
According to one definition, perceptual learning “im-
pproves discrimination between stimuli that could not be
discriminated before the learning; observers may learn 
to perceive something new that they could not perceive 
bbefore” (Fahle, 2002a, p. ix). Although Fahle (2002a) used 
the second part of his definition to exclude (wrongly, in
my view) many of the studies I shall be discussing, the 
first part is sufficiently wide that it can encompass a whole 
range of different phenomena, reflecting the operation of a 
wide variety of different psychological processes. If I train
rats on a discrimination between a circle and a triangle by
reinforcing responses to one stimulus but not the other,
they will initially, and for many trials, respond at chance 
bbut will eventually learn to choose the reinforced stimulus
on 100% of the trials. This seems to be a case of initial
failure to discriminate giving way to perfect discrimina-
tion. Fahle (2002a) might want to say that my rats have 
not learned to perceive something new that they could not
pperceive before, but how does he know that? Their initial 
bbehavior is entirely consistent with the inference that they 
failed to perceive the difference between the circle and the
triangle, and their later behavior with the inference that
they slowly learned to do so.

Supervised Versus Unsupervised Learning
My own concern with this example is that it is clearly a 

case of supervised learning; the result is surely unsurpris-
ing and would be predicted by any theory of conditioning. 
It is also surely not the same as what Gibson and Walk 
(1956) demonstrated in what is widely regarded as a clas-
sic study of perceptual learning. Gibson and Walk reared 
one group of rats in cages with metal circles and triangles 
hanging on the walls and a control group in ordinary, un-
adorned cages. When subsequently trained (as above) on 

a discrimination between a circle and a triangle, the first
group learned substantially more quickly than the second.

dThe apparently unreinforced prior exposure to circles and 
triangles had made them easier to tell apart. The learn-
ing that occurred during this phase of the experiment

 was unsupervised. Unlike the case in which differential
reinforcement teaches an animal (or person) to respond 
to one stimulus rather than another, the effect observed by

fGibson and Walk, widely regarded as a paradigm case of 
perceptual learning, is not so easily explained.

Although there were a number of follow-up studies pub-
lished in the next few years (reviewed by Hall, 1980), this
perceptual-learning effect attracted rather little attention 
from most animal learning theorists—largely, I suspect,
because it did not fit in with most of their theories. Gib-

t son (1969) herself explained her results by suggesting that
t mere exposure to two or more similar stimuli would attract

animals’ attention to their subtle, differentiating features
at the expense of the more salient features they shared in

r common. A variety of theories of discrimination popular
in the 1960s and 1970s appealed to the notion of attention 
(e.g., Lovejoy, 1968; Sutherland & Mackintosh, 1971),
arguing that in order to solve a discrimination problem,
animals had to learn both which stimulus dimension to

d attend to and which particular stimulus was rewarded and
 which was not. So the notion that animals would learn to

attend to the differentiating features of a set of discrimina-
tive stimuli was quite widely accepted, as it still is today
in more recent theories proposed by Kruschke (2001), Le
Pelley (2004), and Mackintosh (1975). The problem is 
that all such theories assume that attentional learning is 
supervised learning, requiring differential reinforcement.
Where was the differential reinforcement in the exposure
phase of Gibson and Walk’s (1956) experiment? It is one
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appeared (Mundy, Honey, & Dwyer, 2007). This is not
genuinely unsupervised learning. Once again, participants
are being told to notice the differences between the stimuli 
they are exposed to.

Whether such instructions are explicit or not, it seems 
plausible to suppose that most people acting as partici-
pants in psychological experiments will assume that, re-
gardless of what the experimenter says, it will pay to pay
attention to anything going on. It is not at all obvious that
the same can be said about Gibson and Walk’s (1956) rats.
In experiments with nonhuman animals, there does seem 
to be a chance that exposure to a set of stimuli will in-
deed be mere exposure and that any learning that occurs
during this phase will be unsupervised. That inference is
supported by the two most obvious outcomes of such ex-
posure to a single stimulus: The animal’s initial response 
to the stimulus habituates with repeated exposure to it,
and subsequent conditioning to the stimulus is seriously
retarded (latent inhibition). Both effects suggest, if any-
thing, a loss of attention to the stimulus, rather than any 
gain.

Explanations of Unsupervised
Perceptual Learning in Animals

The procedure we have mostly used in our studies of 
perceptual learning is to give thirsty rats the opportunity 
to drink two or more flavored solutions over the course
of a number of exposure trials. In the simplest case, one 
compound flavor is a mixture of saline and lemon, and the 
other a mixture of sucrose and lemon. These compound 
solutions can be made as similar or dissimilar as needed 
by increasing the concentration of the unique (saline/
sucrose) or common (lemon) flavor. The preparation has 
the further advantage that thirsty rats will certainly con-
sume the solutions offered them, and so we can guarantee
that they are exposed to the various flavors during the ex-
posure phase, but without any requirement to discriminate
between them. That comes in the next phase of the typical
experiment, when an aversion is conditioned to one solu-
tion by pairing its consumption with lithium chloride and 
the generalization of that aversion to the other solution is
measured.

Differential latent inhibition. If it is implausible to 
suppose that animals learn to attend to the differentiating 
features of these compound flavors during the exposure 
phase, what then is the explanation of the enhanced dis-
crimination between them that has standardly been seen as
a result of such exposure? Perhaps surprisingly, part of the 
answer is provided by the two phenomena just referred to:
latent inhibition and habituation. The role of latent inhibi-
tion is readily understood. If an aversion is conditioned 
to a solution of saline and lemon, it will generalize to 
sucrose–lemon to the extent that the aversion was condi-
tioned to the lemon flavor. Conversely, discrimination will 
be good to the extent that the aversion was conditioned 
to saline rather than to lemon. Now, if animals receive
10 trials of exposure to each of the two compound solu-
tions, they will receive 10 trials of exposure to saline and 
sucrose but 20 trials of exposure to the lemon. But expo-
sure to a stimulus causes latent inhibition—that is, retards 

thing to say that animals will learn to attend to some fea-
tures of a set of stimuli, rather than others, if it pays them 
to do so; but why should Gibson and Walk’s rats have paid 
any attention at all to the circles and triangles hanging
from the walls of their cage, let alone have learned to at-
tend to their differentiating features?

Self-supervised learning in humans. The problem
seemed to become even more acute in studies of percep-
tual learning in human participants (although the authors
of those studies did not, I am sure, lose any sleep over the 
failure of animal learning theory to explain their data). In
experiments on hyperacuity (Fahle, 2002b), for example, 
Vernier acuity is measured by the participant’s ability to say 
whether the top or bottom of two lines shown one above the 
other is displaced to the left. After several hundred trials, 
participants can detect displacements very much smaller 
than the diameter of foveal cones. Although this final level
of performance may indeed be remarkable (but see Mollon 
& Danilova, 1996, for an acute analysis of how this is prob-
ably achieved), if participants are told on each trial whether 
their guess is right or wrong, it is not really very surprising 
that their performance should improve as they learn to at-
tend to the very subtle cues that give the answer. The prob-
lem is that such feedback is not necessary. Although people
learn more slowly in the absence of feedback, and although
random feedback (being told you were right or wrong, re-
gardless of whether your guess was actually right or wrong) 
prevents learning, the same final level of performance can
be achieved whether feedback is given or not.

The question is whether the absence of feedback turns
this into a case of genuinely unsupervised learning. The 
fact is surely that participants in these experiments are not 
simply being exposed to the stimuli. They know that on
each trial, they are looking at two lines, one of which is
displaced to the left or right of the other, and they can be 
reasonably confident that, about half the time, it will be 
the top line, and half the bottom. Their task is to decide
which it is on any trial. So they will examine the stimulus
array on every trial, trying to detect any difference be-
tween the array seen on one trial and that seen on the one 
before or the one before that. Since there is, of course, 
a difference, albeit very, very hard to detect, it is not so
surprising that they eventually discover it. This could rea-
sonably be called self-supervised learning.

Other experiments with people, more similar in design 
to Gibson and Walk’s (1956), do involve separate exposure 
and test phases. But in order to engage the participants’ at-
tention in the exposure phase, they are often instructed to 
look carefully at all the stimuli, which will not all be the 
same. Here is one example:

At the start of the experiment, participants were seated 
approximately 60 cm from the computer monitor and 
were presented with instructions on the screen. They
were told to pay attention to the stimuli, that any stim-
ulus differences they detected would be useful later in
the experiment.
(Mitchell, Kadib, Nash, Lavis, & Hall, 2008, p. 477)

In another case, the instructions required participants to
keep track of the number of times each different stimulus
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to-hard effect. Lawrence (1952), for example, trained one
group of rats on a difficult brightness discrimination be-
tween two mid-grays. Another group was initially trained 
on an easier brightness discrimination between a dark and 
a light gray. When shifted to the difficult discrimination, 
this second group performed substantially more accurately 
than the first, which had been trained throughout on the dif-ff
ficult problem. One plausible interpretation of this result is
that training on the easy discrimination is much more ef-ff
fective at teaching animals to attend to the relevant features 
of the stimuli—that is, the difference in their brightness—
and this efficient attentional learning then transfers to the
hard problem. Scahill and Mackintosh (2004) adapted this
procedure to our flavor aversion paradigm in an experi-
ment whose design is shown in Table 1, where the saline
and sucrose flavors are represented as A and B and the
common lemon flavor as X. Group Hard was trained 
throughout the experiment on a difficult discrimination 
between two compound solutions, one consisting of weak 
saline and strong lemon, the other of weak sucrose and 
strong lemon. Consumption of one was always followed 
by a very small injection of lithium, whereas consump-
tion of the other had no further consequence. As can be
seen from the table, for reasons that will become apparent,
we made this discrimination easier in two different ways:
one by increasing the concentration of saline and sucrose,
the second by eliminating the common lemon flavor. Both 
manipulations produced an easy-to-hard effect. As can be
seen in the left-hand panel of Figure 1, when tested on the
hard discrimination, both Groups Easy 1 and 2 discrimi-
nated between the two solutions more effectively than did 
Group Hard.

subsequent conditioning. So, this exposure regime will
have resulted in 10 trials worth of latent inhibiton to sa-
line and sucrose but 20 trials worth of latent inhibition to 
lemon. When the saline–lemon solution is paired with the
lithium injection, the aversion conditioned to saline will
be stronger than that conditioned to lemon, and general-
ization to sucrose–lemon will be reduced. This differential
latent inhibition of common and unique elements will thus 
have much the same effect as if Gibson and Walk (1956)
had been right and animals had learned to attend to the
unique elements and ignore the common elements of the 
two compound solutions. And there is abundant evidence 
that such differential latent inhibition does contribute to 
the perceptual-learning effects seen in animal studies 
(McLaren & Mackintosh, 2000).

I said that differential latent inhibition will have the
same effect as learning to attend to/ignore unique/common 
elements. That will often be true. But it is also possible to 
differentiate the two. One way of teaching an animal a very 
difficult discrimination, first discovered by Pavlov (1927),
is to train them on an easier version of the discrimination—
an effect termed transfer along a continuum or the easy-

Table 1
Experiment by Scahill and Mackintosh (2004)

Group Stage 1 Stage 2

Easy 1 AX–BX
Easy 2 A–B AX–BX
Hard AX–BX

Note—A and B are saline and sucrose, X is lemon. The size of the letters
indicates the concentration of the solution.
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Figure 1. Results of an experiment by Scahill and Mackintosh (2004). The left-hand panel shows Stage 2 performance on the 
hard discrimination of three groups of rats trained on one of the two easy discriminations or the hard discrimination in Stage 1. 
The right-hand panel shows the Stage 2 performance on the hard discrimination of groups simply preexposed to the stimuli of 
the easy and hard discriminations in Stage 1. The control group received no preexposure. The measure of discrimination is the
average (over 10 days) amount of the safe fluid consumed on each trial (out of a maximum of 5 ml available) minus the amount
of the fluid paired with an LiCl injection consumed.
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unique features. Differential latent inhibition therefore 
predicts that learning to discriminate between two new
exemplars of the same category will be easy, and this was 
the result observed. It is worth remarking that this fits well 
with common experience. Thus, exposure to a wide vari-
ety of different red wines (provided it is suitably paced) is 
what enables the wine expert to discriminate between new 
instances of red wine, identifying the country or region, 
perhaps even the vineyard and year, of origin. Expertise, 
as we all know, is a result of prolonged experience, but 
here the important aspect of that experience that allows
such fine discrimination between different wines is that it
reduces the salience of those features that all (well, most)
red wines share in common.

Schedule of preexposure. From the first, it was always 
apparent that differential latent inhibition of common and 
unique features could not be the only mechanism underly-
ing unsupervised perceptual learning (Mackintosh, Kaye,
& Bennett, 1991; McLaren, Kaye, & Mackintosh, 1989). 
One experimental finding that has been taken as reinforc-
ing this conclusion was first reported by Honey, Bateson, 
and Horn (1994) in an experiment with domestic chicks 
but has since been replicated in numerous other stud-
ies, in experiments on taste aversion in rats (Bennett & 
Mackintosh, 1999; Symonds & Hall, 1995) and on spatial
learning in rats (Prados, Artigas, & Sansa, 2007) and in
a variety of different experiments with people (Mitchell
et al., 2008; Mundy, Dwyer, & Honey, 2006). The mag-
nitude of any perceptual-learning effect depends not only 
on the amount of exposure to two or more stimuli, but 
also on the way that exposure is scheduled. Intermixed 
or alternating exposure to two similar stimuli, AX and 
BX, produces substantially better subsequent discrimi-
nation between them than does the same total number 
of exposure trials when all the trials with AX precede all
those with BX (or vice versa). On the face of it, the fact 
that the two schedules can equate the total amount of ex-
posure to both stimuli makes it unlikely that they should 
result in substantial differences in the amount of latent
inhibition accruing to the common element, X. Indeed, 
at least one study has shown no such difference (Ben-
nett & Mackintosh, 1999), although another has shown
some (Mondragón & Hall, 2002). Given the reliability
of the substantial difference in the size of the perceptual-
learning effect that has repeatedly been observed, it does 
not seem likely that it can be attributed to a not wholly
reliable difference in latent inhibition to X. If that is ac-
cepted, how else can the perceptual-learning effect be ex-
plained? There has been no shortage of suggestions. Four 
such explanations will be given below.

1. An associative account will assume that during the 
course of intermixed exposure to AX and BX, various as-
sociations will be established between their elements—for 
example, between A and X and between B and X. After 
such excitatory associations have been established, it will 
follow that on AX trials, X will retrieve a representation 
of B and, similarly, on BX trials, X will retrieve a represen-
tation of A. But on AX trials, A will signal the absence of 
the otherwise expected B, and on BX trials, B will signal 
the absence of A. These are precisely the conditions that 

What would happen if, instead of training animals tog
discriminate between these compound solutions in the 
first phase of the experiment, we had simply given them
unreinforced exposure to these solutions, before finally
training all of them on the hard discrimination? The an-
swer is shown in the right-hand panel of Figure 1. There 
was a perceptual learning effect—at least in two groups.
Groups Easy 1 and Hard both learned to discriminate be-
tween the two hard solutions significantly more quickly 
than did the animals that had received no exposure to any 
compound solutions. But Group Easy 2 did not. Given 
that Group Hard learned the hard discrimination as fast as
Group Easy 1 and significantly faster than Group Easy 2, 
it is clear that there was no easy-to-hard exposure effect.
What is the explanation of these results? They are, in
fact, exactly what one would expect on the assumption
that perceptual learning here is a consequence of latent
inhibition to the common lemon solution. Groups Hard 
and Easy 1 received the same exposure to lemon and, so, 
showed the same perceptual learning effect. But Group 
Easy 2 received no exposure to lemon and so showed no 
better discrimination than did a group that received no 
exposure at all. Differential latent inhibition of common
and unique elements may sometimes mimic the putative
effects of learning to attend to unique elements and ignore
common elements. But not necessarily. Put another way,
if the perceptual learning produced by mere exposure to
two similar stimuli is a consequence of such attentional
learning, the results in the right-had panel of Figure 1
should have looked exactly the same as those in the left-
hand panel.

A second way to show that differential latent inhibition
of common and unique elements is not the same process
as learning to attend to the relevant features and ignore the 
irrelevant features of two or more stimuli is to put them 
in opposition and see which wins. McLaren, Leevers, and 
Mackintosh (1994) required people to categorize two sets
of variable exemplars based on two prototypes. If we call
the two prototypes A and B, the exemplars of A can be 
labeled a1, a2, a3 . . . an, and the exemplars of B are b1, 
b2, b3 . . . bn, where each exemplar contained some el-
ements in common with its prototype and some unique
elements. The relevant features of each exemplar, there-
fore, which will enable its correct categorization, will be
those it shares in common with its prototype, whereas its 
unique features will not enable participants to categorize it 
correctly and are, therefore, irrelevant. Attentional learn-
ing therefore implies that it will be peculiarly difficult to
learn a new discrimination between two new exemplars 
of one of the categories: The features that distinguish two 
exemplars of the same category are their unique features,
which have been ignored, whereas categorization train-
ing has directed attention to the features that they share
in common with their prototype, which are of no help in
telling them apart.

The latent inhibition analysis makes a quite different
prediction. Exposure to 100 exemplars of each category 
during the course of categorization training will result in 
strong latent inhibition to the features that the exemplars
share in common and little or no latent inhibition to their 
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each stimulus is shown, but they cannot easily equate the
intervals separating the presentations of the two. More im-
portant, unlike blocked exposure, in intermixed exposure
(AX, BX, AX, BX, etc.), the interval between successive
presentations of the common element X will necessarily
be shorter than the interval between successive presenta-
tions of either A or B. Rapid repetition of the same stimu-
lus results in habituation of responding to that stimulus—
an effect that is greater the shorter the interval between
each presentation. Intermixed exposure to AX and BX, es-
pecially with relatively short intertrial intervals, will thus
ensure greater habituation of X than of A or B on each
trial. The relatively common assumption (e.g., Hall, 2003) 
that habituation produces a loss of salience will mean that 
intermixed exposure to AX and BX ensures that X is less 
salient than A or B on each exposure trial. As Bennett and 
Mackintosh (1999) argued, this difference in salience will 
not be sufficient in and of itself to ensure better discrimi-
nation of AX from BX after intermixed exposure to the
two, since the relatively long interval between exposure 
and subsequent testing will mean that any difference in 
salience between A or B and X will have worn off by the
time of testing. But it would still be enough to underpin
the comparison-and-contrast process envisaged by Gib-
son. If X is less salient than A or B, that amounts to saying
that attention will be drawn to the features that differenti-
ate AX from BX.

4. A final explanation has been advanced by Hall
(2003). Hall also assumes that the habituation produced 
by repeated presentations of AX and BX will reduce the
salience of the elements making up these stimuli. But he
suggests that an additional factor may come into play:
A reverse process of dishabituation partially restores the
salience of a stimulus whenever its representation is re-
trieved but the stimulus itself does not occur. The excit-
atory associations formed between A and X and between
B and X will mean that, during intermixed exposure, a 
representation of B is retrieved on each AX trial and one 
of A on each BX trial. This will at least partially restore 
the salience of A and B—but not, of course, of X, which
is actually present on each AX and BX trial. As in the
associative account offered by McLaren and Mackintosh
(2000), such an effect will be much less likely to occur 
during blocked exposure to the two stimuli.

The results of a number of experiments have provided 
evidence for this account (Blair & Hall, 2003; Blair,
Wilkinson, & Hall, 2004). They have shown that if rats
are exposed to AX and X in alternation and, in a separate
block of trials, to CX, subsequent conditioning proceeds
more rapidly to A than to C. Intermixed exposure to AX 
and X preserves the salience of A, whose representation
is retrieved on the intervening X-alone trials, whereas no 
such effect is observed to C after a block of CX exposure
trials. Other studies have revealed some problems for this 
interpretation (Dwyer & Honey, 2007; Hall & Rodriguez,
in press), and I think I can safely leave it to Hall’s own con-
tribution to this symposium (Hall, 2009) to make the case
for his account. But, as was noted by Dwyer and Honey,
most of these findings can probably also be derived from 
the McLaren and Mackintosh (2000) model.

will establish mutually inhibitory associations between
A and B—thus reducing generalization between AX and 
BX. If all exposure to AX precedes any trial with BX, 
there will be no reason to expect A to become a signal for 
the absence of B, and B will become only a weak inhibitor 
of A (McLaren & Mackintosh, 2000).

There is good evidence that intermixed exposure to 
AX and BX does establish such mutually inhibitory as-
sociations between A and B and that this inhibition does
contribute to the perceptual-learning effect observed in 
these experiments (Dwyer, Bennett, & Mackintosh, 2001;
Dwyer & Mackintosh, 2002; Mundy et al., 2006).

2. Gibson (1969) argued that the opportunity to compare
and contrast two similar stimuli will enhance their dis-
criminability, because it is a particularly effective way of 
drawing attention to their unique differentiating features. 
Such an opportunity is better provided by an intermixed 
schedule of exposure than by one in which all exposure to
one precedes any exposure to the other. Indeed, as Gibson
herself argued, the most effective schedule should be one
in which the two stimuli are presented simultaneously.
This prediction was confirmed by Mundy et al. (2007) in 
an experiment on face recognition by people, and also by 
Mitchell et al. (2008) in an experiment in which people 
were required to discriminate between two very simi-
lar checkerboard patterns. The result is important, since
it is clearly inconsistent with the inhibitory account of 
McLaren and Mackintosh: If AX and BX occur together 
on the same trial, A and B cannot predict each other’s ab-
sence. Indeed, Mundy et al. (2007) provided evidence that 
excitatory associations could be formed between A and B
under these circumstances. 

Gibson’s (1969) analysis seems intuitively plausible—
certainly, for experiments with human participants. I do
not think it a coincidence that I was able to argue above
that the instructions given to the participants in these two
particular studies explicitly encouraged them to look for 
differences between the stimuli they were shown in the 
exposure phase. If one is trying to look for difference 
between two stimuli, it does not seem surprising that si-
multaneous presentation of two stimuli, or very rapid al-
ternation between the two, should make one’s task easier. 
Would the same effect happen in animal experiments? 
In fact, there is evidence that it does not. Both Honey
and Bateson (1996) and Bennett and Mackintosh (1999) 
found less perceptual learning after very rapid alternation 
between two similar stimuli than after somewhat more 
spaced alternation, and Alonso and Hall (1999) found that
rats offered two different flavors to drink (from different 
bottles) on each exposure trial subsequently discriminated 
between them no better than did a group given blocked 
exposure to the two.

3. Gibson’s (1969) analysis may make intuitive sense, 
but one could still ask why simultaneous presentation of 
similar stimuli should make it easier to detect any differ-
ence between them. There is, in fact, a lower level expla-
nation that appeals to the phenomenon of habituation. As
Honey et al. (1994) and Mundy et al. (2007) noted (see
also Mitchell et al., 2008), intermixed and blocked presen-
tations of AX and BX can equate the total number of times
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Conclusion
The term perceptual learning refers to a number of g

different phenomena, which require a variety of different
explanations. One important distinction is surely that be-
tween supervised and unsupervised perceptual learning.
That differential reinforcement or provision of feedback 
should improve discriminative performance is hardly sur-
prising. Theories of discrimination learning that make no 
mention of the concept of attention (such as Rescorla & 
Wagner, 1972) have no difficulty in explaining successful
discrimination. William James’s (1890) venerable theory 
of perceptual learning, now known as the acquired dis-
tinctiveness of cues (Hall, 1991), can explain successful
discrimination when response to one stimulus is rein-
forced and to the other is not—as, of course, can theories 
of attention. The question is whether such theories are
sufficient to explain instances of unsupervised perceptual
learning.

One issue that needs to be addressed here is whether 
many experiments with humans that explicitly provide no
feedback to their participants really constitute evidence 
of genuinely unsupervised learning. I argued above that 
many do not. But I should certainly acknowledge that this 
is not true of all such experiments. The studies reviewed 
by Watanabe (Tsushima & Watanabe, 2009) in this sym-
posium have convincingly shown that exposure to stimuli
that are presented as distractors from the participants’ main 
task can produce a striking perceptual-learning effect. It 
is noteworthy that the critical feature of these stimuli (the 
direction of optical flow) was below threshold—and re-
mained so throughout the experiment. Perceptual learning
was shown for an easier-to-detect set of stimuli. Whether 
this is a critical feature of these successful demonstrations
remains to be seen. For what it is worth, I would be the 
first to admit that none of the ideas I have advanced here
shed much light on these demonstrations.

The experiments I have described seem to me to show
that many instances of unsupervised perceptual learning
in humans and other animals can be understood in terms 
of some rather simple principles of traditional associa-
tive learning. Latent inhibition and habituation, although
seemingly the antithesis of perceptual learning, actually
play an important role in many instances of the phenom-
enon. That there are other processes going on as well it 
would be foolish to deny. Perceptual learning, like virtu-
ally every other interesting example of a psychological
phenomenon, is surely multiply determined.
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