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Abstract 

A variety 'of behavioral and physiological evidencje^isuggests that ani

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

tection 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 

i 

that event dccurs. Since an animal is more likely to learn about a 

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

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

will learn about that event. The present series of experiments tested 

this view by examining the effects of changing the location of a pre~ 

exposed flavor stimulus or\ 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, manipulations, * 

which changed the lcrcation of the preexposed flavor were found to -

attenuate latent Inhibition for that flavor. These results indicate 

that the location of the preexposed stimulus is an important factor , 

in latent inhibition, and suggest that event location is more impor

tant in learning than has previously been recognized. 

f 
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Abbreviat ions 

CS - conditional stimulus 
* 4 

ip - intraperitoneal 

M - moles • 

> 

11 / 

r 

.. / 

v . 



*-v 

iii 

Acknowledgements 
/ 

The research described herein Was supported hy NSERC grant AO-102 

• • . . . . • ' * . . v " - • • 

to W. K. Honig. v / v 

I wish to express my sincere, gratitude to my advisor, Werner Honig, 

for support, encouragement, and advice throughout my graduate training.-

I am also indebted to the remaining members of jny committee, P. J." Dunham, 

S. H. Hulse, V. M. loLordo, and R. S. Rodger, for their helpful comments 
• 

on the manuscript. 
* , \ 

V 
I would also like to thank Edd Hansen, Jake Jacobs, and Lyrict Nadel t 

for stimulating company, conversation and ideas. 
' Jf 

Jean Lightner is to be commended for her professional typing of -

the dissertation under1 adverse conditions. 

Finally, T*want to express my "thanks to Adele Blennerhassett for 

all those thing which are hard to describe inwards.. Her support, l^ve, 

and encouragement have been unflagging, and I will always be indebted, to -. 
t . • * «• 

• .., * 
her. » • *\ * 

1 
JH 1 



# "... the blind and the deaf can usually manage to 
look after themselves, but not those who suffer 
from spatial confusion." 

(Ross, 1975, p. 108) 

There now exists a variety of niata which suggests that animals , 
t _ , 

build internal "maps" of their environment (Me'nzel, 1978; O'Keefe & 

•Nadel, 1978). The research to be reported in th i s -d i sse r ta t ion is 
* - * - ' 

f v 

concerned with testing some of, the implications *of that idea for our 
* ' » \ 

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

viding the basis for "animals' navigational abilities, researchers , 

interested in jcognitive mapping have argued that a memory system for 

'-spatial 'information could also serve as a foundation for other cogni-

tive processes which are less obviously spatial in nature, like novelty 
•» * 

detection. Since most "psychologists would agree that novelty is 
• , t < 

•important for learning, it seems worthwhile to examine the idea that 

the novelty of anf'event may depend on where.it is located in the * 

environment. Accordingly, a series of experiments was undertaken to 

examine the effects of changing the location of a familiar stimulus-

on subsequent learning involving that stimulus. Before'describing 

this research and its implications, -however, it will be useful to 

spend some time considering the idea that animals build cognitive 

maps whjich represent th'e spatial disposition of their environment. 
J* T 
.A*brief history of cognitive mapping 
* The idea that animals learn about the topography of their environ-

• sfc* 

aent is not a new one. Tolman (,1932, 1948) was one of the .first to 

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

their environment. Based on his observations of rats in a variety of 
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maze tasks, Tolman concluded that rats learn about the spatial disposi

tion of objects and places in the environment, and that they use this 

information to solve^tlje problems set for them by psychologists. Fur-

thermore, he argued that the properties of "such'place learning were 

» •* different from those asscfclated- with other types of learning, like - > 

stimulus or response learning (Tolman, 1949).. Tolntan's ideas garnered 

4 little "favor among psythologists at the' time when he proposed tHfcm. 

^ . / ' . ' , , " , •/ 
Mainstream psychology was strongly in the grip of behavxorlst thinking 

and„the6ri*Lng, and researchers felt little call to re-introduce.the 

sorts of "mentalistic" terminology they had sought to banisli from the 
3 

sougrit 

description and analysis of behavior. A long, and sometimes bitter, 
•» * • 

debate ensued over' the question of whether the rat in the maze learned , 
• v 

about places or responses in mastering the task (cf. Munn, 1950). "In 

the end, the controversy was "resolved" in favor of stimulus-response 

(S-R) theory when Restle (1957) suggested that place learning was the 

same as response learning, except thrft it depended.on distal rather 

than proximal stimuli. There was po longer any reason to talk of place J 

learning as something separate from response learning, and the notion 

* * " • •* . ' 

of cognitive mapping disappeared from the literature. 

y 
This situation has changed markedly in the last decade, however', 

and questions concerning animals' spatial abilities and knowledge are 

once,again being investigated by psychologists (e.g., Menzel, 1978). 

In part, the) resurgence of interest in place learning'and cognitive ^ 

mapping can'be attributed to the changing Intellectual climate in 

animal psychology! Inspired by the success^ of their colleagues in 

applying.cbgnixive concepts and formulations to the problems of hjnaan 

0 

' ' • K. . ' ' ' • 



learning .and memory, many researchers interested in-animal learning 

have adopted a somewhat more cognitive orientation toward the study 
t • 

of behayior and are no longer so reluctant to allow the animal an 
' « » . • • * • * 

active role .in the learning processfe^g., Hulse, Fowler, & Honig, 

- . fe *\ , 
1978). «A greater-willingness to oonsioer cognitive processes as pos-

" - • 

slble determinants of behavior is insufficient to explain the renewed • 

f ' ' • 
interest in cognitive mapping, howevfer. Psychologists still try to 
•* • *, 

make do with sampler explanation whenever possible. Rather, the revi-
»* • ' 

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

assimilation of place'learning td simple distal cue learning has not 
> 

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

examples of n]_ace learning. 

There are,two sorts of problems which arise in Interpreting place 

• * J 

• « 
learning as distal cue learning. First, it does not explain why place ' 

learning appears to be so much more rapid and flexible than other sorts 

of learnings A good example of the flexibility associated with place 

learning comes from Menzel's work with chimpanzees. Using a variant of 

the delayed-response paradigm, Menzel (1973) investigated the chimp's 

memory for .the location of food in its environment.'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 randomly selected locations. The chimp was then reunited 

- -\ i • f-

. with the rest of the pack, who hadn't.seen the food being hidden. After a 

short delay, the chimps were released as a group and allowed to collect 

whatever food they could ftad within an hour.- Invariably, the* chimp 

who saw the food being hidden founds auch more of the food than the 

.- f t. X 



uninformed controls-. Over the 16 test,trials that were run, the in-

formed chimp fotind/ an average o£ 12.5 pieces of food pier trial. The' 

% 

controls', on the other hajnd, found a grand total of 17»pleces of food* 

over all 16 trials (an 'average of '.21.pieces of food pera%neBal on a 

trial). The mqs( striking aspect of the informed chimp's behavior, 

however, was the way it wept about the^.task. When, released, the chimp 

would run to'a cache, eat what" It contained, run directly to' another?'^ 
• * * . . . 

» > ' - \,, • 
cache, etc. "The_chimp rarely returned to a,site from which in, had 

* 
already collected the food, but would'repeatedly'search a site If a 
' * ' / * - " ' 

control had already stumbled across the food in that location. More-

-J- <v 

over/ an examination of the routes taken by the .informed chimps showed 

that they were not TCetracing the random route taken by the experimenter 

in hiding'the food. Rather, the rputes taken by the informed'chimps 

were best-described as being organized a.ccording,.xo a least distance ' . 

, principle.' Further experiments shpwed that the area*-wfcich would be 

searched first by a chimp could be predicted"on the basis of food den-

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

* ' / ' ' ,» ' s • * 
chimp has- a very good memory for things it has seen, where those* things 

. - • ' " • '\ 
are in relation to other things in the environment, &nd where it is inx 

* * i i ^ 

•* •* *' 
relatlo* to any of those.things. A distal cue interpretation might ' 

account for sdrae aspects of the chimps'-behavior in this task, but it 

.certainly doesn't explain the. nature of the routes taken by the*in-

, formed chimps, nor the chimps' ability to take'into account f6od d.en-- k. ' * 

sity or type in organizing their routes..." ' • - ^ ^ 

Similarly, a distal cue interpretation of, place learning* provides 

little in the way of a rationale for the rapidly of place learning.,, . 

<i ! . 



Wilz ahd Bolton (1971) gave gerbils a single 15-min exposure to an 

open field -containing a group of objects which stood in a particular 

spatial arrangement relative to one another and to the walls of the >• 

open field. The gerbils were then transferred to an identical open 

field containing.those objects in either the same configuration or a 

different one. Vilz and Bolton found that the gerbils spent more time 
>' 

exploring the objects when they were in a different configuration 

(hence in different locations) than when they were left In the same 

configuration. %In 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 

finding. In a second experiment In which gerbils were exposed and tested 

with only a single object in the open field. Changing the location * 

of the pbject relative to the Walls of the open ̂ iela again evoked 
A 

renewed exploration of the obje'ct. Gerbils thus seem to learn the 

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

ation. Within a S-R framewonfc, response learning is seen as a gradual, 

Incremental process. There is, no a priori reason why learning based 

on distal cues should be 'any more rapid than learning baled on proximal 
^ \ 
cues. > 

'» * 

The Wilz and Bolton ll971) study raises a further question. A 

pretation of place- learning can be plausibly applied 

to tasks which require or foster the use of place strategies" to" 

obtain reinforcement, it's not'clear, though,, how "this view should 

be applied to instancies of place learning In situations where there 

V • 
is no task, for the animal to solve. Yamamoto, Wapner, and Stevens 



' 6 ' 

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

ety of objects on each of 12 consecutive days. On the 13th day, the 

rats were tested for their knowledge of the locations of the objects 

on the table. Half the rats were tested on an unchanged table.' For , 

the remaining rats, some of the objects were exchanged with one ano-ther 

or deleted from the table, while others were left in their original 

locations. Yamamoto et al. found that rats'tested on the changed table 

selectively reexplored those objects'which had been exchanged with one 

another, and those areas which no longer'contained objects. "However, 

they spent no more time investigating objects left in their original 

locations than did rats tested on the unchanged table. The fact"that 

they explored areas no longer containing objects suggests that the 

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

fact that they explored an object in a location which previously jheld 

a different object indicates that they had some idea of what object f 

should be.found-in a particular place. It wduld appear that.rats ac-

quire a rather detailed knowledge of the topography of an environment 
4-

even when they are not required to do so. 

In addition to conceptual ,problems in reduping place learning to 

> 
distal cue learning, there are also practical problems in applying a 

distal cue interpretation to many place learning tasks. Part of the 

attractiveness of the distal cue view is that it purports to explain 

a more complex phenomenon in terms of a simpler process. This simpli

city turns out to be more illusory than real. Although readily appli-

cable to simple T- or Y-maze tasks, a distal cue interpretation of 
t 

place learning becomes quite convoluted when applied to a task like_ 



* / : . - V 

•place learning in a circular maze (O'Keefe, Nadel, Keightley, & Kill', 

t 
1975). First, the animal cannot run towards "(or away^from) distal 

cues for more than a short segment of the runway. • Second, the animal 

must-Maske a number of complex conditional discriminations if it is to 

differentiate one park 6f the maze from another. Finally, the animal 

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

cue controlling 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, 

ojie would have to predict that place learning would be a very difficult 

task for the rat on *a circular maze, which is not the case at all 

% 
(O'Keefe et al., 1975). 

-' V 

By themselves, none of these concerns are sufficient "to force.", 

rejection of a distal cue interpretation of place learning. Taken̂ , 

together, though, they provide good reasons f-or thinking that there 

is something more-to place learning than simple distal cue learning. 

The important issue then becomes 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 idea of 

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

of questions concerning how animals acquire, represent,-and utilize 

spatial information. Similarly, much of the contemporary research 

on cognitive ma'ppingv is more properly viewed as descriptive than 
m 

analytic. Studies of exploration like those of Wilz and Bo-ltoti (1971) 

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

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



representations are pSssible. Likewise, studies of spatial memory 

(e.g., Beatty & Shevkl-ia, 3.98Q; Maki, Brokovsky, & Berg, 19-79; Roberts, 

1979) have revealed that the rat's memory for where It has been Is far 

* * ' 
more resistant to interference .and decay' than its memory for other 

sorts of'environmental information, but, provide no rationale for why 

1 
that is the case. Thus, although researchers have recognized the -

existence of place learning, the basis and nature of that ability, 

-, 4 -
have not been well-understood. 

. * 

Physiological basis of cognitive maps ~ , "' 

Sfeme recent work-in the neurosciences should help to advance our 

understanding of "place learning.* As it fturns out, Tolman's map analogy 

may have been more than appropriate. It now appears that there is some 

neural reality to the idea of a cognitive map. Studies of single-unit 

activity in the hippocampus of freely-moving rats have revealed the 

existence of cells with rather unique spatial properties (O'Keefe, 

1976; O'Keefe & Dostrovsky, 1971^ Olton, Branch, 8 Best, 1)978; Ranck, 

1973).. Whereas cells with spatial properties ̂ n other(brain areas 

seem to be encoding information about where things areiin relation 

to the animal\s body (i.e., egocentric space), many of the cells in 

the hippocampus appear to be encoding information about the spatial 

-relations among objects in the environment (O'Keefe, 1979). To date, 

three types of spatial cells have been reoorded from the*, hippocampus. 

The first type of cell, the "p'lace" cell, fires only when the animal 

is In a particular place in the environment, with different cells 

firing in different parts of the environment. Observations of the 

animals suggested that these units were coding the animal s location 



* 9 : 

in the environment, asothe 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 study by O'Keefe and Conway (1978) has confirmed these 

earlier impressions of the factors controlling the activity of place 

cells. O'Keefe and Conway recorded place units from rats while they 

were performing a place discrimination task which required them to 

visit all three arms of a T-maze located inside a controlled-cue envi-
V , 

A 

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

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

other and to the arms of the TJ-maze. Place units were auso recorded 

from the rats while they were on an open platform in another part of 

the room. By changing various aspects of the 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 «Ln a particular part of the environ-

went, the presence/absence of reward, or specific intramaze stimuli. 

.Jnstaad, they found that activation of a unit depended on where the 

animal was in'relation to the wall cues, though not dn 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 cues, 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 original locations 

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



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 ^ 

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

or configuration of stimuli. 

The 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 "place unit, misplace cells fire'-only when the animal is in a parti-

cular place in the environment. They have the additional 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 can normally 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. 

9 
Finally, a third type of unit has "been recorded from the hippocam-

^ . - * 

p u ^ the "theta" or "displace" cell. Unlike, place and misplace units, 

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

activity bears a particular relationship to the hippocampal electroen

cephalogram (EEG). During "voluntary" movements like walking and 

rearing, the hippocampal EEG is characterized by a regular sinusoidal 

pattern known as the theta rhythm (Vanderwolf, 1969). Displace cells 

increase their firing rates whenever the theta rhythm is present in 

the EEG, regardless of where the animal is in the environment. Morris, 

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

information about how far a particular movement would displace the 

animal in space, as they observed that the frequency of 'the theta 

rhythm varied as a function of the distance a rat was required to 
n ( 



^ 

1L 

jump. On /these grouitds, it seems reasonable^ to conjecture that the 

displace cjells are providing distance information'to the animal. 

"i « 

Data from lesion studies have also Implicated the hippocampus in 
• ** * i * 

the processing of spatial information. Although animals with hippo-
-

campa1 damage show deficits in*a variety of situations, their impair-

ment is particularly profound in task's requiring the utilization of 

<• 

spatial information. A good example of this difficulty comes from 

* r 
the O'Keefe .et al* (1975) study mentioned earlier. O'Keefe et al. 

trained rats with damage 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 obtain water was changed randomly, from 
i 

trial to trial, but was always marked by a distinctiye cue (a small 

light shining directly on the well). For other rats, the correct 

well remained in the same location relative to maze and room cues 

throughout the^experiment, but the location of the light cue 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, whereas .'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 wejpe 

profoundly impaired relative to controls in solving the place-learning 

version of the task, and many of the animals (778) never solved the 

problem at all. When a distinctive cue markedxthe location of the 

correct well, however, fomix-damaged animals were actually somewhat 

faster than controls in solving1 the task. Hippocampal dysfunction, 

then, disrupted place learning while leaving cue learning intact or ' 
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I 
even facilitated. J 

O'Keefe and Nadel (1978) have recently^detailed a theory cj£ 

hippocampal function which incorporates these sorts of observations 

and which emphaslzes%ts role in processing spatial information. 

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

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

These cognitive maps capture the objective (nonegocentric) spatial 

relations among places and the'objects they contain, and represent 

them as parts of a unified whole. Drawing on neuroanatomical data, 
k 

0 Keefe and Nadel detailed a neural model for how the hippocampus 

might instantiate these sorts of maps. They also specifled,tne prop-

erties of these maps in some detail, and showed how many of £he effects 

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

lying deficit in processing arid utilizing spatial information. In 

developing their account of the effects of hippocampal damage on an 

animal's behavior, they made a number of suggestions about how normal 

animals use cognitive maps. Their work may thus offer some new in

sights into the mechanisms underlying 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 some of the places making up that 

space, and which can'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 

environment. Exploration is triggered whenever an animal's map 

# 
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does not match the current state of the environment. When the animal 

is first Introduced to an environment, there is no, basis for a .match 

, *. * 
"(as the animal has no map fpr that situation); and the situation will 

be explored. As the animal moves through-the environment, the objects 
t. > 

.' 
i t encounters' (good, bad, or indifferent) wil l be rapidly "sited in i t s 

• . v 

map on an all-or-none,basis, with inputs from sensorimotor systems 
^ '" 

providing a coding strategy which allows objects to be sited in map 

locations that preserve their spatial ordering ̂ ind distances in the » 

environment. In additidn to initiating map building,, a match/mismatch 

system based on the contents of spatial locations allows the animal 

to revise already existing maps to reflect changes in the environment.1 

•*• 
' ' ' \ 

Thus, alterations like the addition/deletion of objects frdm an envi-

ronment,*changes in the nature o^ an object in a location^ or the re-

Ideation of ah object in a different place will generate discrepancies * 

which lead to exploration. As. the map is^revised, these discrepancies 

disappear and exploration ceases. When this happens, O'Keefe and Nadel 

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

becomes available. In this way, the animal's knowledge of its environ-

ment is kept up to date, while some information about past states of the 

environment is retained. 

Place strategies , 

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

ment to any other point in that environment, even an unperceived one, 

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

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 no.t defined in 
4 

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

defined in terms of the tietvolrk of redundanft and relevant spatial 

' * ' - " . \ 

relations which obtain among^ the cueSfsin̂  an environment. When the 

animal is in'a particular place in an environment, the cues it per-v 

ceives will stand in a.unique spatial relationship to one another, 
regardless of the animal'"s orientation in its current location. The 

.J . > - . 
critical point Here, is tihat no particularj-cue is necessafy for the 

» .*« /" 
animal to identify its location in the environment. Any cue, 'or 

* ' V 

group of cues, could be removed from the environment without altering 

•3 -
the spatial relationships which, obtain among the remaining cues. As 

long a"s some minimal number of cues remain, their spatial relations 

i . ' 

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 

face pf a changing environment. * 

The flexibility and lack of confusion inherent in cognitive maps 

make them a powerful tool for problem-solving. Since'objects are 

t 

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 importance. Places containing desired objects 

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

vironment, by any available route. Similarly, the map can be used 

to avoid places containing dangerous things (e.g., predators, traps) 

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 are located 

in the environment, it can be said to be Rising a place strategy. 
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\ 
,Such place*strategies can be contrasted with other behavioral strate-

4 

gies based on oth^r sorts of information. For example,-an animal 

might learn to solve a given problem\pn the-basis of a particular 

cue which it approaches or avoids regardless of where the cue occurs 

in the environment (a cue strategy). Alternatively, the animal could 

learn to make a particular response in the presence of a stimulus (a 

response 'strategy). According to O'Keefe arid Nadel (1978)^ the dif

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

ture o-f 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 map, a cue to be approached or avoided in its>own right, or 

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

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

neural substrates, and that their interactions are best conceived of 

as competitive in nature. Furthermore, they suggested that the prop

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

like rate of acquisition, flexibility and'persistence, susceptibility 

to. interference, and ease of .use, to name a few. The implication of 

their argument' is 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 which force th'e 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 such*cases, 

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

ious strategies against one another to determine how the animal is 

t i 
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solving the task (e.g. , Barnes, Nadel, & Honig, 1980),. The bulk of 

O'Keefe and Nadel's "book is devoted to a consideration of these strat-

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

they showed that many of the effects of hippocampal damage could be 

understood in terms of the elimination of place strategies from the 

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

gies with different properties. By showing that the behavior of 

brain-damaged animals could be profitably analyzed in terms of dif-

ferent strategies with different properties, O'rfeefe and Nadel have 

provided good reasons for thinking that a similar analysis of the 

behavior of normal animals may pay handsome dividends for our under-

standing of the'ir behavior. 

Novelty detection 

Place strategies and place redognitlon are not the only functions 

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 maps are acquired and modified. Whenever 

the environment does nob 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 is 

that the animal is constantly trying to match its past and""present 
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experiences in an environment. When they cannot be matched, novelty 

• — < 
exists and the source of the*discrepancy is explored. The point which 

needs to be emphasized here is that the representations on which .these 
v 

matches and mismatches are based are spatial in nature. Studies like 

• those 6f Wilz and Bolton (1971) and .Yamamoto et al. (1980) make it « 

clear that the lopdtion of an event is an integral part of its novelty. 

In fact, almost any situation, to which we could attach the label of 

novel can be represented as some sort of change in the spatial domain. 
n 

By predicting what, if anything, an animal should find in a given 

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

system, of considerable scope and sensitivity^(Nadel & Willner, 1980): 

This view of novelty as a matter of a* discrepancy in a cognitive 

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

familiarity effects in learning. Psychologists have long recognized 

that novel and familiar events differ not only in their effects* on 

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

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

pression 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 (Mackintosh, 1978; Wagner, 1978, 1979). For .the 

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

effects in learning as a question of .the extent to" which an event 1 8 - ^ 

predicted by cues which precede it in„time. While not denying the t 

importance of predictive temporal cues in producing surprise, a cog-

nitive map interpretation of novelty focuses attention on a somewhat 

different aspect of the problem, namely, what is being predicted by 
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those cues. Because a cognitive map represents things in terms of 

thej.r location, a -given event may be seen as novel or familiar depend-

ing on where it occurs. If an event occurs in a location where it has 

never occurred before, it isr-identlfied as novel and the animal will 

learn about that event. If the 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 less likely, to learn about it. On this view, an animal 

in a learning task is not merely learning to expect a certain^ type of 

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

cular place. The'implication of this is that"where an event"occurs-

« 
may be at least as important as when it Occurs in^determining what the 

animal will learn about that event. / 

» 

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

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

(1931} gave dogs pairings of a conditioned stimulus (CS) with food 

while they were restrained on a testing stand in a room. When they 

were tested on a new stand in that room, unrestrained dogs left the 

.stand when the CS was presented 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 
i 

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

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 location in which that event has occurred. 

There are few studies which bear directly on the question of event 

•*s 

r~\ 
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location and surprise in learning. The data which do exist are highly 

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

preexposure effects in learnings It hassbecome a frequent observation ' 

over the last two decades that nonrelnforced exposure to a stimulus 

can retard Its subsequent conversion into an effective excitatory or 

inhibitory CS, an outcome known as "latent inhibition" (Lubow, 1973). 

Propedurally, studies of.latent inhibition are much like those of 

exploration; the animal is simply exposed to a stimulus in the same 

location of ajiumber of occasions. One might therefore think that 

the*retardation of learning which can follow stimulus exposure would 

be analyzed in terms of the familiarity of the stimulus. This hasn t 

been the case, however. Typically, the effect has been attributed to 

the fact that the animal1 iT initial experience with the stimulus is 

nonreinforceo% The animal learns that the stimulus is not correlated 

with other events, and comes to ignore it as "irrelevant" (Mackintosh, 

1973, 1975). Having learned tha't the stimulus is irrelevant, the ani

mal then learns more slowly that itNls a reliable signal for the^occur-

rencejar nonoccurrence of other events. -A cognitive map interpretation 

' *. 
of latent inhibition, on the other hand, attaches no special importance 

. . . . , 
to the irrelevance of the preexposed stimulus in producing the effect.' 

Instead, it emphasizes the location of the preexposed stimulus as the 

crucial determinant of latent inhibition. All events, regardless of ' 
4 

their nature or predictive power, aire represented as occurring in par

ticular locati6ns. As long as a stimulus continues to be presented in 

the same location, the map will identify it as familiar and learning 

will be retarded. This view leads to two predictions concerning the 
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, effects of stimulus exposure on learning. First, it asserts that" 

even a predictive stimulus will lose associability when it continues 

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 inhibition, as*the 

* 

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

available evidence is consistent with both these predictions. 

Hall and Pearce (19.79) 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

tially received pairings of either a tone or a light with weak shock. 
N - * 

i, During subsequent phases of the experiment, all tjhe rats received 

pairings*** first the tone, then the light, with a stronger shock.. 

Hall and Pearce found that rats for whom the tone was novel when it 

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

light-weak shock pairings) were faster to acquire suppression to the 
a 

tone than rats who initially received' tone-weak shock pairings. Con-

versely, rativgiven'tone-weak shock pairings conditioned more readily 

to the light when it signalled a stronger shock' than did rats who had 1 

received prior pairings of the light with the weak shock. Subsequent 

'experiments ruled out the weakness of the pretraining shock as the 

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 shock, the retardation of learning observed 

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

reinforcement of the preexposed CS is not essential for ̂ tent inhibi-
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tion." This is not to say that nonreinforcement does not, contribute 

to the effect. Hall and Pearce also observed that simple tone preex

posure produced an even greater retardation of learning than that 

which occurred when the CS was -initiaUA paired with a^weak shock. 

Although the presence/absence of reinforcement may affect the ma'gnitude 

of latent inhibition, it is nevertheless clear that the processes which 

mediate latent inhibition operate in both the presence and absence of 

reinforcement. These data ire quite compatible with a cognitive map 

interpretation of latent inhibition, but raise serious difficulties 

for a learned irrelevance account of the phenomenon. 

4 

Data'from context shift experiments provide some support for the 

second prediction of cognitive map theory. A number of investigators 

have reported that the effects of stimulus exposure oh learning depend 

on where training .takes place. Anderson, O'Farrell, Formica, and 

Cajponigri (1969) reported that rats showed less evidence of latent in-

hibHsi^on when they were conditioned in an environment different from 

the one in which 'they were exposed to the CS» There have even been < 

reports that stimulus' preexposure can facilitate later learning when 

training is conducted in*a place other than the preexposure environ-
» 

ment. Gibson and Walk (1956) and Hall (1979) reported that preexposing 

rats to objects in their home cages' facilitated the rats' mastery of a 

discrimination between these objects in a T-maze. An especially im-

pressive example of the importance* of environmental context in stimulus 

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

(1976), who found that identical "stimulus exposure could'either retard 

or facilitate learning, depending on where training took place. Lubow 
i 
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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. Just 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 involves 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 
1 

interpretation of latent inhibition*1 They cannot be considered defin-* 
•> - - | 

itive, however. •The problem is that the disruptive effects of a con

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

than tha*: of a shift in the location of a preexposed stimulus. For 

example, Lubow £t al.7 (1976^ suggested that the context shift manipu-J lation they employed was effective because it led tof the 'creation of 

a contrast between the absolute novelty of the preexposed stimulus 

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

is that a cpndition of contrasting novelty -of stimulus to environment 

is a more effective condition for learning -than the lack of such a" 

contrast. Similarly, th^ disruptive effects of a context shift could 

•be attributed to the absence of environmental cues associated with 
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the animal's initial exposure to a stimulus. Wagner "(1978) suggested 

that associations are formed between a stimulus and "contextual" cues 

(usually environmental ones), and that the presence of these cues 

serves to "prime" a representation of the preexposed stimulus into 

short-term memory. Once primed, the stimulus Is not processed or re

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 of a context shYft on latent inhibition. 

Becatfse tof this ambiguity, the experiments tq be reported in this 

dissertation were undertaken to further examine the contribution of CS 

location to stimulus preexposure effects in learning. In asserting 

that the novelty or familiarity of an event depends on its location, 

cognitive map theory predicts that changing the location of a preex-

posed stimulus within the preexposure environment should disrupt latent 

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 aversion paradigm for these experiments was guided 

by two considerations. First, robust preexposure effects have been ob

served in taste aversion learning (e.g., Elkins, 1973; Revusfcy & 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 account* 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 manipulations known 

to affect latent inhibition in more traditional paradigms, the present 

experiments may provide further insight into the extent to which the 

/ * * 
mechanism's underlying preexposure effects with gustatory cues are like 

f * 
lose mediating similar 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 locaiSon shifts on latent Inhibition. The characteristics of a cue 

A 

like a tone 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 location of a stimulus is not also a change in its physi-

cal quality. The use of gustatory 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-

posed taste CS. 

Experiment 1 ' •» 

This first experiment was designed to determine whether accounts 

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

(1980) are applicable to the analysis of flavor preexposure effects/in* 

aversion learning. Th^J-issue is not a trivial one, for researchers 

have often held that acquired food aversions represent a unique type 

of learning with its own laws, and that nongustatory cues are of little 

or- no consequence In this type'of learning (e.g., Rozin & Kalat, 1971; 
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Seligman, 1970). With respect to flavor preexposure effects in aver

sion learning, researchers have traditionally maintained that exposure 

to a flavor retards later learning 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 it expected 

that flavor to make it ill. When illness does not follow consumption 

of the substance, the animal actively learns that the flavor does not 
St 

predict illness. Effectively, the claim is that nonreinforced exposure 

to a flavor CS turns that flavor into a conditioned inhibitor for ill

ness. The retardation of learning that can follow exposure .to a flavor, 

then, has been explained in basically different terms than those used 

to account for similar effects with nongustatory cues. 

There are grounds for disputing all these claims. After reviewing 

the available evidence, both Revusky (1977) and Logue (1979) suggested 

that the differences between flavor aversion learning and other types of 

learning are more quantitative than qualitative. Similarly, Batson and 

Best (1979) and Willner (1978) have presented evidence that exterocep-

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

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

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

learned safety 1B pot an appropriate interpretation of those effects. 

Best found that simple exposure to a flavor did, not turn that flavor 

into a conditioned inhibitor. In fact, he found that preexposure to 

a flavor retarded its conversion into an' effective inhibitor. The 

fact that flavor preexposure retarded the establishment of that flavor 
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as an inhibitory stimulus suggests that similar processes underlie^ 

stimulus exposure 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

tion. Although very different in their 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

ting the effects of stimulus exposure on learning. Both views, for 

example, predict that conditioning a preexposed taste in an environment 

other than the one in which it was»exposed will disrupt the detrimental 

effects of flavor exposure on aversion learning. If this is the case, 

there will be good reasons for 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 

solution on a number of occasions prior to experiencing a pairing of 

that solution with illness. One of these groups was preexposed to 

saccharin in a novel environment, whereas the other group was exposed 

to saccharin in their home cages. Following this, the rats received 

a saccharin-illness pairing in their home cages. If environmental 

context is important in determining the effects of flavor preexposure, 

rats preexposed to saccharin in a novel environment and conditioned in 

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 control's, it should also be possible 

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

i 
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of flavor preexposure on aversion learning. 

The choice of the'rats1 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 preexposed flavor 

CS with illness could attenuate the flavor preexposure effect, presum

ably by Increasing general arousal. Conditioning a preexposed flavor 

in a novel environment,.then, could be expected to disrupt the flavor 

preexposure effect independently of: any other role the context might 

play in mediating those effects. The present experiment sought to 

dissociate these, two possible effects of a context shift on the flavor 

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

ronment. 

Method V 

— ' • " L' 
Subjects* The subjects wtere 30 naive male; hooded rats weighing 

V 

350-400 g at the start of the experiment. They were individually 
a 

housed in sheet metal and wire mesh cages measuring 25 x 18 x 18 cm, 

. with free access to blocks of lab chow throughout the experiment. 

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

Apparatus. In addition to the rats' home 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 .environments for some 

of the rats in this experiment. These cages had wire mesh tops, con

tained 3 blocks of lab chow,' and -were located on Che 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 

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 diameter and 1 cm deep. These 

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

were painted gray. 

Procedure. The rats 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 

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

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

portions of their home cages by daily alternation of the location at 

which water was presented. The rats were also adapted to the injection 

procedure during this phase 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 assigned to three groups (n-10) matched for average fluid „ 

"consumption over the last 5 days of the adaptation period. 

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

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

t were removep f weighing, the rats in Group Shift were removep from their home cages 

and placed in the clear plastic environments./ There they were allowed 

20-rain access to 2 ml of.a .15% sodium saccharip solution presented in 
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a rJĴ -nking cup along one of the.end walls of the environment. They 

were then returned _to their home cages, and the plastic environments 

were cleaned. The rats in Group HC, on the other hand, received similar 

access to saccharin from drinking cups presented in their home cages. 

At the end of the 20-min preexposure period, the cups were removed 

from the cages and the rats were placed in the holding 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 saccharin, but drank 2 ml of tap water from 

drinking cups presented in their home cages during preexposure sessions. 

These rats remained in their home cages throughout the experime'nt. Ap-

proximately 2 h* after the end of each preexposure session, the rats 

were allowed their normal 20-min access to tap water. 

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 

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-rmin access 

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

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

after weighing. This time, however, the rats 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 

drinking period. On Day 8, the rats received a 20-tnin two-bottle 

* 
preference test between saccharin and tap water in «their 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, analysis of variance and orthogonal post hoc con-

k /traSts.are calculated in the manner proposed by Schefre (1959). The 

obtained variance ratios are then evaluated against a new criterion, 

F_ [Ea]; V,, Vj (Rodger, 1975), which yields a decision-based error 

rate of the first kind Ea. The use of this procedure ensures that the 

rate of erroneous decisions will not exceed the Ea 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^t* 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

tern of data emerged in all of the experiments to be reported. The 

first 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. Althpugh statistically 

reliable, the effect was a small one, and dissipated over the course 
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of the preexposure phase. By the end of this phase, the rats were 
\ 

again consuming tap water 'at baseline levels of consumption. The\ 

effect was not due to the novelty of the saccharin solution to which 

some of the animals were exposed. The effect was also apparent in 

the control rats which drank tap water during the preexposure sessionsK 

and there,were no significant 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 less tap water on the day of 

the conditioning trial than 4hey had on the previous day. Poisoning 

the rats 2 hr prior to fluid access thus suppressed their consumption 

of familiar tap water. The effect was significant in all cases, and 

represented an average decrease of 4-5 ml from intake on the preceding 

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 differences in fluid consumption on the day of the con-
* K 

MM * 

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 

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

group's mean saccharin preference from the two-bottle test conducted 

in their home cages. These 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 502 indicates that saccharin 

Was preferred relative to tap water, whereas a figure less than 50Z * 
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Figure 1. Mean percentage saccharin preference for each group from 

the two-bottle test administered in Experiment 1. 

m 
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Indicates an aversion to saccharin relative to tap water. 

Inspection of the graph reveals that all three groups acquired a 

strong aversion to saccharin after it was paired with LiCl. Preexposure 

to the saccharin solution appeared to reduce the magnitude of the saccha

rin aversion, as Groups Shift and HC avoided the solution somewhat less, 

than the rats in Group No Pre. It also appears that changing the location 

of the preexposed'saccharin solution between preexposure and conditioning 

attenuated the flavor preexposure effect; the rats in Group Shift avoided 

the saccharin solution to a greater extent than the rats in Group HC. 

Statistical analysis confirmed this impression of between-groups'diffe

rences [|!X2,27)=6.58] • Post *hoc cdntrasts across the sample means indi

cated that the rats in Group Shift acquired a stronger saccharin aversion 

than those in Group HC [F(2,27)-3.84]. 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 saccharin aversion as follows: 

Group HC < Group Shift < Group No Pre. 

Discussion 

In this experiment, rats preexposed to a saccharin solution in 

their home cages and conditioned to avoid -that taste there formed 

weaker saccharin aversions than rats who had never beep exposed to 

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

ditioning of that flavpr. Rats exposed to a saccharin solution in a 

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

stronger saccharin aversions than rats both preexposed and conditioned 

i 

In their heme cages. Conditioning a preexposed flavor CS in an envl-
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"7 . * "-
ronment other than the one in which it was exposed attenuated the 

normally detrimental effects of flavor preexposure oh conditioning. 

This context shift manipulation did not abolish the flavor preexpo

sure effect, however. Rats preexposed and conditioned in different 
* ,. 

environments still formed somewhat weaker aversions than no-preexposure 

controls. 

It appears that environmental context is an important determinant 

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

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

the preexposed stimulus is a flavor or an exteroceptive cue. This fact 

suggests that the processes which underlie flavor preexposure effects 
s. 

in aversion learning are the same as those which mediate preexposure 

effects in more traditional paradigms. v«As such* it would seem more 

appropriate to regard the flavor preexposure effect in aversion learning 

' . J. 
as another instance of latent inhibition' than as a separate and differ-

\ A 
ent phenomenon. / ^ 

That the context shift manipulationjemafyoyetx. in this experiment 

did not completely abolish the flavor preexposure'effect is not'espe-

cially damaging to this conclusion. Although a context' shift manipu-
w » 

lation has sometimes been reported to facilitate later learning 

involving the preexposed stimulus (e.g.), Lubow et al., 1976), that 

outcome may not be an inevitable one (Anderson et al., 1969)* In 

addition, the context shift manipulation employed in this experiment 

Involved a shift-to a familiar environment, whereas animals were 

trained in a novel environment in those cases where facilitation of 

learning has been observed. There are a number of procedural differ-
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ences, then, between this study and those which have reported facil

itated learning following stimulus preexposure. This issue of facil-

ltated learning following stimulus exposure is a complex one, and will 

be discussed further after the other experiments have been reported. 

It should be noted that the disruption of the flavor preexposure 

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

cially large. This is not too surprising, given the small magnitude 

.of/the preexposure effect obtained in.those rats who were preexposed 

• a^d conditioned in their home cageS\ Tp 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

posure experiments, the subjects are allowed free access to the preex

posure solution during preexposure sessions. In this experiment, 

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 

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 

condition a re Liable aversion to saccharin under these conditions. 

* Experiment 2 * 

Given the small magnitude of the preexposure effect obtained,in 
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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 second expetiment was designed to 

provide further evidence on the role of environmental context in the 

flavor preexposure effect. Essentially a replication of the first 

experiment, this study examined the effects of a cross-con-text shift 

on the flavor preexposure effect under conditions which should produce 

a somewhat .larger preexposure effect. 

Two parameters which are known to affect 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 the animal is "*" 

exposed to the flavor prior to conditioning (Elkins, 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 number of preex

posure sessions were increased in an attempt to increase the magnitude 

of the flavor preexposure effect. 

' Method 

Subjects. The subjects were 30 naive male hooded rats weighing 

/ 1 300-350 g prior to the start of the experiment. They were housed and 

y maintained like those in Experiment 1. 
1 . ' 

\ , Apparatus." The environments and dr/tpking cups were the same as 

\ % those used in Experiment 1. .-

\ Procedure. With only a few changes, the procedures and groups in 

this experiment replicated those of Experiment 1. First, the duration 

of the preexposure phase was increased from 5 to 8 days in this experi-
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ment, with rats m each group given a preexposure session on each of 

those days. As before, the rats in Groups Shift and HC were preexposed 

to saccharin during these sessions, whereas those in Group No Pre re

ceived tap water to drink. Second, the amount' of fluid available to 

J, 

the rats during a session "Was increased by 1 ml, so that the ratsVtlrank 

either £ ml of saccharin or tap water during preexposure .sessions. 

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

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

test administered in Experiment 1. 

Results 

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 failed to completely consume all the fluid available to 
f \ 

it during preexposure and conditioning sessions. 

Analysis of fluid consumption on each of the two-bottle tests 

revealed that the groups did not differ in total fluid consumption. 

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 substantially 

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

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

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

was paired with illness. In this experiment, however, the rats in" 

that group actually, showed a slight preference for saccharin after it 

was paired with illness. Increasing the rats' preconditioning 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 two-bottle tests administered i'n Experiment 2,. 
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and the amount of fluid available in those sessions thus produced a 
« 

larger flavor preexposure effect. 

Aside ftorn the larger exposure effect obtained in this experiment, 

the pattern of results- is similar to that of Experiment 1. Once again, 

the rats who were exposed to saccharin prior to conditioning (Groups 

Shift and HC) formed weaker saccharin aversions than'the no-preexposure 

controls. It's also apparent, however, that the two groups preexposed 

to saccharin did not develop aversions 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 significant between-groups differences 

[F(2,27)«30.47]. Contrasts across these means indicated that the rats 

in Group Shift formed a stronger saccharin aversion, than those in Group 

HC [F_(2,27)-5.84], but that these two groups combined formed a weaker 

aversion than the no-p?eexposure control group [JF(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 follows: Group HC < Group Shift < Group No Pre. 

Discussion 

In the first experiment, conditioning a preexposed saccharin CS in 

an environment other than the one in which it was preexposed attenuated 

the normally detrimental effects of flavor preexposure on learning. 

Those data suggested that environmental context plays an Important role 

in mediating the effects of flavor preexposure on learning, and that 

the processes underlying flavor preexposure effects axe the same as 

those mediating stimulus exposure effects in more traditional paradigms. 
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The,generally small magnitude of the preexposure effect obtained'in 

that experiment, however, precluded any firm conclusions regarding 

these points. „ 
* * 

The results of this experiment put those conclusions on somewhat 

firmer ground. In 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 environment and conditioned in their 

home cages formed stronger saccharin aversions than rats both preexposed 

and conditioned in their home cages. The data thus replicate those of 

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

effects of flavor preexposure 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-

suits of these two experiments suggests that the small disruptive 

effects of a context shift in the first experiment were due to the 

small magnitude of the preexposure effect obtained in that experiment, 

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 the case, 

it seems reasonable to conclude that the same processes mediate both 

flavor and other stimulus preexposure effects on learning. It should 
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thus be possible to use ^he flavor aversion paradigm to evaluate cur-

rent accounts of latent inhibition. The next two experiments represent-

an initial attempt to evaluate one such account, the stimulus location 

hypothesis of Nadel and Willner (1980). ' «, 

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 in the location 

where the stimulus is presented. With continued exposure, however, 

the animal's map Is modified to reflect the occurrence of the stimulus 

in that place. The animal will now expect to find the stimulus in 

that location, and its occurrence there will be seen as a familiar 

event. Since familiarity retards learning, animals conditioned with 

the preexposed stimulus J.n its original location 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 animal'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 that the effects of stimulus 

exposure on learning depend on where the preexposed stimulus is pre

sented at the time 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-

lysis of latent inhibition. There, rats exposed to a saccharin CS in 

one environment and subsequently conditioned to avoid that flavor in a 

different environment formed stronger saccharin aversions than rats 

both preexposed and conditioned in the same environment. Conditioning 

the preexposed saccharin in a different environment disrupted latent 

inhibition. Insofar*as these experiments demonstrate that latent In

hibition depends on the continued presentation of the preexposed CS in 

the same environment, they can be considered support for a cognitive 

map interpretation of the phenomenon. These experiments do not directly 

address the role of stimulus location in latent inhibition, however. 

In asserting that an animal learns the location of an event, cognitive 

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 environment 

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 particular location in an environment con

taining a number of.distinctive objects. They were then poisoned after 

consuming saccharin in that environment. One group of rats was condi

tioned with saccharin In the location where it had previously been 

available to thea in the preexposure environment. For the second group, 

the location of the saccharin solution relative to the other objects itf 

the preexposure environment was changed just prior to the conditioning 



) 

' 43 

trial. The rats were subsequently" tested for saccharin aversion in 

their home cages. According to map theory, the rats preexposed and 

conditioned with saccharin in different locations should develop 

stranger saccharin aversions than the rats conditioned with saccharin 

in its original location within the preexposure environment. By com

paring both groups of animals with appropriate no-preexposure controls 

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 hooded rats weighing 

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

maintained under conditions like those in effect during the 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-7.5vx 7.5 x 2.5 cm, Block C-7.5 

x 7.5 x 5 cm)-. 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 location of 

the drinking cup within the preexposure environment could be changed 

between trials, but-its location on any given trial was fixed by se-
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curing it in place with the adhesive. A schematic drawing showing 

the locations occupied by the wood-blocks and the drinking 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 weighing at 

0930, the rats were removed from their home cages* and placed in the' 

preexposure environments for a 20-min period."* There they were allowed 

to find and consume 3 ml of a ,15% •sodium saccharin solution from a 
e> 

drinking cup whose location in the preexposure environment remained 

constant from trial to ^rial. The rats were then returned to their 

home cages and the preexposure environments were cleaned. - The rats 

in the third group, No Pre, were treated like those in Groups Same 

and Diff, except that they drank tap water in the preexposure envi-

ronments instead of saccharin. Approximately 2 hr after the end of 
. v ' ' ' 

each preexposure session, the rats in all three groups were allowed 

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

Special efforts were made during^the preexposure phase to ensure 

that the rats' orientation and location on their release into the 

preexposure environment were varied from session to session. Similarly, 

the location of the drinking cup in the preexposure environment was 

counterbalanced within groups. Half the rats in each group were pre

exposed with the drinking cup in Location _, whereas Che remaining 
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Figure 3. Scale floor plan of .the preexposure environment used in 

Experiments 3 and^J. The areas labeled "A," "B," and 

"C" indicate the locations occupied 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 were preexposed .with the drinking cup in Location 2. . 

The rats in all three groups received a saccharin-LiCl pairing on 

Day 9. After they were weighed, the rats were placed in the preexpo-

sure environments and allowed 10 min to consume 3 ml.of the saccharin 

solution. For Croups Same and No Pre, the drinking cup, holding the 

saccharin solution was left in the location it had occupied during the 

preexposure phase. For the rats in Group 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 were 

removed from the preexposure environments at the end of the 10-min 

period and injected with 12 ml/kg of .15M LiCj.. They were then re-
r 

turned to their home cages, where they received their normal 20-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 2u.-min two-bottle 
t 

preference test between saccharin and tap water in their home cages. 
i 

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. 

Results ' 

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

• / 

/ 

\ 
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•dicated that no fluid was being lost through spillage. One rat from 

each of the three groups failed to consume 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

cluded from all analyses. To maintain equal samples, the data from 

a randomly chosen rat in Group 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 

extent than the rats In 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 solution within the preexposure environment disrupted the 

detrimental effects of flavor preexposure on aversion conditioning. 

The rats in Group Diff displayed a greater reluctance to consume 

saccharin than did the fats in Group Same. Statistical analysis of 

each group's mean saccharin aversion over the two test trials con

firmed this impression of between-groups differences in saccharin 

aversion [_F(2,24)»29.85]. Post hoc contrasts across the group aver-
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Figure 4. Mean percentage saccharin preference for each group from 

„ the two-bottle tests-administered in Experiment 3. 

4 



MEAN % SACCHARIN PREFERENCE 

m 



ages indicated that Group Diff avoided the saccharin solution to a , 

greater extent ,than did Group Same [£(2,24)-4.40], and that these two , 

groups combined shoved less avoidance of saccharin than did Group No 

Pre [£(2,24)-25.45], Given that the true size of the effect for the 

secopd contrast is at least as large as that for the first (Rodger, 1974, 

eqn. 8), tnis set of decisions Implies that the 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 important role 

for "Stimulus location in latent inhibition. Here, saccharin preexposure 

retarded the acquisition of an aversion to that flavor in rats condi

tioned with saccharin in the location where it was originally preexposed. 

This retardation of learning was greatly attenuated,/however, if the 

spatial "relations between the preexposed saccharin CS and the other 

objects in the preexposure environment were altered just'prior to the 
> • ' 

conditioning trial. Changing the location of the saccharin solution 

within the preexposure environment disrupted latent inhibition for that 

flavor. , 

These findings support a cognitive map interpretation.of latent 

inhibition. A basic tenet of the theory is that the novelty/familiarity 

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

is familiar if it matches what the animal's map predicts-to be in the" 
, — — , - • » " * • 
location where the event occurs; otherwise it is novel. Since 
novel and familiar events are differentially effective in learning 

* ' . * 

tasks, the effects of stimulus exposure on learning should depend on 

the location Of the preexposed/stimulus at'the time of conditioning. 

Preexposure should retard learning if the preexposed stimulus is pre-
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sented in its original location, as the stimulus will be identified 

as a familiar eventi Conditioning the animal with the preexposed 

stimulus in a different location should disrupt latent inhibition, 

however, as the preexposed stimulus will, be seen as a novel event 

under these conditions.. Cognitive map theory explicitly predicts a 

reduction in da'tent inhibition following a change in the location of 

the preexposed stimulus. < * 

Environmental Context also plays an important role in the accounts 

of latent inhibition*developed by Lubow ejt al. (1976) and by Wagner 

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

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

that an adequate explanation of latent inhibition must take into account 

the preexposure history of the environment where training occurs. Ac

cording 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. Presumably, a condition of contrasting novelty of stimulus to 

environment results in the stimulus having a high "salience," while 

the lack of. such a contrast* produces a stimulus of low salience. This' 

view implies that stimulus exposure should retard learning only when 

conditioning takes place in a familiar environment. Under these- con

ditions, the stimulus will be of low salience for -preexposed animals 

(old stimulus in old environment), but will be highly salient for non-

preexposed controls (new stimulus in old" environment). Stimulus expo

sure should actually facilitate learning if training takes place in a 

novel environment. Here, the stimulus will be more salient for preex-
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posed animals (old stimulus in new environment) than it is for non-

preexposed controls (new stimulus in new environment). Whether stirn̂ -

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

novelty of the training environment. 

The results 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 withxn an environment 

should thus have no effect on its salience in that environment. As a 

result,-stimulus contrast theory would have to predict no disruption 

of latent inhibition following a change in the location of the^preex-
* * ' \̂ 

posed stimulus within the preexposure environment. . The fact that this' 

manipulation does attenuate latent inhibition argues against this ap-

proach^to latent inhibition. 

Wagner (1978, 1979) suggested that stimulus exposure retards 

learning because conditioning of the preexposed stimulus usually takes 

place in the preexposure environment. According to Wagner, the occur

rence of an event engages the processes necessary for learning (e.g., 

rehearsal) only to the extent that the event is not already represented 

In short-term memory. 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 environment, these contextual cues "prime" 
M 

a representation of the preexposed stimulus into short-term memory. 

The stimulus will then receive diminished processing and learning will 
/ • 
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be retarded. The obvious implication-of this view is that preexposure 

should retard learning only when training takes place in the preexpo

sure environment.- Ttteatheory predicts that the preexposed stimulus 

would be fully processecPif 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 inhibition, then, by determining, whether the preexposed stimulus 

Is primed into memory at the time of conditioning. 

The results of the present experiment create difficulties for the 

information processing view insofar as they demonstrate that simple 

associations between contextual "cues" and the preexposed stimulus are 

insufficient to explain latent inhibition. As it stands, the theory 

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 preexpo-
4* 

sure environment does not alter the fact that conditioning takes place 

in the presence of the contextual cues previously associated with the 

occurrence of that stimulus. The preexposed stimulus should still be 

primed into short-term memory at the time of conditioning and learning 

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 the preexposed stimulus anjl the other objects in 

the preexposure environment. The most obvious possibility here is 

that the preexposed stimulus is represented in terms of its location 

within the preexposure environment. If this was the case, a reduction 
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In latent inhibition following a change in the location of the preex--

posed stimulus 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 processed and learning would not be retarded. 

EVen though the information processing view can be modified to 

account for the results of within-context shift experiments, cognitive 

map theory would seem to provide a more adequate account of latent in-

i 

hibition. Given that it is necessary 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 "extinguished" by 

giving animals context-alone sessions between preexposure and condi

tioning. It should be recognized, however, that cognitive map theory 

would also predict a reduction in latent inhibition following context-

alone sessions. Such sessions should cause the animal's map of the 

preexposure environment to" be revised to indicate that the preexposed 

stimulus-no longer occurs there. The fact that latent 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 assumes that animals learn about the spatial relations 

among events, it is more parsimonious than the information processing 
v 

account of latent inhibition. 
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~-\ Experiment 4 

Experiment 3 demonstrated that the location of the preexposed 

stimulus is an important factor in latent inhibition. There,* changing 

the location of a preexposeQ saccharin CS attenuated latent inhibition 

for that flavor. The purpose of 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 environment. This is not the only way to 

change the location of an event, however. To the extent that the/loca

tion 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 byjsearranging the cues used by the animal to define the location 

of the pr«xposed CS. 

The present experiment- was designed to test this possibility. 

Here, rats were forced to rely on the relations among intra-apparatus 

cues to define the location of a preexposed saccharin CS. Three groups 

of rats' replicated the essential conditions of Experiment 3; one group 

was conditioned with saccharin in its original location, another was 

conditioned with saccharin in a new location in the preexposure envi

ronment, 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 

cues in the preexposure environment 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 
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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 from the preexposure environment 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 environment does not alder 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 relative to the reference event, the event should 

be seen as occurring lip the same location. As applied to latent inhi

bition, this, view suggests that the removal of any given cue from the 

preexposure environment will have relatively little effect on latent 

inhibition for the preexposed stimulus. Three additional groups of 

•rats were preexposed to saccharin in the present experiment to test 

this possibility. For each of these groups, one of the wood blocks 

was removed from the preexposure environment just prior to the condi

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 

saccharin CS. 

( 
Method t 

Subjects. The subjects were 56 naive male hooded rats weighing ' 

250-300 g prior to the start of the experiment. They were housed and / 
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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 Experiment 3, except that the outer walls and floors of the 

environments were covered with aluminum foil to minimize visual input 

from extra-apparatus cues. 

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 period. 

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 prior to 

conditioning, whereas the rats in Group No Pre only drank tap Water 
0 

in the preexposure environment. On the conditioning trial, the rats 

""--"'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 

had previously found tap water. 

The four remaining groups were also preexposed to saccharin- prior 

to conditioning. During the preexposure phase, the rats in these ,( 

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

The rats were then poisoned after drinking saccharin in the preexpo-

. sure environ—nt. For the rats in Group Exchange, the wood blocks 

in the preexposure envlro__ent were rearranged just prior to the con-
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ditioning trial. This was done by systematically exchanging the blocks 

with one another in a counterclockwise fashion; block' A was presented 

in the locetien originally occupied by bloek B, B was presented in C's 
j 

original location, while C was presented _n A's original location. 

^^ 
Each of the three remaining groups had one of the wood blocks removed 

from the preexposure environment just .prior to the conditioning trial. 

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

was removed, whereas the rats in Group x"ar had the block farthest from 

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

\ / « 

rats in GroupVlnter had the. block Intermediate to the drinking cup (B) 

t removed from the preexposure environment. 

The rat8 in all seven groups were tested for saccharin aversion 

as described in the preceding experiment. Following a water recovery 

' day, the rats received a two-bottle preference test between saccharin 

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— 

veiled- that little or no fluid was, being lost through spillages. One 

rat froa each of Groups Sea*, Ho Pre, and Far failed to confuse -li

the fluid available 'to it during the first preexposure session. At ' 

4, no other time, however, did the rats fail to consume all the fluid 

available to thea in,the preexposure envlrenaent. 

Analysis of fluid co____ptlon revealed that the groups did not 

differ in total fluid consaaptlon oa either of the two-bottle testa. 

Table 1 presents each group's Bean saccharin preference for each of 

"> 

the test sesaio_*r\ The firat thiag to note about the'data. Is that 
\ 
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Table 1 

Mean Percentage Saccharin Preferences from the 

Two-bottle Tests in Experiment 4 

Group 

Test 

Same 

Diff 

No Pre 

Exchange 
* 

Near 

Far 

Inter 

55.3 

35.4 

2.6 

41.8 

53.5 

44.3 

64.8 

Remove A" 

Remove Ba 

Remove C* 

43.1 

64.8 

54.7 

78.1 

71.3 

75.8 

aRecalculated data from Groups Near, Far, and Inter 
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all the groups preexposed to saccharin prior to conditioning acquired 

weaker saccharin aversions than Group No Pre. Saccharin preexposure 

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

however, that the rats preexposed to saccharin did not all acquire 

saccharin aversions of the same magnitude. The weakest saccharin ^ 

aversions were displayed by Groups Same, Near, and Inter, whereas 

Groups Diff, Exchange, and Far all displayed stronger aversions to 

saccharin. The differences between these two sets of groups were 

most apparent on the first day of testing 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 the former 

set of groups, however*, [F_(6,49)»1.45]. Finally, all the groups pre

ssed to saccharin acquired weaker aversions than the rats in Group 

No Prexig(6,49)-5.95]. 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 saccharin aversion as follows: Group Same -

Group Inter -*Group Near <\ Group Diff - Group Exchange - Group Fat < 

Group No pre. Analysis of the, data fron the second test session indi

cated that there were no differences aaong the groups preexposed to 

saccharin. These groups continued\to display weaker 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 from 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 [£(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. This latter set of groups 

displayed stronger saccharin aversions than the former set of groups 

[F_(6,49)-1.60]. All these groups displayed weaker saccharin aversions 

than Group No Pre [F,(6,49)=6.00]. Given that the true size of t̂ he 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 saccharin aversion as follows: 

Group Same » Group Remove B * Group Remove C < Group Diff - Group Exchange 

- Group Remove A < Group No Pre. ^ 

_ 
Discussion r 

— — — — — — — — — — — i s 

Cognitive map theory predicts that the effects of stimulus exposure 

on learning will depend on where the stiaulus is located at the time of 

conditioning. The animal's map will identify the stiaulus as a familiar 

event if it is presented in its original location, and learning should be 

retarded. The preexposed stiaulus will be veea as a novel event if it is 
\ * 

presented in a different location, however, 
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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 itff position 

in the preexposure environment attenuated latent inhibition for that 

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 Important in latent 

inhibition, they provide further support for a cognitive map account 

of the effect. 

The data from the cue-deletionvgroups run in this experiment 

* • 

are more difficult to interpret. There are two major problems here." 

It is clear that one of the three blocks in the preexposure environ-

ment was more Important that the others, as removal of this cue at

tenuated latent inhibition for the preexposed saccharin CS. Unfor

tunately, it's not clear whether the significant cue in this situation 

was the block farthest 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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t 
latent inhibition because it altered the relationship which had pre-

viously existed between that cue and the other cues in the preexposure 

environment. The natur'e of this relationship remains unclear, however. 

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

Y V • 
experiment was only aesigned to determine whether removal of Individual 

cues from the preexposure,, environment would affect latent inhibition. 

As such, it provides few insights into why this manipulation attenuated 

latent inhibition for the saccharin solution. The most obvious possi

bility is that removal of the significant "cue caused the saccharin CS 

to be perceived as occurring in a new location, If' rtals was the case,-
r»*. * 

these data would contradict the view espoused h>y\0'Keefe and Nadel 
' (1978) that the Spatial relations which define the" location or an 

v * »_ * 
» * 

event are inherently redundant. There i& also a second possibility. 
* v 

Both Lantz (1973) and Rudy et̂  al. (1977) observed that presentation 

of novel stimulation just prior to conditioning would attenuate latent 

inhibition .for a preexposed stimulus. This suggests that removal of 

the significant cue from the preexposure environment may have acted as 
# 0 

a non-specific sensitizing influence to disrupt latent inhibition. At 
j 

meint the present time, there is no basis for preferring one interpretation 

over another. In order to differentiate these alternatives, the task 

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

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

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

then be correlated with rat*.' performance on the place learning task. 

If cue deletion disrupts latent inhibition because it changes the 

location of•the^preexposed stimulus, performance'on the place learning 

\ 

I 

! i 

* I 

\ 
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task should also be disrupted. Place learning should not be impaired, 

however, if cue deletion affects latent inhibition via a process of * 

sensitization. n 

General Discussion 

VThe present series of experiments examined the effects of changing 

tHe location of a preexposed saccharin CS on aversion conditioning of 

tha& flavor. Here, various manipulations which changed the location of 

the saccharin CS were found to attenuate latent inhibition for that 

flavor. These included presenting the saccharin CS in a different envi-
» 

ronment (Experiments 1 and 2), altering its position in the preexposure 

environment (Experiments 3 and 4), and rearranging the cues In the pre-

exposure environment (Experiment 4). In all cases, rats suffering a 

>change in the Location of the saccharin solution acquired stronger 

• \ «v 
^ayer s ions than ra ts ( conditioned "with saccharin i n - i t s or iginal location. 

** * 
Changing 'the location of the saccharin CS did not completely abolish 

1 - ' '" . < v \ 
latent inhibition for that flavbr, however. The results of these ex-
periments indicate that*the location of the preexposed stimulus is an 

V'" * : • • 
important factor in latent inhibition. The manipulations employed in 

. - ' ' *'» i r ' * : V ' 
these experiments have little in common other than the fact that they 

all changed the locatibn of the preexposed saccharin CS. This makes 

it rather unlikely that* the disruption of latent inhibition observed 

in these experiments^ resulted from anything other than the change in 

the location of the preexposed stimulus. 

The results of these experiments ate directly relevant to the * . 

cognitive map account of latent Inhibition. "One Implication 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 

o* that event. O'Keefe and Nadel ^1978) argued that an event is 

.novel if it does hot match what the animal's map predicts to be in 

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

is one, whose occurrence in a given location is already predicated by 

.the animal's map of the environment. Since an animal is morel likely 

to learn about a novel event than a familiar one, the location of an 

event should be an important determinant of what the animal will learn 

about that event. Nadel/and Willner (1980) applied this idea to latent 

inhibition to suggest that stimulus exposure retards later ̂ learning 

because the preexposed stimulus is usually conditioned—in the location 

where it was originally exposed. Under these conditions, the preex-

pdsed stimulus will be familiaryan-N^earning will be retarded. The 

preexposed stimulus would regain its no\elty If it was presented in 

a different location, however, as the animal s map would not predict 
4 

its occurrence in a new location. "Cpgnitive map theory therefore 

t 
predicts that changing t,he location of the preexposed stimulus will 

disrupt latent inhibition. Insofar as this prediction was confirmed 

in all four experiments'reported here, t'hese experiments support the 

cognitive map View that stimulus location is important in latent in— 
a • 

hibition. • - ^ » • 

Although Nadel and Willner (1960) did not address themselves to 
' 

," the*.question of facilitated learning following stimulus exposure, 

cognitive map theo'ry does ̂provide a rationale for the results* of i 

"perceptual learning" experiments. The Lubow et al. (1976) study 
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described earlier makes it clear that stimulus exposure facilitates 

learning only when training takes place in a novel environment. 

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 environment, just the opposite is true 

in a novel environment. Sheldon (1969) demonstrated that rats pre-

ferred a familiar object ,to a novel one when they were tested in a 

novel environment— Similarly, Yamamoto et al. (1980) found that rats 

adopted a familiar object as a base from which to explore a novel 

environment. The simplest explanation for rats' attraction to pre

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

Novel environments certainly evoke curiosity and exploration, but 

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

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

encountered in a different environment. Preexposed stimuli provide 

a means of reducing the fear elicited by the novel environment, if 

only because those stimuli were not associated with aversive events 

in the past. 

- These 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 discrimi-

nanda, the preexposed animal's tendency to approach those objects 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. O'Keefe & 

Nadel, 1978, pp. 264-290). The preexposed animal may or may not adopt 
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a cue strategy frdm 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-preexposed animal, on the other hand, has no such advantage. 

A second 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 will be neutral for the non-prefexposed animal at the 

start of training. It's not unreasonable to think that the discrimina

tive stimuli will have positive incentive value for the preexposed 

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

environment. These differences in initial affective response to the 

discriminative stimuli could result in preexposed animals mastering 

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

is relevant here, as perceptual learning has only been demonstrated in 

appetitive tasks. Until perceptual learning is demonstrated in a task, 

involving aversive motivation, this account of perceptual learning must 

be considered a viable one. 

The foregoing indicates that ideas derived from an analysis of 

cognitive mapping can be fruitfully applied to understanding both 

latent inhibition and perceptual learning. The view that animals 

represent events in ..terms of their locations, however, has implica-

tions which extend beyond the analysis of stiaulus exposure effects 

on learning. The most obvious of these is that the location of an 

event is a more important determinant of learning and performance v 

' '~\ 
than has previously been suspected. In what follows, the idea that T 
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animals possess context-dependent (spatial) representations of events 

will be applied to the phenomenon of blocking and to some recent find-
i 

lugs on extinction to illustrate how this*Nldeai_ay further our under

standing of the effects seen in these situations. 

Kamin (1969) reported- that prior conditioning to an element A 

would attenuate conditioning to an element B when the stimuli were 

subsequently presented in an AB compound. Since then, the phenomenon 

of blocking has generated a great deal of research and almost as much 

speculation as to the'basis for the effect. Blocking of the added 

stimulus has, at various times, been attributed, to a reduction in 

relnforcer 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 approaches, they share the common assumption that 

blocking is due to the fact that the relnforcer is already fully pre

dicted by the pretrained stimulus. Cognitive map theory is indifferent 

as to whether blocking is due to changes in relnforcer or CS potency. 

Instead, the theory focuses attention on what is being predicted by 

the preconditioned stimulus. ' Accordingro this view, the animal in a 

blocking environment is learning to expect a particular relnforcer (a • 

relnforcer in a specific location)- as opposed to a general type of 

relnforcer. The theory therefore predicts that changing the location 

of the relnforcer at the start of compound conditioning should attenu

ate blocking of the added stimulus ("unblocking"). The theory also 

leads to an interesting prediction concerning the effects of inter

spersing element-alone refreshen trials among the compound trials. 

Giving the animal trials on which the pretrained stimulus signals 
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the relnforcer in its original location should actually enhance un

blocking on compound trials where the relnforcer 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 

some recent findings in the extinction literature. It now appears 

that extinction of conditioned responding to a stimulus is specific 

to the environment where extinction takes place. Bouton and Bolles 

(19.79) gave rats tone-shock pairings in one environment arid 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 different environment and tested 

in the training environment, on the other hand, Evidenced 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 con^ 

text as possible explanations for the renewal of fear effect they 

obtained. The fact that extinction is context-specific makes good 

sense when viewed from the perspective of cognitive map theory. The;, 

conditioned stimulus will be seen as a different event when it ,is 

presented in a different location. Even though the animal recognizes 
el 

that the CS is 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 its first 
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few presentations in a new location. The animal will quickly learn 

that the stimulus does not predict reinforcement, however, and will 

adjust its 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, and this is indeed 

the case (Archer, Sjoden, 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 established 

between that stimulus and reinforcement in a different environment. 

The presentation of the CS in its original location should continue to 

evoke conditioned responding appropriate to the association between 

that stimulus and reinforcement. ' 

It's clear from the above two examples 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 s great deal more of which we are 

ignorant. We still know very little about the precise nature of the 

representations subserved by the spatial mapping system, i.e., how" 

detailed ate these representations? We also know relatively little 

about how animals actually define locations or how the information 

contained din maps %» translated.into performance. Finally, we need 

to know more about how the spatial aappine/tystea interacts with non-

spatial (i.e., context-independent) aeaory systems to control the 

ongoing behavior of the organism. All these questions are prominent 

candidates for future research. Even though we cannot orovide detailed 

to any of these questions at the pcaaaat t_ssn this should aot 
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prevent psychologists from recognizing the potential importance of 

spatial concerns for our understanding of animal learning aiuL-memory. 

r^ 
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