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1.07.1 Introduction

It is not the aim of this chapter to provide a review of
all the work that has been published in recent years
under the heading of perceptual learning. The aim is
more specific and is guided in part by theoretical
considerations; it is to set perceptual learning in the
context of what we know about learning more
generally – to assess the extent to which the phe-
nomena of perceptual learning can be explained in
terms of known learning processes, to identify aspects
of perceptual learning that cannot be explained in
this way, and to attempt to outline the nature of any
new learning process that may be required.

Nonetheless, the first major section of the chapter
will offer a selective review of what may be consid-
ered to be the most important recent (and some
not-so-recent) experimental findings. This is neces-
sary not only to provide the grist for the explanatory
mill of later sections, but also to allow us to define the
field. As we shall see, the range of phenomena that
have been studied under the heading of perceptual
learning is exceedingly broad. However, it is
possible to discern a set of important issues that is
common to most of them and that constitute the
core features of perceptual learning. The attempt to
explain – to understand the psychological mechanisms
responsible for – these core features is dealt with in
the next two major sections of the chapter. The first
of these deals with the application of the principles
of associative learning theory to perceptual learning
effects; the second is concerned with the role
of nonassociative (principally attentional) learning
processes.
1.07.2 Phenomena

All the studies to be described in this section have
been regarded, by their authors or by later commen-
tators, as involving perceptual learning. The variety
is impressive. All major sensory systems have been
subject to study; vision perhaps predominates, but
there are also many studies of hearing, touch, olfac-
tion, and taste. The stimuli used have varied, from
the apparently simple (e.g., a touch with a pointer), to
the undeniably complex (e.g., pictures of human
faces). The stimuli used have often been difficult to
discriminate from one another – for simple stimuli
because they are chosen to lie close together on the
dimension of difference; for complex stimuli, largely
because of the presence of a host of irrelevant, non-
distinguishing features in each of the displays. But
perceptual learning has also been investigated in
103
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experiments using stimuli that, on the face of things,
seem readily discriminable one from another – one of
the earliest and most influential studies in nonhuman
animals (Gibson and Walk, 1959) looked at the
effects of training with two simple geometrical
shapes, a triangle and a circle. This example serves
to make the further point that relevant phenomena
have been studied in a range of species – our own
species is best fitted for psychophysics, but experi-
ments on laboratory animals have some advantages
when it comes to investigating basic mechanisms of
learning. Finally, although all the work to be consid-
ered concerns the effect of experience with stimuli on
the subject’s subsequent response to them, the exact
form of the experience given has been varied – nota-
bly some experimenters have been concerned with
the effects produced by mere exposure to stimuli,
whereas others have given explicit training with
feedback (also called knowledge of results, or
reinforcement).

In an attempt to impose some order on this appar-
ent chaos, the sample of experimental work reviewed
next is organized under a set of convenient headings. It
will be evident, however, that these do not form
exclusive categories and that many of the experiments
described could legitimately be placed under more
than one of the headings (See Chapters 1.08, 1.13).
1.07.2.1 Simple Sensory Thresholds

The study of perceptual learning appeared early in
the history of experimental psychology. No sooner
had psychophysics been established as a coherent
enterprise than its proponents began to study the
effects of experience on the sensory threshold
measures that were one of its primary concerns. In
1859 A. W. Volkmann (Fechner’s brother-in-law;
Woodworth and Schlosberg, 1954) published a
study of the effects of practice on the two-point
tactile threshold (Volkmann, 1859). He found that
with practice, the ability of a subject to make the
discrimination – two points or one – was dramatically
increased; that after a hundred or so trials, the mini-
mum distance required for a judgment of two points
was reduced by about half. The effect was limited to
the general area of skin on which the stimuli had been
applied, except that positive transfer was observed
when the test was carried out on the equivalent
region of the other hand or arm.

We can say straightaway, on the basis of these
results, that the conventional title for studies of this
sort is potentially misleading. Although the stimulus
may be simple, the mechanism responsible for the
change in threshold is not. The fact that training
failed to transfer to an adjacent patch of skin on the
same arm indicates that the improvement is not a
consequence of some general learning process (such
as might result simply from familiarization with the
procedure). But the fact that it did transfer to the
other limb indicates that it is not a consequence of
some change in the particular receptors that were
stimulated in training – a more central mechanism
must be involved.

Modern studies of difference thresholds have
confirmed, for a range of stimuli, the essence of
Volkmann’s (1858) findings. Practice at the task
(usually some version of a two-alternative forced-
choice task in which the subject is presented briefly
with two events, one after the other, and has to say
whether they are the same or different) will produce
a reduction in the magnitude of the difference that
can be reliably detected. This is true for auditory
frequency (e.g., Demany, 1985), for the orientation
of visually presented lines (Shiu and Pashler, 1992),
for hyperacuity (the ability to judge whether or not
two line segments are colinear, e.g., McKee and
Westheimer, 1978), for complex sinusoidal gratings
(Fiorentini and Berardi, 1980), for the direction of
motion of an array of moving dots (Ball and Sekuler,
1982; Liu and Weinshull, 2000), for the discrimina-
tion of visual texture (Karni and Sagi, 1991), and for
many other tasks (see Fahle and Poggio, 2002). In
most of these studies, the subjects were given feed-
back during training, but its role in producing the
effect is unclear. Shiu and Pashler (1992) included
subjects given no feedback, and these showed no
within-session improvement, but this procedure was
still capable of producing learning, as the subjects
showed an improvement from one training session
to the next.

As for Volkmann, the extent to which the effects
of training transfer to other stimuli has been a focus
of interest for modern experimenters. The intention
has been to identify the stage in the perceptual
system at which the training has had its effects – for
instance, training that produces effects specific to the
area of the visual field to which the stimuli were
presented points to processes occurring at an early
stage in the visual system, where retinotopic organi-
zation is still maintained. And, as was true for
Volkmann’s study, the pattern of transfer has turned
out to be far from simple. For most of the visual tasks
described, a degree of retinal specificity has been
obtained, with performance falling to the starting
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Figure 1 Two of the pictures of objects used by

Furmanski and Engel (2000). To render discrimination
difficult, the contrast was reduced to 12.5%, and each

presentation was followed by the mask shown at the bottom

of the figure. Used with permission.
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level when the stimuli were presented in a different
retinal location. But this does not mean that no transfer
occurred – both Liu and Weinshull (2000) and Shiu
and Pashler (1992) found that the new task was
learned more rapidly than the original. And Ahissar
and Hochstein (1997), using a version of the texture
discrimination task of Karni and Sagi (1991), found
transfer to a new retinal location when the initial
training had been given on an easy version of the
task (Liu and Weinshull, 2000, obtained a similar
result for direction of motion). In other cases, the effect
of training has proved specific to the particular stimuli
used, but not to the receptors stimulated. Demany and
Semal (2002) found that the effects of auditory training
transferred readily to the other ear but not to a new
discrimination involving a different frequency range
(see also Amitay et al., 2005). And to return to the topic
of tactile discrimination with which we began, Sathian
and Zangaladze (1997) have demonstrated that the
effects of training on a discrimination of the roughness
of a pattern of ridges will transfer to a finger other than
that used in training, but not to a new task in which the
orientation of the pattern must be judged. The only
conclusion justified by these observations at this stage
is that although practice can facilitate performance on
these simple discriminations, it would be foolish to
conclude that these examples of a perceptual learning
effect are to be explained solely in terms of processes
occurring very early in the sensory/perceptual pro-
cessing system.
1.07.2.2 More Complex Stimuli

In a study directly inspired by those described in the
previous section, Furmanski and Engel (2000) looked
for a perceptual learning effect with more complex
visual stimuli. These were degraded pictures of every-
day objects (e.g., a telephone, a pencil sharpener; see
Figure 1) presented very briefly. The subjects had to
name the object and were told if they were right or
wrong. Initially performance was poor, but training
(800 trials a day over several days) produced a sizable
reduction in threshold (in the exposure duration
necessary for correct identification). This effect was
specific to the pictures presented in training, but not to
retinal location – transfer was good when the size of
the image was changed. Enhanced discrimination
when the stimulus set is familiar appears to be a
quite general phenomenon. An example for a very
different procedure (and species) is provided by
Todd and Mackintosh (1990). Their subjects, pigeons,
were presented with 20 pictorial slides in a training
session, each being presented twice, in random order.
They were rewarded for pecking at the first but not at
the second presentation. The pigeons learned this
discrimination, but did so less well when a new set of
pictures was used each session than when the same set
was used throughout. This result – better performance
on a judgment of relative recency than of absolute
novelty – may seem surprising, but it makes sense if
we accept that prolonged experience with a given set
of pictures will enhance the subject’s ability to discri-
minate among them.

Intriguing as the examples just cited may be, pop-
ular interest in the phenomenon of perceptual
learning is most readily evoked by description of
the special skills shown by experts in dealing with
even more complex stimuli – the experienced radio-
grapher who can detect a tumor on an x-ray where
the rest of us see only a meaningless blur (Myles-
Worsley et al., 1988) or the chicken sexer who can
make a determination after inspecting the pinhead-
sized genital eminence of the day-old chick for less
than 0.5 s (Biederman and Shiffrar, 1987). These are
abilities acquired through experience. Knowledge of
results may play a role in this (if only because the
chicken sexer will soon hear about it if a large pro-
portion of the hens turn out to be cocks), and often
there will be explicit training in which an established
expert instructs the novice in what to look for (see
Biederman and Shiffrar, 1987). And however exotic
these specialized skills may seem, there are certain
areas in which, even in the absence of explicit
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instruction, almost all of us have acquired the status

of experts – we are all of us experts in dealing with
the visual cues responsible for face recognition and

the auditory cues underlying our native language.
Despite occasional embarrassing mistakes, our abil-

ity to discriminate among people, largely on the basis
of their facial characteristics, is impressive. That this

ability depends on experience is indicated by the fact

that children are less good at it than adults (see Chung
and Thomson, 1995). Further evidence comes from

the so-called own-race effect – superior discrimination
when the faces belong to individuals from our own

racial group (Malpass and Kravitz, 1969). This effect

depends on the fact that we have (usually) had much
more experience of such faces – the magnitude of the

effect is much reduced in people who have had exten-

sive interaction with races other than their own
(Chiroro and Valentine, 1995). What might be thought

as a parallel, own-language effect describes our ability

to discriminate the speech sounds of our native lan-
guage. Native English speakers readily distinguish (on

the basis of differences in the third formant) between

the phonemes /r/ and /l/, a task that native speakers
of Japanese find exceedingly difficult (e.g., Goto,

1971). Japanese speakers, on the other hand, can

make distinctions (according to changes in the second
formant) within the category of sounds that English

speakers regard as all being examples of /r/ (Iverson

et al., 2003). Explicit training, in which Japanese sub-
jects were given feedback after being required to

distinguish between word pairs such as lock and rock,
has been shown to enhance their discriminative ability

(Iverson et al., 2005).
The examples discussed so far in this section have

involved training in which feedback has been given;
Figure 2 Examples of the colored checkerboard stimuli used

indicated (for the purposes of illustration only) by the black squa
that is, the subjects have been told that their identi-
fication of a stimulus has been right or wrong. (This is
explicitly arranged in most of the experimental
studies, but something equivalent will occur in the
natural environment as we learn the discriminations
necessary for language or for the recognition of
faces.) But perceptual learning effects can be obtained
without such feedback, as a result of mere exposure
to the stimuli (when this is arranged appropriately).
Lavis and Mitchell (2006) required people to discri-
minate between pairs of checkerboards of the sort
shown in Figure 2. When they are first presented
with the one checkerboard followed, after a short
interval, by another, people are poor at answering
the question: Same or different? But performance was
much enhanced by mere preexposure to the displays
when this was organized such that the different
stimuli were presented in alternation. Interestingly,
preexposure, consisting of a block of trials with one
stimulus followed by a block of trials with the other,
was much less effective in enhancing subsequent
discrimination. This outcome (to be discussed in
detail later) is of interest as it accords with the influ-
ential analysis of perceptual learning offered by
Gibson (1969), who emphasized the role of stimulus
comparison in producing the effect (we may assume
alternating preexposure is likely to foster the pro-
cesses involved in comparison).
1.07.2.3 Categorization

The auditory discrimination described earlier is one
that involves categorization; that is, faced with a
range of different stimuli, the native English speaker
learns to put instances of one set (which will differ
by Lavis and Mitchell (2006). The unique elements are

res. Images courtesy of Y. Lavis.
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among themselves in some respects) in one category

(meriting /r/) and instances of another set in a dif-

ferent category (meriting /l/). The same is true of

some of the visual tasks – one male chick will differ

from another, but the experienced chicken sexer puts

them all in the same category. An experimental

demonstration of how such an ability can be acquired

through experience comes from a study of face

recognition by Quinn et al. (1999). In this experi-

ment, the faces were pictures not of people, but of

cats, and the participant’s task was to sort them into

two categories, male and female. The discrimination

was difficult – initial performance was at chance level

– but reinforced training with a subset of the pictures,

those most easily identified as male or female,

produced positive transfer to the ability to categorize

other pictures.
Successful performance on a categorization task

such as that used by Quinn et al. (1999) may seem to

involve a reversal of the sort of perceptual learning

effect that we have been concerned with so far –

although discrimination between male and female is

enhanced, the subjects appear to be less sensitive to

differences among individuals that fall into a given

category. But whether this is really the case requires

explicit investigation. It is quite possible that the

within-category discrimination was also enhanced –

that, had they been asked, the trained subjects would

have been better able to distinguish between Lucky

and Widget, while still categorizing both as male.

This is certainly true of human faces – we have no

trouble in telling Ann from Zoe, and Andrew from

Zach, while still distinguishing male from female.
The issue has been investigated experimentally,

using complex artificial stimuli, by McLaren et al.

(1994); see also McLaren, 1997). The stimuli used

were based on the checkerboards shown in Figure 3.
Figure 3 Checkerboard stimuli used by McLaren et al.

(1994). Those shown were the prototypes. Discrimination
was between exemplars, produced by changing a

proportion of the elements of each prototype from black to

white, or vice versa. Image courtesy of I. McLaren.
Changing a proportion of the elements from black to
white, or vice versa, produced two sets of exemplars of
these prototypes. Training consisted of a categoriza-
tion task in which subjects learned to assign exemplars
to type 1 or to type 2. In the test, two stimuli were
presented side by side, and the subjects were rein-
forced for reliably choosing one rather than the
other. They proved to be very good at this discrimina-
tion when the two stimuli were the original prototypes
and also when the test stimuli were novel exemplars of
these prototypes not used in the original training. But
although the effect of preexposure was less profound
in this case, the participants were also at an advantage
when required to discriminate between two exemplars
drawn from the same category. These effects are not
confined to our own species. Aitken et al. (1996), using
similar stimuli, generated essentially the same pattern
of result in an experiment that used pigeons as the
subjects.
1.07.2.4 Taste and Smell

Unusually among psychologists, students of percep-
tual learning have paid almost as much attention to
the chemical senses as to vision and hearing. Perhaps
this derives in part from the fact that some of the
most dramatic examples of acquired perceptual
skills are found in these modalities. Foremost
among these are the well-documented achievements
of expert wine tasters (e.g., Soloman, 1990), but who
can forget William James’s description of ‘‘the blind-
deaf mute . . . Julia Brace [who] is said to have been
employed in the Hartford Asylum to sort the linen of
its multitudinous inmates, after it came from the
wash, by her wonderfully educated sense of smell’’
(James, 1890, pp. 509–510).

These are obviously very special cases, but
evidence that an approach to skills of this sort can
be established in any of us comes from experimental
studies. Thus, Peron and Allen (1988) found that
novice beer drinkers, who were initially unable to
tell one brand from another, became able to do so
after training in which they simply sampled a range
of beers and reflected on the flavor qualities
that came to mind. (Training with the specialist
vocabulary of master brewers conveyed no spe-
cial advantage; see also Melcher and Schooler,
1996.) Rabin (1988), who asked subjects to make
same/different judgments after sniffing two unusual
odors, found that discrimination was enhanced when
the subjects had been given prior exposure to the
odors (and in this case, training in which a distinctive
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label was attached to each odor during preexposure
was found to help). Preexposure is not always bene-
ficial, however. Stevenson (2001) gave training in
which his subjects sniffed two odor mixtures (call
them AX and BY). Subsequent discrimination
between components of separate pairs (e.g., A vs. B)
was good, but discrimination between components of
a compound (e.g., A vs. X) was poor.

Studies of perceptual learning using animal sub-
jects have made extensive use of tastes – adding a
flavor to the drinking water of a thirsty rat ensures
that the animal receives full exposure to the relevant
stimulus, and the flavor-aversion conditioning tech-
nique provides an effective way of assessing
discrimination. Figure 4 shows the results of one
study (by Symonds and Hall, 1995, Experiment 1)
that made use of this procedure. All the rats received
a test phase consisting of aversion conditioning with
flavor A, followed by a test with flavor B (A and B
were solutions of salt and sugar, rendered more simi-
lar by the addition of the sour taste of acid to each). In
rats given no previous experience of the flavors
(group W in the figure), the aversion conditioned to
A generalized readily to B; that is, they failed to
discriminate between A and B. The same was true
of rats given prior exposure either to A or to B. But
rats given prior exposure consisting of alternating
presentations of A and B (group A/B in the figure)
showed poor generalization (i.e., an enhanced ability
to discriminate). As in the experiments by Lavis and
Mitchell (2006), described earlier, this alternating
0

2

C
on

su
m

pt
io

n 
(m

l)

4

6

8

10

12 W

A

A / B

B

Figure 4 Group mean scores for consumption of flavor B,

after aversion conditioning with flavor in the experiment by
Symonds and Hall (1995). Before conditioning, different

groups had received exposure to A, to B, to both (A/B), or

just to plain water (W).
arrangement turned out to be critical. A subsequent
study (Symonds and Hall, 1995, Experiment 3)
showed that preexposure consisting of a block of A
trials followed by a block of B trials (or vice versa) did
not produce the same enhancement. It is interesting
to note that closely parallel effects have been
obtained with human subjects given initial training
in which they tasted the compound flavors saline-
lemon and sucrose-lemon either on alternating
trials or on separate blocks of trials. Subsequent
same/different judgments were found to be more
accurate in those given the alternating schedule dur-
ing preexposure (Dwyer et al., 2004).
1.07.2.5 Acquired Distinctiveness

The experiments discussed so far have commonly
used a procedure in which the subjects received
explicit discrimination training, with feedback or
knowledge of results being given. But (as the authors
of several of these studies have noted), it can often be
difficult to be sure of the source of the improved
discriminative performance that is obtained in these
conditions. Is there a change in the way in which the
stimuli are being perceived, or is the learning occur-
ring at a later stage in the sequence of processes that
connect input to response? Transfer studies in which
the stimuli are presented to a different set of recep-
tors (e.g., at a different retinal location) constitute one
way of addressing this issue. It is usually assumed that
effects that fail to transfer cannot be a consequence of
some general learning process, but must be specific to
the stimuli used in training. An alternative strategy is
to retain the original stimuli, but to require the sub-
jects to learn some new discrimination on the basis of
them. In this case, we are looking for positive transfer.
Such transfer could not be based on knowledge
of general task requirements (these having been
changed) but must be a consequence of some learned
change in the properties of the stimuli.

This experimental design was first introduced in
the classic study of animal discrimination learning
reported by Lawrence (1949). In outline, rats were
trained initially on a food-rewarded choice discrimi-
nation between black and white. They were then
shifted to a new task involving the same cues but
with a different response requirement – when given
two black cues, they were required to choose the left
(for example), and when given two white cues to
choose the right. The responses acquired in the first
stage (e.g., to approach black and avoid white) will be
irrelevant in this new task; nonetheless, Lawrence
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Table 1 Experimental design used by Hall et al. (2003)

Stage 1 Stage 2 Stage 3

Group Consistent
A! red A! left

B! red B! left red! left/right?

C! green C! right green! left/right?

D! green D! right

Group Inconsistent

A! red A! left

B! red B! right red! left/right?
C! green C! left green! left/right?

D! green D! right

Note: A, B, C, and D represent visual stimuli presented on a
computer monitor; red and green refer to colored rectangles. Left
and right refer to keyboard response required (left ¼ backslash;
right ¼ forward slash). Feedback was given after responses in
Stage 2. All subjects in a given group received all types of trial listed
under a given stage of training. Source of data: Hall G, Mitchell C,
Graham S, and Lavis Y (2003) Acquired equivalence and
distinctiveness in human discrimination learning: Evidence for
associative mediation. J. Exp. Psychol. Gen. 132: 266–276.
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found positive transfer from stage 1 to stage 2, trans-
fer, he said, that must depend on something that has
been learned about the stimuli. The effect has been
called the acquired distinctiveness of cues, the impli-
cation being that the initial training in which black
and white were associated with different responses
and different outcomes had rendered those stimuli
more distinguishable. The idea that training in which
cues are associated with differing outcomes will
enhance their subsequent discriminability goes back
at least as far as James (1890).

Lawrence’s (1949) study was followed by a rush of
similar transfer-of-training experiments, some with
animal subjects (reviewed by Sutherland and
Mackintosh, 1971) and many with human partici-
pants. The latter, for the most part, concentrated on
a procedure in which participants learned to apply
verbal labels in the first stage of training followed by
a discrimination involving overt motor responses to
the same stimuli in the second stage. It was usually
found (see Hall, 1991, for a review) that stage-1
training facilitated learning of the second task,
although whether or not this effect was a conse-
quence of changes in the distinctiveness of the cues
is open to debate. In many of the classic experiments
(e.g., Battig, 1956; Gagné and Baker, 1950; Holton
and Goss, 1956), comparison was made with a control
condition given no stage-1 training, raising the pos-
sibility that the advantage shown by the experimental
condition simply reflected some general facilitatory
effect produced by the first stage of training. What is
needed is to compare the effects of initial discrimina-
tion training with those of some control stage-1
procedure that will be equally effective in producing
general transfer effects but that does not involve the
consistent stimulus-outcome associations character-
istic of the experimental condition.

One strategy, illustrated in a study by Goldstone
(1994), is to use compound stimuli. In Goldstone’s
experiment, the stimuli were squares, differing in size
and brightness. One aspect of the stimuli (e.g., their
size) was irrelevant to the discrimination (based, e.g.,
on brightness) trained in stage 1. Thus, when it came
to the test phase (involving either a further brightness
discrimination or one based on shape), all subjects
were familiar with the stimuli and had received dis-
criminative pretraining. It was found that the test task
was performed more readily by those subjects for
whom the same dimension (brightness, in this exam-
ple) was relevant in both stages. Analogous effects,
which have been interpreted as reflecting an acquired
enhancement of the distinctiveness of an entire
dimension of stimulus variation, have been obtained
in studies of animal discrimination learning (see, e.g.,

Mackintosh and Little, 1969).
An alternative strategy (also based on a design

successfully used with animal subjects; see Bonardi

et al., 1993) is presented schematically in Table 1. (At
this point, we are concerned only with the first two

stages shown in the table; the implications of Stage 3
will be taken up later). In this example, which comes

from an experiment by Hall et al. (2003), people
received stage-1 training with four different stimuli,
four different geometrical shapes (A–D in the table).

Two, A and B, were followed by one outcome (pre-
sentation of a red rectangle); two (C and D) by

another outcome (a green rectangle). No overt
response was required at this stage. Stage 2 consisted

of a discrimination learning task in which the subjects
had to learn to make one motor response rather than

another to each of the shapes. Performance was good
when the subjects were required to make different
responses to stimuli that had been associated with

different outcomes in Stage 1 (the consistent condi-
tion of the table) but was relatively poor in the

inconsistent condition, when they had to make the
same responses to shapes previously associated with

different outcomes. Positive transfer in the consistent
condition is what would be expected if cues asso-
ciated with different outcomes had acquired

distinctiveness.
It should be noted that with this experimental

design (as with most others in this area; see Hall,
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1991), it is possible that the effect derives, in whole or
in part, from negative transfer in the inconsistent
condition – that associating cues with the same out-
come renders them less distinctive (an effect referred
to as acquired equivalence; Miller and Dollard, 1941).
But it should also be noted that acquired equivalence
in itself constitutes an example of perceptual learn-
ing, one that is worth our attention. Our topic is how
experience can change the way in which things are
perceived. Although in almost all the examples given
so far, the change has been for the better (that is,
discriminability has been enhanced by experience)
there is no reason why this should always be the case,
and our analysis of the phenomenon would be
incomplete if it failed to encompass acquired reduc-
tions in discriminability.
1.07.3 Theoretical Issues

In all the experiments described earlier, the test task
requires the subject to discriminate between two
similar stimuli. The situation is presented schemati-
cally in Figure 5. Each circle represents the set of
features or elements that define or constitute a par-
ticular stimulus, A or B. Each stimulus will have a set
of unique features that are not found in the other (and
these are represented by the areas containing the
elements labeled a and b). The fact that A and B are
similar is represented by the overlap – the area
marked containing the c elements designates a set
of features that they hold in common. Successful
discrimination is evident when the subject shows
the ability to make one response to A (i.e., ac) and a
different response to B (bc). It follows that the job of a
theory of perceptual learning is that of explaining
A

B

a a

a a a

c c c

b b b

bb

Figure 5 Each circle represents a stimulus (A or B) that is

made up of a set of features (or elements). Some features
are unique to a given stimulus (the a elements for A; the b

elements for B); other features (c) are held in common and

thus fall into the area of overlap of A and B.
how experience or training allows behavior to come
to be controlled by the unique features (a and b),
rather than by the common features (c). The behavior
in question may be a gross overt movement, as when
a rat approaches one stimulus object and avoids
another; or it might be as minor as the verbal
response of ‘‘higher’’ from a human participant pre-
sented with one of a pair of tones.

The scheme shown in Figure 5 can be applied
quite generally. It may need slight modification when
the stimuli are drawn from a simple continuum, such
as tonal frequency – here a given tone might be
regarded as consisting of the elements a, b, c, d
(say); its neighbor by the elements b, c, d, e; its
neighbor by the elements c, d, e, f; and so on – but
the principle remains the same; discrimination
between adjacent (similar) tones requires control by
the unique elements that distinguish between stimuli.

This characterization prompts an attempt at a
definition of perceptual learning. It is the learning
process (or processes) that increases the effectiveness
of unique stimulus elements and/or reduces that of
common stimulus elements, thus facilitating dis-
crimination between similar stimuli. (Although this
will serve for almost all the cases discussed in the
previous section, we should note the possibility of
instances in which training reduces discriminability.
For these we must assume that the effectiveness of
common elements is increased, that of the unique
elements is reduced, or both; See Chapter 1.08 for
configural processing).

This definition may allow us to rule out, as
instances of true perceptual learning, some of the
processes that result in improved performance during
practice on a discrimination task. It is often found, for
instance, that performance on even the simplest
difference threshold task can show a dramatic
improvement on the early trials, and this improve-
ment could well be a consequence of the participant
learning to deal with the requirements of the proce-
dure. If, for example, the subject is initially a little
unclear as to which button to press for the high tone
and which for the low tone, practice will establish the
relevant associations and remove one obstacle
to accurate performance – but this improvement
would not be a consequence of a change in the effec-
tiveness of the unique or common features of the
stimuli and thus would not count as perceptual
learning.

This is not to say, however, that we would want to
dismiss what some (e.g., Liu and Weinshull, 2000)
have called ‘cognitive’ learning, as a possible



Author's personal copy
Perceptual Learning 111
mechanism of perceptual learning. For example,
McLaren and Mackintosh (2000) suggest that we
should exclude from consideration cases in which
participants, instructed to look for differences
between stimuli, learn to focus on aspects that enable
them to solve the task required of them. But surely a
strategy as simple as learning to attend to or fixate on
a particular part of a visual display deserves to be
regarded as a mechanism of perceptual learning if it
serves to increase the effectiveness of unique features
(which happen to be located at a particular point in
space). Again, Bruce and Burton (2002), discussing
the discrimination of faces, question the extent to
which enhanced discrimination depends on the
acquisition of verbal labels for the different faces as
opposed to reflecting (true) perceptual learning. But
the distinction may not be a useful one. It has long
been thought (e.g., James, 1890) that the acquisition
of associates, such as verbal labels, might be a way of
increasing the range and number of distinctive fea-
tures activated by the presentation of a given
stimulus; if this is so, the consequent improvement
in discrimination becomes an example of perceptual
learning under our definition.

The general point is that our proposed definition
is silent as to the nature of the learning processes
involved. The approach taken here contrasts with
that sometimes taken by other students of perceptual
learning. For example, Fahle and Poggio (2002)
began their survey of the topic by ruling out, by
means of their definition of perceptual learning, a
number of possibilities that we would want to con-
sider. Perceptual learning, they say, is independent
from conscious experience and leads to implicit
memory; it is not declarative, as it does not consist
of consciously memorized facts or events; it is not
associative, as it does not bind things together, and
does not rely on the mechanisms of classical and
operant conditioning; it differs from other forms of
learning in that it principally involves functional and
anatomical changes in primary sensory cortex. It may
well be that some of the examples of enhanced
discrimination that were described earlier in this
chapter are a consequence of the type of learning
envisaged by Fahle and Poggio (and we will try to
identify them in subsequent sections of the chapter).
But declining to subscribe to such a restrictive
definition leaves us free to consider a range of
other possible mechanisms, including several (such
as various cognitive, associative, and attentional
learning processes) that have been well studied in
other contexts. We begin by considering the extent
to which the associative analysis of learning can
supply an explanation for perceptual learning
phenomena.
1.07.4 The Role of Associative
Processes

It may seem odd to give pride of place to a learning
process that some have emphatically asserted is not
responsible for perceptual learning effects; thus
Gibson and Levin (1975, p. 23) wrote: ‘‘this simple
and ancient notion does not work for perceptual
learning, because what is learned [in perceptual learn-
ing] is not addition of something but rather extraction
of something.’’ There are, however, at least two good
reasons for doing so. First, associative learning
theory, in its modern form (see, e.g., Wagner, 1981;
Mackintosh, 1983), provides by far the best worked
out and most comprehensive account of basic learning
mechanisms, and it seems a sensible first step to
attempt to explain some (supposedly) new form
of learning in terms of what we already know about
learning more generally. Second, one of the earliest
attempts to explain an instance of perceptual
learning was, in fact, precisely in terms of the notion
that it depended on the associative ‘addition of
something.’
1.07.4.1 Acquired Distinctiveness and
Acquired Equivalence

Figure 6 (top part) presents a schematic version of
the associative account offered by James (1890) for
the acquired distinctiveness of cues. Recall that in
this procedure, discrimination training, in which the
cues are followed by different outcomes, enhances
their subsequent discriminability. Figure 6 shows the
associations assumed to be formed when two similar
cues (A and B) have been given training in which
each has become linked to a different associate (X
and Y); the associates are less similar (they share few
common features) than are A and B. Discrimination
between A and B prior to training will be difficult as
they share many common elements. But the forma-
tion of the associative links means that presentation
of A will produce associative activation of the
representation of X, and presentation of B will asso-
ciatively activate Y. As a result, discrimination
between A and B will be enhanced because the pro-
portion of common features present in the overall
patterns of activation produced by these stimuli will
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Acquired distinctiveness

Figure 6 Associative structures in acquired
distinctiveness and acquired equivalence. The overlapping

circles represent two similar stimuli, A and B (see Figure 5);

arrows represent associative links. In the acquired

distinctiveness case, A and B have formed associations
with quite different stimuli (X and Y). In the acquired

equivalence case, both have become associated with the

same stimulus.
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be low, given the distinctiveness of their associates.
The lower part of Figure 6 shows the situation for
the acquired equivalence procedure in which the
two stimuli are given the same associate. Here the
proportion of common elements is increased, and dis-
criminability should go down. James focused on the
case in which the associates were distinctive names,
but the analysis applies (and the effect is found) when
other events are used (as in experiments with animal
subjects, or that presented in Table 1).

That stimuli can acquire new, and potentially
distinctive, properties by associative means is nicely
demonstrated by studies of odor perception. It has
been noted that an odor such as vanilla is often
described as smelling sweet, even though it is in itself
tasteless. The suggestion that this quality is acquired
as a result of associative learning (vanilla is often
present in sweet foods) is supported by the results
of a study by Stevenson et al. (1998), who gave
subjects presentations of a novel odor (e.g., lychee)
along with a sweet taste. Their subjects started to
describe lychee as smelling sweet, a phenomenon
that Stevenson et al. referred to as learned
synesthesia. (Parallel effects have also been found
with sour and bitter tastes.)

Whether associations of this sort are actually
responsible for acquired distinctiveness effects is
another matter. Gibson (1969), in her influential dis-
cussion of the topic, argued that although associations
might indeed be formed during training designed to
establish acquired distinctiveness, they did not pro-
vide the mechanism for the effect. Rather, the role of
discrimination training was simply to ensure that the
subjects concentrated on the stimuli, noting their
similarities and differences, with the result that
there was an increase in the perceptual effectiveness
of (and attention paid to) their intrinsic distinctive
features. This is what was meant by the phrase
‘extraction of something,’ rather than ‘addition of
something.’ The evidence that is currently available
to us does not allow a clear choice between the
alternatives, but suggests, rather, that both processes
may play a role.

Evidence that the associations formed during
initial training can influence subsequent discrimina-
tion performance comes from the experiment by Hall
et al. (2003), outlined in Table 1. Why, in Stage 2, did
subjects in the inconsistent condition find it difficult
to assign different responses to cues (such as A and B)
that had shared a common associate (red) in Stage 1?
According to the associative theory, this is because
the representation of red was activated by both A and
B during Stage 2. When subjects learned to respond
left to A, this response would come under the control
both of the cue actually presented (A) and its associ-
ate (red). Small wonder, then, that they found it
difficult to respond right to B, given that its associate
already controlled a tendency to make a different
response. For subjects in the consistent condition,
on the other hand, the response tendency acquired
by red on a trial with A would allow the correct
response to emerge immediately when B was pre-
sented. In a final test (Stage 3 of the table), subjects
were asked to choose left or right when presented
with the colors used as associates in Stage 1. Those in
the consistent condition made appropriate choices
(choosing left for red and right for green, in our
example), as would be expected if the associatively
activated representations of these colors had been
involved in the discrimination test of Stage 2.

A reason to think that associative processes are not
wholly responsible for acquired distinctiveness
effects comes from the observation that mere expo-
sure to a pair of similar stimuli (if this is appropriately
arranged – as we have seen, alternating presentations
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that give the opportunity for comparison to occur are
particularly effective) can enhance subsequent dis-
criminability. That is, distinctiveness can be acquired
when the preexposure procedure seems to preclude
the formation of links with distinctive associates. For
humans, this argument may not be particularly con-
vincing – members of this species may well provide
their own associates (names or labels), no matter what
the experimenter tries to arrange. But the effect is
also seen with animal subjects (rats given alternating
presentations of two flavors are better able subse-
quently to discriminate between them). If another,
nonassociative, perceptual learning process is at work
during mere exposure, might it not also be active
when the exposure phase involves explicit discrimi-
nation training? Evidence in favor of this view comes
from a study by Bonardi et al. (2005), who modified
the procedure used by Hall et al. (2003) to rule out
associative mediation and yet still found an acquired
distinctiveness effect. Bonardi et al. concluded
that the preexposure procedure had, in addition to
establishing associations, modified the perceptual
effectiveness of the various elements of the stimuli
(specifically had enhanced the attention controlled
by their distinctive features). The learning mecha-
nisms that might be responsible for such an effect will
be taken up in the final major section of this chapter,
after we have considered the contribution of other
associative mechanisms to perceptual learning
effects.
1.07.4.2 Unitization

It has frequently been suggested (e.g., Goldstone,
2000; McLaren et al., 1989) that a process of unitiza-
tion is, in part, responsible for perceptual learning
effects. The idea has been expressed in a variety of
different ways, but the central notion is that exposure
to a complex and multifaceted stimulus will result in
the formation of a unitary representation of that
stimulus, in which the various features are somehow
bound together. The concept has been much used in
the study of complex visual perception (with its talk
of object representations, face representations, and so
on) but can readily be applied to other modalities (it
forms the basis of the account of odor perception
proposed by Stevenson and Boakes, 2003), and to
seemingly simple stimuli (even a pure tone, for
example, has many features – frequency, intensity,
location, duration, etc).

When it comes to specifying the learning mecha-
nism responsible for unitization, the only developed
proposal has been in terms of associative processes
(see Goldstone, 1998). Presentation of a complex
stimulus will, it is assumed, activate a set of units
that correspond to its various constituent features.
Concurrent activation of these units will lead to
the formation of a network of excitatory links
among them, and it is this network, in the simplest
interpretation of the idea, that is taken to constitute
the unitized representation. In terms of the diagram
of Figure 5, experience of stimulus A will establish
connections among all the a elements. (It will
also, initially, allow the formation of a–c connections
too; but because the c elements may also be activated
in the absence of the a elements, when a stimulus
such as B is presented, these will be weakened
and eventually drop out of the picture.) A slightly
more elaborate version of this analysis supposes
that experience of the stimulus results in the
formation of a separate configural unit (see, e.g.,
Pearce, 1994) that is not directly activated by any
feature of the stimulus itself but that comes to receive
its input from the units that correspond to those
features.

The formation of a simple network of excitatory
associations is enough in itself to explain a range of
perceptual learning phenomena. As we have already
seen, the learned synesthesia of Stevenson et al. (1998)
depends on associations formed between two aspects
of a compound stimulus (its taste and smell). And our
difficulty in discriminating among the aspects of a
previously experienced compound odor (Stevenson,
2001) can be explained in similar terms. When people
have sniffed the AX compound, excitatory associations
will form between A and X. Discrimination between
A and X will be poor because the presentation of
A will produce associative activation of the represen-
tation of X, and presentation of X will associatively
activate A. It is usually assumed that the state
produced by associative activation of a representation
will be distinguishable from that produced by direct
activation (if nothing else, the intensity of activation is
likely to be less; see Hall, 1996), and accordingly,
discrimination between A and X should still be possi-
ble. But the existence of association between A and X
will increase the similarity of the overall patterns of
activation elicited by A and X and render the task
more difficult.

Further support for this interpretation of unitiza-
tion comes from its ability to explain the finding that
preexposure to a complex stimulus or event can
enhance the ease with which that complex is subse-
quently learned about. An example from animal
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Figure 7 Examples of the figures (referred to as Greebles)
used by Gauthier and Tarr (1997) and of the names that

subjects had to learn to apply to them. Used with permission.
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conditioning is supplied by Kiernan and Westbrook
(1993), who gave rats a few minutes of exposure to a
distinctive context prior to a session in which the
context was paired with shock. On a subsequent
test, these rats showed more evidence of learned
fear in that context than did rats not given preexpo-
sure. (See also Fanselow, 1990; Bennett et al., 1996.)
The only additional assumption needed to deal with
this finding is that the animal’s capacity to process all
aspects of a complex stimulus will be limited, so that
only a subset will be sampled at any one time. As the
rat explores the context during preexposure, it will
sample a range of contextual features, and connec-
tions will form among them. On the subsequent
conditioning trial, only some of these features will
be sampled, and only these will become associated
with shock. A different set may be sampled on the test
trial, but for animals given preexposure, the condi-
tioned response should still be evoked, as those
sampled on the test will be able to activate those
that formed links with the shock during conditioning.
Although presented in modern associative terminol-
ogy, the central idea is essentially that popularized
long ago as redintegration (by Hollingworth, 1928).

It will be apparent that the principle illustrated by
this example from fear conditioning in the rat will be
applicable to any case in which animals (including
people) are given exposure to a stimulus containing
more features than can be processed all at once.
Appropriate response to a complex visual event
(such as putting a name to a face) will be able to
proceed more rapidly if inspection of one part of the
display is able to activate representations of other
features, or to activate a configural unit that is con-
nected to the response-output mechanism. In the case
of faces (and indeed other complex visual stimuli), it
must be assumed that the configural unit is sensitive
not just to the co-occurrence of various features but
also to their spatial relationships. One of the classic
findings from studies of face recognition is the inver-
sion effect – the finding that faces are so much less
well recognized when upside down; or, put another
way, are especially well dealt with when they are the
usual way up (Yin, 1969). This phenomenon is
explained by assuming that experience of a face in
the normal orientation establishes a configural unit
that encodes the spatial relationships of the various
features; when the face is inverted, these relation-
ships are disrupted, and the unit will not be activated.
Evidence for this interpretation comes from a study
by Gauthier and Tarr (1997), who required people to
learn the names of nonsense objects of the sort shown
in Figure 7. An inversion effect was found for these
stimuli too – performance was poor when the stimuli
were presented upside down – but only for people
who had received extensive prior experience with
the cues. The effect is specific not to faces but to
complex familiar visual cues.
1.07.4.3 Associative Inhibition

McLaren et al. (1989; see also McLaren and
Mackintosh, 2000) have pointed out that standard
associative theory predicts that certain schedules of
exposure to a pair of similar stimuli (such as A and B
of Figure 5) will allow the formation of other asso-
ciations, in addition to those considered so far. They
were concerned in particular with a preexposure
schedule in which A and B were presented in alter-
nation. Gibson (1969) has argued that a process of
comparison plays an important part in the enhance-
ment of discrimination that follows exposure to
similar stimuli. The exact nature of the comparison
process was not specified, but it can be agreed that
alternating presentations are likely to enhance its
operation, making this schedule of special interest.

We have already discussed how exposure to the
stimuli will allow unitization to occur, with the var-
ious elements of each stimulus becoming linked
together. McLaren et al. (1989) noted that the
within-stimulus links formed would include excita-
tory connections between common and unique
elements (which we may summarize as c–a, for
stimulus A, and c–b, for stimulus B). As a conse-
quence, presentation of A would, by way of the c–a
association, be able to activate the representation of
the unique features of B (the b elements); similarly,
presentation of B by way of the c–a link would
activate the a elements. On the face of things, there-
fore, preexposure might be expected to hinder
subsequent discrimination, as these excitatory links
would render the patterns of activation produced by
A and B more similar to one another. Such indeed
would be the outcome but for another factor that
comes into play when the alternating schedule is
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used – this schedule will allow the formation of
inhibitory associative links. According to standard
associative theory (e.g., Wagner, 1981; espoused by
McLaren and Mackintosh, 2000) an inhibitory link
will form between a directly activated stimulus
representation and one that is activated associatively.
The alternating schedule ensures that the subject
experiences a sequence of trials in which a is associa-
tively activated in the presence of b, and b is
associatively activated in the presence of a. In these
circumstances, inhibitory associations will form
between a and b. Activation of an inhibitory link is
assumed to oppose the effects of excitatory influences
acting on a given representation, restricting the abil-
ity of that representation to be activated.

This analysis can supply an explanation for the
results of the experiments described previously, in
which discrimination was enhanced by intermixed
preexposure (compared to a control condition in
which the stimuli were presented in separate blocks
of trials). Consider the experiment by Lavis and
Mitchell (2006). When asked to make same–different
judgments about stimuli like those shown in
Figure 2, the excitatory links formed by subjects in
the control condition mean that each stimulus would
tend to activate, to some degree, the unique features
of the other. Presentation of A would activate a and c
directly and b associatively; presentation of B would
activate b and c directly and a associatively. That is,
all the same units would be activated in each case,
and the judgment would therefore have to be made in
terms of degree (or type) of activation. For subjects
given intermixed exposure, on the other hand, inhi-
bition between a and b would mean that A would
activate only a and c, and B would activate only b and
c, qualitatively different patterns of activation.

The difference between intermixed and blocked
preexposure schedules has also been obtained in
studies of animal conditioning (e.g., Symonds and
Hall, 1995; see also Bennett and Mackintosh, 1999;
Mondragón and Hall, 2002; Dwyer et al., 2004), and
the associative inhibition analysis applies readily to
this case too. In these experiments, subjects received
conditioning with stimulus A followed by a general-
ization test with stimulus B. The poor discrimination
(good generalization) produced by blocked exposure
is explained in terms of the within-stimulus excita-
tory links formed during preexposure; specifically
when tested with B, the c–a link will allow this cue
to activate a stimulus representation (a) that had
acquired associative strength during conditioning
with A. For the intermixed condition, on the other
hand, the inhibitory association between b and a
established during preexposure would prevent acti-
vation of a on the test trial, eliminating its
contribution to responding and thus reducing the
degree of generalization.

The role of associative inhibition as a mechanism
of perceptual learning deserves our serious attention
because it provides one of the few fully worked out
accounts of the processes by which stimulus compar-
ison might have its effects. It remains to be
determined, however, whether or not this theoretical
possibility is, in fact, responsible for the effects
observed. There is some supportive evidence from a
study by Dwyer et al. (2001; see also Dwyer and
Mackintosh, 2002). Rats were exposed to intermixed
presentations of the compound flavors, AX and BX,
where A and B represent unique flavors, and X an
explicitly added common element. According to the
associative principles outlined earlier, alternating pre-
sentations of AX and BX should establish inhibition
between A and B (just as alternating presentations of
ac and bc establish inhibition between a and b). Dwyer
et al. found that after extensive intermixed exposure,
animals were retarded in learning an excitatory asso-
ciation between A and B – what would be expected if
the prior training had established inhibitory associa-
tions between these cues. It seems likely that
associative inhibition plays a role in the perceptual
learning effect under these training conditions.

It should be noted, however, that this example of
perceptual learning (better discrimination after inter-
mixed than after blocked preexposure) can be
obtained in the absence of associative inhibition.
Inhibitory learning can take many trials to develop
(Dwyer et al., 2001, gave extensive initial training),
but the perceptual learning effect can be obtained
after just a few preexposure trials, well before there
is any evidence of inhibition between A and B (Artigas
et al., 2006). What is more, the effect can be observed
when the training procedure is modified so as to
preclude the formation of inhibitory links. Table 2
(Experiment 1) shows the design of an experiment
(Blair and Hall, 2003, Experiment 1a) devised to
demonstrate the basic effect using a within-subject
design and a conditioning procedure. The subjects
(rats) received intermixed preexposure to the com-
pound stimuli AX and BX and a separate block of
trials with CX. A response subsequently conditioned
to AX was found to generalize less readily to BX (the
stimulus presented intermixed with AX during pre-
exposure) than to the control stimulus CX. This result
in itself is compatible with the suggestion that the
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Table 2 Experimental designs used to investigate the

effects of preexposure on flavor discrimination in rats

Preexposure Conditioning Test

Experiment 1 AX/BX _ CX AX þ BX and CX

Experiment 2 AX/BX _ CX X þ BX and CX
Experiment 3 X/BX _ CX AX þ BX and CX

Experiment 4 AX/BX _ CX — Bþ or Cþ

Note: A, B, C represent flavors that could be presented in
compound with flavor X. In preexposure, AX (or X, in Experiment 3)
was presented in alternation with BX. The CX compound was
presented in a separate block of trials. In the conditioning phase of
experiments 1–3 and the test phase of Experiment 4, flavors were
presented along with (þ) an aversive reinforcer. The test phase
measured the extent of the aversion shown to the test stimuli (a
generalized aversion in the case of experiments 1–3). Experiments
1 and 2 were fully reported by Blair CAJ and Hall G (2003)
Perceptual learning in flavor aversion: Evidence for learned
changes in stimulus effectiveness. J. Exp. Psychol. Anim. B. 29:
39–48; Experiment 3 by Hall G, Blair CAJ, and Artigas AA (2006)
Associative activation of stimulus representations restores lost
salience: Implications for perceptual learning. J. Exp. Psychol.
Anim. B. 32: 145–155; and Experiment 4 by Blair CAJ, Wilkinson
A, and Hall G (2004) Assessments of changes in the effective
salience of stimulus elements as a result of stimulus preexposure.
J. Exp. Psychol. Anim. B. 30: 317–324.
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presence of B in the test inhibits activation of the
representation of the (conditioned) A element. But
this argument cannot apply to the modified design
shown as Experiment 2 in the table (Blair and Hall,
Experiment 5a). Here the same result was found (less
generalization to BX than to CX) despite the fact that
conditioning was given to the X element alone. If A
has not been conditioned, then any ability that B
might have to inhibit activation of the A representa-
tion would be irrelevant to the outcome of the
procedure. The experiment presented as Experiment
3 in the table (Hall et al., 2006) makes the same point
in a different way. Here the intermixed preexposure
procedure involved alternation, not of AX and BX, but
of BX and X alone. Obviously, inhibition between A
and B cannot be established with this procedure.
Nonetheless, conditioning to AX was still found to
generalize less well to BX than to CX on the test
(see also Rodriguez and Alonso, 2004).

The new results just described serve to support
Gibson’s (1969) suggestion that a preexposure proce-
dure that allows comparison between two similar
stimuli (such as alternating presentations of AX and
BX) is particularly effective in enhancing discrimina-
tion between them. They also show that associative
inhibition mechanism can supply only a partial expla-
nation for these effects. Gibson’s own interpretation
was that comparison served to enhance the perceptual
effectiveness of the distinguishing features of the
stimuli (A and B in this case). This notion can help
explain the results produced by the experiments sum-
marized in Table 2. In these experiments,
performance on the generalization test will be largely
determined by the response controlled by the X ele-
ment, the response that was established during the
conditioning phase. To the extent that the
presence of another element (such as B or C) detracts
from the ability of the animals to perceive stimulus X,
the magnitude of the response will be reduced. It
follows that if alternating preexposure enhances the
perceptual effectiveness of the B element, this element
will be better able to interfere with the ability of X to
evoke its response on test and generalization will be
restricted – the result obtained. What we need to
consider now, therefore, is the mechanisms by which
the perceptual effectiveness of stimuli might be mod-
ified; this issue is taken up in the next section of the
chapter.
1.07.5 Attentional Learning
Processes

The only learning process utilized so far has been one
that results in the formation of links (excitatory or
inhibitory) between the central representations of sti-
mulus elements. Perhaps surprisingly, this notion has
proved helpful in explaining some perceptual effects.
But however powerful an explanatory tool this
‘‘simple and ancient notion’’ may be, it is not, on its
own, enough to explain even simple associative
learning. A number of learning theorists (e.g.,
Mackintosh, 1975; Pearce and Hall, 1980; McLaren
and Mackintosh, 2000) have argued that the associa-
tive principle needs to be supplemented by another
learning process, one that is capable of changing the
properties of the stimulus representation, modulating
its sensitivity to activation, for example, or modulating
the readiness with which it will enter into association.

Because these theories are usually described as
involving a process of attentional learning, it would
be useful to clarify what is meant by attentional in his
context, as the use of the term (which is really more
of a chapter heading than a well-defined psychologi-
cal construct) can vary widely. It is not meant to
indicate a form of learning that occurs only when
learners focus their attention on the task at hand (a
characteristic that, in any case, would be difficult to
identify in the experiments using animal subjects that
will be considered shortly). Rather, it indicates a form
of learning that modifies the processing that a
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stimulus will receive. As for the nature of the modi-
fication, two principal suggestions have been
advanced. One is that experience might change the
effective salience of a stimulus (making a dim light
function as if it were bright or a loud noise as if it
were soft) and thus modify the ability of the stimulus
to command attention. The other, not necessarily
alternative, suggestion is that experience might
change the associability of a stimulus, the readiness
with which it will be learned about. (A significant
event might deserve attention, even if its salience is
low.) Both of these possibilities merit the description
attentional, but it will be noted that they have some-
what different implications, and where necessary,
they will be distinguished in what follows.
1.07.5.1 Latent Inhibition and Associability
Modulation

Prior exposure to an event that is to be used as the
conditioned stimulus (CS) in a classical conditioning
procedure produces a marked retardation in the
subsequent rate of learning. The source of this phe-
nomenon (known as latent inhibition; Lubow, 1989)
is still a matter for debate (some possibilities will be
considered shortly). For our present purposes, how-
ever, we may simply note that mere exposure to a
stimulus can produce a reduction in the readiness
with which it can be learned about, and then go on
to explore the implications of this fact of perceptual
learning.

McLaren et al. (1989) have proposed an interpre-
tation of perceptual learning effects in which latent
inhibition plays an important part. They point out
that it is important to distinguish between the ease
with which a stimulus can be learned about and the
ease with which it can be discriminated from other
similar stimuli (which is our major concern). A
process that reduced the former might enhance the
latter. Consider the stimuli of Figure 5. A response
conditioned to A will generalize to B (i.e., a failure of
discrimination will occur) because the common (c)
elements acquire strength during conditioning with A
(ac) and are present in the test stimulus B (bc). Prior
exposure to A will reduce generalization (enhance
discrimination) because the c elements will suffer
latent inhibition and thus acquire little strength
during conditioning. This effect will be most marked
if the subjects are given preexposure to both A and B,
as the c elements will be present in both types of
exposure trial, thus having twice the opportunity to
acquire latent inhibition. Generalization should,
therefore, be particularly weak after preexposure to
both A and B – just the result obtained by Symonds
and Hall (1995) and shown in Figure 4.

This simple notion generates an interesting pre-
diction that has received experimental support. A
perceptual learning effect (enhanced discrimination
after preexposure) should only be found when the
stimuli share a substantial number of common
elements. When the stimuli are very different (as, in
the limiting case, when A consists only of a elements
and B only of b elements), latent inhibition of the c
elements can play no part, and discrimination
between A and B will be poor, as the latent inhibition
suffered by the a and b elements will retard the
acquisition of the (different) responses required to
these stimuli. Trobalon et al. (1991; see also Prados
et al., 1999) have demonstrated this result in a study of
maze learning in rats. When the two maze arms that
the rats had to choose from were very similar, pre-
exposure to these arms facilitated discrimination
learning; when the arms were made distinctively
different, preexposure hindered learning.

Latent inhibition can provide an explanation for
the result reported by McLaren et al. (1994) that
people who had learned to assign checkerboard pat-
terns (Figure 2) to different categories showed an
enhanced ability to discriminate between new exam-
ples drawn from the same category. This result is
unexpected, given that examples from the same cate-
gory will have a common associate, in that both will
elicit the same category label. Associative processes
might be expected act to hinder discrimination
between stimuli that have a common associate
(the acquired equivalence effect). But this is to
reckon without latent inhibition. McLaren et al.
(1994) point out that during initial categorization
training, the features common to all exemplars of
that category occur on every trial. These features
will therefore suffer extensive latent inhibition.
Performance on the within-category discrimination
will be facilitated, as this task requires precisely that
the choice response should come under the control of
features that distinguish the displays rather than fea-
tures they hold in common.

The arguments just advanced hold whatever the
mechanism of latent inhibition. Of the various possi-
bilities (see Hall, 1991, for a review), perhaps the
most widely accepted is that it reflects a loss of
associability, this being expressed in formal terms as
a reduction in the value of a stimulus-specific learn-
ing rate parameter (symbolized alpha in the
influential learning model of Rescorla and Wagner,
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1972; see Pearce and Hall, 1980). To adopt this

interpretation raises a further interesting possibility.

Latent inhibition itself involves only reduction in

associability, but might it not be possible for the

alpha-value of a stimulus to be increased under

appropriate conditions? Mackintosh (1975) has

adopted this proposal and devised a theory in which

the associability of a stimulus is held to increase as a

result of training in which it is a reliable predictor of

its consequences (see also Kruschke, 2001). Direct

tests of the validity of this proposal have generated

mixed results (e.g., Hall and Pearce, 1979; Le Pelley,

2004). But if it could be confirmed, it would usefully

extend the explanatory reach of the associability

concept. In particular, it could supply an explanation

for acquired distinctiveness effects. The acquired

distinctiveness training procedure is one in which

the subject experiences each of the critical stimuli

in reliable association with another event (in

Table 1, for example, A reliably predicts red, and B

reliably predicts green). In addition to any associa-

tions that may be formed, Mackintosh’s theory says

that the associability of A and B will go up under

these conditions. Subsequent discrimination between

these cues would be enhanced, even in circumstances

in which associative mechanisms do not seem to

operate (Bonardi et al., 2005).
Whatever the fate of Mackintosh’s (1975) theory

of associability change, it will be evident that the

basic latent inhibition process plays an important

part in many perceptual learning effects. There is,

however, one critical version of perceptual learning

that defies explanation in terms of latent inhibition.

This is the well-established, and already much-

discussed, finding that discriminability is especially

enhanced when the subject is able to compare the

stimuli during preexposure. Table 2 (Experiment 1)

presents a simple experimental demonstration of the

effect. In this experiment, the subjects can compare

A and B during preexposure (they are presented on

alternate trials), but will be less able to compare

C with the others, as this stimulus is presented on a

separate block of trials. But because the subjects

experience the critical cues, A, B, and C, the same

number of times, all three cues should acquire latent

inhibition to the same extent. There are no grounds,

therefore, for the latent inhibition account to

predict the result obtained – poorer generalization

from AX to BX than to CX. Further analysis of

this finding is one of the topics of the final section

of the chapter.
1.07.5.2 Habituation and Salience
Modulation

Whatever other factors may play a part, there is no
doubt that the effectiveness of a stimulus depends on
its intensity. A strong stimulus will normally elicit a
more vigorous response than a weak one (we show a
bigger startle response to a loud noise than a soft
one); associative learning occurs more rapidly when
the events to be associated are intense. Formal
theories of these phenomena (see, e.g., Hall, 1994)
incorporate a notion of salience, a parameter asso-
ciated with each stimulus and set by its intensity.

Stimulus salience will influence performance on
the tests used in studies of perceptual learning.
Subjects will be best able to discriminate (on a
same-different test, say) between A and B when the
unique features (a and b) are intense, and the com-
mon features (c) are not. And generalization between
such stimuli will be poor, as the a element will
dominate during conditioning with A, restricting
the acquisition of control by the c element, and the
b element will dominate on test with stimulus B,
restricting the ability of c to influence performance.
In most studies of the topic, we use stimuli with
nonsalient unique features and salient common fea-
tures; that is, we study the effects of experience on
discriminations that are difficult. Perceptual learning
effects would be obtained, then, if experience with
stimuli was capable of boosting the effective salience
of the unique features of stimuli (or of lowering that
of common features, or both). What evidence is there
that effective salience can change? We have discussed
how simple exposure to repeated presentations of a
stimulus can produce a loss of associability (latent
inhibition), but there is reason to think that this
procedure can also bring about a change in effective
salience.

Repeated stimulus presentation results in habitua-
tion – the waning of the response unconditionally
elicited by that stimulus. Explanation of this simple
phenomenon turns out to be surprisingly complex
(see Hall, 1991, for a review in the context of percep-
tual learning). But what we need to note for our
present purposes is that the habituation procedure
makes a salient stimulus behave like a less-salient
one. After extensive habituation training, the startle
response evoked by a loud noise will be much the
same as the (weaker) response evoked by the first
presentation of a softer noise. The habituation effect
is most easily observed with motivationally signifi-
cant events, as these evoke obvious responses; but the
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learning process responsible for it presumably oper-
ates for any stimulus, including those used as cues in
experiments on perceptual learning. For a few of
these, the effect can in fact be observed directly.
Rats show neophobia to foods (that is, they are reluc-
tant to consume a substance with a novel taste), and
habituation of neophobia is commonly observed over
the preexposure phase of perceptual learning experi-
ments using flavor stimuli (Blair et al., 2004).
Observations like these make it a reasonable pre-
sumption that the (unobservable) response evoked
by presentation of a checkerboard, say, will also
undergo habituation, or, in other words, that these
stimuli too will lose effective salience with repeated
exposure.

Blair et al. (2004) have investigated the role of
salience modulation in perceptual learning, focusing
on the differing effects of intermixed and blocked
preexposure. Recall for the experiment shown as
Experiment 1 in Table 2 that rats consume more of
BX than of CX on test, and that this difference is
explained by the fact that at the end of preexposure,
B has greater effective salience than C (the more
salient a cue, the more it will interfere with expres-
sion of the response controlled by X). Blair et al.
(2004, Experiment 3) tested the salience of B and C
using the design shown in as Experiment 4 in
Table 2. After preexposure, some rats received con-
ditioning trials with B alone as the conditioned
stimulus (CS); others received C alone as the CS.
Acquisition occurred more rapidly to B than to C,
as would be expected if B were higher in salience
than C. In a further study, Blair et al. simply mon-
itored the unconditioned response evoked by B and
C at the end of preexposure. The neophobic reaction
evoked by these flavors was found to have habituated
to some extent over the course of preexposure, but it
was still observable, particularly for flavor B. Thus
the effective salience of both B and C was reduced by
preexposure, but critically, the reduction was less for
the cue presented in alternation with a similar cue in
preexposure.

The conclusion that emerges from these and
related studies (Hall, 2003; Hall et al., 2006) is that
mere exposure to a stimulus will cause a loss of
effective salience, but that with some schedules of
preexposure, this loss can be attenuated or reversed.
The critical arrangement appears to be one in which
the cue in question is presented in alternation with
another similar cue. Why this schedule should have
the effects it does is not yet clear. There is some
evidence from the experiments by Hall et al. (2006)
to suggest that an important feature of this schedule
is that on each trial the subject is likely to be (slightly)
surprised at the omission of one of the unique
features and at the occurrence of the other. (With
the blocked schedule the same stimulus occurs trial
after trial.) It seems plausible that an event that
evokes surprise might also maintain its salience, but
the precise learning mechanisms that might underlie
such an effect remain to be specified.
1.07.6 Conclusions

The material reviewed in this chapter has covered a
wide range; this is true both for the empirical phe-
nomena considered in the first part and the
theoretical analyses dealt with in the second part.
The latter point might seem to be a cause for con-
cern, given our customary aspiration to achieve
parsimony in explanation. But the concern would
probably be misplaced. There is every reason to
think that perceptual learning effects are the product
(usually the joint product) of several different pro-
cesses. On the basis of the evidence reviewed in this
chapter, a place should be found for associatively
mediated acquired equivalence and distinctiveness,
effects based on within-stimulus association (unitiza-
tion) and between-stimulus associations (associative
inhibition), latent inhibition (and possibly other
learned changes in associability), habituation, and
salience modulation.

It may have been noticed that the operation of these
various learning mechanisms in perceptual learning
has been demonstrated for only a subset of the phe-
nomena described in the first section of the chapter.
Analytic studies have, for the most part, made use of
just a few well-established and tractable experimental
procedures. This may raise the fear that detailed
exploration of other paradigms would uncover a
whole new set of explanatory principles, in addition
to those already listed. But this fear is not justified. As
was suggested earlier, the job of a theory of perceptual
learning is to explain how experience of similar stimuli
can enhance the perceptual effectiveness of features
that distinguish them and reduce the perceptual effec-
tiveness of features that they have in common. This
description is valid generally – it applies equally, for
example, to rats learning to discriminate between fla-
vors and to people learning to distinguish between
speech sounds. We have every reason to hope that
explanatory principles established in one of these para-
digms will also apply in the other.
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