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\that process which manifests itself by
adaptive changesin individual behaviour as
a result of experience." Thorpe (1963)

Manning and Dawkins (1992), and their more re-
cent edition, both state that the old approach to
learning has \b een replacedby a much more biolog-
ically basedapproach. . . . learning is now seenas a
way in which animals attempt to identify key aspects
of a 
uctuating environment: to detect its regular-
ities and ignore the distracting `noise' which is not
important for them."

My aim in theselectures is to discusshow animals
pick out the relevant detail and much of the material
is drawn from a classicbook by Dickinson (1980) rec-
ommendedby Manning and Dawkins. The ideas in
the book are important but it is a hard read. I have
tried to extract the best bits and placethem in an in-
telligible framework. That meansI have had to skip
many other aspectsof learning and memory but these
are covered by Manning and Dawkins (1992) and in
other intro ductory texts. Most of thesecommendthe
modern approach but make no attempt to explain
it. An exception is Pearce(1997, Chapter 3) which
givesa good account of theoretial developments since
Dickinson (1980).

1 The old classi�cation of
learning

Since Pavlov's early work, learning studies have
beena major branch of animal behaviour and a stan-
dard classi�cation arose(eg Thorp e, 1963)

1. Habituation

2. Conditioned re
ex Type I (= classicalcondition-
ing)

3. Conditioned re
ex Type I I (= Trial and error
learning or instrumental conditioning)

4. Latent learning

5. Insight learning

6. Imprin ting

1.1 Habituation

Habituation occurs when an animal gradually
ceasesto respond to a stimulus. The classiccaseis
farm animals by a railway line. The �rst train sends
them in a panic but, gradually, they ceaseto respond
at all. It is an example of the precautionary prin-
ciple: treat all sudden changesas dangerousunless
they prove otherwise. Thus, caution is built into the
geneticcode but the animal learns the detail of what
is and is not dangerous. Virtually all animal groups
show habituation.

1.2 Associativ e learning

This covers type I and I I conditioned re
exes.
Broadly, classicalconditioning, or typeI, occurswhen
a stimulus such as a sound is presented at the same
time as food. After a number of trials the animal
starts to salivate when the sound is presented on its
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own. The simplest measuresof classicalconditioning
are the intensity or probabilit y of the response.

Trial and error learning, or type I I, occurs when
an animal's own actions are consistently rewarded or
punished. For example, pressinga lever is rewarded
with food. The animal rapidly becomesa lever junky.
Again, the simplest measuresare the frequency or
intensity of response.

By far the greatest e�ort has been devoted to
studying associative learning and a huge theoretical
framework hasbeenbuilt up with heateddebateand
disagreement. The ambition of many authors has
beento identify \la wsof learning" but this hasfailed.

1.3 Laten t learning

Latent learning occurs when an animal learns
about the world without producing a clear response.
Increasing knowledge of local geography would be
an example, but we shall come acrossothers. One
important thing about latent learning is that it has
proved very hard to �t into theories of associative
learning becausethey are designedto explain the an-
imal's response and, in latent learning, there is no
response. Dickinson (1980) has referred to this as
\the problem of behavioural silence".

1.4 Insigh t learning

A rather loose term to indicate that the animal
seemsto be learning tasks that require integration
and analysis of the environment.

1.5 Imprin ting

A highly specialisedtype of learning when a very
young animal at a critical stage in its development
imprin ts on a parent or type of food. For example,
Lorenz found that hand-rearedducklings treated him
as a duck and disregardedreal ducks.

Features of imprin ting are that it is extremely
rapid, it occurs at a short and precise stage in the
young animal's life and is permanent. Thesefeatures
haveattracted research attention over the last twenty
years.

2 Trying to understand learn-
ing

Putting labels on di�eren t kinds of learning is not
the same as understanding what is going on, and
Dickinson (1980) producedthe �rst integrated survey
of a new approach to learning. Since it is impossible
to cover the whole �eld in two lectures I have based
the lectures on his approach becauseit covers some
interesting questionsand gives a 
a vour of the kind
of evidencethat is used.

Classical studies described behaviour in terms of
a stimulus and a response. Both stimulus and re-
sponsecould be measuredand so the physiologist or
behaviourist using this approach could be objective.
He was not trying to measure what was going on
inside the animal's head, which would be too subjec-
tiv e.

The approach, however, focussed on the wrong
kind of question. It found questionsthat could be an-
swered by simple tests, rather than �nding the best
way to answer crucial questions. As a result, the
behaviourists denied that latent learning existed be-
causethey could not explain it in terms of stimulus
and response.

In science,it is always better to get an approximate
answer to the important questionsrather than get a
very preciseanswer to trivial ones. Dickinson (1980)
has tried to do that. What he, and other cognitive
psychologists, want to know is how relevant informa-
tion is selected;how it is represented and stored in
the brain and how it is processedin behaviour.

2.1 Sensory preconditioning

Takethe exampleof a rat exposedto trials in which
a light is paired with an electric shock. The animal
cannot escape and, if the shock is strong, the rat will
probably crouch immobile when the light comeson.

What has the rat learned? For the behaviourist, it
has learneda new responseto the light: crouching or
freezing.

A cognitive psychologist is likely to argue that the
rat has learned that the light predicts the shock and
the rat is therefore frightened by it.
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The di�erence between the two approaches is
shown if, before pairing the light and shock, we pair
sound and light. Both are neutral stimuli and both
produce no response. The behaviourist therefore ar-
guesthat the rat has learned nothing.

However, if we then train the rat to expect a
shock when the light comes on, we �nd that pre-
senting the sound instead causes a fear response
(Rizley and Rescorla, 1972). So the rat had learned
something. It had learned that the sound predicted
the light, but the learning could only be demon-
strated when the light becamea highly relevant stim-
ulus.

So it is possible to prove that latent learning has
occurred, and this is an example of `sensoryprecon-
ditioning'. There are many other examples of be-
haviourally silent learning. This is also an example
of `integration of knowledge'. The rat had learned
about tone and light and was able to integrate this
knowledgewith its later knowledgeof light and shock.

This simple exampletakesus a long way and raises
the questions:

How was the knowledge represented in the
rats brain?

How was it selected,how was it stored and
how was it integrated?

Do rats store information in a procedural
way (lik e Fortran or C) or in a declarative
way (lik e Prolog or Lisp)?

Theseare far more interesting questionsthan those
the behaviourists studied while they stuck to their
self-imposedlimit of stimulus and response. The aim
of the lectures is to show how they can be tackled.

3 T yp es of association

The main contention in these studies is that ani-
malspossessmechanismsdesignedto detect and store
information about causalrelationships. The �rst step
in this approach is to examinethe kinds of association
that can be formed betweenevents.

3.1 The nature of the association

Associative learning revolves round what hap-
pens when two events (E1 and E2) are paired and
Dickinson (1980) replacesthe old namesfor associa-
tiv e learning by suggestingthat we focuson four pos-
sible pairings betweentwo events:

E1 ! E2
E1 ! no E2

Action ! E2
Action ! no E2

Classicalconditioning studieshave beenconcerned
with the �rst pairing. For example, Pavlov's famous
dogsreceiveda soundstimulus (E1) and meat powder
(E2). At �rst the dogs salivated only when meat
powder (E2) was presented, but they soon started
salivating at the sound of the bell (E1).

Trial and error learning, on the otherhand, is cap-
tured by the third pairing where the action of press-
ing a lever leadsto the event of food being delivered
(E2).

3.1.1 Learning E1 ! E2 and E1 ! no E2 as-
sociations

There is no doubt that animals can learn the �rst
two associations. For example, Wassermanet al.
(1974) put hungry pigeons in an operant chamber
with a small disc on the right and left sides. E1 con-
sistedof illumination of either disc with a white light
for 10 secondsE2 was the presentation of food mid-
way betweenthe two discs.

Group 1 were exposed to E1 ! E2 becausefood
was presented immediately the disc light went o�.
Left and right discs were lit equally often and at ir-
regular intervals.

Group 2 wereexposedto E1 ! no E2 by presenting
food and lights as frequently but never together.

The behaviour measuredwas whether the pigeon
tended to approach or withdra w from a disc when
it was lit. The chamber was divided into two halves
and the proportion of time the bird spent on the same
side as the light was measured. Thus, a scoreof 0.5
indicates that a bird spent half the time on the side
with the light. More than 0.5 shows a tendency to
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approach the light, lessthan 0.5 shows a tendency to
avoid it.

Figure 1 shows the approach-withdra wal scores.
There was strong learning to approach when E1 !
E2 and weaker learning to avoid the light when E1
! no E2.

Note: we are not claiming that pigeons learned
that the light causedfood, or that the light causedno
food. What the animals actually learned is discussed
later.

Nor are we concernedwith why they learn.
For present purposesit is enoughto say that they

clearly learn something about the relationship be-
tweenlight and food.

As Fig. 1 shows, there wasa third group. This had
the light only and stayed at 0.5.

3.2 The problem of behavioural si-
lence

Although we can be sure a behavioural change
shows that learning has occurred we cannot assume
that nothing is learned in the absence of a be-
havioural change.

If E2 is signi�can t in motivation of species, then
E1 ! E2 is hardly ever silent.

But E1 ! no E2 can often be silent. For E1 !
no E2 to a�ect behaviour, the animal must expect
food to be given in the contex of the experiment. It
will not detect `no E2' unlessit expects E2 from the
context. Look at Fig. 1 again. Both the Light-alone
treatment and the Light + No food wereexamplesof
`no food' but the pigeonsonly learned that the light
meant no food when food was on the agenda.

3.2.1 Conditioned suppression

There is a technique, `Conditioned suppression',
which can be used to show silent learning in fright-
ening E1 ! E2 situations (Rescorla, 1969).

First a rat is exposedto an E1 ! E2 association
where E1 is a neutral stimulus, such as a tone, and
E2 is an aversive stimulus such as a shock. The tone
soon puts the animal in a state of fear. The fear
induced by the tone puts the rat o� its appetite so,
if the tone is presented while the animal is pressing

Figure 1: The acquisition of a tendency either to ap-
proach or to withdra w from a lighted key when pigeons
are exposedto di�eren t correlations betweenillumination
of the key and delivery of food. An approach-withdra wal
score greater than 0.5 indicates a tendency to approach
the illuminated key and lessthan 0.5 a tendency to with-
draw. In the light ! food condition, illumination of the
key was paired with food; in the light ! no food condi-
tion, the food never occurred during illumination of the
key, nor shortly after it and in the light-alone condition
the pigeons were simply exposed to illuminations of the
key but were never presented with food. (After Wasser-
man et al., 1974).
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a lever to get food, or drinking from a water spout,
the rate at which the rat pressesor licks is slowed
down. The degree of suppression is a useful measure
of how much the animal has learned about the tone
shock relationship.

The suppressive e�ects of a stimulus are usually
measuredby a `suppressionratio' which comparesthe
rate of responding during the stimulus with the rate
immediately before. The suppressionratio is usually
calculated as:

A
A + B

(1)

where A is the rate during the stimulus and B the
rate just before the stimulus is presented. This ratio
is 0.5 if the stimulus has no e�ect. If the stimulus
producessuppressionthe ratio drops below 0.5 until
it reachesa value of zero with complete suppression.
Soa scoreof zeromeansthe fear induced by the tone
is enoughto stop feedingor drinking completely.

3.2.2 Summation test

Another way to revealbehaviourally silent learning
is by a summation test. Supposethat after learning
about a tone ! no shock association, the animals
had learned about a light ! shock relationship.

When we now present the light aloneit should sup-
pressresponding, but what would we expect if light
and tone are presented simultaneously?

Under these circumstancesthe information about
the tone ! no shock relationship is relevant because
the animal expects the shock when the light comes
on. Presentation of the tone should counteract the
e�ect of the light. Rescorlademonstrated that this is
just what happens

In conclusion, animals can learn both E1 !
E2 and E1 ! no E2. When E2 is motiv ation-
ally signi�can t then E1 ! E2 leads to changes
in behaviour. By contrast, E1 ! no E2 can
often be behaviourally silen t and fail to a�ect
performance directly .

The fact that something has beenlearned can still
be revealedby:

1. Measuring the suppression ratio

2. Using a summation test to seeif presentation of
E1 will counteract the e�ect of another event
predicting E2

3.3 Three questions about learning

Animal learning is selectiveand the �rst step in un-
derstanding the processis to specify the conditions
for learning. Dickinson suggestedthat it is set up to
detect and store information about causal relation-
ships. If so, learning is likely to occur in conditions
wherea causalrelationship is likely. The next section
discusseswhether these conditions are necessaryfor
learning to occur.

A secondquestion is about the way knowledge is
represented. Is knowledge`declarative', or `procedu-
ral': giving someonedirections to turn left at the
pub, right at the phone box, and so on, is an exam-
ple of procedural knowledge. Giving them a map is
an exampleof declarative knowledge.

Declarative knowledge is easier to integrate, and
it is easier to vary behaviour (or your route) on the
basisof declarative knowledge. One set of roadworks
which prevents you following procedural directions
and you are lost.

Declarative knowledge is more 
exible and robust
but it cannot be observed unlessit is being used. So
we will have to be clever to demonstrate that ani-
mals store and use declarative knowledge. That is
the subject of a later section.

Finally, we are interested in the mechanisms of
learning. The animal selects information to be
stored. How is the selectivity of the learning process
achieved?

Additional questionsinclude: How is the informa-
tion stored? How is it recalled? Theseare discussed
brie
y by Manning and Dawkins (1992).

But in thesetwo lecturesI shall concentrate on how
new knowledgeis acquired.

4 Conditions of learning

If learning has evolved to enable animals to de-
tect and store information about real causalrelation-
ships in their environment, then the conditions under
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which learning occurs should be those where E1 is
likely to be the causeof E2.

Figure 1 shows learning during pairings of E1 and
E2. But pairing is not enoughto signal that E1 is a
causeof E2. Many irrelevant stimuli are paired with
E2 by chance. So animals have to use a variety of
evidencein deciding whether a particular pairing is
a real relationship. We shall discussthree sourcesof
information:

1. Event correlation.

2. Causal relevance of pairing: (`feeling sick' is
more easily paired with taste stimuli than with
sounds).

3. Temporal relationship.

4.1 Event correlation

If E1 is the causeof E2, then E2 should not oc-
cur without E1. This is true of the pattern shown in
Fig. 2A. But Fig. 2B showspairings of E2 whenE1 as
well aspairings of E2 when no E1. In this case,pair-
ings should be put down to chance even though E1
! E2 pairings occur with exactly the samefrequency
as in Fig. 2A.

So, the amoun t an animal learns about E1
! E2 should be in
uenced by the num ber of
times that E2 occurs without E1.

Rescorla(1968) was the �rst to test this idea sys-
tematically. He useda suppressionprocedure.

E1 was a tone, E2 a shock. Rats were �rst trained
to pressa lever in an operant chamber, then trans-
ferred to a conditioning chamber. Here rats received
two-minute tones.

There were four groups as well as the controls.
Each group received a shock in four out of ten tone
presentations so the probabilit y of a shock, given the
tone was 0.4: P(shock when tone) = 0.4. In other-
words, all groups (except the controls) had the same
number of pairings of E1 ! E2, just as in Fig. 2.

Rescorla then varied the probabilit y of a shock
occurring between tones. In otherwords he varied
P(shock when no tone). The results are shown in
Fig. 3.

Figure 2: The pattern of events presented when there are
di�eren t correlations betweenE1 and E2. In Panel A, E2
only occurs during or shortly after E1 and the two events
are positively correlated. In Panel B, E2 is just as lik ely
to occur when E1 is absent as when it is present and the
two events are uncorrelated. So in Panel A, P(E2 when
E1) is high and P(E2 when no E1) is low. In Panel B,
P(E2 when E1) = P(E2 when no E1).

1. The control group never received a shock and
they showed a suppression ratio of 0.5 which
meanszero suppression.

2. Group `0.4' had P(shock when no tone) = 0.4,
so there should be no evidenceof a causal rela-
tionship sincethe shock is just as likely to occur
in presenceor absenceof a tone. They showed
no suppression,like the controls.

3. Group `0.2' had P(shock whenno tone) = 0.2, so
the shock wastwiceaslikely to occur after a tone
asafter no tone. They showedsomesuppression.

4. Group `0.1' had P(shock when no tone) = 0.1,
so the shock was four times as likely to occur
after a tone as after no tone. They showed very
signi�can t suppression.

5. Group `0.0' had P(shock whenno tone) = 0.0, so
the shock always occurs after a tone and never
without one. The suppressionwas almost com-
plete.

The results in Fig. 3 were obtained when the rats
wereput back into the operant chamber after 60 tone
presentations.
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Figure 3: The degree to which a tone suppressedlever-
pressing for food after various groups of rats had received
di�eren t correlations between the tone and a shock. The
di�eren t correlations were brought about by holding the
P(shock when tone) constant at 0.4 for all groups and
varying P(shock when no tone) acrossthe di�eren t groups
(After Rescorla, 1968). Note the suppression ratio is
A=(A + B ) where A is the rate of lever pressesduring
the tone and B is the rate just before the tone

If learning depended only on pairing, then all ex-
cept the control group should have shown the same
level of suppression,since they all received the same
number of pairings.

CONCLUSION: For an animal to learn a
tone ! shock relationship, then P(sho ck when
tone) must be greater than P(sho ck when no
tone) and the amoun t the animal learns de-
pends on this discrepancy . What Rescorla has
shown is that varying P(shock when no tone) varies
the intensity of learning and when we cometo think
about mechanismsthis may be a problem. It is easy
to imagine how P(shock when tone) is detected and
learnedby the nervoussystem,becausethey both oc-
cur at the sametime, but how is the valueof P(shock
when no tone) measured? That is the key to under-
standing how animals detect a correlation between
events.

4.2 Overshadowing

Up to now it looks as if the shock might have only
onecausebut, from the animal's point of view, there
are a myriad of potential causesin any environment.
There are other stimuli provided by the conditioning
chamber, as well as those due to the animal's own
behaviour. Does the rat blame itself for the shocks?

The rat has to learn which of the events and cues
is the most likely causeor predictor.

Unfortunately , we cannot eliminate contextual
cues, but we may be able to create and control a
secondstimulus.

Mackintosh (1976) trained a rat to press a lever
for food, and then presented a seriesof learning tri-
als while the animals were pressing it. Group `L'
received a light stimulus while the rest received light
plus noise. Low noise was 50 dB, high noise was 85
dB. A shock waspresented at the end of the stimulus
on all trials.

After this training, the light alone was presented
during bar pressingto measurethe suppressionratio.

Figure 4A shows that feeding of the `L' group,
which had experiencedlight alone, was almost com-
pletely suppressedby the light stimulus. There was
very much lesssuppressionin the `LN' group. This
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Figure 4: The degree to which a light (Panel A) and a
noise (Panel B) suppressedlever-pressing for food after
di�eren t groups of rats had received pairing of a shock
and the light (L), a weak noise (n) and an intense noise
(N), a compound of the light and a weak noise (Ln), or
a compound of the light and intense noise (LN). (After
Mackintosh, 1976.)

is consistent with the idea that the rats had learned
to blame the shock on the noisewhen the noisewas
very intense. This is an exampleof overshadowing:
the loud noiseovershadowedthe light whenboth were
presented together during training.

The `Ln' group did not seemto blame the shock on
the low noise stimulus and their feeding was almost
completely suppressedby the light, so the low noise
did not overshadow the light appreciably.

CONCLUSION: the noise overshado wed the
ligh t and the degree of overshado wing de-
pended on the in tensit y of the noise.

Mackintosh also asked whether the presenceof
the light (during training) in
uenced the e�ect of
the noise. He presented the noise alone (Fig. 4B)
after training and found that the presenceof the
light during training overshadowedthe low noise(the
`Ln' group was lesssuppressedby noise than the `n'
group). But it did not overshadow the loud noise(`N'
and `LN' groups were equally suppressed).

Sothis is evidencethat two or more E1s,presented
together, compete for the learning mechanism. The
relative intensity of the two stimuli will determine
which is learned most e�ectiv ely and how much one

will overshadow the other.
Sinceall stimuli compete with background cues,it

may be that learning is always lessthan sometheo-
retical maximum. In otherwords, all learning about
a given stimulus is reduced to some extent because
background stimuli compete with it for the learning
mechanism.

4.3 Overshadowing by background
cues

I mentioned above that, when it comesto thinking
about mechanisms, it may be hard for the animal to
measureP(shock no tone) and the idea of overshad-
owing may help. You needto takethe next bit slowly,
and may be several times.

In Rescorla(1968) the uncorrelated group `0.4' re-
ceived more shocks than the correlated group `0.0'.
(This is as in Fig. 2A.) Now background stimuli were
always present, so it may be that the background
stimuli came to be associated with the shock more
than did the tone, and then these background stim-
uli cameto overshadow the tone.

Putting this another way, the top two rows of Ta-
ble 1 show the stimuli that werepresent in Rescorla's
experiment. A stands for the target stimulus, which
was a tone in Rescorla's experiment. B stands for
the background or contextual cues. When the tone
waspresented, the rats experiencedA and B together
but, in between successive tone presentations, they
received B alone. Animals in both groups received
the same number of pairings of A + B and shock.
The only di�erence was that `B alone' was paired
with the shock in the uncorrelated group (Table 1).
So the rats in the uncorrelated group were right to
blame the shock on B , and not on A. B was always
present when the shock occurred so perhaps B came
to overshadowA.

We cannot test this directly, but we can have two
controllable stimuli, A and B , and run an experiment
exactly as Table 1 sets out. Remember, the top two
rows of Table 1 were a summary of Rescorla's ex-
periment in which the background was uncontrolled.
But the table can be used to design an experiment
in which one of the background stimuli is controlled
and presented like B in the table.
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Table 1: The pairings which occur in di�eren t E1{E2
correlations

Type of E1 presentation
Condition A and B B alone
Correlated E2 no E2
Uncorrelated E2 E2
Simple overshadowing E2

Saavedra (reported by Wagner, 1969) did just such
an experiment, using a rabbit eyeblink reaction. He
useda short 1-secondtone or light as E1 and a mild
shock to the eye as E2. The shock automatically
elicits an eyeblink and, when the rabbit learns about
the E1 ! shock association, then E1 elicits a blink.
Saavedra used the layout in Table 1 using a light as
stimulus A and a tone asB . All animals received the
samenumber of AB ! shock pairings.

After this training, Saavedra presented test trials
with AB together, A alone or B alone. Figure 5
shows the percentage of tests eliciting an eyeblink.
The higher the percentage, the more the animals had
learned about the association being tested. The in-
teresting result is that the rabbits in the correlated
group learnedmore about the A ! shock association
than in either of the other two groups (compare the
`A's in Fig. 5).

So the B ! shock pairings in the uncorrelated
group helped B to overshadow A. The uncorrelated
group did, indeed, learn to blame the shock on B and
so were lesslikely to blame it on A.

Similar results have been found in other experi-
ments and speciesand, in general, it seemsthat in
the correlated condition the animals blame the shock
on the tone and not on background cues. The reverse
is true in the uncorrelated condition and the animals
blame the shock mainly on the background.

4.4 Action ! E2 learning

It is impossible to do the sameexperiments when
E1 is an action because the frequency of E1 is
not under the experimenters control. The whole

Figure 5: The percentage of test trials on which the pre-
sentation of stimulus A, stimulus B, and a compound of
stimuli A and B elicited an eyeblink after di�eren t groups
of rabbits had been exposed to the uncorrelated, simple
overshadowing or correlated training schedules(seeTable
1). (Saavedra reported by Wagner, 1969)

thrust of these experiments is that the same num-
ber of E1 ! E2 pairings occurs across treatments.
Several attempts have been made to overcome this
problem and the results are similar (eg: Fig. 6)
(Mackintosh and Dickinson, 1979).

4.5 E1 ! no E2 learning

Typically, this kind of learning is silent and has to
be exposedby careful designbut there is no doubt it
occurs (Dickinson, 1980, pp. 39{42). The key di�er-
enceis that P(shock when no E1) has to be greater
than P(shock when E1) which is the opposite of the
conditions for E1 ! E2.

4.6 Overview of conditions for learn-
ing

Animals appear to learn an E1 ! E2 relationship
if P(E2 when E1) is greater than P(E2 when no E1).
The opposite is necessaryto learn an E1 ! no E2
relationship.

Figure 7 shows a spacerepresenting every possible
combination of P(E2 when E1) and P(E2 when no
E1). The uncorrelated condition is on the diagonal
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Figure 6: The rate at which di�eren t groups of rats
ran in a wheel after having been exposedto the uncorre-
lated (U), simple overshadowing (O), or correlated train-
ing schedules (C) with running as E1. (After Mackintosh
and Dickinson-1979.)

Figure 7: A contingency square representing possible
combinations of the conditional probabilities of E2 occur-
ring when E1 is present, P(E2/E1), or absent, P(E2/no
E1). Along the diagonal E1 and E2 are uncorrelated and
associativ e learning doesnot appear to occur. Ab ove the
diagonal E1 and E2 are positively correlated and E1 !
E2 learning occurs, whereas below the diagonal the two
events are negatively correlated and E1 ! no E2 learning
is observed. The �lled circles represent the conditions run
in Rescorla's (1968) experiment (seeFig. 3).

and no learning occurs if the two probabilities are
equal. E1 ! E2 learning occurs above the diagonal
and E1 ! no E2 learning occurs below it. The four
�lled circles show the probabilities used by Rescorla
(1968) and learning did indeedincreasewith distance
from the diagonal.

It is important to be clear that our measuresof the
intensity of learning are indirect and are not related
in a simple linear way to the probabilities in Fig. 7.
We haveno ideaof the shape of the lines that connect
point of equal learning throughout this space.

4.7 Causal relev ance

In the real world, causalchains are detectedpartly
by correlation betweenevents and partly by the type
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of event. If you feel suddenly sick after visiting a
new restaurant you are likely to blame the food not
the wallpaper or music, and yet wallpaper and music
were present throughout the meal.

If learning mechanismsare designedto detect and
store information about causal relationships, an an-
imal should learn more readily about the taste !
illness association than the relationship betweensay
a tone or light and illness.

Domjan and Wilson (1972) gavetwo groupsof rats
a 35-second oral infusion of saccharin. Immedi-
ately after this infusion, one group was injected with
lithium chloride to inducesicknessand the other with
saline as a control. Another pair of groups wasgiven
a 35 secondexposure to a buzzer and then injected
with lithium chloride or saline.

After three such pairings the rats weregivena pref-
erencetest with two water spouts. For the �rst pair
of groupsthe choicewasbetweenpure water and sac-
charin solution. The group madesick avoidedthe sac-
charin and preferred the water. Thosewith the saline
injections preferred the saccharin solution (Fig. 8).

The buzzer group were given the choice betweena
spout which activated a buzzer and one which did
not. There was no signi�can t di�erence between
those made sick and those that received saline in-
jections.

Thus, the rats were more able to learn an associ-
aion between sicknessand taste than between sick-
nessand a buzzer.

However, this might be because saccharin is a
stronger stimulus than the buzzer. To test this,
Domjan and Wilson (1972) tested a third pair of
groups with a mild shock and found that the buzzer
was a stronger stimulus than saccharin in learn-
ing about shocks (compare saccharin ! shock with
buzzer! shock in Fig. 8). Thus, the type of stimulus
is relevant in learning about di�eren t consequences
and animal learning is selective, at least under some
circumstances.

4.8 Temp oral relationships between
events

We have seenthat there has to be a positive cor-
relation between events for rats to learn about the

Figure 8: The preferenceof rats for drinking from a wa-
ter spout when the animals were given a choice between
this water spout and either one delivering a saccharin so-
lution (Panel A) or another water spout which activated
a buzzer when the animal made contact (Panel B). The
various groups received prior training in which either the
taste of the saccharin solution (Panel A) or the buzzer
(Panel B) was paired with the induction of illness by an
injection of lithium chloride, a shock, or a simple saline
injection. (After Domjan and Wilson, 1972.)
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Figure 9: The supression of licking produced by a tone
after di�eren t groups of rats had experienceda singlepair-
ing of a tone and shock with various intervals betweenthe
onset of the tone and the shock. The control group just
received a presentation of the shock but no tone. The
degreeof suppressionwas measuredby recording latency
to complete 10 licks in the presenceof the tone on test;
the longer the latency the more severe the suppression.
(After Mahoney and Ayres, 1976.)

association. In doing this we have assumedthat the
events have to be close together in time. In addi-
tion, in all casesdiscussedso far, the onset of E1 has
occurred before E2. Are thesetimings necessary?

There have beenmany experiments in which tim-
ing of the events has been varied. For example,
Mahoney and Ayres (1976) gave rats a singlepresen-
tation of a 4-secondtone and a 4-secondshock and
varied the interval between the onset of these two
stimuli for diferent groups. For four groups, the on-
set of the tone precededthe shock by 0, 4, 8 or 150
seconds.For two groups it laggedthe shock by 4 or 8
seconds.The next day they useda suppressiontest,
measuring the time to complete ten licks of a spout
after the onset of the tone. The stonger the learning
the longer ten licks should take (latency increased).

As Fig. 9 shows the strongest learning was found
whenthe shock wasdelivered8 secondsafter the tone.
Presentations before the tone were not learnt.

It is a cardinal feature of our idea of cause and
e�ect that the causemust come �rst, but it is im-
portant to remember that the rat is using events as

predictors or indicators. It is not able to identify true
causes.

One nuanceof this concept is that the amount the
rat learnsabout the background cuesshould vary in-
versely with the amount it learns about the actual
tone. Odling-Smee(1975) analysed this part of rat
behaviour. Their conclusion was that as time in-
creasesbetween the two events there are more and
more other potential cues that the rat may blame
the shock on, sothe e�ectiv enessof the tone becomes
masked by background cues. Again, the mechanism
is consistent with the idea that potential cuescom-
pete for the learning mechanism.

If it is correct to supposethat variations in time in-
tervalsbetweentwo events a�ect learning through the
overshadowing processwe should expect such varia-
tions to have far less e�ect in the caseof taste !
illness learning than in the case of tone ! shock
learning. Smith and Roll (1967) found appreciable
learning when the interval betweenstimulus and ill-
nesswas up to 12 hours.

Revusky (1971) interposed other tastes between
the saccharin and the illness and found that the rats
blamed the illness on the later stimulus, depending
also on its concentration.

Dickinson arguesthat it is reasonablethat rats as-
sociate tastes and illness over long delays because
the environment providesfew interveningbackground
stimuli which are relevant. By contrast, for tone !
shock learning the environment contains a host of
potentially relevant stimuli so there are many more
background cueson which to blame the shock. This
is no doubt true, but there may be other processes
in the nervous system that causea degradation of
`temporary memory' with time and the long intervals
shown in taste ! illness learning may use di�eren t
typesof system.

At the very least, the analysis has revealed alter-
native theories that may be compared in future re-
search.

4.8.1 Temp oral events in honey bee learning

A remarkable example of sensitivity to time
between events is provided by the honey bee
(Menzel and Erber, 1978). Honey beeslearn and re-
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Figure 10: Strong association betweencolour and reward
is dependent on exact timing. As the beeapproaches the
disc its colour has no signi�cance until about 4 s before
the beebegins to suck sugar. Then there is a sharp peak
of strong association which has disappeared within 2 s
following this onset of sucking. Apart from this short
time, the colour the bee seesduring the approach or for
the whole time it takesto �ll its crop, is of no importance.
(From Menzel and Erb er, 1978)

tain the e�ects of a single association between
o wer
colour and food reward. Sincethey will visit and feed
from a dish of sugarsolution at a table it is possibleto
illuminate the dish from below and changeits colour
at will. It takesa beea minute or two to feedand the
colour of the `
o wer' canbechangedduring this inter-
val. Menzel and Erber (1978) changed 
o wer colour
between yellow and blue at various stagesand then
gave the beesa choice to seewhich colour they had
learned to link with sugar. The results showed that
the period from 4 sec before to 2 secondsafter the
tongue �rst touched the sugar solution was the most
sensitive (Fig. 10). If the 
o wer was initially yellow
but changed to blue for this brief period the honey
beewould subsequently prefer blue 
o wers.

It is curious that this window of sensitivity is sim-
ilar in length to that shown by rats, although the
mechanism may be di�eren t.

4.9 Summary

In Section 4 we have pointed out that the animal
has to select from a host of competing stimuli those

which are the best predictors of signi�can t e�ects.
The problems are the same whether these are the
causes,or simply indicators.

Simple pairing of events is not enough because
someevents will be paired by chance. Learning that
a tone predicts a shock should and doesoccur when
P(shock when tone) is greater than P(Shock when no
tone).

However, this raisesproblemsin understanding the
mechanismsbecauseit is not easyto seehow P(shock
when no tone) is measured. It turns out that rats
tend to blame the background cueswhen this proba-
bilit y is high becausewhen P(shock no tone) is high
there are many pairings of background and shock.
The background cuesthen overshadow the tone which
blocks learning of the tone ! shock association when
it would not be appropriate.

Hence, learning of correlations can be un-
dersto od in terms of the two typ es of pair-
ing: pairing of the tone and shock and pairing
of background cues and shock. Whic hever is
more frequen t tends to win.

Overshadowing by background cues may also ex-
plain the importance of closetiming between events
when an association is learned. The longer the gap
betweentone and shock, the morechancebackground
cueshave of intervening and henceblocking the tone
shock learning. It may, instead, be that a direct e�ect
of delay occurs, and the jury is out on that.

The causal relationship between events is clear in
some cases: a rat is more likely to associate illness
with a taste than with a buzzer, but it is more likely
to associate a shock with a buzzer than with a taste.
No doubt such selectivity is genetically controlled and
the product of natural selection.

Thesecommonprinciples appear to apply to learn-
ing of E1 ! E2 and E1 ! no E2, whether E1 is an
external stimulus or the animal's own actions. Asso-
ciation of E1 ! E2 is almost always visible if E2 is
a signi�can t e�ect such as a shock or food. Learn-
ing of E1 ! no E2 is commonly silent and has to be
demonstrated by special techniques such as supres-
sion or summation tests.
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Table 2: Integration of associative representations

Procedural Declarative
Association representation representation
tone ! food `When tone is on `the tone causesfood'

aproach magazine'

food ! ilness `When food is present `the food causesillness'
suppresseating'

integration `the tone causesillness'

Table 3: Design of Holand and Straub (1979) exper-
iments

Group Stage1 Stage2 Test
E noise! food food ! LiCl noise
C noise! food LiCl noise

5 Associativ e represen tations

5.1 Declarativ e and pro cedural repre-
sentations

The di�erence betweendeclarative and procedural
knowledge has been outlined above and further ex-
amples are given in Table 2. Declarative knowledge
is easierto integrate but it is usually silent until it is
used. Experiments therefore have to be designedto
prove the existenceof declarative knowledge.

Holland and Straub (1979) designed an experi-
ment basedon Table 2. The design is shown in Ta-
ble 3. All rats received a seriesof sessionsin which
a 10 secondnoise stimulus precededdelivery of two
food pellets. Figure 11 shows that there was an im-
mediate rise in approaching the food magazinewhen
the tone was presented.

In the secondstage,the rats in Group E weregiven
50 pellets in their home cageand then injected wih
lithium chloride to make them ill. This was repeated
four times on di�eren t days. By the fourth day there
was a dramatic fall in the number of pellets the rats
consumed,showing they had learned about the food

Figure 11: Panel A: The acquisition of magazine ap-
proach during a tone which was paired with the delivery
of food to the magazine. The strength of magazine ap-
proach is expressedby the percentage of all behaviours
observed during the tone which consisted of approaching
the magazine. Panel B: The strength of magazine ap-
proach after the food had beenpaired with the induction
of illness in Group E but not Group C (seeTable 3). (Af-
ter Holland and Straub, 1979.)
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illnessassociation. The control group simply received
injections of lithium chloride with no food. This is an
exampleof a `devaluation' procedureand, in practice,
Holland and Straub (1979) useda more sophisticated
devaluation procedurebut the details are not neces-
sary here.

In the �nal test, the rats were returned to the ex-
perimental chamber and receiveda number of presen-
tations of noise. If the rats in Group E were able to
integrate the information then they should approach
the magazine less than at the end of stage 1. Fig-
ure 11 shows that they did, while the control group
continued to approach the magazineat the original
rate. Clearly, the declarative model �ts best in this
case.

Nevertheless, integration does not always occur.
Holland and Rescorla (1975) extended the chain of
integration to three stepsand rats succeededin inte-
grating the information. Other integration, however,
failed. Taken at face value their results suggestthat
the rats' abilit y may be limited, but interpretation is
di�cult becauseit depends on the kind of task that
the rats were being asked to do. At present we do
not really know why successfulintegration occurs in
somecasesbut not others.

It seemsalmost certain that both types of repre-
sentation occur and the role of each dependson how
automatic a task hasbecome.When learning to drive
the operations of changing gear may be declaratively
stored at �rst but, with experience the procedures
becomeso familiar that a procedural representation
takes over. Similar, procedural, habit formation no
doubt occurs in many animal species.

5.2 Declarativ e knowledge in maze
behaviour

Manning and Dawkins (1992) give a dramatic ex-
ample of geographical knowledge in rats (Fig. 12).

In sharp contrast to the rats, Lorenz describeswa-
ter shrewsthat learnedthe geography of their aquar-
ium, jumping from island to island in the dark. They
relied entirely on proprioception and repeatedthe vir-
tually the samestepsand jumps for each journey. So

Figure 12: A complex maze used by Shephard to test
`reasoning'. After rats have learned the maze, the section
indicated by X is removed, changing a blind alley into a
short cut. Having discovered the change whilst running
along 11c, and exploring from there a little into 4c, some
rats entered 4 (and thence 4a, 4b, 4c) instead of 5 on the
next trial (from Maier and Schneirla 1935).

�xed was their behaviour that they would leap to-
wards islands that they could seehad beenremoved.
Bats, too, navigate their cavesby procedural knowl-
edgeand do not bother to echo-locateoncethey know
the route. This allows them to be caught by putting
up woodenboardsand the bats 
y straight into them.

Hence, there is clear evidenceof both procedural
and declarative forms of knowledge,usedby diferent
speciesin ways which are usually appropriate.

5.3 A very simple model of learning

One feature of learning an E1 ! E2 is particularly
striking: oncelearned, the responseto E1 appearsto
be the sameas the normal responseto E2. It there-
fore appearsthat there has beena stimulus substitu-
tion upstream of the systemcontrolling the response.
For example, Jenkins and Moore (1973) noted the
di�erence betweenthe way pigeonsrespondedto food
and water. When eating grain pigeonsmake short,
sharp, pecking movements in which the beak is open
at the point of contact and the eyelids almost closed.
When drinking, by contrast, the bird placesits beak
in the water, slightly open, and swallowswith its eyes
fully open. When trained in an operant chamber the

15



Figure 13: A schematic illustration of the possible
excitatory-link formed after exposure to E1 ! E2. The
S{S (Stim ulus{Stim ulus) link is declarative (E1 comesto
predict E2) while the S{R (Stim ulus{Response) link is a
procedural representation (E1 triggers pecking directly).
The observed behaviour is an amalgam of the in
uences
of the aroused E1 and the responseto E2.

pigeonsrespondedto keysin the sameway appearing
to `drink' the water key and `eat' the grain key.

Figure 13 provides a framework for discussion
and shows a schematic representation of a declara-
tiv e model of stimulus substitution, originally pro-
posedby Pavlov (1927) and developed by Konorski
(1948); Dickinson and Boakes (1979). Dickinson
makes much of this model and of stimulus substitu-
tion, but I am not surehow far they help. The results
described so far seemrigorous, while the discussion
of the model and of stimulus substitution seemrather
weak.

The direct links of this model should not be
thought of as connectionsformed in the nervoussys-
tem, and it is clear that it could not handle the com-
plex maze behaviour shown in Fig. 12. Indeed, the
processesdiscussedhere are still a long way from
mechanistic explanation, but the demonstration of
silent learning has been a great step forward in set-
ting the agendafor physiological explanations of the
learning mechanisms.

6 Mec hanisms of learning

The chapter on mechanismsof learning contains a
great deal of rigorous argument and data but it is be-
yond the scope of two lectures. Dickinson discusses

two main theories and I give a brief account of the
Rescorla-Wagner theory to demonstrate its simplic-
it y.

The central idea of the theory is that the degree
to which E1 and E2 becomeassociated depends on
the extent to which they are processedtogether. The
change in learning at each presentation is given by
dV and

dV = (processingof E1)(processingof E2) (2)

In the original versionof the theory the processingof
E1 is seenas�xed and doesnot changewith learning.
That of E2 dependson how surprising it is. As learn-
ing occurs, E2 becomespredicted more strongly and
is therefore less surprising, so dV becomessmaller
with each presentation.

This equation can be rewritten as

dV = �� (� � V ) (3)

where

� is intensity of E1

� is intensity of E2

� is initial value of processingof E2 (when it is
at its most surprising)

As learning occurs,V approaches� until no further
learning occurs.

This equation can be extended in a simple way to
handle background stimuli and the theory explains
most of the experiments described in the book. In
particular, it explains overshadowing and blocking of
one association by another. However, it fails to ex-
plain variations in the processingof E1 and Wagner
later extendedthe theory to include processingof E1.
There remain oneor two phenomenathat the theory
doesnot explain adequatelyand morework is needed.

A number of authors feel that the central idea
of the Rescorla-Wagner theory is unintuitiv e: that
learning dependson how surprising E2 is in the con-
text of E1. They feel, instead, that learning of E1
! E2 should depend on how good a predictor E1 is
of E2, rather than how surprising E2 is. A group of
theories have developed around these ideas, and are
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well reviewed by Dickinson, but they are lesseasyto
describe and lesswell developed than the Rescorla-
Wagner theory. Time and further experiments will
help to choosebetweenthem or, more likely, develop
stronger alternativ es.

A more upto date review, which follows on from
thesenotes is provided by Pearce(1997, Chapter 3).
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