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Talk Outline

• What is Perceptual Learning?

• 4 types of perceptual learning

• Associative or Perceptual



What is Perceptual 
Learning?

• A definition:

❖ “the specific and relatively permanent 
modification of perception and behavior 
following sensory experience” (Fahle & 
Poggio, 2002)

• Classic Example: Gibson & Walk (1956)

❖ Rats reared with triangles and circles



4 Types of Perceptual 
Learning

• Attentional Weighting 

• Imprinting 

• Unitization

• Differentiation 

Johnstone, 1999



Attentional Weighting

• Increased attention is paid to certain 
dimensions of the feature space

• Examples

❖ Acquired distinctiveness/equivalence

❖ Negative priming in humans



Stimulus Imprinting

• New detectors or receptors are created

• Examples:

❖ Instance-based learning

❖ Ducklings?

❖ Auditory cortex tuning?



Perceptual Learning in 
Auditory Cortex

CF values within the trained frequency range was 2.5 times
greater in rats trained in the FR task than in control rats (20.2 vs
8.3%; ! 2 ! 18.2; p " 5 # 10$5) (Fig. 3D) but was not signifi-
cantly changed in LR rats compared with controls (5.5%; ! 2 !
1.8; p ! 0.18). Plotting the same data as difference functions
demonstrates that FR training induced a specific increase in CF
values at the trained frequency range in both AI and SRAF,
whereas LR training did not change the CF distribution in any
consistent manner compared with controls (Fig. 3E). Alterna-
tively, one can measure tonotopic map plasticity by calculating
the map area tuned to the trained frequency range and expressing
that value as a percentage of the total map area. The relative area

of the map tuned to the trained frequency
range in AI was significantly increased af-
ter FR, but not LR, training compared
with control (15.1 % 1.4% vs 7.1 % 1.7%;
t ! 3.58; p " 0.01) (Fig. 3F). We also ob-
served an expansion of the relative area of
SRAF tuned to the trained frequency in FR
rats compared with control (16.2 % 2.8%
vs 7.8 % 2.6%), but this trend did not
reach statistical significance (Mann–
Whitney U test; p ! 0.05) (Fig. 3F).

Cortical map plasticity in the
intensity domain
Although the spatial distribution of best
level, the sound level that evoked the high-
est firing rate, was not arranged into a to-
pographically organized gradient, record-
ing sites with similar best-level values
tended to cluster in contiguous areas of
the map (Fig. 4A,B). A qualitative com-
parison of the same representative maps
shown in Figure 3, A and B, demonstrates
a strikingly different trend when exam-
ined for the best level rather than CF. Rats
trained in the LR task exhibited a pro-
nounced increase in cortical sites with
best-level values in the trained intensity
range (35 % 5 dB SPL, blue sites), whereas
AI maps for sound intensity in FR and
control rats are dominated by sites that
preferred sound intensities close to 80 dB
SPL (Fig. 4A). We also observed a prepon-
derance of sites in SRAF of LR rats tuned
to the trained intensity range, although
the difference was not as striking as AI be-
cause there was an overall increase in the
number of cortical sites that preferred low
to intermediate sound levels in both FR
and control rats in this field (Fig. 4B).

The distributions of best-level values in
AI are strongly skewed toward high sound
intensities in control and FR-trained rats
and are not different from one another
[Kolmogorov–Smirnov (KS) test; p !
0.59], whereas the best-level distribution
in LR-trained rats was clearly bimodal
with a second peak centered within the
trained intensity range (KS test; LR vs con-
trol, p " 1 # 10$6) (Fig. 4C). Similarly,
best-level distributions in SRAF were sim-

ilar between control and FR-trained rats (KS test; p ! 0.26) but
were significantly shifted toward lower sound intensities in LR-
trained rats (KS test; LR vs control, p " 1 # 10$6) (Fig. 4D).
Difference functions were calculated for LR and FR-trained rats
relative to controls. The slopes of the linear regression lines ap-
plied to the LR– control function (AI, $1.5; SRAF, $1.07) were
substantially more negative than the regression line slopes in the
FR– control function (AI, $0.2; SRAF, $0.16), indicating that
LR, but not FR, training decreased the percentage of sites tuned to
60 – 80 dB SPL and increased the percentage of sites tuned to
20 – 40 dB SPL (Fig. 4E). Accordingly, the relative area of the AI
map tuned to the trained intensity range nearly tripled in LR-

Figure 3. Task-specific reorganization of cortical maps in the frequency domain. A, B, Representative tonotopic maps from AI
(A) and SRAF (B) were delineated with fine-grain microelectrode mapping. The color of each polygon in the tessellated map
represents the CF associated with neurons located in the middle cortical layers at that position in the map. Gray shaded polygons
indicate recording sites with CF values within the trained frequency range (5 kHz % 0.375 octaves). Filled circles indicate unre-
sponsive sites. Open circles represent sites with sound-driven responses that did not meet the criteria for inclusion in AI or SRAF.
Scale bar, 1 mm. The arrows indicate dorsal (D) and anterior (A) orientations. C, D, Distribution of CF values in AI (C) and SRAF (D)
for all recordings obtained in control (green), FR-trained (red), and LR-trained (black) rats. Dashed lines indicate the trained
frequency range. E, Difference functions were calculated by subtracting the CF distribution in control rats from FR-trained (solid
red) and LR-trained (dashed black) CF distributions. Zero values (solid black line) indicate no difference relative to controls. Tone
frequency categories (C–E) are 3⁄4-octave-wide bins centered on the frequency value shown. F, Mean % SE percentage of map
area with CF values in the trained frequency range (TFR). The asterisk indicates a statistically significant difference obtained with
an unpaired t test ( p " 0.05).

Polley et al. • Top-Down Influences on Map Plasticity J. Neurosci., May 3, 2006 • 26(18):4970 – 4982 • 4975

Polley, Steinberg, & 
Merzenich, 2005



Unitization

• A single feature that is more than the sum of 
its parts



Differentiation

• Things become distinguishable that previous 
were not (along a single dimension)

• Through expertise:

❖ Wine tasting, x-ray reading

• Often little transfer to similar problems or 
even nearby retinal areas



Differentiation Cont.

• An associative 
mechanism

• Stimuli have 
common and shared 
elements

❖ Differentiation is 
about highlighting 
the unique
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a simple discrimination learning task. The task is simple 
in that the rule describing it is simple, although the stimuli 
may be complex, difficult to discriminate, or both. The 
rule, however, is just that one stimulus is followed by one 
consequence, and the other by another. For experiments 
with people as the subjects, the consequence (feedback) 
is likely to be some cue telling them that their response is 
right or wrong; for rats, it may be the presence or absence 
of a reinforcer.

Standard theories of (animal) discrimination learning 
have no trouble in explaining improvement on such a task 
(it is what they were designed to do; see, e.g., Rescorla & 
Wagner, 1972). Using the terminology outlined previously, 
the task reduces to training in which the ax compound 
(Stimulus A) is followed by Outcome 1 (O1), and the bx 
compound (Stimulus B) by Outcome 2 (O2). Standard 
error-correction models (such as that proposed by Res-
corla & Wagner, 1972) readily predict that the common 
cues (x) will be “neutralized” and that the a cues will be-
come strongly associated with O1, and the b cues with O2. 
Discrimination (differential response to the two stimuli), 
which was absent in the beginning, will become well estab-
lished by such training. This improvement in performance 
(which, in principle, could be all that is required to explain 
some examples of the abilities shown by experts) would 
not be perceptual learning as it was defined previously, in 
that it would not involve the changes in stimulus effective-
ness that were central to my definition. This does not mean, 
however, that associative mechanisms play no part in per-
ceptual learning, so defined. Next, I will consider three 
possible ways in which the associative processes engaged 
by discrimination training might also produce changes in 
either the effectiveness or the features of stimuli.

to discriminate between two similar stimuli. To under-
stand how experience can help with this discrimination, 
it will be useful for one to specify what the formation 
of a discrimination involves. The situation is depicted in 
Figure 3. The two stimuli are represented by the overlap-
ping circles A and B. The overlap indicates that they have 
some features in common (marked x in the figure): This is 
what makes them similar. They also have unique features 
(marked a and b in the figure). Success in discrimination 
requires that the subject’s response come under the control 
of the unique features (a and b) rather than of the common 
features (x) of the stimuli.

This perspective prompts a definition of perceptual 
learning: It may be regarded as “the learning process (or 
processes) that increases the effectiveness of the unique 
stimulus elements and/or reduces that of common stimu-
lus elements, thus facilitating discrimination between 
similar stimuli” (Hall, 2008, p. 110). Note that this defi-
nition is neutral about the processes involved: They may 
involve association formation or they may not; they may 
involve declarative memory or they may not; they may in- 
volve cognitive changes or they may not. Which mecha-
nisms are involved is a matter for empirical investigation; 
they do not form part of the definition. Thus, by accepting 
this definition, we can eliminate (or at least, bypass) the 
supposed distinctions that were alluded to in the introduc-
tion to the present article that create an apparent divide be-
tween animal and human perceptual learning. We may hope 
that empirical investigation—whether conducted with ani-
mals or with humans—will yield explanations of general 
applicability; that is, a learning mechanism that is capable 
of enhancing the effectiveness of a unique stimulus fea-
ture might be expected to operate generally, regardless of 
whether this feature is one that distinguishes one face from 
another (for people) or one flavor from another (for rats).

Associative Processes and the Role of Feedback
Many of the procedures described as examples of per-

ceptual learning procedures can be construed as involving 
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Figure 2. Results of the test phase (group mean consumption 
of Flavor B) in the experiment by Symonds and Hall (1995) (see 
Table 1). Rats in the intermixed and blocked groups were given 
preexposure to Flavors A and B. The intermixed group received 
the flavors on alternate trials; the blocked group experienced the 
flavors on separate blocks of trials. The control group received no 
preexposure. After aversion conditioning with A, generalization 
to B was tested.

A

B

Figure 3. 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 (x) are held in common and thus fall into the area 
of overlap of A and B.

Hall, 2009



Differentiation in Rats

• Usually shown as 
increased 
discriminability

• Flavour Aversion 
Experiments
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a simple discrimination learning task. The task is simple 
in that the rule describing it is simple, although the stimuli 
may be complex, difficult to discriminate, or both. The 
rule, however, is just that one stimulus is followed by one 
consequence, and the other by another. For experiments 
with people as the subjects, the consequence (feedback) 
is likely to be some cue telling them that their response is 
right or wrong; for rats, it may be the presence or absence 
of a reinforcer.

Standard theories of (animal) discrimination learning 
have no trouble in explaining improvement on such a task 
(it is what they were designed to do; see, e.g., Rescorla & 
Wagner, 1972). Using the terminology outlined previously, 
the task reduces to training in which the ax compound 
(Stimulus A) is followed by Outcome 1 (O1), and the bx 
compound (Stimulus B) by Outcome 2 (O2). Standard 
error-correction models (such as that proposed by Res-
corla & Wagner, 1972) readily predict that the common 
cues (x) will be “neutralized” and that the a cues will be-
come strongly associated with O1, and the b cues with O2. 
Discrimination (differential response to the two stimuli), 
which was absent in the beginning, will become well estab-
lished by such training. This improvement in performance 
(which, in principle, could be all that is required to explain 
some examples of the abilities shown by experts) would 
not be perceptual learning as it was defined previously, in 
that it would not involve the changes in stimulus effective-
ness that were central to my definition. This does not mean, 
however, that associative mechanisms play no part in per-
ceptual learning, so defined. Next, I will consider three 
possible ways in which the associative processes engaged 
by discrimination training might also produce changes in 
either the effectiveness or the features of stimuli.

to discriminate between two similar stimuli. To under-
stand how experience can help with this discrimination, 
it will be useful for one to specify what the formation 
of a discrimination involves. The situation is depicted in 
Figure 3. The two stimuli are represented by the overlap-
ping circles A and B. The overlap indicates that they have 
some features in common (marked x in the figure): This is 
what makes them similar. They also have unique features 
(marked a and b in the figure). Success in discrimination 
requires that the subject’s response come under the control 
of the unique features (a and b) rather than of the common 
features (x) of the stimuli.

This perspective prompts a definition of perceptual 
learning: It may be regarded as “the learning process (or 
processes) that increases the effectiveness of the unique 
stimulus elements and/or reduces that of common stimu-
lus elements, thus facilitating discrimination between 
similar stimuli” (Hall, 2008, p. 110). Note that this defi-
nition is neutral about the processes involved: They may 
involve association formation or they may not; they may 
involve declarative memory or they may not; they may in- 
volve cognitive changes or they may not. Which mecha-
nisms are involved is a matter for empirical investigation; 
they do not form part of the definition. Thus, by accepting 
this definition, we can eliminate (or at least, bypass) the 
supposed distinctions that were alluded to in the introduc-
tion to the present article that create an apparent divide be-
tween animal and human perceptual learning. We may hope 
that empirical investigation—whether conducted with ani-
mals or with humans—will yield explanations of general 
applicability; that is, a learning mechanism that is capable 
of enhancing the effectiveness of a unique stimulus fea-
ture might be expected to operate generally, regardless of 
whether this feature is one that distinguishes one face from 
another (for people) or one flavor from another (for rats).

Associative Processes and the Role of Feedback
Many of the procedures described as examples of per-

ceptual learning procedures can be construed as involving 
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Figure 2. Results of the test phase (group mean consumption 
of Flavor B) in the experiment by Symonds and Hall (1995) (see 
Table 1). Rats in the intermixed and blocked groups were given 
preexposure to Flavors A and B. The intermixed group received 
the flavors on alternate trials; the blocked group experienced the 
flavors on separate blocks of trials. The control group received no 
preexposure. After aversion conditioning with A, generalization 
to B was tested.

A

B

Figure 3. 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 (x) are held in common and thus fall into the area 
of overlap of A and B.

Symonds & Hall, 1995
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two faces repeatedly five times each before the test task 
was begun. No response was required during this preex-
posure phase (the subjects were simply told to count the 
number of times a face appeared on the screen), indicat-
ing that feedback is not required to produce a perceptual 
learning effect. Interestingly, it was found that the effect 
was obtained only when the two faces were presented in 
alternation during preexposure; pretraining in which all 
examples of each face were presented in separate blocks 
of trials was ineffective.

For an example of an experiment on perceptual learn-
ing in nonhuman animals, one can conveniently turn to a 
study by Symonds and Hall (1995). The experimental sub-
jects were rats and the stimuli were different flavors, but 
the design and results constituted a close parallel to those 
reported by Mundy et al. (2007). The experiment is sum-
marized in Table 1. There were three groups of subjects: 
One received no preexposure; one experienced alternat-
ing presentations of Flavors A and B; and one received 
equivalent exposure, with all presentations of A occurring 
as one block and all of B occurring as a separate block. In 
order to assess how these procedures influenced the abil-
ity of the rats to discriminate Flavor A from Flavor B, we 
made use of the flavor-aversion learning procedure. All 
rats received conditioning trials in which Flavor A was 
followed by a nausea-inducing injection, which was suf-
ficient to establish an aversion to A. They were then given 
a test in which they were allowed to consume Flavor B. If 
the rats were to have difficulty in discriminating between 
Flavors A and B, the aversion established to A would gen-
eralize to B, and consumption would be suppressed. Such 
generalization is just what was observed for the rats that 
were given no preexposure or the blocked schedule (see 
Figure 2), but those in the intermixed condition consumed 
B readily, indicating that this form of preexposure allowed 
them to discriminate it from A. The reliability of this form 
of the perceptual learning effect has been established by 
many subsequent studies using the flavor-aversion pro-
cedure (e.g., Bennett & Mackintosh, 1999; Blair & Hall, 
2003; Mondragón & Hall, 2002), and its generality has 
been established in studies with other species (see, e.g., 
Honey, Bateson, & Horn, 1994; Mundy, Dwyer, & Honey, 
2006).

Analysis
Although quite different in many respects, it is possible 

to see that the examples just cited have certain aspects in 
common. In all of them, the test task required the subject 

after another. The lines were oriented either 7º or 10º from 
the vertical, and the subjects were required to say whether 
the members of the pair were the same or different. The 
task was initially almost impossibly difficult, but after 
extensive training performance began to improve. When 
given feedback (when told that their responses were right 
or wrong), performance rose to about 70% correct after 
about 200 trials, although even the subjects who had been 
trained without feedback showed some modest improve-
ment. Transfer studies helped to determine the nature of 
the effect; for example, the fact that performance fell back 
when the lines were presented in a different retinal loca-
tion argues against the possibility that the effect might 
depend on some general learning process that allowed the 
subjects to become proficient with this particular testing 
procedure. Essentially similar results have been obtained 
for a variety of other simple discrimination tasks—for 
example, for auditory frequency (Demany, 1985), sinu-
soidal gratings (Fiorentini & Berardi, 1980), the direction 
of movement of an array of moving dots (Ball & Sekuler, 
1982), the discrimination of visual texture (Karni & Sagi, 
1991), and so on.

In the popular imagination, however, perceptual learn-
ing tends to be equated with the performance shown by 
certain individuals on much more complex discrimina-
tions. I refer to the abilities of various experts: tea tasters, 
masters of wine, chicken sexers, skilled radiographers, 
and so on. How such experts acquire their abilities has 
not been the subject of much direct empirical investiga-
tion (but see, e.g., Biederman & Shiffrar, 1987; Myles-
 Worsley, Johnston, & Simons, 1988), but the ability of 
ordinary mortals to improve their performance on com-
plex discriminations has. Figure 1 shows an example of 
two of the stimuli used in a study of perceptual learn-
ing by Mundy, Honey, and Dwyer (2007). The subjects 
(undergraduate students) were told that one of these 
near-identical “twins” was left-handed and that one was 
right-handed, and that their task was to guess (feedback 
was given on this test) which was which. With the faces 
presented sequentially, this discrimination proved diffi-
cult to acquire. It was made easier, however, by giving 
the subjects preexposure to the stimuli—presenting the 

Figure 1. Two of the faces used in the study by Mundy, Honey, 
and Dwyer (2007). These were created by morphing between two 
already similar faces. The resulting pair (shown here) consists of 
one with 73% of Face 1 and 27% of Face 2, and the other with 
73% of Face 2 and 23% of Face 1.

Table 1 
Design of Experiment by Symonds and Hall (1995)

 Group  Preexposure  Conditioning  Test  

Control – A B
Intermixed A/B/A/B . . . A B
Blocked A, A, . . . B, B A B

Note—A and B represent different flavors;  represents an injection of 
lithium chloride. The control and intermixed groups experienced four 
presentations of each flavor during preexposure; there were three condi-
tioning trials and a single test trial.



Easy to Hard Transfer

• Additional 
experience with 
easier discrimination 
facilitates harder 
discrimination

• Open Question: 
Supervised or 
unsupervised

Scahill & 
Mackintosh, 2004



4 Types of Perceptual 
Learning

• Attentional Weighting (salience)

• Imprinting (feature construction)

• Unitization (configuration)

• Differentiation (finer tilings)





Reward



Questions?


