
J. Child Psychol. Psychiat. Vol. 39, No. 5, pp. 765–775, 1998

Cambridge University Press

# 1998 Association for Child Psychology and Psychiatry

Printed in Great Britain. All rights reserved

0021–9630}98 $15.000.00

Enhanced Discrimination of Novel, Highly Similar Stimuli by Adults
with Autism During a Perceptual Learning Task
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High-functioning adults with autism and control adults were tested on a perceptual learning
task that compared discrimination performance on familiar and novel stimuli. Control
adults were better able to discriminate familiar than novel stimuli—the perceptual learning
effect. No perceptual learning effect was observed in adults with autism although they
discriminated the novel stimuli significantly better than control adults. This enhanced
discrimination learning about novel, but not familiar, stimuli in autism is discussed in
relation to two current hypotheses of information processing in autism—weak central
coherence and reduced attention-switching—and a new third hypothesis, which suggests that
features held in common between stimuli are processed poorly and features unique to a
stimulus are processed well in autism.
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Introduction

It is frequently observed that individuals with autism
show poor transfer of newly acquired skills or knowledge
from a training context to a novel environment (Mirenda
& Donnellan, 1987; Woods, 1987), and parents of
individuals with autism often comment that the be-
haviour of their children at school or in structured
educational environments can be quite unlike their
behaviour at home. Children with autism are also often
attributed with obsessive attentional focus on specific
stimuli in their environments. It has therefore been
suggested that individuals with autism select only a small
subset of the total stimulus array upon which to base
newly acquired responding (Lovaas, Schreibman,
Koegel, & Rhem, 1971). As a result, transfer to new
environments is limited because those incidental stimuli
upon which responding is based may not be present in the
transfer situation.

This overselectivity hypothesis has been extensively
researched (see Lovaas, Koegel, & Schreibman, 1979, for
a review), and it has often been found that when certain
stimuli that were present in the training environment are
introduced into the transfer environment, generalisation
of learning is substantially improved (e.g. Rincover &
Koegel, 1975). However, the problem with this as an
analysis of poor transfer in autism is that a similar lack of
generalisation following training frequently occurs in
groups of individuals with moderate to severe learning
disabilities" (Donnellan & Mirenda, 1983), and these
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individuals also show stimulus overselectivity (Wilhelm
& Lovaas, 1976). The overselectivity hypothesis therefore
addresses the problem of poor transfer in children with
autism as it relates to their associated learning disability
rather than to their autism. Although this does not
undermine the substantial importance of the hypothesis
in isolating variables mediating poor transfer in popu-
lations with learning disabilities, it does not isolate those
variables, mediating poor transfer, which are specific to
autism.

Other training studies in which poor transfer of newly
acquired knowledge does appear to be related to autism
rather than learning disability are those in which children
with autism are taught mental states terms. Ozonoff and
Miller (1995), for example, gave a group of high-
functioning children with autism (whose full scale IQ was
well within one standard deviation of the normal popu-
lation mean) extensive group training on general social
skills and the sorts of perspective-taking skills required in
theory of mind tasks. Although the study showed that
this training produced improvements in formal measures
of theory of mind (e.g. M&M’s False Belief Task—
Perner, Frith, Leslie, & Leekam, 1989), indicating that
children with autism can learn perspective-taking, the
children showed no transfer of training to general social
competence according to parents’ and teachers’ ratings.

Another study has explicitly compared transfer of
learning by children with learning disabilities and chil-
dren with autism. Swettenham (1996) trained children
with autism, children with Down’s syndrome, and
typically developing children to solve a computerised
version of the Sally Ann false belief task (Baron-Cohen,

" The term ‘‘ learning disability ’’ is used here in accordance
with theU.K. usage to refer to people of low general intelligence,
in preference to the previous term ‘‘mental handicap’’.

765



766 K. PLAISTED et al.

Leslie, & Frith, 1985). When all three groups of children
had successfully learned the task, they were then given
two types of transfer test—close transfer tests (two
versions of the Sally Ann task) and distant transfer tasks
(three other false belief tasks involving other stimuli).
Although there was no difference in performance between
the three groups on the close transfer tasks, the children
with autism failed all three distant transfer tasks, whereas
the children with Down’s syndrome performed as well as
the typically developing children. This study is therefore
a clear demonstration of lack of transfer due to autism
rather than to learning disability.

One explanation of the poor transfer of training to
more realistic social situations (Ozonoff & Miller, 1995)
or to distant transfer tasks, which involve different
materials to the trained task (Swettenham, 1996), is that
individuals with autism are unable to learn to reason
about others’ mental states. Thus, the children in
Swettenham’s study, for example, may have shown good
transfer to the two new versions of the Sally Ann task
because they had learnt a non-mentalising strategy
specific to that task. But an equally plausible alternative
explanation of the poor transfer is that the children with
autism failed to respond to those few features held in
common between the training and transfer situations.
After all, the distant transfer tasks and real-life social
situations involved many novel stimuli whose features
were quite different to those present during training, and
few familiar stimuli that held features in common with
stimuli in the training situation. Transfer under these
conditions will be successful if the subject processes those
features that are held in common between the two
situations rather than the novel, unique features.

This raises the possibility that these effects arise from a
difference in the way in which people with and without
autismprocess those features that are unique to a stimulus
or a situation compared to how they process those
features that are held in common between stimuli or
situations. Specifically, our hypothesis is that individuals
with autism process unique features extremely well and
process common features poorly relative to nonautistic
individuals. This predicts that individuals with autism
will perform poorly on tasks that require the same
response to two situations, where those situations share
few common features and each contains many unique
features, and that they should show the reverse by
performing well on tasks that are complementary
opposites—tasks that require a different response to two
situations sharing many common features and few unique
features. A discrimination task involving similar stimuli
is one such task.

We therefore examined the hypothesis that there are
differences in the way in which responding is controlled
by unique and common features between individuals with
and without autism using a difficult discrimination
task—a perceptual learning task. Perceptual learning is
the phenomenon whereby two similar stimuli, which
upon first encounter appear identical, become dis-
criminable following repeated presentation (E. J. Gibson,
1969; Hall, 1991; McLaren, Kaye, & Mackintosh, 1989).
An everyday example of perceptual learning is bird-
watching—the novice birdwatcher is, at first, quite unable
to tell apart two species of bird (such as a Coal Tit and a

Great Tit) that hold many visual characteristics in
common, but becomes quite expert at discriminating
between their slight differences after some exposure.

In the standard perceptual learning task, the subject is
exposed to two highly similar stimuli (preexposure phase)
and is subsequently required to learn to discriminate
between them (test phase). In the test phase, the subject is
also required to discriminate between two further novel
stimuli, which are also highly similar. Perceptual learning
is said to have occurred when the preexposed stimuli are
better discriminated than the novel, non-preexposed
stimuli. This effect has been observed in animals (e.g.
Aitken, Bennett, McLaren, & Mackintosh, 1996; E. J.
Gibson & Walk, 1956), in children (e.g. Attneave, 1957;
J. J. Gibson & Gibson, 1955), and in adults (e.g.
McLaren, Leavers, & Mackintosh, 1994).

In order to understand why two highly similar stimuli
are difficult to discriminate, and why they become
discriminable following preexposure, it is useful to
represent each in terms of sets of features, as illustrated in
Fig. 1. Each stimulus consists of two subsets of features :
one small subset unique to itself (‘‘a ’’ features in the case
of Stimulus A and ‘‘b’’ features in the case of Stimulus B),
and another, larger, subset that are present in, or common
to, both stimuli (‘‘x ’’ features). Associative learning
theory assumes that generalisation between two such
stimuli will depend on the relative proportion of common
to unique elements—more common features and fewer
unique features will result in greater generalisation. There
are several demonstrations in animal learning exper-
iments that this assumption is true: animals conditioned
to one stimulus (such as a solution tasting of sucrose and
lemon)will showmore generalisation of that conditioning
to another similar stimulus which shares a common
feature (such as a solution tasting of saline and lemon)
than to a less similar stimulus (such as a saline-alone
solution—Mackintosh, Kaye, & Bennett, 1991; Pearce &
Redhead, 1993).

Of course, the greater the generalisation between two
stimuli, the harder they are to discriminate. If a subject
was required to learn a discrimination between two
similar stimuli—to learn to respond in one way to one
stimulus and in another way to the other—this would be
a difficult task, because the larger set of ‘‘x ’’ features,
being present in both stimuli, would be associated equally
with each of the two responses. In order to solve this
discrimination, the subject would have to learn to
associate the few unique features of each stimulus with
the appropriate response.

However, the perceptual learning effect—better dis-
crimination between preexposed stimuli during the test
phase compared to non-preexposed stimuli—shows that
processes must occur during the preexposure phase that
reduce the salience of the shared ‘‘x ’’ features, allowing
the unique elements of each stimulus to be learned about
more easily in the subsequent discrimination phase.
Hence, these processes reduce generalisation of re-
sponding between the stimuli during discrimination
learning in the test phase. That is, the subject is more able
to associate the unique elements of one stimulus with one
response and the unique elements of the other with an
alternative response: they are treated as different stimuli.
(See McLaren et al., 1989, for a full discussion of the
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Figure 1. A representation of two stimuli, A and B, which are comprised of many elements, some of which
are unique to each stimulus (a and b) and some of which are common to both stimuli (x).

candidate processes that may be involved to reduce the
salience of features held in common between two similar
stimuli during preexposure.)

Perceptual learning is therefore a phenomenon of
reduced generalisation in which the subject responds less
to the common features and more to the unique features
of two highly similar and familiar stimuli following
preexposure. Our prediction was that normal adults
would benefit from preexposure in the subsequent dis-
crimination phase by discriminating between preexposed
stimuli better than between non-preexposed stimuli,
replicating previous studies. By contrast, individuals with
autism would show even better discrimination between
two previously exposed stimuli compared to the control
group because our hypothesis was that individuals with
autism process unique features better and common
features worse than other individuals. Furthermore, and
for the same reason, it was predicted that people with
autism would show superior discrimination between non-
preexposed stimuli compared to control subjects.

Method

Participants

Two groups of adults participated: a group of 8 high-
functioning adults with autism and a control group of 10
nonautistic adults. The participants with autism constitute an
unusually able sample. Some were employed and all were living
independently. They had all been diagnosed by clinicians

Table 1
Subject Characteristics

Group N Chronological age Vocabulary subtesta Block design subtesta

Autistic 8 28 yrs 9 mths 10±75 (3±77) 12±63 (4±81)
Control 10 28 yrs 6 mths 11±6 (2±76) 12±8 (3±88)

a Scaled scores : values enclosed in parentheses represent standard deviations.

according to established criteria for autism, such as those
specified in DSM-IV (American Psychiatric Association, 1994).
Adults in the control group were recruited by advertisement
within the office building of a computer software company in
the Cambridge area. All participants were assessed for verbal
and spatial ability using the vocabulary and block design
subtests of the Wechsler Adult Intelligence Scale (WAIS-R;
Wechsler, 1981). The mean scaled scores and standard devia-
tions obtained by each group on each subtest and mean
chronological ages of each group are presented in Table 1.
Independent t-tests conducted on scaled scores showed that the
two groups did not differ in their performance either on the
vocabulary subtest [t(16)¯ 0±553, p¯±59] or the block design
subtest [t(16)¯ 0±09, p¯±93].

Apparatus

The stimuli were generated by an Acorn Risc PC computer
and displayed on a 14-inch colour monitor. Subjects sat 2 feet
from the monitor, and responded to stimuli by pressing one of
two keys on a standard keyboard (either the ‘‘ . ’’ key with the
right hand or the ‘‘z ’’ key with the left hand). In order to avoid
accidental presses of other irrelevant keys, the keyboard was
covered with a hard black plastic cover with two openings
allowing access to the two response keys.

Stimuli

Each stimulus consisted of seven circles superimposed on a
rectangular background. Each circle was coloured with a
‘‘beachball ’’ pattern in red and yellow, and measured 1±5 cm in
diameter (95 pixels). The rectangular background was coloured
blue and measured 22 cm wide and 16 cm high (1400 by 1000
pixels). There were 8 such stimuli in total, 4 of which were
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Table 2
The Design of the Experiment, Showing the Different
Types of Discrimination Problem Presented to the Subjects
During Each Phase

Preexposure phase Test phase

A1 versus A2 A3 versus A4
or followed by
B1 versus B2 B3 versus B4

or
B3 versus B4
followed by
A3 versus A4

classified as group A stimuli and 4 as group B stimuli. Group A
and group B stimuli differed with respect to the general pattern
created by the positions of the 7 circles on the screen. These 8
stimuli are shown in Fig. 2.

Each of the circles in stimuli A1 and B1 has been numbered,
although these numbers did not appear on the stimuli presented
to subjects. Stimuli A1 and A2 were the same with respect to the
position on the screen of circles 1, 5, and 7 and differed with
respect to the positions of the remaining four circles. Two
further group A stimuli, A3 and A4, were the same as A1 and
A2 with respect to the positions of circles 1, 5, and 7 but were
different from each other and from stimuli A1 and A2 with
respect to the positions of the remaining circles. Similarly, the
four group B stimuli were the same with respect to the positions
of three circles (circles 3, 4, and 6 in Fig. 2 : bottom panel) but
each differed with respect to the positions of the remaining four
circles.

Design

During the preexposure phase, participants were required to
learn to discriminate between either stimuli A1 and A2 or
stimuli B1 and B2. During the test phase, all subjects were given
two further discrimination problems, one between stimuli A3
and A4 and the other between B3 and B4. Hence, for half the
participants in each group, the familiar stimuli were A3 and A4
and the novel stimuli were B3 and B4. For the remaining
subjects, the familiar stimuli were B3 and B4 and the novel
stimuli were A3 and A4. In any perceptual learning experiment,
it is important to counterbalance stimuli in this way, since if
only one type were preexposed, any enhancement of dis-
crimination of this type compared to the novel type could result
merely from the familiar stimuli being less similar than the novel
stimuli. The counterbalancing therefore ensured that an en-
hancement in discrimination learning about familiar stimuli
resulted from a reduction in the salience of common features
rather than any other reason.

Order of discrimination problem (familiar stimuli first or
novel stimuli first) during the test phase was also counter-
balanced between participants. The reason for this was that
performance on the second discrimination problem could either
be enhanced as a result of generalised practice at the task during
the first problem, or could be reduced as a result of fatigue.
Counterbalancing therefore removed these potential sources of
confound. This design is outlined in Table 2.

Procedure

There were nine separate stages of the experimental session,
details of which are given below. Each stage was separated by
the appearance of a blank screen with the message ‘‘Click
mouse to continue’’ printed at the top of the screen. These

‘‘ rest ’’ periods allowed the experimenter to deliver instructions
concerning the next phase of the experiment and for the
participant to rest if required. At the start of the session, the
participants were instructed that throughout the task they
would be shown two different pictures, presented separately,
and that their aim was to discover which picture went with
which button.

With the exception of the stimuli presented in Stage 2, all
stimuli were presented for a maximum of 4 seconds. In addition,
with the exception of those presented in the test phase (Stages 8
and 9), all stimuli were presented for a minimum of 2 seconds.
The reason for this was to encourage participants to study the
stimulus rather than respond immediately following stimulus
onset. The start of each trial was signalled with the presentation
of a fixation stimulus. This was a white cross (1 cm¬1 cm)
displayed centrally on a uniform dark grey background for
0±5 sec. The stimuli were presented immediately after the offset
of this fixation stimulus. Trials were terminated after 4 seconds
had elapsed or when the participant pressed a response key,
whichever was the sooner. In all stages other than 8 and 9, if
participants made a response within 2 seconds of trial onset, the
trial was terminated immediately after 2 seconds had elapsed.
Upon trial termination, the screen returned to uniform dark
grey and a feedback message (‘‘correct ’’, ‘‘ incorrect ’’, ‘‘you did
not respond in time’’, or ‘‘you have pressed the wrong key’’)
was immediately displayed in white letters in the centre of the
screen. The message was displayed for 1±5 sec, after which the
screen returned to a dark grey for 0±5 sec before the small cross
appeared to signal the next trial. Error data were recorded on
each trial in the preexposure phase and both reaction time and
error data were recorded on each trial during the test phase.

Stage 1. In order to familiarise the participants with the
task, the session began with simple discrimination training in
which participants learned to press the left key in response to a
blue triangle and the right key in response to a red circle. The
stimuli were presented successively, drawn in the middle of the
screen, and measured 3 cm high and 3 cm wide (180¬180
pixels). There were 10 trials in total, 5 of the red circle and 5 of
the blue triangle, and trial types were randomly intermixed.

Stage 2. This was an instruction stage designed to fam-
iliarise the participants with the nature of the ‘‘beachball ’’
stimuli. Two such ‘‘dummy’’ stimuli were drawn side by side on
the screen. Each stimulus was a rectangle superimposed with
seven ‘‘beachball ’’ circles. The stimuli differed with respect to
the position of four circles. These differences were pointed out
to participants and it was explained that in subsequent phases of
the session only one stimulus would appear on the screen at any
one time. Participants were told that they should therefore try
to remember where the circles were on each stimulus in order to
tell the two stimuli apart.

Stage 3. This was a discrimination training phase involving
the two ‘‘dummy’’ stimuli which had been presented in stage 2.
Participants were instructed to find which stimulus went with
which key. The two stimuli were presented successively. There
were 42 trials in total, with equal numbers of each stimulus. The
order in which the two stimuli appeared was predetermined.
During the first 10 trials, each stimulus appeared on alternate
trials. The purpose of this ordering was to provide the
opportunity for participants to compare the stimuli in order to
assist detection of their differences. During the next 12 trials, 2
successive trials were of 1 stimulus followed by 2 successive
trials of the other stimulus. For the remaining 20 trials, the 2
stimuli were randomly intermixed.

Stage 4. This was another demonstration stage in which
participants were shown those stimuli that would appear during
preexposure (either A1 and A2 or B1 and B2). There were four
trials in total, two showing one stimulus and two showing the
other. The participants were not required to respond and, whilst
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Figure 2. Stimuli used during the preexposure phase are shown in the top half of the figure and the test stimuli are
shown in the bottom half. The circles in stimuli A1 and B1 have been numbered but these numbers did not appear on
the stimuli shown to the subjects. Circles 1, 5, and 7 in stimulus A1 appeared in the same positions on the screen in
stimuli A2, A3, and A4. Circles 3, 4, and 6 in stimulus B1 appeared in the same positions in stimuli B2, B3, and B4.

The positions of the remaining circles were different for each stimulus.
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being shown the stimuli, were told that they differed with
respect to the position of the circles and that their aim was to
find which stimulus went with which key.

Stage 5. Participants were given 20 practice trials, 10 trials
showing 1 preexposure stimulus and 10 showing the other. Trial
types were randomly intermixed. These trials acted, of course,
as preexposure trials, and differed from Stage 6 only in that, in
this stage, the experimenter gave verbal reminders that the task
was to discover which stimulus went with which key.

Stage 6 (preexposure phase). During this phase, half the
participants learnt a discrimination between A1 and A2 and the
remaining participants learnt a discrimination between B1 and
B2 (see Table 2, preexposure phase). There were 80 trials in
total, which were split into 2 blocks of 40 trials. Participants
could therefore take a break between blocks, if required. There
were equal numbers of each stimulus in each block and trial
types were randomly intermixed.

Stage 7. The purpose of this stage was to separate the
preexposure phase from the text phase. Participants were given
the simple discrimination problem that had occurred in Stage 1,
using the same stimuli and involving the same number of trials.

Stage 8 and 9 (test phase). In the two test blocks, half the
participants were given a discrimination problem between
stimuli that were similar to those preexposed (preexposed
condition), followed by a discrimination problem between two
wholly novel stimuli (non-preexposed condition). For the
remaining participants, this order was reversed (see Table 2, test
phase). There were 40 trials in each block and trial types within
each block were randomly intermixed. Immediately prior to the
preexposed condition, participants were told that the stimuli
that would appear would look similar to those seen previously
in the session. They were also warned that the way in which the
previous pictures had differed may or may not be the way in
which the new pictures differ. They were advised to therefore
look at all the circles in order to try to solve the discrimination
problem.

Results

The ability of each group to master the discrimination
problem set in the preexposure phase was analysed prior
to the results of the test phase. The results of the
preexposure phase are presented in the graph in Fig. 3,
which shows accuracy scores for each group of par-
ticipants. The data from the 20 practice trials and 80
subsequent training trials have been separated into 10
trial blocks, each trial block representing the average of
10 trials. The graph indicates that the discriminations
were learned at roughly the same rate by each group. This
was supported by an ANOVA, with a between-subjects
factor of group and a within-subjects factor of block,
which revealed no difference between group, F! 1, a
significant effect of trial block, F(9, 144)¯ 5±291,
p!±0001, and no interaction, F! 1.

However, the graph indicates some difference between
groups by the last trial block, where the group with
autism appeared to have reached a higher level of
learning. This was confirmed by ANOVA, which com-
pared the performance of the groups on the first and last
trial blocks only. Although there was no overall effect of
group, F! 1, there was a significant effect of trial block,
F(1, 16)¯ 31±66, p! 0±0001, and a significant group by
trial block interaction, F(1, 16)¯ 4±67, p!±05. Simple
effects analysis of this interaction showed that there was
a significant difference between groups on the last trial
block, F(1, 16)¯ 4±7, p!±04, with the average score of

the group with autism being higher than that of the
control group (0±95 and 0±79 respectively).

Figure 4 presents graphs of the results of the test phase.
The left panel presents the accuracy scores from the
preexposure condition and the right panel shows the
scores from the non-preexposed condition. In each graph,
the data from the 40 trials of each condition are presented
separately, in 4 trial blocks, each block representing the
average of 10 trials. The data from the control partici-
pants indicates a perceptual learning effect in that the
stimuli in the preexposed condition were discriminated
more accurately than those in the non-preexposed con-
dition. By contrast, the performance of the participants
with autism was roughly equivalent in the two conditions.

The average accuracy score across 40 trials was
calculated for each participant in each condition and
these data were analysed by a mixed ANOVA with three
between-subjects factors and one within-subjects factor.
The first between-subjects factor was group. The second
was type of preexposed and non-preexposed stimuli (i.e.
group A preexposed and group B non-preexposed or vice
versa). This factor was included in the analysis to assess
whether group A stimuli and group B stimuli were
equated for discriminability per se. The third was order of
test discrimination problem (preexposed condition first
or second). The within-subjects factor was type of test
discrimination problem (preexposed or non-preexposed).

The main effects of group, type of preexposed or non-
preexposed stimuli, and order were not significant,
Fs! 1. The lack of effect of type of stimuli and order
indicates that any difference in performance between
preexposed and non-preexposed conditions was not due
to stimulus specific factors or practice per se. There was a
main effect of type of test discrimination problem,
F(1, 10)¯ 7±647, p!±02, where stimuli in the preexposed
condition were better discriminated than stimuli in the
non-preexposed condition (average accuracy scores were
0±80 and 0±69 respectively) and a significant interaction
between group and type of test discrimination problem,
F(1, 10)¯ 15±16, p!±003.

Simple effects analysis of this interaction revealed that
control participants performed more accurately in the
preexposed condition than in the non-preexposed con-
dition, F(1, 10)¯ 25±4, p!±001. No such perceptual
learning effect was observed in the group with autism
since therewas nodifference in their performance between
the preexposed and non-preexposed conditions, F! 1.
Hence, our prediction that participants with autism
would show an enhanced perceptual learning effect was
not borne out. Further simple effects analysis revealed
why. First, the participants with autism discriminated
between stimuli in the non-preexposed condition signifi-
cantly better than the control participants, F(1, 18)¯
4±56, p! .05. Second, the participants with autism
discriminated between stimuli in the preexposed con-
dition significantly worse than control participants,
F(1, 18)¯ 5±29, p!±04.

The fact that participants with autism did not show a
perceptual learning effect suggests that both the stimuli in
the non-preexposed and preexposed conditions of the test
phase were regarded as novel. If this is true, the
performance of participants with autism on the first 40
trials of the novel discrimination problem given in the
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Figure 3. Average accuracy scores for each group on the discrimination problem during the preexposure phase,
showing superior performance by adults with autism in the final three trial blocks.
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Figure 4. Average accuracy scores for each group during the test phase. Adults with autism discriminated stimuli in the non-
preexposed condition better than nonautistic adults and nonautistic adults discriminated stimuli in the preexposed condition better

than adults with autism.

preexposure phase should be comparable to their per-
formance on the two conditions of the test phase, since all
three discrimination problems would effectively be novel
problems. By contrast, if control participants regarded
the stimuli in the preexposed condition of the test phase
as familiar (as suggested by the perceptual learning effect
in their performance) their performance on the first 40
trials of the novel problem in the preexposure phase
should be comparable only to their performance on the

novel problem in the non-preexposed condition of the
test phase. As a test of this, a further ANOVA was
conducted comparing the performance of each group in
the first 40 trials of the preexposure phase with per-
formance in the 40 trials of the preexposed and non-
preexposed conditions of the test phase.

The analysis contained one between-subjects factor of
group and one within-subjects factor of discrimination
problem (preexposure phase, preexposed and non-
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Figure 5. Average accuracy scores for each group in the first 40 trials of the preexposure phase, the preexposed
condition, and the non-preexposed conditions of the test phase. Participants with autism performed with the same
accuracy in all three conditions whereas control adults were more accurate in the preexposed condition of the test phase

than in the other two conditions.

preexposed). There was no effect of group, F! 1, and a
main effect of discrimination problem, F(2, 32)¯ 4±28,
p!±03. Newman–Keuls pairwise comparisons revealed
that performance in the preexposed condition was
significantly better (p!±05) compared to the other
two conditions, which did not differ significantly
from one another. Furthermore, there was a significant
interaction between group and discrimination problem,
F(2, 32)¯ 5±4, p!±01.

This interaction is illustrated in Fig. 5. Simple effects
analysis revealed that there were no differences in
performance between the two groups in the first 40 trials
of the preexposure phase (F! 1), that the performance of
the control participants was more accurate than that of
the participants with autism in the preexposed condition
of the test phase, F(1, 42)¯ 3±82, p!±05, and that the
performance of the participants with autism was more
accurate than the control participants in the non-
preexposed condition, F(1, 42)¯ 4±01, p!±05. More
importantly, there was an effect of discrimination prob-
lem in the data from the control participants, F(2, 32)¯
9±59, p!±01, but no such effect in the data from the
participants with autism, F(2, 32)¯ 1±04. Newman–
Keuls pairwise comparisons revealed that the effect in the
data from control participants arose because their per-
formance was significantly more accurate in the pre-
exposed condition than in the other two conditions
(p!±05), and that performance in the preexposure phase
did not differ statistically from performance in the non-
preexposed condition in the test phase. Newman–Keuls
pairwise comparisons of the data from the participants
with autism revealed no significant differences between
the three conditions. This supports the impression that all

three problems, including the problem in the preexposed
condition, were regarded as novel by the participants
with autism.

Reaction time data taken during the test phase were
analysed by ANOVA with three between-subjects factors
of group, type of preexposed and non-preexposed stimuli,
and order of test discrimination problem, and one within-
subjects factor of type of test discrimination problem.
The only significant effect, F(1, 10)¯ 12±24, p!±006
was that the mean reaction time of the control group was
significantly faster than the group with autism (134 and
184 centiseconds, respectively). There were no other main
effects and no interactions.

Discussion

Adults with autism performed better than the control
group by the end of the preexposure phase and signifi-
cantly more accurately at test in the non-preexposed
condition than nonautistic adults. These results suggest
that individuals with autism are better able than non-
autistic individuals to solve novel discrimination prob-
lems involving highly similar stimuli. This is consistent
with the hypothesis that people with autism process
unique features better and process common features
worse relative to nonautistic people. Thus, the features
shared in common between the stimuli involved in these
discrimination problems did not produce the same degree
of generalisation in the group with autism as in the group
of nonautistic individuals. This may underlie the poor
generalisation of learning frequently observed in autism.

But what is the reason for the relatively poor per-
formance by the group with autism in the preexposed
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condition compared to the control group? There are at
least three theories that present possible reasons why the
enhancement of discrimination learning in the pre-
exposed condition was not observed in the group with
autism—weak central coherence, reduced attention-
switching, and our hypothesis of differential processing
of unique and common features in autism.

The idea of weak central coherence is that individuals
with autism show a reduced ability to draw together the
features of a stimulus into a coherent whole (Frith, 1989;
Frith & Happe! , 1994) and, as a result, do not readily
perceive the overall gestalt of a stimulus or figure. What
ramifications does this possibility have given the types of
stimuli used here? It may have been the case that the
control participants may have processed each stimulus at
the global level, by which is meant they perceived each
stimulus as a gestalt or pattern created by all seven circles,
thereby solving the discriminations on the basis of this
gestalt. This overall pattern would, of course, have been
different in all of the stimuli. If the group with autism
were unable to perceive the pattern created by all seven
circles, their ability to solve the discriminations would
have to rely on detecting differences at a more local area
of the stimulus, perhaps involving the relative spatial
positions of just two or three circles. However, there is no
obvious reason why this by itself would confer a dis-
advantage relative to perceiving global differences unless
it was argued that there was greater similarity between
the relative positions of a few circles in a local area than
between the relative positions of all seven circles. But this
would not explain the superior ability of the group with
autism to discriminate between stimuli in the preexposure
phase and between novel stimuli in the test phase.

Furthermore, there is at least another reason for
doubting this possibility as a plausible explanation for the
difference between subject groups. Perception of a global
pattern in each stimulus by the control group would
predict not a strong but a weak, or reduced, perceptual
learning effect—discrimination learning about familiar
stimuli would not be enhanced following preexposure but
be equivalent to learning about the novel stimuli. Per-
ceptual learning effects occur only when the preexposed
stimuli and the stimuli to be discriminated between in a
subsequent test phase hold features in common. While
the positions of three circles were held in common
between the two stimuli presented during the preexposure
phase and the two stimuli presented during the test phase,
the global pattern of all seven circles would have been
unique to each of the four stimuli. There would therefore
be very little (if any) beneficial effect of preexposure on
subsequent discrimination learning in the test phase.
Given that a strong perceptual learning effect was
observed in the control group, we can conclude that their
performance was not based on the perception of an
overall pattern in each stimulus.

The second possible reason for the relatively poor
performance by the group with autism in the preexposed
condition compared to the control group appeals to the
idea of reduced attention switching and attentional
flexibility. For example, Courchesne and his colleagues
(Courchesne, Townsend, Ashoomoff, Yeung-
Courchesne, et al., 1994; Courchesne, Townsend,
Ashoomoff, Saitoh, et al., 1994) have found that in-

dividuals with autism are less able to shift attention
between different stimuli. Similarly, individuals with
autism show impairments on some tests of executive
function that tap attentional flexibility (Hughes, Russell,
& Robbins, 1994; Ozonoff, in press ; Russell, 1997).
Thus, it may have been the case that during preexposure,
both groups had focused on just one area of the screen in
order to detect differences in relative spatial positions of
two or three circles. At test, however, there may have
been very little difference in relative spatial position
between the two stimuli in this particular area of the
screen. In this case, participants would have had to shift
the focus of their attention to other areas of the stimuli in
order to solve the discrimination problem. If the partici-
pants with autism were less able than the control group to
shift attention to the relevant area of stimuli, this could
account for the lack of enhanced discrimination learning
in the group with autism in the preexposed condition.

Our final suggestion is consistent with the hypothesis
that individuals with autism process unique features well
and common features poorly compared to nonautistic
individuals. Perceptual learning is dependent upon the
familiarity of the test stimuli as a result of preexposure
and thus on some form of ‘‘recognition’’ occurring at the
test phase. Hence, an enhancement of discrimination
learning at the test phase requires, in part, some gen-
eralisation of learning from the preexposure phase to the
test phase. Indeed, the better performance of the control
group on the familiar stimuli in the test phase compared
to performance in the preexposure phase is evidence of
such generalisation. Recall that three of the circles in the
text stimuli were in the same relative positions as in the
preexposure stimuli ; recognition of this would mean that
the nonautistic participants needed to learn only about
the positions of the remaining four circles, allowing their
learning to proceed more quickly and to reach a higher
level in the available 40 test trials than if learning about
wholly novel stimuli.

In contrast, the participants with autism learnt about
the familiar stimuli at about the same rate and to about
the same level as the preexposure stimuli in the equivalent
first 40 trials of the preexposure phase. Thus, there was no
evidence of generalisation of learning about the relative
positions of the three circles from the preexposure phase
to the test phase by the adults with autism. This would
suggest that these familiar stimuli in the test phase were
regarded as wholly novel stimuli.

Thus, generalisation depends on the extent to which a
subject processes or recognises common features. Any
reduction in the ability to process such common features
during preexposure could reduce the enhancement in
discrimination between familiar stimuli during the test
phase normally observed following preexposure—it
could reduce a perceptual learning effect in the way that
we observed in the performance of the adults with autism.
In short, although poor processing of features held in
common between stimuli will assist learning novel dis-
crimination problems involving highly similar stimuli,
this could also prevent an enhancement of discrimination
between familiar stimuli during a subsequent test phase.

It would therefore appear that two hypotheses, one of
reduced generalisation and the other of reduced attention
switching or poor attentional flexibility in autism, can
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account for the lack of enhancement of discrimination
learning about preexposed stimuli in the text phase. The
advantage of the reduced generalisation hypothesis is
that it can additionally account for the better perform-
ance by the individuals with autism by the end of the
preexposure phase and in the non-preexposed condition
during the test phase, whereas the attention switching
hypothesis cannot.

But how might these two accounts be dissociated
empirically? It would be possible to design a task where
people must attend to the same area of the screen in
both the preexposure and test phases. The attention
switching hypothesis would not predict a difference
between groups, because there would be no requirement
to attend to a different screen location at the test phase.
By contrast, the reduced generalisation hypothesis would
still predict that learning about stimuli in the preexposure
phase would not transfer as well in individuals with
autism compared to nonautistic individuals so that the
perceptual learning effect would be reduced. This hy-
pothesis would also predict, of course, that individuals
with autism would learn discriminations involving novel
stimuli, as in the non-preexposed condition, better than
other individuals.

In summary, the idea of relatively good processing of
unique features and relatively poor processing of com-
mon features by autistic compared to nonautistic in-
dividuals is supported by the pattern of discrimination
performance we observed during a perceptual learning
task. It may, therefore, be this process that underlies
reduced generalisation of learning, which is specific to
autism. Clearly, other tests are required to evaluate this
hypothesis further. Suitable tests would, of course, be any
which require differential processing of unique and
common features. It is of interest that one can dem-
onstrate that, under certain conditions, abnormalities in
autism produce superior performance—in this case, en-
hanced discrimination of novel, highly similar stimuli.
Although autism is usually characterised as a disability, it
is also clear that experiments such as the present one
reveal that autism can also be characterised as an unusual
pattern of strengths. Findings of specific superiority such
as these rule out trivial explanations in terms of dis-
tractibility, comprehension, etc., and instead suggest the
existence of cognitive differences in autism.
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