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Spatial Learning: Conditions and Basic Effects
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A growing body of evidencesuggests that the spatiahd the tenporal
domains seem tsharethe same or similar conditions, basffects, and
mechanisms. The blocking, unblockiagd overshadowing experimerfgsnd
also those ofatent inhibition and perceptuallearning reviewed by Prados
and Redhead irthis issue) show that texcludeassociative learning as a
basic mechanism responsible fgratiallearning isquite inappropriate. All
these resultsgspecially those obtainedwith strictly spatial tasksseem
inconsistent withO'Keefe andNadel's account oftrue spatial learning or
locale learning. Their theoryclaims that this kind of learning is
fundamentally different and developswith total independencdrom other
ways of learning(like classical and instrumental conditioning-taxon
learning). In fact, the resultgviewedcan be explainedppealing on to a
sophisticated guidance system, like for example the one proposieebbgrd
and McNaughton(1990; seealso McNaughtonand cols, 1996). Such a
system would allow that an animgénerates:iew spaceinformation: given
the distance and address from of A taril from A toC, being able tanfer
the distance anthe addresfrom B to C, even when C isnvisible from B
(seeChapuisandVarlet, 1987 -the contribution by ddaren in this issue
constitutes a good example of a sophisticated guidance system).

1. Introduction.

Are both the “when to respond” probleand the“where torespond”
one governed by thesame,generalassociative laws? Or are they not? To
debate the idea of a general learnngchanism isot new. Experiments by
Garcia andhis colleagues on taste avers (Garcia, Kimmeldorlf and
Koelling, 1955; andGarcia andoelling, 1966) are agood example ofthis
kind of question (Rozin anlalat, 1971,1972). When aimternalillness is
artificially induced in a rat after having eaten or drunk a substance witeh
taste (normally bymeans of aLithium Chloride injection) the ratwill
subsequentlyavoid eating ordrinking a substancevith such a tate This
conditioning can happen after a single pgrof the tastand theillness, and
even when severéloursmay elapsdetweenthese eventds taste aversion a
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rat’s specifickind of conditioningwhich adapts itto the demands of its
environment? It was arguedat becausehis kind of learmg is not arbitrary
but instead highly adaptative, this suggestaeva learnng mechanismyhich
had very little in commonwith that responsible fortraditional forms of
learning, like classicahnd instrumentatonditioning. And the rapiditywith
which these aversions are learned, provided evidence in favour of slaain.a
But later researchasdemonstrated thaaste aversioronditioning is indeed
associative learning: practically all the basic phenomeérieh nornally occur
when traditional preparations of conditioning are used, are also obsdnead
using ataste aversioprocedurgRevusky,1977). As Dickinson (1980) has
indicated, what taste aversion studies have realhe is to mody and enrich
our conception ofthe general learning mechanismre the present
controversiegelated to spatialearning and navigation asign hat we are
facing a similar case®Pime will tell. And always weshouldkeep in mind
Lloyd Morgaris canon:“in no case may we interpret an action as the
outcome of the exercise of a higher psychical faculty, if it can be interpreted as
the outome of onewhich standslower in the psychologicalscale” (cited
from Pearce, 1997, p. 15).

2. Spatial learning and navigation

As we have seen in Chapter 1 aninfase avariedrange ofstrategies,
someinnateandotherslearned, that help them to navigaded when faced
with a specific spatiakask, theone hey choosewill depend both ortheir
sensorial capacities and tre nature of the stimuli that aagailable.Spatial
learning makes us think dfolman(1948) and mazeexperiments. Hovdoes
arat solve a T-azeproblem?(see Figure 1)Usually,food isplaced in one
of the two goal-boxes (GB+) and nottime otherone (GB-), andhe subject
has to choosbetweenone arm and the other at thbhoice pint. This is a
spatial discrimination task, and traditionally it has hadtwo alternative
explanations. Accaling to Tolman(1932, 1948), the rdearns toassociate
the correct goal-boxGB+, with food and the incorrectone, GB—, with its
absence, so that after a certain number of triglsabseghe correcigoal-box
andavoids the incorreabne. Onthe otherhand,according toHull (1943),
whatthe ratlearns is toexecute a certairesponse instead @nother at the
choice point, because the first one is followgdood while thesecond one is
not. In both cases we sdyat the animahasbeen conditionedalthough for
Tolman it is a case of classicdnditioning, “plae” conditioning (the rats
learnassociationdetweenplacesand rewards),and for Hull it is a case of
instrumental conditioning, “response” conditioning (the rats learn
associations between responses and rewards).

The most typicailvay to digover which is the sitegy that theats use
in a T-mazeconsists ofrotating themaze180° (test of themaze incross
form). If the animahaslearned thdaskleavingfrom start-box 1 (SB-1) in
Figure 1,the testtrial is carried outfrom start-box 2 (SB-2) and its
performance is registered when choosing a goal-athe athoice pmt. Place
learning would direct the rahrough the mazeindependently ofthe turn
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response learned, and therefore to the correct goal-box, GB+. Continary,
response learningrould predict that the rat will continue making the same
turn that it initially learned,and therefore #t it would choosethe incorrect
goal-arm,GB-. Whenboth goal-armsare identical, the most frequent result
has been that when several extra-maze aukesdmarks arpresent andhere

is abundantight, place larningprevails(Tolman, Ritchieand Kalish,1946),
while in the absence of landmarks amndth little light, responselearning
prevails (Blodgett and McCutchan, 1948). Other methods have alsabegn
(for example the test of theolar maze), withresultsgenerally in favour of
place learning (see Tolman et al., 1946).

Figure 1. A schematic diagram of a T-maze. S-B = start-box, G-B+ and
G-B- the rewarded and unrewarded goal-boxes. A and B, represent
distinctive objectsimmediately adjacent to the goal-boxes, and C, D,
E, and F are various landmarks(doors, windows, tables) inthe room.
The dotted start-box and arm at X represent anew location for the
start of a test trial. (After Mackintosh, 1983 —with permission.)

3. The legacy of Tolman

Tolman regarded conditioning athe acquisition ofnew knowledge
about the world, irtead of the acquisition afewresponses onew reflexes.
He considered that as a result @inditioning, animals acquire knowledge
about theirenvironment(for example, that apecific stimulus, like &one,
signals food; or that apecific response, like gever-presscauses food to
appear). Thus, the function of conditioning becorhesdf allowing animals
to discover the causatructure ofthe world (Tolnan and Brunswick, 1935).
For Tolman, whata ratlearned as it rathrough amaze was a map of the
spatial relationships among the mazmes, the rewardegoal-arm andliverse
landmarks. As Mackintoshindicates (1983), “the translation of this
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knowledge into performance cannsimply be amatter of activating a
responsdendency. It would seem tequire some morelaboratedand less
easily specifiedprocessesincluding combinationwith further knowledge
about thevaluesassigned to some difie events oplaces soassociated, and
some process of inference to prodaagecision’(p. 12).Tolman arguedhat
the rats arrived at thecorrect goal-arm byusing acognitive map of the
experimentalroom. But henever explaiad the specific properties of the
cognitive mapsand consequentlyis theory lostcredibility (O'Keefe and
Nadel, 1978). Irfact, in animportant review oimaze learning (Restlé957),
the conclusion was reached that there waseeal to talk oEognitive maps or
of qualitative differences between place learning and response learning.

Tolman was also the first authoritsist on the importancef making a
clear distinction between éarningand performancgTolman, 1932, 1948,
1949). And to such anend hecarried out experiments to demonstrttat
what an animal had learned could notsbewn in itsbehaviounmmediately.
The classic experimente/ere those of“latent learning” (see Tolman and
Honzik, 1930). In these experiments hungtg were allowetb runfreely in
a complexmazefor severaltrials for a few days. Onthesetrials, food was
never present in the maze. Then, food was introduced on a dayaand the
rats showed an abrupt change of behaviowoas ashis happenediunning
significantly faster than before and makifegv errors ontheir way to the
goal. Even on the trial immediately after food was introduced thdiffirsf the
animals made no moesrors than anials that hadbeen rewardewith food
from the beginning of traning. Therefore, therats musthave learned the
correct trajectory to thegoal-box duringthe unrewardedrigls, and this
learningwas behaviourallysilent until theyhad an appopiatencentive. At
present, Tolman’s visionary idease consideredf greatvalue.Nowadays, it
is widely accepted thatonditioning carbe understood as the acquisition of
knowledge aboutrelationships amongevents,and that thebest way to
consider abehaviouralchange that an experimenter might register is as an
index of that knowledge (Dickinson, 1980; Mackintosh, 1983).

4. The proposal by O'Keefe and Nadel (1978)

We know that rats typically solve maze problems by learning to
approachthe place where the goas. But how is this place defined?After
many yeas of silence,0"Keefe andNadel (1978) resurrectedrolman’sidea
of a cognitive map. Twdindings were decisivan the elaboration of a new
theory. The firstwas that certain complex cells of tinats’ hippocampus,
“place cells”, are activated in a selective wayhen animalsare in specific
places in a familiar environment (O'Keefe and Dostrovsky, 1971; O'Keefe and
Conway, 1978; O'Keefe andSpeakman,1987). The secondwvas that
hippocampal lesions havepaofoundeffect on spadil learning.Animals with
hippocampalesionshave no dficulty in navigating toward ayoal that they
can see, but they are cplately disorientedwhen the goal isiidden (Morris,
Garrud, Rawlins and O'Keef&982; Sutherland, Whishaw, andolb, 1983;
Pearce, Roberts and Good, 1998).
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In their very influential book, O"Keefe andNadel (1978) claimed that
rats can learn the correct trajectory to reach a goahaze in twoways. The
man one, “true spatial learning”, they label locale learning(or the
“hypothedgs of the cognitive map"). A rat solving a problem bylocale
learningwould form acognitive map ofthe environment wherthe maze is
located,and of the specifidocation of the rewarded goal-arrwithin that
environment. A crucial feature of their account was deefe andNadel
(1978) consider thasuch aéarning is non-associative; thah@ppens in an
all-or-nothingway; and that it implies the formation and readjustment of a
complete representation tife environment imesponse to noveltythey also
claimed that this kind of learning is highlgxible, and that the hippocampus
is the responsible cerebsdtucture. The seconday toapproach aapl they
termed guidance learning. Learning byuidance impliesapproaching one
specific cue or set of cuéa particular colour, shapedor ortexture in the
rewarded goaarm,for example, or garticular landmd or configuration of
landmarks just behinthe correctarm). Guidance leanng wasregarded as
one form of taxorlearning, theother beingorientationlearning, which is
basically the same as Hull'sesponselearning. Guidance learning is
associative and can be regarded as a fornadb¥an conditioning, thatdoes
not dependon the hippocampus. It isalso lessflexible than truelocale
learning. These two strategies, locale gndlance, proposed kiieseauthors
to solve spatial tasks were traditionally understood aenly one form of
learning, place learning (Tolmah948; Restle,1957). However,O Keefe and
Nadel emphasize th#bcale and guidance strategiese two fundamentally
different and independembrms of learning, each of them controlled by a
different cerebral structurand that onlythe taxonstrategy, theguidanceone,
is controlled by associative lawsAre thesetwo ways of leaning really
different and independent?

5. Spatial and temporal domains: Common basic effects

One way taappeal thiqquestion is to considevhether it ispossible to
find parallels between spatial learning and other forms of learning. MWatfart
an analysis of spai and non-spatialstimuli. When spatiallocation is
analysed in amanner similar towhat is nomal with other properties or
dimensions othe stimuli(such aswavelengthand auditoryfrequency), the
control exerted by the location of stimulli appetarde similar to that exerted
by other properties odimensions othe stimuli. Absolute spatial proximity
and both generalizationand peakshift effects have been observedvith
variations in spatial location.

5.1. Absolute spatial proximity between alandmark and a goal.
The effect of absolute tempogioximity of theconditionedstimulus(CS) to
the unconditionedstimulus (US) in aPavlovianpreparation iswell known
(Revusky, 1971). Normally, conditioning improves asittierval between CS
and US decreases, although at very simtetvalsconditioningmay be worse
(Ost and Lauer, 1965; Schneiderman an@ormezano1964). In aparallel
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way, it hasbeenfound thatthe control acquired by single landmark is
different depending on iteelative dstance or itsabsolute spatigoroximity

from a goal (Cheng, 1989; Spetch amdilkie, 1994; Clamizo, in
preparation). In this study two groups of rats were trained in a Morris pool to
find a hidden platform inthe presence of a single landmark. Circultdack
curtainssurroundedhe pool,with the sigle landmark inside thienclosure,

so that no other room cues could pral additional information tofind the
platform. This lanthark washung from afalse ceiling and rotatedrom trial

to trial, and theposition of the platformalso changed omach tial, thus
preserving a constant relation between the platform and the landmark.

For onegroupthe position ofthe landmark waselatively close to the
hidden platform(Group Near), while for the second group itvas relatively
furthe away from it (Group Far) -see Figure 2. Tesials, without the
platform, revealed a difference between gneups.Although a preference for
searching irthe correciguadrant othe pool wasfound in bothgroups, this
preference was signi@ntly higher for near rats. Then, in a second
experiment, newats (Goup Near), were compared torats for which the
position of the landmark waxactly abovehe hiddenplatform, likea beacon
(Group Above). Again, apreferencdor searching irthe correct qudrant of
the pool was found in both groups, maw this preferencewvas significantly
higher for beacon rats. The implication is that the control acquired by a single
landmark is different depending on its relative distance from the goal, a hidden
platform: Closer landmarkscquire a better control thdarther awayones -
the limiting case being@early visibleplatform (Morris, 1981). There isthus
a clear parallelism in comparisomwith the effect of absolute temporal
proximity of the CS to the US in classical conditioning.

B(far) B(near)

Figure 2. A schematic representation of gpool and two landmarks (B-
near, and B-far), aswell as theplatform. Landmark B could also be
above the platform. (After Chamizo, in preparation.)
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5.2. $atial generalization. Stimulus generalization isaid to exist
wheneverthe subjectresponds in aimilar way to varous stimuli (Paviov,
1927; Guttman andKalish, 1956). Inthe study by Guttman andKalish
(1956), pigeons were trained to peck kég which wadlluminated by a light
of a specific wavelengttAfter training, the animalgvere testedvith a variety
of otherwavelengthgresented othe key. Theesults showed a gradient of
responding as a functiai how simlar eah teststimuluswas to the original
stimulus. This result iscalled a stimulus generalizationgradient. Spatial
generalizationgradientshave also beenfound in atouch-screen taskvith
either pigeons or humans as subje(®petch,Cheng and McDaald, 1996;
Cheng,Spetch and Johnstoh997; SpetchCheng, McDonald, Linkenhoker,
Kelly, and Doerkson1997). In Experiment 1 of thestudy by Cheng et al.
(1997), pigeonswere trained on dixed-interval sbedule for pedking at a
computer screefollowing presentations aé small square in dixed screen
location (S+). Then unrewarded test trials at a range of locatiwege
intermixed to the previous trials. The results shoagiadent of responding
asa function ofthe relative proximity of the test location® the location of
the originalstimulus (S+): the pigeons showedigher esponding to S+,
which decreased symmetrically widistance from S+The sameresultswere
found with human subjectsThey showed &Gaussian dtribution over a
linear scale ofpace . Similar spatialgeneralizationgradientshave also been
found with honeybese (Cheng, 1999, 200Qhus demonstrating amportant
cross-species generality.

5.3. Thepeak shift effect. In a classical study by Hanson (1959),
three groups of pigeons were trained to peck at allkeyinated with light of
550 nm(S+). A cortrol groupreceived noother training, butfor two other
groups, reinforced trials to S+ alternated with nonreinforced trials toHg:h
was either555 or 590 nmThe results ofthe controlanimals showed the
expected stimulus generalization gradiemaiund S+But birds trained on the
550-590 discrimination showed a higherate of gcking to S+, and
surprisinglytheir rate of respndingwasevenhigher to shortemwavelengths
—like 540,awayfrom S-. This shift of the peak espondingaway from the
original S+ iscalled thepeak shift phenomenon, and #vas even more
pronounced in birds trained on tH880-555 nm discriminatiorhe peak shift
effect occurswhenworking with intradimensional discriminartions, and as a
function of the similarity between S+ and S-.

Recently ChengSpetch andlohnston(1997, Experiments 2, 3, and 4)
havereportedthe peakshift manipulation (traimg with S+ and S-) in the
spatial domainwith pigeons. Duringtraining onelocation (S+) indicated
reward on half of the trials, and fibre rest of thérials asecondocation (S-),
indicated no reward. Thamrewarded test trials at a range of locatiege
intermixed to the previous trial$he generalization gradienbtained showed
higher responding othe side of S+awayfrom S-.This effect wasstronger
when S- wastloser toS+. This effect has beencalled areashift (Rilling,
1977). The results ahe experiments byCheng etal. (1997) showed an
exponential gradiendver alinear scale ofspace. Thishapewas also found
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along the orthogonalertical dimension. Asthe authorsclaim, theseresults
clearly parallethe patternfound for similar discrimination training in other
dimensions of experience.

6. First tests in favour of O’Keefe and Nadel's proposal

Morris (1981) was the firshtuthor to demonstrateatrats couldiocate
an object that they were not ablestee, hear, or touckwhenever itmaintained
a fixed relationshipwith respect to distal landmarks. ms work heused a
circular pool full of opaquewater from which the amals could escape by
climbing to a platformwhich was a centimetre below thevel of the water.
The platform always maintainedconstant relationshipith the landmarks of
the room. Therats, good swimmers but notery fond of water, quickly
learned toescape fronthe water by swiming directly to the jgitform from
different points of the pool. Ingenious additional tests,search tasks,
corroborated thesdata. Morris interpretedhis results ashowing that the
animals learned how to locate the position of the platform being guided by the
position that it maintainecegardingthe context invhich theexperiment was
carried out, theoom andthe objects that it containednd he considereithat
they supported O'Keefand Nadel's theory oflocale learning or cognitive
map (1978). However, Morris(1981) also indicated thathis results did not
offer information regardinghe mechanismesponsible fothe acquisition of
such a map. Heuggested that ongay to addresghis questiorwould be to
see whether phenomena characteristic of classicaland instrumental
conditioning, such as blocking and latent inhibition, miglsb be obsrved in
experiments irwhich ratsapparently acquired a spatrabap. Wellcontrolled
laboratory experiments were clearly needed to solve this puzzle.

7. Evidence against O’Keefe and Nadel (1978) proposal

Does locale learningonsist ofthe conditioning of approachesponses
to a goal that is defined in terms thfe spatialrelationship thait maintains
regarding a number of landmarKse., an associativgpoint of view) or
alternatively, isthis a kind of learningdifferent and independent of the
traditional ways ofearning, af0'Keefe and Nadetlaim? It isone thing to
show that spal locaton canact as a ihension or continuum like other
physical dimensions. Butthe critical question hasalways beenwhether
knowledge about spatisdcation is acquired in the samey asknowledge
about other relations between events.

7.1. Blocking and overshadowing: rats

Chamizo,Stereo andVackintosh(1985) were the first authors totest
Morris’ proposals (1981) in aeries of experiments of blocking and
overshadowing. Th@urpose of Chamizo etl. (1985) studywas to check
whether locale darning could be blocked (Experiments 1 and 2) and
overshadowed (Eperiment 3)by guidancelearning,and vice-versaBlocking
is observed when prior establishment of efeement of acompoundcue as a
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signal for reinforcement reducesblocks theamountlearned about aecond
(Kamin, 1969). The term overshadowingrefers to the finding that the
presence of a second relevant cue will cause animals toldsaabout a first
than they wouldhavedone if trained onthe first cue in isolation(Pavlov,
1927; Kamin, 1969). Experiment 1consisted ofour groups ofanimals, two
pre-trainedones (Intra and Extra), and theother two without pretraining
(Compoundgroups). Theexperiment examined whethprior training with
either intra-maze or extra-maze cues alone relevant would block learning about
the other class of cue when,a second phase tife experimentboth sets of
cues simultaneously signalled the locatidmeward. Anelevatedradial maze,
used as #hree-armmaze,and a discriminative taskereused inthis study.
One of the arms was used astat-arm, andhe other two agoal-arms. The
maze was located in the middle obig, well illuminated room, tht contained
many anddiverse olgcts strategicallyispersed,Jandmarks, thaimade the
walls clearly distinctive. Theeinforced and non-reinforced arms could be
defined in terms ofntra-maze stimuli(the floor of one ofthe arms was
covered withblack rubber andhat of the otherwith yellow sandpaper), in
terms ofextra-maze stimuli (the arms could point indifferent directions:
north, north-easkast,south-east, south, south-west, wastl north-west), or
these alternatives were defined by both sources of information simultaneously
present (the correct arm was covevetih black rubber andalwayspointed to
the north-east corner of the roprit was suppad that theatswould learn a
guidance strategwhen theyhad to usantra-maze stimulto find the food,
ard alocaleone whenthey hadto usethe landmarks omextra-maze stimuli to
find the food. Test results showedan effect of reciprocalblocking: pre-
training with intra-mazestimuli blocked conditioning based on extra-maze
stimuli, and vice-versa. Iffood had beenfound onthe basis of intra-maze
stimuli in the first phase, the rats did not learn that in the second phase it could
also befound onthe basis oflandmarksor extra-mazecues; if it hadfirst
beenfound onthe basis ofextra-maze cueshey did not learn that it could
now be found by intra-mazecues. (For anadditional demonstration of
blocking betwer locale and guidandearning,using acircular pool and rats
as subjects, se®kedheadRoberts,Good and Pearce, 1997, Experiment 4).
Experiment 2of this study was carried outto eliminate an alternative
explanation of spatiddlocking in termsof learnedirrelevance(Mackintosh,
1973, Bakerand Mackintosh,1977). Theresults showed alear interaction
betweenintra-maze cuesnd landmarks that could noe attributed to a
learnedirrelevanceexplanation(for an additionaldemonstration tceeliminate

an explanation of spatial blocking in terms of learned irrelevance, with rats and
a circular pool, see thestudy by Roberts andPearce,1999). Finally,
Experiment 3 was designed to see whether trawitigintra- and extra-maze
cues simultaneously wouttvershadoweachother. Theexperimentconsisted

of four groups ofrats, wo trainedwith intra- andextra-maze cueeelevant,
and theother twowith only one of these cues redet; one intraand the
second onextra. Itwasfound thatthe extra-maze stimutiould overshadow
the intra-maze ones, but nate-versaHowever, a sulegquent studyMarch,
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Chamizo and Mackintosh1992) provided ademonstration ofreciprocal
overshadowing between intra- and extra-maze cues in the radial maze.

7.2. Landmark-based blocking,unblocking, and overshadowing:
rats.

An evenmore critical test toevaluateO’Keefe and Nadel’s proposal
(1978) —that locale Ekarning occurs non-associativelly inan all-or-none
manner,and that animls constantlyupdate theircognitive mapof their
environment- would béo seewhetherblocking and overshadowing occur
entirely within the gatial domain. For example, ifrats learned tonavigate
toward a goal defined by referertoea particulaset of landmarkgA, B, and
C), would they fail touse anew landmark (X) when it wasubsequently
added to theoriginal set? Thestudies byRodrigo, Giamizo,McLaren and
Mackintosh (1997) and by Sanchez-Moreno, RodrigoChamizo and
Mackintosh (1999), both with the Morg®ol, were designetb test blocking
(Rodrigo et al.) and overshadowingSanchez-Moreno efal.) among
landmarks. A final study (Rodrigo, 2004ias designed ttestunblocking. In
these studies, one major innovation was introduced in compariddortes’s
work (1981). We attempted to controlmore precisely than he did, the
landmarkswhich could beused todefine the location of the platform. The
swimming pool was surrounded bycircular black curtains inorder to
eliminate the use @iny statidirectionalcues,and a fixed number afbjects,
landmarkswere placed afarticularpositionsrelative tothe platform,inside
this enclosure. These landmaskerehung from afalse ceiling and rotéed
from trial to trial, and theposition ofthe platformalso changed osach trial,
thus preserving a constant relation between the platform and the landmarks.

7.2.1.Blocking. The experiments oRodrigo et &'s (1997) study
show, first, thatrats useconfigurations oflandmarks tolocate ahidden
platform (Experiments 1A aniiB), and secondly #t previous established
landmarksmay block leaming aboutnewly introducedones (Experiments 2
and 3). In Experiment 1C glacementraining procedurewvas developedsee
Whishaw, 1991) in order teequate, agar as possiblethe experience of the
rats with the different landmarks during training. This experiment shdveed
after extensive placement training antbwa escape trials, animals cowdlve
the test task in the presence of tHeeelmarks, but not ithe presence of two
or one landmark only. THellowing experimentsExperiments 2 and 3yere
carried out witithe placemenprocedureThe rationaldor these experiments
was that if localeand taxonsystemsrepresentquite independentodes of
solution, as O'Keefe and Nadel (1978) claim, woeld not &pect tosee any
of the inteacions typicallyfound inthe taxonsolution (whereboth classical
and instrumental learningelong to)in the locale way ofsolving problems.
Therefore, thewto experimentswvere designed to se&hether rats initially
trained to use three landmarks to find the platform, ledesshbout a fourth
landmark when it was added than did tedged fromthe outsewith all four
landmaks. Experiment 2consisted of twagroups ofrats. Onegroup had
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initial training with a set of three landmarks, A, B, and C (a fiigitt, abeach
ball, and an intermittent light, respectively), dnhen both groupkad asecond
phase oftraining with A, B, C,and X. Thus, anew landmark, X plastic
plant), was added to the previaet of landmarksOn thebasis ofthe results

of Experiment 1C, it was expected that animals wouldhow good
performance onlyhen testedvith three landmarks. Therefore control by X
was asesdal by teding animds with A, C, and X. Ratsverealso testedvith

A, B, and C, to see whether they had learned the basic spatial discrimination. A
clear blocking effect wasfound: rats that hadlready learned ttocate the
hidden platformby reference to three landmarks, B, and C, learnedess
about afourth landmark, X, when it wasdded than did a contrgroup
trainedwith all four landmarks fromthe outset.And the sameesultswere
replicated in Experiment 3yhere control animalglso received placement
trials in thefirst phase buwith a different set of landmarkg¢a string of
colored Christmas tree lights, a cone, and a cube, respectively). The
implication of Experiments 2 and 3 is that when a new landmark is added to a
familiar configuration oflandmarks,rats do notimmediately update their
cognitive mapBut O'Keefe andNadel's (1978)proposalimplies that they
should: theyclaim that anunexpected landmark would engagenevelty
detector which would tgger exploratorybehaviourwhich wouldupdatetheir
map (either by integrating new features into or by deleting remonesfrom

it); in other words, thatonce the maghas been created,updating should
proceed automaticallgnd more rapidlfhan wouldbuilding anew map. On
the contrarytheseresultsimply thatrats do notimmediatelylearn about a
newly added landmarkvhen otherfamiliar landmarksare still available. The
result is thatexpected byany standardassociative leaing theory. As the
authors suggested, amgrsion ofthe cognitivemap typothesis athopes to
accommodat¢hesedatamust find amore suitable analogy thahe rat as a
cartographer.

A possible reasomwhy the blocking groups failed to learn about the
addedlandmark, X, isthis: because they alreattpew the location of the
platform on thebasis of AB, and C,they simply did not lookoward the
position ofthe new andmark and therefore failed to incorporate it ititeir
map. Biegler and Morri§1999)ruled out thisexplanation in arexperiment
on spatial blocking among anray of discrete obpts, landmarks, in aapen
field arena (the Manhattan maze). Rats were trained to find food using a set of
landmarks. Then a new landmark veasled, and althoughe animalsoticed
and explored this new object, they failedus®e it subsequentlgs alandmark
when searching for the hidden food.

7.2.2.Unblocking. Sometimes blockingloes nooccur: A change in
the conditions of rieforcementbetween the twdraining phasescan produce
an attenuation oreven atotal elimination ofthis effect. This is called
unblocking (Kanm, 1969). Unblocking hasbeen recentlyaddressed in the
spatial domain (Rodrigo2001). This work replicates thefinding that
previously established landmarks block learning aboutesv subsequently
introduced landmark and, mdstportant, that ahange in thgosition of the
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platform between the twphases othe experimentan eliminatethis effect.
The study by Rodrigq2001) consisted othree groups ofats. Two of the
groups, Blocking andUnblocking, had ittial training with a particularset of
landmarks, A, B, and C, while thigird group, Controlhad initial training with

a different set oflandmarks, L, Mand N (the landmarks in thiexperiment
were identical to those in Rodrigo et 41997). Then, a newandmark, X, was
added to the first set of landmarks and the three groups had a second phase of
training with A, B, C, and X. A new platforosition wasintroducedbetween
the first and the second phases of the experiment forthetontrol and the
Unblockinggroups. As inthe Rodrigo etal. (1997, Experiment 3) study, a
clear blocking effect wasfound: rats that hadlready learned ttocate the
hidden platformby reference to three landmarks, B, and C, learnedess
about afourth landmark, X, when it waadded than id the controlgroup
initially trainedwith a different set of landmarks; and mastportant,those
animalsinitialy trained with, A, B, and C,and for which a new platform
positionwas introducedn the second phase dhe experiment in addition to
the added landmark, X$howed an absence thie blocking effect. Theseats,
the Unblocking group, learned about landmark Xva# as did animalérom
the Control group. Theseresults show unblockg of learning about a new
landmarkwhen achange in the location of réorcementwas introduced
between thdirst andthe second phases tfie experimenta resultexpected
by any standard associative learning theory.

7.2.3. OvershadowingA subsequent study by Sanchez-Moreno et al.
(1999) reported overshadowing between landmadkking in acircular pool
with rats, thus complementing theesults by Rodrigo etl. (1997). The
experiments by Sanchez-Moreno et(4B99)weredesigned to sewhether
two landmarks placed in the same location would overshadow each other. Rats
were trained in a Morris pool tocate ahiddenplatform, whose locdon was
defined by four visual landmarks A, B, C and D (a fikigtt, abeachball, an
intermittent light, and a plastiglant, respectively)spaced aequalintervals
round the edge of theool. Control animalsvere trained with thesefour
visual landmarks only. But fomamals in overshadowingroups, an auditory
component, X, wasdded to landmark DControl by D was assessed by
testing animals with A, C, arid, and control by X by testing animalsth A
C, and X. Ratswvere also testedwvith A, B, and C, to seavhether they had
learned thebasic spatial discriminatiomn Experiment 1, the overshadowing
group spent less time in the platfogquadranthan controlsvhen testedvith
D, but the two groups performed equalll on test trialswhich did not use
D. The auditory componenX overshadowed thevisual landmark D. In
Experiment 2gevidence ofreciprocal overshadowing, @ by X and of X by
D was obtained. Then ExperimensiBygested that aappeal togeneralization
decrement wassufficient to exfain the previougesults. Theseresults are
those expected byany standardassociative leaing theory; theyclearly
complement those by Rodrigo et al. (1997).

In Pavlovian conditioning overshadowingdepends onthe relative
salience ofboth overshadowing andvershadowed stimul(Mackintosh,
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1976), on theirelativetemporalproximity to reinforcenent (Revusky, 1971),
and on theirelative validity (Wagner,1969) —i.e., whether theeinforcer is
also signalled by other events. @er and Morris (1993; see alsb996),
however,claimed thatin spatial learning aelatively less valid predictor of
reinforcement wasmore likely to acquirecontrol over behavior than a
relatively valid predictor. In both cases, the cue in question was a\@rigihl
tower, placed in a largarena, withfood available at &ixed distance and
direction from the tower. In the variable condition, the tower (and fomyed
around from trial to trial; ithe fixed condion, it alwaysstayed inexactly the
same location in the arena. Bieghnd Morris (1998argued thain the fixed
condition, the tower was a moreligigoredictor than in theariablecondition.
If tower and food were always the samgposition inthe arena, the the food
could be located breferenceo its fixed locationwith respect to thevalls of
the arena in addition to its locatitwy reference to théower. But when tower
and food movedfrom trial to trial, the tower provided thenly cue to the
location of thefood. Nevertheless, irthis variable condition, the tower
apparently acquiretbss cotrol overthe rats’searchbehaviour. Biegler and
Morris argued hat learing aboutlandmarks must be sulsjeto at least one
specialconstrain: arobject thatmovesaround fromtrial to trial cannot be a
landmark; only astationary fixed objectwill be used as a landmark tirect
search towards a godiowever,otherauthors(Cartwright andCollet, 1982,
1983; Collet, Cartwright and Smith,1986; ®llett, 1987) have reported
experiments favouringhe oppositeresult: anobject that movearound from
trial to trial can be a good landmark.

Roberts and Pearce (1998) carriedafurther seriegf experiments to
compare the control by stationary landmarkvith that of a movingone on
rats’ performance. In Experiments 1, 2, andr&s had to find a hidden
platform which wasboth at acertain dishince and specific directiorwith
respect to anoving object, @eacon. The platforrosition varied from one
session to the next, although the spatial relationship between the landmark and
the platform waskept constant.The results demonstrated thah order to
obtain information of both the direction and the distance of a higdakrats
could use anintra-pool landmark thamovesfrom session to session as a
reference pointThen, inExperiments 4 and 5 differegroupsof rats were
asked to navigate to a hidden platform by using a reference point that could be
either stationary or thahovedfrom session to session. éarding to Biegler
and Morris(1996), the control acquirdaly a fixed pointof referenceshould
be alwayshigher than hat acquired bya moving one. An associative
explanation in terms ofelative validity predicteexactly theopposite result.
The results showedhat the contrioacquired by a point of referendhat
moved from one session tothe next wassuperior to that obtained by a
stationary one(Experiment 4). And when a gbsequentexperiment,
Experiment 5, was carried out ander toeliminate an alternativexplanation
in terms of generalizationdecrement, thesameresults were replicated. In
conclusion, the study igoberts andPearcg(1998) do ot offer any support
to the initial claim by Bieglerand Morris (1993; see alsd996) that the
stability of a reference point is a requiremémt successfuhavigation. The
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authorsconcluded hat theconditionsfor spatial learningare notnecessarily
different from those observed when non-spatial tasks are used (liReegee,
Ward-Robinson, Good, Fussell, and Aydin, 2001.)

Pearce et al. (200haverecently carried out series ofexperiments in
the Morris pool to asse#fsa beaconcould overshadowExperimentsl-4) or
block (Experiment S)earning abouthe position of a platfornwith reference
to theshape of a pool. The pool haddstinctive triangularshape and the
guestion of iterestwas to seevhether thepresence othe beacorabove a
submerged latform would detractfrom learnng aboutthe position of the
platform with respect to theshape ofthe pool. The results showedhat
presence of the beacon eithad noeffect onsuch spatial learnin(although
see Experiment 1where thepresence othe beacon overshadowed learning
based onthe shape ofthe pool) or had abeneficial effect. Theauthors
concluded that the results of tssries of experimentavour theproposal by
Cheng (1986) and Gallistel (1990) that spdgalningbased orthe shape of
the testenvironment isunaffected by th@resence of other landmarkshus
suggesting that the conditions foragigl learningcan be differenfrom those
observed when non-spatial tasks are used.

7.3. Configural and elemental learning

Experimentswith spatialtasksand rats as subject&ve demonstrated
that when severalandmarks are simultaneously msent in agiven
environment, altthe landmarks,including theoneswhich are proximal to a
goal, participate in configurand notelementalearning(for a demonstration
in a Morris pool, see Rodiag Chamizo, MLaren andviackintosh, 1997, and
Prados and Trobalon, 1998; andmazeexperimentsSuzuki, Augerinos and
Black, 1980, and O’Keefe and Conway, 19T8)Experiments 1A and 1B of
the study by Rodrigo etl. (1997),rats were trained tofind an invisible
platform which was defined by a setfolur landmarksAfter acquisition,rats
were testedwithout the platform, in th@resence of twor three andmarks
only (Experiment 1A). The results showedttras performance otest trials
did not differ in the presence oftwo or three landmarks: with any
configuration of landmarks animals preferbdtguadrat of thepool where
theplatform shouldhavebeen. Equallymportant waghe demonstratiorthat
no specific landmark wasecessary fosuccessfuperformance: anget of
two or threelandmarksused inthe swimmingpool environment was equally
effective in controlling the animals behaviour when searching for the platform.
In Experiment1B, with ashorteracquisition phase, test trialsvere in the
presence of one or two landmarks only. In ttase,the rats’ performance
clearly did differ: rats tested with two landmarks preferred that quadrant of the
pool where the platform shoulthve beenand thispreferencedisappeared in
the presence of one landmaokly. All these experimentslearly imply that
the rats were solving these spatial tasks by using configuratidasdoharks,
rather than by learning, elementally, about individual landmarks.

But in a recentstudy inthe Morris pool by Manteiga andChamizo
(2001), elemental and not configural learning was found in spite of presenting
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a set of sinultaneous landmarkduring training.In this study ratswere
required to escadeom acircular pool by swimming to an invisiblglatform
that was located ithe sameplacerelative to twosets of twdandmarkseach.
The two configurations shared arldmark incommon. This ladmark was
alwaysrelatively close to a hidden platform. Test trialgthout the platform,
revealed greferencdor searching irthe correct quadrant of thmool in the
presence ofthe common landmark, eitherby itself or when it was
accompanied by any of the other landmarks. iun tested witlany of the
other landmarks, either one dtrae or in pairs, theats performed athance.
It was concludedhat aftersuch configural training, navigationtowards an
invisible platform was controlled byelemental learningspecifically by the
common landmark, which overshadowed dligerlandmarksand therefore a
configural way of learning. (For an additional demonstration of
overshadowingoetween locale oconfigural learningand simple guidance
learning, using acircular pool and rats assubjects, seeMorris, 1981,
Experiment 1). Would this preference in theresence ofthe common
landmark be the same this landnark had been fartheaway from the
platform? Chamizo, Manteiga,Garcia and Baradad(2001) teted this
prediction. In a set of experiments the effects of thlative distancérom the
hidden platform (relatively near vs. furth@wvayfrom it) were examined(see
Figure 3).

B(far) B(near)

Figure 3. A schematic representation of a pool and four landmarks (A,
B(near), B(far) and C), as well as the platform. Landmark B could be
either relatively near from the platform or further away from it. (After
Chamizo et al., 2001.)

The results showed arpvershadowing effect byrelative spatial
proximity of the commonandmark:only near animalsevealed goreference
for searching inthe correctquadrant ofthe pool in the presence of the
common landmark, both when it waspresentedalone or when it was
accompanied byny of theother landmarksin the absence othis near,
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common landmark, animals consistently performedhance. fie implication
is that therelative disance ofa landmark, which iscommon to several
configurations of landmarks, from a goal, se¢onse acrucial determinant of
the kind of strategy, elemental or configural, that an animal might learn.

It is well accepted thaboth mammalsand birds can representtimuli
either elementally oconfigurally or, in other words, thatboth simple and
configural representations are possifalad for ademonstration in @eptilian
species, with turtles, see Lop&ndriguez, Gomez, Vargdioglio, and Salas,
2000). The results bianteiga and Chamiz(2001)are easily explained by
the Rescorla andagner (1972)model, amodel that allowghat individual
stimuli when presented in compound become differentially associgtedhe
US or with the outcome of a trial. Irthis model it is assumed that the
associativestrength of a compound stimulus tise algebraicsum of the
associativestrength of its elements. If theséeementshave different relative
intensities, then it preds an overshadowingpffect; the stimulus orevent
which ismore int&sewill be the one to ga the greatemssociativestrength
and therefore the one to overshadow the less intensélowever,the results
by Rodrigo et al. (1997) showing that rats test#ti two or three andmarks
preferred that quadraof the pool where the @tform shouldhave been, and
that this preference disappeared in the presence of one landmarkupplgrt
a configural explanationAccording toa configural account(Pearce, 1987,
1994; Sutherland andudy, 1989), theset of stimuli presentedorior to the
unconditionedstimulus, US, orto the outcome, on a givetrial, is able to
activate a_single representation thle configuration of stimuli, and this
representation is associatedh the US or outcome of thengoingtrial. As
Shettleworth (1998) has pointed out, it is far frol@ar howand whyanimals
performance isgoverned by a sgle landmark or by a configuration of
landmarksls the position ofthe common landmar& crucial determinant of
the kind of strategy that il prevail? So thatvhen thecommon landmark is
close to the goal, the strategy learned willelementalpased orthe common
landmark, and wheit is fartherawayfrom it, configural? Wehavejust seen
that these strategies compete. Can they be learned simultaneopsigllai?
To both inquests, research iprogress suggests @ositive answer (see
Chamizo, Manteiga(arcia,and Baradad,2001). Moreresearch icertainly
needed tainderstandhese and other questions, so to untatigbecomplex
topic of the so called “cognitive maps”.

7.4. Blocking and overshadowing: Cross species-generality

The generality of spatiadblocking and overshadong, basic Paviovian
phenomena, has been expanded to other species.

7.4.1. Pigeons andhumans. Spetch (1995) tested pigeons and
humans using a touch-screen procedure and computer-generarated landmarks.
An invisible target waslpced athe sameplacefor both species, at a small
distance from one anore landmarks. lioth species Spetdbund that the
control over the responsgpeckingfor pigeons andoressing forhumans)
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acquired by a landmark@ven disance fromthe target waseduced by the
presence of another landrkacloser tothe target.Theseresultsare a clear
demonstration of overshadowing by relative spatial proximity.

A blocking effect has alsobeen found in humansusing vitual
navigation (Hamilton and Sutherland, 1999%pecifically a computerized
version of the Morris water task whichaalled VMWT (virtual Morris water
task). Measures dfiuman performance by meaaoé this taskindicate that
students can locate a hidden goalbing virtual landmarks imuch thesame
way thatrats do (Astur,Ortiz, and Sutherland,1998). In the study by
Hamilton and Stherland (1999),studentsinitially trained to locate an
invisible goal with a particular set of landmarks, were poor at locating the goal
when testedvith a newset of subsequentlgdded landmarksThe authors
argue that this blocking effect is inonsistentwith the cognitivemapping
theory proposed byO’Keefe and Nadel (1978), and alssith a Hebbian
explanation, which is merely based on the contiguity of evenfadiythe two
accountspredict theabsence ofblocking), and consistenwith an error-
correctingassociativerule (Mackintosh,1975; Pearce andHall, 1980; and
Rescorla and Wagner, 1972).

An overshadowing effedtas alsdeenfound in humansising vitual
navigatiort (Chamizo, Aznar-Casanovand Artiga, 2002). InExperiment 1,
the studentswere trained tolocate a mtform in the presence offour
landmaks. Following this, they had a testtrial in the presence of the
landmarks, without the platfornfor half of the subjectsthe platform was
visible (Overshadweing Group), andfor the other halfit was invisible
(Control Group). On the testdl, a clear oversladmwing effectwas found: the
Overdhacbwing group spent signiartly lesstime in the platformquadrant
than theControl group. Landmark-based #&ning was overshadowed by
simple guidance. Thelkxperiment 2eliminatedan alternativeexplanation in
terms of generalization decrement.

7.4.2. HoneybeesBlocking andovershadowinghavebeenextensively
studiedwith honeybees (for aeview of the blocking literaturesee Hammer
and Menzel, 1995; and for a review of the overshadoVitgrgture, Bitterman,
1996). For our purposes veege more interestl in landmark-based search
tasks,which only recentlyhavebeen studiedvith these anima (Cheng and
Spetch, 2001). In the study by Cheng and Spg&0f1), in two experiments
honeybeesvere testedusing a taskwhere the amnals had to search at the
right place withrespect to one or morendmarks. The landmarksusedwere
identical objects, althoughith different colourswhich indicated thegposition
of a cup filled with sugar waterm@ reward). In bth expeiments theblocking
groups weretrainedwith a single landmark in thefirst phase.Then, in the
secondphase, anew landmark was added so thhoth landmarkswere
relevantfor finding the reward. The spatiaklation of theadded landmark
with the first landmarkemained constaiicross thghases. IrExperiment 1,

' The software for this study was designed by Jose Antonio Aznar Casanova
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the control group only hatthe second phase dfaining, while in Experiment

2 these animalsalso receivedtraining butwith a different landmark (an
irrelevant landmark iran irrelevantposition). Ablocking effect wasfound in
both experiments: findaésts trials irnthe presence othe new landmark on its
own showed thathe blocking group searchedess inthe target area than did
control animalsCheng and Spetcf001) concluded that theiresults of
blocking using a ladmark-based search taskth honeybees extends the
range ofparallel phenomendound in searching both irspace and irime,
thus suggestingcommon undeying neurophysiological mechanisms for
coding both spatial and temporal information.

The cleargeneral implication of all the blocking, unblocking, and
overshadowingstudies that wehave just reviewed is thatthe mechanism
responsible for locale learning seembécclearly associativeince it interacts
with otherforms of leaning in the sameavay as theconditioning ofa light
interacts with the conditioning of a tone (Kamil969). [Latent inhibition and
perceptual leaing effectswerealso addressed ihe eighties(see Chamizo
and Mackintosh, 198%nd Chamia, 1992). These effecthave also been
repeately found with rats, bothtime radial maze anit the Morris swimming
pool, and will be extensively discussed in Chapter 3].

8. Spatial integration.

According to O’'Keefe and Nadel (1978), a&onfiguration of distal
landmarkswould form a cognitive map, and such arepresentation will not
obey associativeprinciples. Butthe results of arecent study on spatial
integration by Chamizand Mackintosh (inpreparation) do nogive any
support to such alaim. In the @amizoand Mackintoshstudy, rats were
trained to find a submerged platfomhose location wadefined byreference
to severalexternal lmdmarks.All rats were trained with two sets ofthree
landmarks;for group integration there was a landmark common to the two
sets; for nonintegration animals the teeis of landmarkshared ndandmark
in common. Each configuratiaould beeitherrelatively near orrelatively far
from the hidden platform. Tedrials in thepresence of aew configuration
formed by two non-common landmarks, ea€them coming from a different
training configuration,found evidence of spatialntegration: rats initially
trained tofind the platform using the two configurations that shared a
common landmarkshowed better performancewhen searchingfor the
platform than did rats trained to use the two configurations that did not share a
common object.This integration effect was clearlyfacilitated when the
platform had beefocatedrelatively far awayfrom the lardmarks.When the
platform had beeflocatedclose to thdandmarksthe integration effect was
weaker. The main implication dlis studyis thatthe processe®perating to
integrateinformation about separate brglevantassociationswhen using
spatiallandmarks workin the samavay as inconditioning experimentsith
non-spatial stimuli (Holland & Strauth979; Leyland1977; Rashotte Griffin
and Sisk, 1977).
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The resultsreported by Chaizo and Makintosh (in preparation) are
hard to recodile with O’Keefe andNadel’s (1978) claimsThis study(see
also Manteiga and l&amizo, 2001; and ChamizoManteiga, Garcia and
Baradad, 2001), alsuggest thathe relative disance of a common landmark
might be an important determinant of thend of strategy, elemental or
configural, thatan animalould preferentially learmvhentraining consits of
two configurations of landmarks that share a landmark in common.

9. Conclusions.

Spatial information clearlgeems tanteractduring learning: landmarks
compete according to an error-correcting hide that inthe Rescorla-Wagner
(1972) model. Blocking, unblocking, anslershadowing in thepatial domain
are ademonstration that differenkinds of spatialinformation interact
competitively. But as Shettleworth (1998) indicates, well cortrolled
experimentsrom behaviouralneuroscienceaind ethology alssuggestthat
rather than competingluring learning, distinct spatial memorysystems
acquire information simultaoesly, in parallel (Keeton, 1974; Chapuis,
Thinus-Blanc, and Poaet 1983; Fiset, Gagnon, andBeaulieu,2000). For
example,there seems to behree differentmechanismsused by birds to
navegate. These mechanisms imply theofiske sunthe stars, andhagnetic
fields. Pigeonscanreturn totheir nests fromplaceswhich arehundreds of
kilometers away, beginningtheir flights in aplace that theynad neverbeen
before,and thatin relation to theimests is in a directiotowardswhich they
had never flown before. If tidacewhere theyarefreed is East of their nest,
they fly West; if it isWest, they fly East. If tawgroups from differentnests
are freed together in the samlace,eachgroup wil fly in the appropiate
direction. Accading to aguidancestrategy, abird will detect adiscrepancy
between theonditionswhere it isfreed and those of iteatural habitat; and
the purpose ofits movementwould be to reducehis discrepancy. The
position of the sun in the sky atite speed of its apparentovementwill be
important sources of information for the bird. But nowadays we know that the
sun is not indispensable in order that pigecensfind their way back totheir
nests, because theb&ds canreturn totheir nests incloudy weatherboth
from afamiliar and unfamiliar starting point. In experimentwith pigeons
where theirinternal clocks have been changed because thbsve been
exposed to amlteredday-nightcycle, it hasbeen observed that when it is
sunny theybegin flying in the wrongdirection, while in cloudy conditions
they fly in the right diection (Keeton;1974).This implys th& pigeonshave
an alternativesystem of dentation, probably amagneticsystem.Because
when a little magnet is placed orpgeon’shead, ithas difficulties eturning
to its nest on a cloudgay, but not on @aunny one.The fact that they can
interchange sun and magnetism implys that birds haatemnativecompass.
It hasbeensuggested that if pigeofmve acompass, theynust alsohave a
map, because a&ompass bhyitself is useless. Kramer's (1953nap and
compass hypothesis, previously introducedRbyrigo inthis issue,does not
fit in with any of thetaxon strategies, Wt it does sowith a locale one
(O’Keefe and Nadel, 1978). Unfortunat¢he basis ofognitive map, if they
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do indeedexist, is sometihg unknown and requiregery well conrolled
experiments.

The hypothesi®f the cognitivemap proposed byO'Keefe andNadel
(1978) also faces other problems. Although itestain that the hippocampus
plays an important role in many spatial tasks (Sutherland, Kolb and Whishaw,
1982; Sutherland, Whishaw and Kolb, 1982), it is also true that itlalss so
with manyother non-spatial taskashenever theyequire a highlyrelational
representatio (Sutherland an®udy, 1989; EichenbaumfFagan andCohen,
1986; Eichenbaum,Mathews andCohen, 1989; Otto, Schottler, Staubli,
EichenbaumandLynch, 1991). Therefore, athe monent, no agrement has
been reached abowvhich are thefunctions of the hippocampus (see
Eichenbaum,1994; andBunsey and Eichenbaum,1996). Moreover, it is
known thatsomeimportantneuronalcircuits, which are implied in complex
locale learning, areutside this structur¢Alyan and McNaughton 1999;
Smith-Roe,Sadeghian an#elley, 1999). This state ofaffairs hasled some
investigators to recognize that theoposal by O'Keefand Nadel ismore a
metaphor that a theory (Sherry and Healy, 1998).
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