in the preexposure envi-
romment, whereas the remaining group was not preexposed to saccharin
prior to conditioning. The rats in a fourth group were also preexposed

to saccharin prior to conditioning. For the rats in this group, the

X
cues in the preexposure envirgmment were rearranged just prior to the
conditioning trial. If stimulus location is important in latent inhi-

bition, these rats should display reduced latent inhibition for the

Ay
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saccharin CS. Furthermore, these rats should display saccharin aver-
sions of approximately the same magnitude as those displayed by rats
actually suffering a change in the position of the saccharin GS. .

A second purpose of this experiment was to examine the effects of
removing individual cues fro; the preexposure envi?onment on latent
inhibition. O'Keefe and Nadel (1978) argued that the spatial relations
which define the location of an event are redundant in the sense that
no single relation is necessary to define the location of that event.
The removal of any given cue from an enviromment does not alter the
spatial relations which exist between the remaining cues and the ref-
erence event. So long as some minimal number of cues remain in their
original positions relatiye to the reference event, the event should
be seen as occurring {1 tﬁe same location., As applied to latent inhi-
bition, this, view suggests that.the removal of any given cue from éhe
preexposure environment wili have relatively little effect on latent
inhibition for the preexposed stimulus. Tliree additional groups of
'rats were preexposed to saccharin in the present experiment to test
this poégz;ility. Por each of these groups, one of the wood blocks
was removed from the preexposure environment just prior to the condi- P
tioning trial. If the spatial relations which define the location of ’
an event are truly redundant, rats in these cue-deletion groups should
display little or no reduction in latent inhibition for the preexposed ,
saccharf; cs.
Method { .
J

/

250-300 g prior to the start of the experiment. They were housed and |

5

Subjects. The subjects were 56 naive male hooded rats weighing
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maintained under conditions like those in effect during the preceding

experiments. ‘
Apparatus. The‘preexPOSure environments were the same as those
used in Eiperiment 3, except that the outer walls and floors of the
environments were covered with aluminum foil to ?1n1m1ze visual input
from extra—apbaratus cues. o
- Procedure. The rats were‘initially adapted to handling, water

deprivation, and saline injections as described in the previous exper-

iments. They were then assigned to seven groups (n=8) matched for

-

average water consumption over the last 5 days of the adaptation pé}iod.

The rats in Groups Same, Diff, and No Pre wefe preexposed and
conditioned as described in Experiment 3. The rats in Groups Same
and Diff were preexposed to saccharin on eight occasions pfior to

conditioning, whereas the rats in Group No Pre only drank tap water
’
in the preexposure enyironment. On the conditioning trial, the rats
%

. 7 ‘

=~ #r"Group ‘Same dpank saccharin from the location where it was origi- -~
nally exposed, whereas the rats in Group Diff found saccharin in a
different location in the preexposure environment. The rats in Group

No Pre were conditioned with saccharin in the location where they

.
1

had previously found tap water.

The four remaining groups were also preexposed to saccharinm prior
- .

" to conditioqing. During the preéxposure phase, the rats in these

groups were treated exactly like the rats in Groups Same and Diff.

i

The rats were then poisoned after drinking saccharin in the preexpo-
. sure environment. For the rats in Group Exchange, the wood blocks

in the preexposure euviraﬁleut were rc.rrangid just prior to the con~

L

ol
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.

\ ditioning trial. This was done by systematically exchanging the blocks
with one another in a counterclockwise \fgshiOn; block' A was presented.
"in the lo'cag:hvn originally occupied by bloek B, B was presented in C's
original lo;:ation. while C was pre;ented %n A's original location.

Each of the thre:‘t/mining groups had one of the wood blocks rmve_d
from the preexposure em;ironaetit just prior to the conditioming trial.

For the rats in Group Near, the block nearest the drinking cup (A or C)

the drinking, cup (A or C) removed prior to conditioning. Finally, the

t.

.

, Temoved frém the preexposure env
The rats in all seven groups were tested for saccharin wera:loq

as described in the preceding expeii‘nnt. Following a water recovery

' day, the rats received a two-bottle preference test between nd?chs;t'iln

and tap water in their home cages on each of 2 consecutive days.

-
.

Results
Examination of the drinking cups at the end of each session re- .
* velled that little or no fluid wag being lost through spillage« One
e

rat from each of Groups Same, No Pre, and Far failod to consume all.‘ :

the fiui& svailable to it during the first preexposure session. At’

o DO other time, hmmver. 414 the rltc’fuu to consumeé all the fluid

nnilnbh to them in the ptoc:poaur. m:. ]
Analyah of fluul wmn revealed that the groups did not

dﬂf-r in total fluid copmumption om ot:hdr of' the two-bottle thitg‘ )

’hbh 1 presents egch group's mean ‘saccharin praference for each of

the test sess The first thing to nots about th.‘ﬁu.u t‘hm: ) .
R | - .o

-
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Table 1

Mean Percentage Saccharin Preferences from th

Two-bottle Tests in éperiment 4

- Test X

Group i 1 Zﬁ\

Same 55.3 78.0
Diff 35.4 63.5 \
No Pre . 2.6 . 5.5 \
E’xcl.lange 41.8 70.6
‘Near 53.5 ' 81.3
Faxr 44.3 . 72.6

, Inter . 64.8 71.3

v T .
Remove A? 43.1 78.1
femove B4 = 64.8 71.3
Remove C* ‘ 54.7 ©75.8 -
T«

8Recalculated data from proups Nesr, Far, and Inter

’
- -
~ .
v
- -
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all the groups preexposed to saccharin prior to conditioning abquiréd
weaker saccharin aversions than Group No Pre. Saccharin ﬁreexposure

’ retarded the acquisition of an aversion to that flavor. It's clear,

however, that the rats preexposed to saccharin did not all acquire
i saccharin aversions of the same magnitude. The weakest saccharin
aversions were displayed by Groups Same, Near, and Inter, whereas
Groups Diff, Exchaﬁge, and Far all displayed stronger aversions to
saccharin. The differences between these two sets of groups were
most apparent on the first day of tesging and had largely disappeared
by the time of the second test.

Analysis of variance on the data from the first test session
confirmed the existence:of between-groups differences [F(6,49)=7.78].
Contrasts across the group averages indicated that Groups Same, Near,
and Inter did not differ from one another. Likewise, the differences
among Groups Diff, Exchange, and Far were not significant. These

latter groups did acquire stronger saccharin aversions than qhe former

set of hrouﬁs, howevénq [F(6,49)=1.45]. Finally, all the groups pre-

osed to saccharin acquired weaker aversiong than_the rats in Group
No Pre (6,49)=5.95]. Given that the true size of the effect for the
second contr is at least as large as t@at for the first (Rodger, 1974,
eqn. 8),‘this set decisions implies that the groups can be ordered
with respect to strength of saccharin aversion as follows: Group Same =
- Group Inter = Group Near <\ Group Diff = Group Exchange = Group/Far <
s Group No pre. hnalysiu of the data from the second test session indi-
cated that there were no differences among the groups preexposed to

saccharin. These groups continued\to dinplay‘wnakar saccharin aversions

than Group No Pre, however. .
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The data from the cue-deletion groups can also be analyzed in
terms of the specific block removed from the preexposure environment.
The lower portion of Table 1 presents recalculated data from these
groups which show the effects of removing a particular cue from the
preexposure environment, regardless of its distance froq the drinking
cup. It's apparent from these data that the rats who had block A remo—
ved from the preexposure environment acquired stronger saccharin aver-
sions than rats who had either blocks B or C removed from the preexpo-

« sure environment prior to conditioning. Re-analysis of the data

from the first test session confirmed this impression [F(6,49)=
7.93]. Post hoc contrasts across the group averages indicated that
Groups Same, Remove B, and Remove C did not differ from one another,
nor did Groups Diff, Exchange, and Remove A. ‘ipis 1after set of groups
displayed stronger saccharin aversions than the former set of groups
[F(6,49)=1.60]. All these groups displayed weaker saccharip aversions
than Group No Pre [F(6,49)=6.00]. Given that the trie size of ghe.effect
for the second contrast is at least as large as that for the first
(Rodger, 1974, eqn. 8), this set of decisions implies that the Lroups
can be ordered ;ith respect to strength of saccharin agetsion as follows:
Group Same = Group Remove B = Group Remove C < éroup Diff = Group Exéhange
= Group Remove A < Group No Pre. ¢
Discussion ‘ X r

Cognitive map t‘heory predicts that the ;ffects of stimulus exposure
on learning will depend gn where the.atiluius isllocated at the time of
condfitioning. The animsl's map will idedtify the stimulus as a familiar
event if it is presénted in its origingl location, and learning should be

»

retarded. The preexposdd stimulus will be 'seen as a novel event if it is

presentc& in a different location, however,

-
M 1
-
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and learning should not be retarded under‘these conditions. Experi-
ment 3 provided some initial support for this view. There, changing
the location of a preexposed saccharin CS by altering its' position
in the preexposure envirdénment attenuated latent Minhibition for tha:
flavor. The present experiment replicated this finding and provided
a further demonstration of the effect. Here, changing the' location
of the saccharin CS by rearranging the cues in the preexposure envi-
ronment also attenuated latent inhibition for that flavor. Further-
more, changing the location of the saccharin CS in this way was just
as effective in attenuating latent inhibition as actually altering
its position in the preexposure environment. Insofar as these find-
ings reinforce the view that stimulus location, is 1ﬁportant in latent
inhibition, they provide fu}ther support for ; cognitive map account
of the effect. )

The data from the cue-deletion‘groups run in this experiment

’ .

are more difficult to interpret. There are two major problems here.*
It is clear that one of the ;hree blocks in the preexposure environ-
ment was more important that the others, as removal of this cue at-
t?nuated latent inhibition for the preexposed saccharin CS. Unfor-
tunately, it's not clear vwhether the significant cue in this situation
was the block ;artheat from the drinking cup (block A or C) or a
particular,block'(block A). The data are compatible with either view.
The problem is compounded by the fact that it is unlikely that it was
the mere absence of the significant cue which disrupted latent inhi-

bition. Given: the performance of Groups Diff and Exchange in this

experiment, it seems more likely that removal of this cue disrupted

. -
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Jlatent inhibition because it altered the relationship which had pre- \R
~ : .
viously existed between that cue and the other cues in the preexposure {\

environment. The nature of this relationship remains unclear, however.

A 0

There is another problem in intexpreting these\data. The present

.

experiment was onlishesigned to determine whe;her rempval of dndividual

cues from the preexposure environment would affect late inhibition.

[

As such, 1& provides few insights into why this manipulaéion attenuated
latent inhibition for the saccharin solution. The most obiiéus possi-
bility is that removal of the significant «cye caused the sacchgrin CSs

LY
to be perceived as occurring in a new location, If;phls was the case,
® t‘ ‘- ‘ ¢
these data would contradict the view espoused hy.0'Keefe and Nadel .

-

(1978) that the 3‘gpatial relations which define 'tt;;f iocation of an
event are inherently redundant. There i& also a secbnd possibility.
, <

Both Lantz (1973) and Rudy et al. (1977) ¢bserved that presentation

of novel stimulation just prior to condit#oning would attenuate latent
. . .

inhibition for a preexposed stimulus. This suggests that removal of
LY N <«

.

the significant cue from the preexposure environment may have acted as
)

a non—-specific semsitizing influence to disrupt latent inhibition. At
. P
the present time, there is no basis for preferring ;:;‘Interpretation

¢ »
over another. In order to differentiate these alternatives, the task
- N\

used in this experiment would have to be restructured to force the' \\

LY

rats to use their knowledge of the spatial disposition of the environ-

ment to find the saccharin CS. Changes in latent inhibition could

e v

. \ .
then be correlated with rats' performance on the place learning tas*.

‘ .

If cue deletion disrupts latent lnhihition because it changes the

location of~£hg/preengﬁed stimulus, performance on the place:learning

~
LY A}

\ N\

. I3

A _ B
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task should also be disrupted. Place learning should not be impaired,

[

however, 1f cue deletion afffcte latent inhibition via a process of =~

- LN \
sengitization. -

General Dzﬁcussion .

\The present series of experimenté examined the effects of changin

t location of a priexposed saccharin CS on aversion &pnditioning of

thad flavor. Here, various manipulations which changed the location o

»

the saccﬂafln CS were found to attenuate latent inhibition for that

" flavor. Thege included presénting the saccharin CS in a different envi-
- ‘ L}
. ronment (Exgeriments 1 and 2), altering its position in the preexposyre

\ . envitonment (Experiments 3 and 4), and rearranging the cues in the pre—
+ exposure environment (Experiment 4). In all cases, rats suffering a
(¥ - ‘

.change in the lﬁfation of the sac:ﬁariu solution acquired stronger

- .

"> awversions than rats‘condiuioned'with saccharin in:its originél location.

~N

Changi@g'the location of the saccharin CS$ did not completely abolish
: - ) . 3 3
lgpent ingibition for that fla@pr, however. The results of these ex-

berimehts indicate that-the location of the preexposed stimulus is an

5. important factor in latent inhibition. The ﬁanipulations employed‘in
R v . B . . "‘( *

these experiments have Iittle in common other than the fact that they

all changed theilocaiibn of the ptéexpoﬁed saccharin CS. This makes

it rather unlikely that the disruption of latent 1nhib1;ién observed

in these experiments resulted from anything other th;n the change in
. . . »

the location qf the prééxposed stimulus.

/ \ . ) .

The results of these experiments are diréctly reievéﬁc to the =~

cognitive map account of latent inhibition. “One 1np11cation.of the °*
. ) > \
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\

view that animals build cognitive maps is the idea that novelty is

as much a relative property of an event as it is an absolute property

of that event. O'Keefe and Naéel {1978) argued thaé an event is
.novel if it does not match what the animal's map pred{cts to be in ‘

the location where that event occurs. Conversely, a familiar/gveqc

is one whose occurrence in a given location is already prediéLed by
.the animal's map of the enviromment. Since an animal is more{likely

-

to learn about a novel event than a familiar one, the locatio;\of an

event should be an important determinant of what®the ;nimal will learn
. about that event. Nadel/ and Willner (1980) applied this idea to latent

inhibition to suggest th stimulus exposure retards later )ledarning
because the preexposed stimu us is usually conditioqu,id/{ie 1oc;tion

»

.

where it was originally exposkd. Under these conditions, the preex~
pdse& stimulus will be familiay a earning will be retarded. The
preexposed stimulus wou regain its novelty if it was presented in

a different location, however, as the an
4

1's map would not predict
its occurrence in a new location. “Cpgnitive map theory théwefore

4 »
predicts that changing the location of the preexposed stimulus will

‘disrupt latent inhibition. Insofar as this prediction was confirmed

-

§ } N .
in all four experiments reported here, these experiments support the

cognitiyve map view Ehat'atinulue location is important in lategt in-—

a -

hibition. . .- 3\\ ) _—

. . -

Although Nadel and Wfilner (1980) did not address themselves to
> ‘ ‘ﬁ. ?
,” the, question of facilitated learning following stimulus exposurg,
. ] ., .
cognitive -:p theory does provide a rationale for the results of such

“perceptual learning" experiments. The Lubow et al. (1976) study
1 » ‘

. b

.
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described earlier makes it clear that stimulus exposure facilitates

learning only when training takes place in a novel enviromment.

~

Studies of exploration provide important clues as to why this is so.

Whereas animals approach a novel stimulus in preference to a familiar

)
'

one when tested in'a familiar emviromment, just the opposite is true

in a novel enviromment. Sheldon (1969) demonstrated that rats pre-
L 4

ferred a familiar object ,to a novel one wheq they were tested in a
novel environmenft. Similarly, Yamamoto et al. (1980) found that rats
adopted a familiar object as a base from which to explore a novel
environment. Tﬁe~simp1est explanation for rats' attraction to pre-

exposed stimuli in a novel enviromment is that of excape from fear.

Novel environments certainly evoke curiosity and exploration, but

3
they also tend to evoke fear. In such a situation, it 1is not sur-

-

prising that an animal will approach objects like those it previously:

~

encountered in a different environment. Preexposed stimuli provide
a ?eans ;f teducing the fear elicited by the novel environme;t, if

only because those stimuli were not associated wi;h aversive ;vents
in the past.

- &beae considerations suggest two ways in which stimulus exposure
could act to facilitate learning when training takes place in a novel
environment. Since the preexposed objects are the relevant discr;mi—
nanda, the preeibosed animal's téndency to approach those'onects will
rapidly bring it into contact with the relevant reinforcement contin-
gencies. This is important insofar as most animals initially adopt
place strategies in many discrimination learning tasks (cf. 0'Keefe &

Nadel, 1975, pPP. 264-290). The ﬁreexposed animal may or may not adopt

4
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a cue strategy from the outset of training, but its tendency to ap-
proach the preexposed objects will at least help it effect the transi-
tion from a place strategy to the cue strategy demanded by the task.
The-non—preexéosed animal, on the other hand, has no such advantage.

A segond possibility is that stimulus exposure facilitates learning
because preexposed and non-preexposed animals differ in their uncondi-
tioned responding to the discriminative stimuli. At best, the discrimi-
native stimuli ;ill be neutral for the non—pree§posed animal at the
start of training. It's not unreasonable to think that the discrimina-

tive stimuli will have positive incentive value for the preexposeq

animal, however, as they are "safe" stimuli in an otherwise dangéQous

environment. These differences in initial affective response to the

discriminative stimuli could result ln preexposed animals mastering

an appetitive task faster that non-preexposed animals. This concern

is relevant here, as perceptual learning has only bé%n demonstrated in

[N

appetizzye tasks. Until perceptuﬁi learning is demonstrated in a task

involvidg aversive motivation, this account of perceptual learning must

be fonsidered a viable one.
The foregoing indicates that ideas derived from an analysis of
cognitive mapping can be frujitfully applied to understanding both

latent inhibition and ﬁerceptual learning. The view that animals

'

gépresent everits in _terms of their locations, however, has implica-

.

tions which extend beyond the analysis of stimulys exposure effects

on learning. TQ? most obvious of these 18 that the location of an

*

"event is a more important determipant of learning and performance
‘ o~

than has previously been suspected. In what follqws, the %?ea that

~ -

-

% .
£ *
- -
.

5
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‘

animals possess context-dependent (spatial) repreBentations of events
will be applied to the phenomenon of biocking ahd to some recent find-
ings on extinction to illustrate how thi y further our under-
standing of the effects seen in these situationms.

Kamin (1969) reported- that prior conditioning to an element A
would attenuate tonditioning to an element B when the stimulil were
subsequently presented in an AB compound. Since then, the phenomenon
of blocking has generated a great deal of research and almost as much
gspeculation as to the-basis for the effect. Blocking of the added
stimulus has, at various times, beén attributed to a reduction in
reinforcer potency (e.g., Wagner, 1978) and to a reduction in CS po-
tency (e.g., Mackintosh, 1978). Although there are crucial differences
between these. two approaéhes, they share the common assumption that
blocking is due to the fact that the reinforcer is already fully pre-
dicted by the pretrained stimulus. Cognitive map theory is indifferent
as to whether blocking is due to changes in reinforcer or CS potency.

-~

Instead, the theory focuses attention on what is being predicted by
the preconditioned stiyulus. 'AccordiﬁE‘té this vigw, the animal in a
blocking environment is learning to expect a particular'peinforcer (a
reinforcer in a specific locatio;) as opposed to a general type of
reinforcer. The theory therefore ﬁredicts that changing the location
of the teinfeggér at .the start of compound conﬁitioning should attenu-
ate blocking of the added stimulus ("unblocking"). The theory also
leads to an interesting prediction concerning the effec;s of inter-
spersing element-alone refresher trials among the compound trials.

Giving the animal trials on which the pretrainedstimulus signals
” v
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the reinforcer in its original location should actually enhance un-
blocking ;ﬁ compound trials where the reinforcer occurs in a different
location. These predictions have yet to be tested, but it's clear
that the results of such a study would be of theoretical interest.

The idea that animals' expectations of events are referenced to

the locations where those events occur also helps to make sense of

-

som; recent findings in the extinction literature. It now appears
that extinction of conditioned responding to a stimulus 1is specific

to the environment where extinction takes place. Bouton and Bolles
(1979) gave rats tone-shock pairings in ome enviromment ard then
extinguished fear of the tone in either the same environment or a
different one. They found that rats given extinction trials in the
training environment showed little fear of the tone when subsequently
tested there. Rats extinguished in a differeqt environment and tested
in the traihing environment, on the other hand, &videnced as much fear
of the tone as non-extinguished controls. Bouton and Bolles were able
to rule out factors like pseudoconditioning, residual fear of the
training context, and inhibitory conditioning of the extinction coﬁ&
text as possible explanations for the renewal of fear'effect they
obtained. The fact that extinction 1s‘context—spec1fic makes good
sense when viewed from the perspective of cognitive map theory. Thq.

conditioned stimulus will be seen as a different event when it 18

presented in a different location. Even though the animal reéognizés

A
- \

that the CS i§ a different event, its initial response to the CS will
» % -~ .
be dictated by its previous experience with that stimulus. The animal

will therefore show conditioned responding to the CS upon ltl first
F] .

» . -

~
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few presentations in a new location. The animal w}ll quickiy learn
that the stimulus does not predict reinforcement, however, and will
adjuatlits behavior accordingly. Cognitive map theory therefore pre-
dicts that extinction should be a relatively rapid affair following a
change in the location of the conditioned stimulus, énd this is indeed
the case (Archer, Sjodén, Nilsson, & Carter, 1979). Since the CS is
represented in terms of its location, extinction of the CS in a dif-
ferent location will not affect the association which was establighed
between that stimulus and reinforéénent in a different enviromment.
The presentation of the CS in its original location should contin;e to
evoke conditioned responding appropriate to the association between
that stimulus and reinforcement. i -

Iit's clear from the above two exanéles that cognitive map theory
can be applied to situations other than those of latent inhibition
and perceptual learning. While we know some things about the proper-
ties of cognitive maps, there's a great deal more of which we are
ignorant. We still know very little about the preciee nature of the
representations subserved by the spatial mapping system, {.e., how"
detailed are these representations? We also know filatively little
about how animals actually define locations or how the information
contdéined in maps is translated into perfor-nnée.\ Finally, we need
to know more about how the spatiai -nppig’/tynte- interacts with non-
spatial (i.e., context-independent) memory sy to control the
ongoing behavior of the organism. All these questions are prominent
candidates for fum;:e research. Evea though we cannot provide detailed

answers to any of these questfons-at the present tt‘-; this should not
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prevent psyehologists from recognizing the potential imp6Fftance of ; . 3
3
. N ¥
spatial concerns for our understanding of animal learning a ry. -
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