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Abstract

A large number of studies have demonstrated impaired performance on a range of imitation tasks among individuals with Autism Spectrum
Disorders (ASD). The theory which suggests that these impairments are caused by a mirror system deficit has become increasingly prominent.
Under this view, the capacity to match observed with executed actions or to ‘mirror’ is impaired in individuals with ASD. This study investigated
the extent to which any impaired performance on imitation tasks is due to a functional mirroring deficit by comparing the performance of adults
with ASD on imitative and non-imitative versions of the ‘pen-and-cups’ task. Participants in this task are required to observe transitive actions and
to imitate them as fast as possible. Experiment 1 revealed impaired performance by high functioning adults with ASD on the imitative version
of the task compared to IQ matched controls. The same participants then completed two non-imitative versions of the task in Experiment 2. The
‘geometric’ version of the task required participants to perform actions specified by the movement of abstract geometric shapes. The ‘verbal’
version of the task required participants to describe the observed actions. Adults with ASD were as impaired on each non-imitative version of the
task as they were on the imitative version, suggesting that the impaired performance on the imitation task was not due to a functional mirroring
deficit. Instead, more general factors contributed to the poor performance on this task. These findings add to the weight of evidence suggesting that

impairments in imitation skills should not be cited as evidence consistent with a ‘mirror system deficit theory’ of ASD.

© 2007 Elsevier Ltd. All rights reserved.
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Imitation has been studied extensively in Autism Spectrum
Disorders (ASD; for review see Williams, Whiten, & Singh,
2004). Despite a wealth of evidence, the literature is contra-
dictory: although the majority of studies report an imitation
impairment in ASD (e.g. Avikainen, Wohlschlager, Liuhanen,
Hanninen, & Hari, 2003; Rogers, 1999; Rogers, Bennetto,
McEvoy, & Pennington, 1996), others have found no evidence
of such an impairment (e.g. Aldridge, Stone, Sweeney, & Bower,
2000; Beadle-Brown & Whiten, 2004; Carpenter, Pennington,
& Rogers, 2001; D’Entremont & Yazbek, 2007; Hamilton,
Brindley, & Frith, 2007).

Imitation is of relevance to ASD because it has been sug-
gested that imitation typically underpins the development of
social cognition, including theory of mind, empathy, and the
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development of language (Rogers & Pennington, 1991). Impair-
ments in these abilities characterise individuals with ASD, which
has prompted some theorists to suggest that an imitation impair-
ment is the core deficit in ASD (Williams, Whiten, Suddendorf,
& Perrett, 2001). It is therefore important to make sense of the
conflicting findings in the literature and to understand fully the
nature of observed imitation impairments.

Studies demonstrating impaired performance on imitation
tasks are consistent with evidence of disturbed mirror system
activity in ASD (e.g. Gallese, 2006; lacoboni & Dapretto, 2006;
Williams et al., 2001). In typically developing individuals, the
mirror system, comprising inferior parietal cortex and frontal
gyri, is active when actions are executed and when they are
passively observed, and is maximally activated during imitation
(Tacoboni et al., 1999). Given this profile of activation, it is plau-
sible that the mirror system mediates one of the basic functions
required for imitation—self-other mapping, or, more specifi-
cally, the capacity to match observed with executed actions
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(Brass & Heyes, 2005). If this is correct, then studies indicat-
ing disturbed mirror system activity in individuals with ASD
(e.g. Gallese, 2006; Iacoboni & Dapretto, 2006; Williams et al.,
2001) raise the possibility that these individuals perform poorly
on tests of imitation, in part, because they are have a ‘functional
mirroring deficit’, i.e. they are impaired in their capacity to match
observed with executed actions. The present study investigates
this possibility.

Even if individuals with ASD have a functional mirroring
deficit, it is very unlikely that this would be sufficient to explain
why they perform poorly in most imitation tests. Imitative
performance typically involves a broad range of cognitive, moti-
vational and praxic abilities, involving perceptual processing of
complex stimuli, attentional control, executive function, motor
control, theory of mind, language, and the comprehension of
social cues (e.g. Rogers, Hepburn, Stackhouse, & Wehner, 2003;
Pennington, Williams, & Rogers, 2006; Vanvuchelen, Roeyers,
& De Weerdt, 2007). Impairments in all of these processes have
been found in individuals with ASD (e.g. Baron-Cohen, Leslie,
& Frith, 1985; Frith & Frith, 2003; Ozonoff, Pennington, &
Rogers, 1991; Pennington & Ozonoff, 1996; Russell, 1997),
making it likely that imitation impairments in ASD arise from
impairments in a range of abilities. Therefore, the present study
asks whether a problem with functional mirroring, the capac-
ity to match observed with executed actions, is one of the
impairments that contribute to poor imitation performance by
individuals with ASD.

The capacity to match observed with executed actions is of
particular interest, not only because it relates to recent research
on mirror system functioning in ASD, but also because it is char-
acteristic of imitation tasks that they require this ability. A variety
of laboratory and everyday tasks require observed actions to be
mapped in some way to executed actions, but only imitation
tasks require the participant to match observed actions; to do the
same thing as a model. Conversely, whereas the other abilities
that contribute to imitative performance — for example, percep-
tual and motor processing, attentional and executive control,
theory of mind — are involved in a range of non-imitative tasks,
the capacity to match observed with executed actions is required
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Fig. 1. Schematic diagram showing the layout of the stimuli in both the transpose
(a) and mirror (b) conditions.

only in imitation tasks. Therefore, matching observed with exe-
cuted actions, or functional mirroring, may be described as an
‘imitation-specific’ ability, while other processes that contribute
to imitative behaviour are ‘non-specific’ or ‘task-general’.

This study therefore sought to examine two possible expla-
nations for the mixed findings in the ASD imitation literature.
Under the first explanation, there is a functional mirroring
impairment in ASD; that is, the processes that match motor out-
puts with perceptual inputs are in some way disturbed. Under the
second explanation, there is no functional mirroring impairment
in ASD. Rather, poor performance on tests of imitation is due to
impairments of non-specific abilities — such as theory of mind
and executive function — which are also required for success-
ful performance on these tests. This study sought to distinguish
these two possibilities by investigating whether observed impair-
ments in imitative performance can be accounted for by more
general abilities.

We investigated functional mirroring in ASD by testing the
performance of a group of high-functioning adults with ASD,
and a matched typically developing control group, on a test of
voluntary imitation. We used the ‘pen-and-cups’ imitation task
because it has previously been shown to produce greater errors
in adults with ASD than in controls (Avikainen et al., 2003). On
each trial in this speeded response procedure the participant sees
a model move a centrally located pen into one of two coloured
cups (object), using his right or his left hand (effector), while
grasping the pen with his thumb pointing up or down (grip).
Thus, the task is demanding because, in order to minimise errors,
the participant needs to keep track of three dimensions of action:
object selection, effector selection and grip selection (see Fig. 1).

Experiment 1 replicated the finding (Avikainen et al., 2003)
that individuals with ASD make more errors in the pen-and-
cups tasks. Experiment 2 sought to establish whether this finding
reflects an impairment in the capacity to match observed with
executed actions. In Experiment 2, participants completed two
versions of the pen-and-cups task which dissociated the compo-
nents of the imitative stimulus-response relationship instantiated
in the original pen-and-cups task. In the original version, action
responses are made to action stimuli. In Experiment 2, one
task involved action responses being made to abstract geometric
stimuli, while the other required participants to describe verbally
the original action stimuli. Thus, the action stimulus and action
response components were separately removed while all other
aspects of the task were held constant. The tasks in Experiment 2
did not require matching of observed with executed actions, and
therefore, if the impaired performance on the pen-and-cups task
in ASD is due to a functional mirroring impairment, one would
expect improved performance on these non-imitative versions of
the task. Alternatively, if impaired performance on the pen-and-
cups task is due solely to nonspecific mechanisms, then impaired
performance would also be expected on the non-imitative ver-
sions of the task.

1. Experiment 1

The aim of Experiment 1 was to establish that the partic-
ular sample of individuals with ASD who participated in this
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study demonstrated an impairment in a test of voluntary imi-
tation. If so, then the specificity of this deficit could be tested
in Experiment 2. Accordingly, Experiment 1 sought to repli-
cate the finding of impaired imitation on the pen-and-cups task
by individuals with ASD reported by Avikainen et al. (2003).
Therefore, as in the study by Avikainen et al., two conditions
were completed by participants. Both were imitative, but the two
conditions differed in terms of their imitative frame of reference.
In the ‘mirror’ condition, participants were asked to imitate as if
in a mirror; that is they were to imitate an action completed by
the model’s right hand with their spatially compatible left hand,
and vice versa. Similarly, if the pen was placed into the cup on
the model’s right side, then the participant was to place their pen
in the spatially compatible cup which was on the participant’s
left side. Conversely, the ‘transpose’ condition required partici-
pants to use an anatomical frame of reference; actions completed
by the model with their right hand should be imitated with the
participant’s own right hand. Similarly, if the pen was placed in
the cup on the right side of the model, the participant must place
their pen in the cup on their own right side. Avikainen et al. found
that although the control group were better able to mirror than
to transpose, the performance of the ASD group was equivalent
in the two conditions. The secondary aim of Experiment 1 was
therefore to see if this effect of condition could be replicated.

The particular pattern of errors on the pen-and-cups task
has been suggested to indicate an imitation hierarchy. For
example, the typical pattern of performance (cup errors < hand
errors < grip errors) has been claimed to indicate goal-directed
imitation as performance is biased to imitation of the action goal
over the means of achieving that goal (Wohlschlager, Gattis,
& Bekkering, 2003). The meaning of ‘goals’ in this context
is unclear, but it has been interpreted as the intention driving
the action (Gattis, Bekkering, & Wohlschlager, 2002). How-
ever, a recent series of experiments suggested that the pattern
of errors on the pen-and-cups task is not indicative of an imi-
tation hierarchy but is instead a product of perceptual salience
(Bird, Brindley, Leighton, & Heyes, 2007), and the ASD group
in Avikainen et al. (2003) showed the typical cup >hand > grip
error pattern in both the mirror and transpose conditions of the
pen-and-cups task. Therefore, we used the total number of imita-
tion errors made by each group, rather than the pattern of errors,
as our measure of imitation ability. However, we also report data
on the error pattern shown by both groups (which is orthogonal
to the total number of errors) in order to enable comparison with
the previous literature using this task.

The experiment was performed as in Avikainen et al. (2003)
with one exception: we presented video recordings of the
actions, rather than a live demonstrator performing the actions, to
increase stimulus control. Use of video stimuli allows the inter-
val between actions and their durations to be standardized across
conditions and groups, and it has previously been shown with
typically developing participants that presenting video stimuli
does not alter either the error rate or error pattern on this task
(Bird, Brindley, et al., 2007). It has been shown that, individuals
with ASD perform better in response to computerized stimuli
than they do to live stimuli across a range of tasks (e.g. Ozonoff,
1995; Ozonoff & Strayer, 2001). It is likely that this improve-

ment arises from the reduced social interaction necessary in
computerized tasks. Therefore, the use of computerized tasks
in the present study ensured that any observed group differences
were not accentuated by a lack of capacity or motivation to
engage in direct social interaction.

1.1. Methods

1.1.1. Participants

Thirty-two individuals participated in the study; 16 participants with Autism
Spectrum Disorder (14 male; 2 female) and 16 typically developing control
participants (14 male; 2 female). Groups were matched on gender, age (ASD: M,
37 years and S.E.M., 3; control: M, 35 years and S.E.M., 4), and IQ (ASD FSIQ:
M, 119 and S.E.M., 3; VIQ: M, 116 and S.E.M., 3; PIQ: M, 116 and S.E.M., 4;
control FSIQ: M, 118 and S.E.M., 3; VIQ: M, 118 and S.E.M., 3; PIQ: M, 112 and
S.E.M., 2). IQ was measured using the Wechsler Adult Intelligence Scale-3rd
UK Edition (Wechsler, 1999). All participants in the ASD group had previously
received a diagnosis from an independent clinician according to standard criteria.
The Autism Diagnostic Observational Schedule-Generic (ADOS-G, Lord et al.,
2000), was used in order to characterize the participants. On this measure ten
participants met criteria for autism, while six participants met criteria for Autism
Spectrum Disorder. All participants were right-handed, had normal or corrected-
to-normal vision and were naive with respect to the purpose of the experiment.
The experiment was performed with local ethical committee approval and in
accordance with the ethical standards laid down in the 1964 Declaration of
Helsinki. All persons gave their informed consent prior to their inclusion in the
study.

1.1.2. Stimuli and apparatus

Each video stimulus showed the hands, arms and torso — but not the face —
of an adult female as she performed an action sequence involving two cups and
a pen. These objects were laid out on a table in front of the model. Fig. 1(a)
and (b) shows their spatial arrangement, and the location of the model’s and the
participant’s hands at the beginning of each action sequence. There were eight
action sequences which all involved the model grasping a centrally located pen
and, reaching forwards, placing it upside down in one of the two cups, before
returning the pen to its starting position.

The eight sequences in each set were constructed by factorial combination
of three variables: the colour of the cup in which the pen was placed (red or
blue), the hand used to perform the action (left or right), and the grip applied
to the pen (up or down). When the model used the up grip, her thumb pointed
upwards towards the cap of the pen, and when she used the down grip, her thumb
pointed downwards, towards the base of the pen. The mean duration of the action
sequence was 5255 ms (S.E.M. = 165) and the mean intertrial interval (ITI) was
610 ms (S.E.M. =23).

Video stimuli were digitally recorded and presented in colour on an IBM
compatible laptop computer with a 38-cm screen (resolution 1024 x 678 pixels),
at approximately one third of life size. Video clips (720 x 576 pixels) were
presented at a frame rate of 25fps and a viewing distance of approximately
90 cm.

To make their responses participants used the same set of objects, in the same
spatial configuration, as the model they observed (see Fig. 1(a) and (b)). For both
the transpose and mirror conditions the cups were placed 35 cm from the front
of the participant’s body, 30cm apart, and equidistant from the participant’s
midline. At the beginning of each trial, the pen was placed on a marker, a
black dot, directly in front of the participant and 23 cm from their body. The
pen (1.5 cm diameter, 14 cm high) was white with a green cap. A transparent
plastic disk, 4.8 cm in diameter, was attached to the base of the pen to increase
its stability when at rest in the upright position. The spatial relationship of the
model’s and participant’s cups varied according to condition. In the transpose
condition the cups were arranged so that they were spatially incompatible from
the participant’s perspective (i.e. the participant’s blue cup was on their left side
but the model’s blue cup was on the participant’s right side, see Fig. 1a). In the
mirror condition the cups were arranged so that they were spatially compatible
from the participant’s perspective, i.e. both the participant’s and the model’s blue
cup was on the participant’s left side (see Fig. 1b).
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1.1.3. Procedure

Participants were tested individually in a quiet room. Each sat at a table
bearing the object set and, beyond it, the laptop computer on which the video
stimuli were presented. They were told that they would be shown a video and
that, while watching it, they should imitate the movement sequences as simulta-
neously as possible, paying equal attention to three aspects: the hand (left/right),
the grip (up/down) and the cup (red/blue). Specific instructions varied according
to condition. In the transpose condition participants were instructed: (1) to use
their left hand when the model used her left hand, and to use their right hand
when the model used her right hand; (2) to grip the pen in the same thumb up
or thumb down configuration as the model; (3) to place the pen in the cup of the
same colour as the model. In the mirror condition participants were instructed:
(1) to use their left hand when the model used her right hand, and to use their
right hand when the model used her left hand; (2) to grip the pen in the same
thumb up or thumb down configuration as the model; (3) to place the pen in the
cup of the same colour as the model. After giving the instructions, the experi-
menter demonstrated the correct response in each condition until the participants
reported that they understood the task.

Each participant completed 10 practice trials followed by 80 test trials. The
test trials comprised 10 presentations of each of the eight action sequences
in random order. The order in which participants completed the mirror and
transpose conditions was counterbalanced within groups.

Performance was videotaped and the experimenter recorded, for each trial,
which hand, grip and cup had been selected by the participant. An error was
recorded if the participant’s selection did not match that of the model as specified
in the instructions. Thus, there were three types of errors, relating to the hand,
grip and cup components of the task, respectively. These were summed for each
participant to give a total error score.

1.2. Results and discussion

The mean total number of errors made by each group in both
the mirror and transpose conditions is shown in Fig. 2. These
data were entered into an ANOVA with a within-subjects fac-
tor of condition (transpose and mirror), and a between-subjects
factor of group (ASD and control). The main effect of group
was significant (F(1,30)=5.7, p=0.023, 7712) = 0.160), indicat-
ing that the ASD group made significantly more errors than
the control group. The main effect of condition was also sig-
nificant (¥(1,30)=25.3, p<0.001, ng = 0.457), confirming that
the transpose condition was more challenging than the mirror
condition, but the interaction between condition and group was
not significant (¥(1,30)=1.9, p=0.183, '712) = 0.058). The non-
significant interaction indicates that the degree of impairment
shown by the individuals with ASD, relative to the control group,
did not vary as a function of task condition. Simple effects
analyses were used to test whether the groups’ performance
differed significantly in each of the conditions. This analysis
confirmed that the performance of the ASD group was sig-
nificantly less accurate than that of the controls in both the
transpose (F(1,30)=4.2, p=0.049, ng = 0.123) and the mirror
(F(1,30)=4.7, p=0.038, 57 = 0.136) conditions.

As expected, both groups showed the usual cup <hand < grip
error pattern (Table 1) in both mirror and transpose conditions
as tested using linear contrasts (ASD mirror: F(1,15)=14.1,
p=0.002; ASD transpose: F(1,15)=44.3, p<0.001; con-
trol mirror: F(1,15)=18.7, p=0.001; control transpose:
F(1,15)=8.5, p=0.011).

The primary purpose of Experiment 1 was to establish
whether the particular sample of adults with ASD who took part
in this study show an impairment on both the mirror and trans-
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Fig. 2. Mean number of errors (out of a possible 240) made by the ASD and
control groups on both the transpose and mirror conditions in each version of
the task. Error bars indicate the standard error of the mean.

pose conditions of the pen-and-cups task. The results clearly
show that the ASD group made more errors than the control
group in both conditions.

The secondary purpose of Experiment 1 was to examine the
pattern of performance on mirror and transpose conditions in
both groups. Avikainen et al. (2003) reported that, in contrast
to the control group, individuals with ASD did not make more
imitation errors when required to engage in transposition, rather
than mirror, imitation. Such a pattern of results would have been
manifested in Experiment 1 by a significant interaction between
the condition and group factors, indicating that the difference in
performance between the groups depended on whether imitating
in a mirror or transposition fashion. However, this interaction
was not significant. Indeed, the ASD group tended to show a
greater impairment on the transpose condition, and therefore
the finding of a selective impairment in mirror imitation in ASD
was not replicated.

2. Experiment 2

Experiment 1 demonstrated impaired performance on the
pen-and-cups task by a group of adults with ASD on a test of
voluntary imitation. Experiment 2 aimed to identify whether the
poor performance shown in Experiment 1 was due to a deficit
in functional mirroring — the capacity to match observed with
executed actions — or whether it was due solely to impairments
in other abilities, not specific to imitation tasks. Accordingly,
the same participants who had completed Experiment 1 were
asked to complete two versions of the pen-and-cups task which
did not require matching of observed with executed actions,
but which included the same nonspecific task demands as in
the original, imitative pen-and-cups task. In an imitation task,
matching action responses are made to action stimuli. In order to
remove the requirement to match observed with executed actions
in the pen-and-cups task, we therefore changed the imitative
stimulus-response relationship in two alternative versions of the
task.
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gf?;l; iand standard error of the mean) number of cup, hand and grip errors in Experiment 1 for the ASD and control groups

ASD Control

Mirror Transpose Mirror Transpose

Cup Hand Grip Cup Hand Grip Cup Hand Grip Cup Hand Grip
Mean 0.38 2.75 6.06 2.38 9.94 17.38 0.38 0.63 2.63 2.38 4.88 8.13
S.EM. 0.15 1.44 1.42 0.57 2.24 228 0.20 0.30 0.45 1.39 1.92 2.39

In the ‘geometric’ version of the pen-and-cups task partici-
pants were required to make the same action responses as in the
imitative version of the task, but in response to the movement
of abstract geometric shapes rather than to action stimuli. In the
‘verbal’ version of the pen-and-cups task participants observed
the same action stimuli as in the imitative version of the task but
were asked to describe the sequences rather than to make action
responses.

The performance of the ASD group in each of the non-
imitative versions of the task was compared to their performance
on the imitative version of the task. If the impaired performance
shown by the ASD group on the imitative version of the task was
due to a functional mirroring deficit, then removing the require-
ment to match observed with executed actions should result
in improved performance relative to that of the control group.
However, if the poor performance of the ASD group in Experi-
ment 1 was due solely to nonspecific factors, such as a difficulty
in the rapid shifting of attention between action components
(Wainwright & Bryson, 1996) or other executive demands of
the task, such as the sequencing of action components (Russell,
1997), then one would expect the performance of the ASD group
to be as impaired in the alternative versions as in the imitative
version of the task. This is because these task components are
preserved in both non-imitative versions.

2.1. Method

2.1.1. Participants

Twenty-four of the original thirty-two individuals were able to attend the
second testing session, 12 participants with Autism Spectrum Disorder (11 male;
1 female) and 12 typically developing control participants (11 male; 1 female).
Groups were matched on gender, age (ASD: M, 38 years, S.E.M., 3, control:
M, 37 years, S.E.M., 3), and IQ (ASD FSIQ: M., 118, SEM., 4, VIQ: M, 117,
S.EM,, 4, PIQ: M, 113, SEM., 5, Control FSIQ: M, 118, SEM., 3, VIQ: M,
117, S.EM,, 3, PIQ: M, 110, S.E.M., 2). Full-scale IQ was measured using the
Wechsler Adult Intelligence Scale-3rd UK Edition (Wechsler, 1999). Of the 12
participants with ASD who returned for the second session, seven participants
met criteria for autism, while five participants met criteria for Autism Spectrum
Disorder as measured by the ADOS-G.

Participants completed both the geometric and verbal version of the pen-
and-cups task in a second session, which was scheduled between one and four
months after the initial testing session.

2.1.2. Stimuli and apparatus: geometric version

Participants made the same responses, using the same apparatus, as in Exper-
iment 1. The correct response on each trial was communicated to the participant
by presenting a short stimulus animation. In these animations, the hands were
replaced by squares, the grips by short rectangles attached to the squares, and
the cups by ellipses (Fig. 3).

At the beginning of each trial one of the squares (replacing the hands)
moved downwards with a curved trajectory until it reached a long rectangle

(replacing the pen). While moving toward the long rectangle the square rotated
45° either clockwise or anticlockwise so that the short rectangle attached to
it (replacing the grip) either pointed upwards to the top of the screen, (i.e.
was positioned on the top of the square) or downwards to the bottom of the
screen (i.e. was positioned on the bottom of the square) as it reached the long
rectangle. After the square had reached the rectangle, both the long rectan-
gle and square moved downwards together with a curved trajectory to one of
the ellipses (replacing the cups). While moving towards the ellipse the objects
rotated 90° either clockwise or anticlockwise so that the long rectangle and
the direction the small rectangle pointed to (up or down) was inverted when
it reached the ellipse. Once the objects had reached the ellipse they paused
momentarily and then followed the above steps in reverse until they had reached
their starting state (as the pen is replaced on the black marker in the imitative
version of the task). The temporal and spatial parameters of these geomet-
ric action sequences were matched to those of the human model presented in
Experiment 1.

The mean duration of each action sequence, from when the shapes started
to move until they reached their initial state again, was 5255 ms (S.E.M. = 165).
The animation stimuli were presented in colour on an IBM compatible laptop
computer with a 38 cm screen (resolution 1024 x 678 pixels), at a viewing dis-
tance of approximately 90 cm. The animation stimuli for the mirror and transpose
versions were distinguished according to the colouring of the ellipses (“cups”).
During the transpose condition the colour of the ellipses and the cups with which
participants made their responses was spatially incompatible from the partici-
pant’s perspective. For example, if the participant’s red cup was on their left,
and the blue cup on their right, then the blue stimulus ellipse was on the left
of the screen and the red stimulus ellipse was on the right of the screen. In the
mirror condition the location of the stimulus ellipses and the cups was spatially
compatible, for example both the blue cup and blue stimulus ellipse was on
the left of the screen while the red cup and red ellipse was on the right of the
screen.

Fig. 3. Starting position of the animation stimulus. On each trial one of the
squares (“hands”) moved to the long rectangle (“pen”) and one of the short
rectangles attached to the square was selected (“grip”) to move the long rectangle
to one of the ellipses (“cups”). These animations specified the action response to
be made by the participants in the geometric version of the pen-and-cups task.



1046 J. Leighton et al. / Neuropsychologia 46 (2008) 1041-1049

2.1.3. Procedure: geometric version

The procedure was the same as in Experiment 1 except as follows. Partici-
pants were told that they would be required to make some movements involving
placing a pen into one of two cups. They were then told that they would see
shapes moving on the screen that would indicate which movement to make.
Specifically, in the transpose condition, participants were instructed: (1) to use
their left hand when the square on the right of the screen moved, and to use their
right hand when the square on the left moved; (2) to grip the pen in the thumbs
up position when the small rectangle was positioned on the top of the square and
to use the thumbs down position when the small rectangle was positioned on the
bottom of the square; (3) to place the pen in the red cup when the objects moved
to the red ellipse and in the blue cup when the objects moved to the blue ellipse.
In the mirror condition, participants were instructed: (1) to use their left hand
when the square on the left moved, and to use their right hand when the square
on the right moved; (2) to grip the pen in the thumbs up position when the small
rectangle was positioned on the top of the square and to use the thumbs down
position when the small rectangle was positioned on the bottom of the square;
(3) to place the pen in the red cup when the objects moved to the red ellipse and
in the blue cup when the objects moved to the blue ellipse.

2.1.4. Stimuli and apparatus: verbal version

The stimuli were identical to those presented in Experiment 1. The partic-
ipants were not given the object set (cups and pen) because action responses
were not required.

2.1.5. Procedure: verbal version

The procedure was the same as that of Experiment 1 except as follows.
All participants were instructed to describe, rather than to imitate, the model’s
movements. In order to match the temporal parameters of the imitation version
of the task, participants were told that they would be shown some actions and
that, while watching them, they should simultaneously describe the movement
sequences. In the mirror condition participants were told: (1) to say ‘left hand’
when the model used her hand on the participant’s left, and to say ‘right hand’
when the model used her hand on the participant’s right; (2) to say ‘up grip’ or
‘down grip’ according to the orientation of the model’s thumb; (3) to say ‘red
cup’ or ‘blue cup’ in response to the model’s object selection. In the transpose
condition participants were instructed (1) to say ‘left hand’ when the model used
her hand on the participant’s right, and to say ‘right hand’ when the model used
her hand on the participant’s left; (2) to say ‘up grip’ or ‘down grip’ according
to the orientation of the model’s thumb; (3) to say ‘red cup’ or ‘blue cup’ in
response to the model’s object selection. Participants were not instructed as to
the order in which they should report action components, but all did so in the
order that the action components were selected in the stimulus video (hand, grip,
cup).

2.2. Results and discussion

The aim of Experiment 2 was to compare the performance
of the ASD group, relative to controls, in two non-imitative
versions of the task with their performance in the imitative ver-
sion completed in Experiment 1. The mean number of errors
made by each group, in each condition, is shown in Fig. 2.
These data were entered into an ANOVA with within-subjects
factors of version (imitative, geometric, and verbal), and con-
dition (mirror and transpose), and a between-subjects factor of
group (ASD and control). This analysis revealed a significant
main effect of condition (F(1,22)=21.5, p<0.001, ng = 0.494),
reflecting the increased error rate in the transpose condition,
and a significant main effect of group (£(1,22)=6.1, p=0.022,
7712) = 0.216), due to the greater number or errors made by the
ASD group. The interaction between condition and group was
significant (F(1,22)=4.4,p=0.047, ng = (.168), indicating that
the ASD group showed a greater impairment, relative to con-

trols, in the transpose condition than in the mirror condition. As
expected, the interaction between the version and condition fac-
tors was also significant (F(2,44)=6.2, p=0.004, ’7123 = 0.221).
The requirement to transpose (i.e. to respond in a spatially
incompatible manner) had a less detrimental effect on accuracy
of responding in the verbal condition, where manual responses
were not required.

If the poor performance of the ASD group in the imitative
version of the task was due to a functional mirroring deficit,
then the performance of the ASD group should have improved
on the non-imitative versions of the pen-and-cups-task relative
to any improvement shown by the control group. This would be
manifested as a significant interaction between the version and
group factors. This interaction was not significant (F(2,44)< 1,
ng = 0.004). Of theoretical interest also is the three-way inter-
action between the version, group and condition factors. It is
possible that only one of the conditions would have demon-
strated an improvement from the imitative to non-imitative
version of the task. However, this interaction also was not sig-
nificant (F(2,44)< 1, ng = 0.020).

The results of this analysis suggest that the ASD group were
as impaired, relative to the control group, on both of the non-
imitative versions of the task as on the original, imitative version.
However, to test this conclusion further, analyses were carried
out which separately compared each non-imitative version of
the task with the imitative version.

ANOVA including the data from the geometric and
imitative versions revealed significant main effects of
group (F(1,22)=5.00, p=0.036, nf) = 0.184) and condition
(F(1,22)=30.00, p<0.001, ng = 0.511), reflecting the greater
number of errors made by the ASD group in comparison to the
control group and the increased difficulty of the transpose con-
dition compared to the mirror condition. However, neither the
interaction between the version and group factors (F(1,22)< 1,
ng = 0.006), nor the three-way interaction between the version,
group and condition factors (F(1,22)< 1, 7712) = 0.014) were sig-
nificant.

Comparison of the verbal and imitative versions of the task
using the same method demonstrated significant main effects
of group (F(1,22)=6.2, p=0.020, r}% = 0.220) and condition
(F(1,22)=13.8, p=0.001, 77;2> = 0.385), reflecting the greater
number of errors made by the ASD group in comparison to
the control group and the increased difficulty of the trans-
pose condition compared to the mirror condition. In addition,
the interaction between version and condition (F(1,22)=10.0,
p=0.005, ’)12) = 0.311) was significant, reflecting the greater
effect of condition in the imitative version than in the verbal
non-imitative version. Again, neither the interaction between
the version and group factors (F(1,22)< 1, ng = 0.003), nor the
three-way interaction between the version, group and condition
factors (F(1,22)< 1, ng = 0.008), was significant.

Participants in Experiment 2 completed two non-imitative
versions of the pen-and-cups task and their performance was
compared to that on the original, imitative version of the task.
The results indicated that the ASD group was as impaired, rel-
ative to the control group, on the non-imitative versions of the
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task as they were on the imitative version of the task. This out-
come indicates that the poor performance of the ASD group
on the imitation task was not due to a functional mirror deficit,
i.e. to difficulties in matching observed with executed actions.
Although performance differences between the groups did not
vary according to whether they completed imitative or non-
imitative versions of the task, there was an overall tendency
for the ASD group to show relatively poorer performance in the
transpose conditions of the task.

3. General discussion

This study examined whether the impairments on tests of
imitation which have frequently been reported in ASD (e.g.
Avikainen et al., 2003; Rogers et al., 1996; see Williams et
al., 2004 for review) represent a functional mirroring deficit,
that is problems in matching observed with executed actions.
To address this question the performance of a group of high-
functioning adults with ASD was compared with that of
matched, typically developing controls on an imitative, and two
non-imitative, versions of the pen-and-cups task.

In common with previous reports of poor performance on
imitation tasks, the ASD group made more errors than controls
in Experiment 1, on the imitative version of the task. Experiment
2 tested whether this weak performance was due to an impair-
ment in the capacity to match observed with executed actions,
or solely to impairments in more general processes, by asking
the same participants to complete two non-imitative versions of
the task. If the poor performance on the imitative version of the
task had been due to a functional mirroring deficit, one would
have expected better performance when the task was changed so
that it presented equally challenging general task demands, but
was non-imitative. However, the ASD group were as impaired,
relative to the control group, on each of the non-imitative ver-
sions of the pen-and-cups task. This pattern of results provides
no support for the hypothesis that individuals with ASD have a
functional mirroring deficit. Rather, it suggests that weak imita-
tive performance in ASD is due to impairments in some or all of
the many non-specific abilities required for successful imitation.

The results of Experiment 1, which showed poor imitative
performance among individuals with ASD, are consistent with
the majority of previous findings. Like the present study, the
majority of previous studies have employed complex voluntary
imitation tasks to assess imitative abilities in ASD. Given that
the results from the present study suggest that poor performance
on complex imitation tasks may be explained by non-specific
impairments, poor performance observed in previous studies
may also have been due to these non-specific factors. This idea
has already been suggested by a number of authors who have
found correlations between imitation performance and processes
not specific to imitation, such as motor control and social reci-
procity (Green et al., 2002; McDuffie et al., 2007; Smith &
Bryson, 1998).

The idea that weak imitative performance may be due solely
to impairments in task-general abilities may explain some of the
mixed findings in the ASD literature. It is possible that in studies
reporting equivalent performance on voluntary imitation tasks

for ASD and control groups (Aldridge et al., 2000; Carpenter et
al., 2001; Hamilton et al., 2007), general task demands were not
sufficient to generate group differences.

Pursuing this line of thought, it might be argued that we did
not find evidence of a functional mirroring impairment in ASD
because our imitation task did not make substantial demands on
the ability to match observed with executed actions. This pos-
sibility cannot be excluded, but it is unlikely for two reasons.
First, accurate performance in the pen-and-cups task requires
that participants match, not only the effects of the models actions
(getting the pen into the correct cup) but also two dimensions
of the body movement used to achieve those effects (use of the
right or the left hand, in an up or a down grip). Relative to their
effects on objects, body movements tend to give rise to more
disparate perceptual inputs when performed by the self and by
another, and therefore matching body movements — even hand
movements — is likely to challenge the ability to match observed
with executed actions. Second, recent studies of automatic imi-
tation provide convergent evidence that individuals with ASD do
not have an impairment in the capacity to match observed with
executed actions (Bird, Leighton, Press, & Heyes, 2007). Tests
of automatic imitation assess the spontaneous or uninstructed
tendency to match observed with executed actions in the con-
text of simple tasks that make minimal demands on non-specific
processes. In a task of this kind, Bird, Leighton, et al. (2007)
found no difference between individuals with ASD and controls
in automatic imitation of opening and closing hand movements.

Most studies using neurological indices of mirror system
functioning in individuals with ASD have reported weaker
activity in this group than in controls (e.g. Dapretto et al.,
2006; Williams et al., 2006). If the mirror system, as it is cur-
rently delineated, mediates functional mirroring — matching of
observed with executed actions — then these findings are incon-
sistent with those of the present study, and of Bird, Leighton, et
al. (2007), that sought and did not find behavioural evidence of
a functional mirroring impairment in ASD. However, the cor-
pus of work on mirror system function in ASD includes many
contradictory findings. For example, Avikainen, Kulomaki, and
Hari (1999) studied motor cortex excitability using MEG and
found no difference in activity between ASD and control par-
ticipants when observing simple hand movements, suggesting
typical mirror system activity in the ASD group. When the same
group compared mirror system responses during imitation of
orofacial movements, they found that activity in frontal, but not
parietal, mirror areas was delayed and weaker in participants
with ASD (Nishitani, Avikainen, & Hari, 2004). In addition,
different studies have localised the mirror system deficit in ASD
to different neurological areas. Dapretto et al. (2006) found that
individuals with ASD show normal activity in the parietal mirror
area but reduced activity in the inferior frontal gyrus, whereas
Williams et al. (2006) reported the opposite pattern of results.
Until the results of studies investigating mirror system activity
in ASD show a more consistent pattern it is unlikely to be pos-
sible to relate them coherently to behavioural investigations of
imitation in ASD.

Experiment 1 did not replicate the particular pattern of
errors reported by Avikainen et al. (2003), who found that
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the ASD group failed to benefit from imitating in a mirror
fashion. In contrast, the ASD group in the present study ben-
efited as much as the control group from mirror imitation.
Indeed, the ASD group showed a greater impairment in per-
formance in the transpose conditions of the pen-and-cups task.
We suggest that an impairment in transposition imitation is con-
sistent with the inhibition problems reported in ASD (Russell,
1997). Many studies have demonstrated that spatially com-
patible responses are faster and more accurate than spatially
incompatible responses (Simon, 1969). In the transpose con-
dition, the tendency to make a spatially compatible response
(which would result in mirror imitation) has to be inhibited. An
inhibition impairment would result in increased mirror imitating
and therefore greater errors in the transpose condition. However,
this explanation is at odds with the findings of Avikainen et al.
One possible reason for the conflicting results may be differ-
ences in the instructions used for the mirror condition. In the
present experiment participants were explicitly told how to map
stimuli onto responses (e.g. to use their right hand when the
model used her left hand, and to use their left hand when the
model used her right hand), while in the Avikainen et al. study
participants were told only to “imitate as if looking in a mir-
ror”. The less explicit instructions used in the latter study may
have caused uncertainty in the ASD group as to what response
was required, and thereby masked any performance improve-
ment which could have been observed when mirror imitating.
This explanation is clearly speculative, and the effect of imita-
tive frame of reference is a potential area for future research on
ASD.

Two limitations of our study should be noted. First, following
Avikainen et al. (2003), we examined performance on imitative
and non-imitative tasks by high-functioning adults with ASD,
whereas the majority of previous studies have involved adults
with lower IQ, or children, with ASD. The fact that our par-
ticipants with ASD showed a substantial impairment on the
imitative version of the pen-and-cups task suggests that, in spite
of the sample characteristics, our results contribute to ongo-
ing enquiry concerning imitation in ASD. However, further
research, seeking evidence of a functional mirroring deficit in
less able individuals and children with ASD, should be a priority
for future research.

Second, although Experiments 1 and 2 clearly showed that
the weak performance of our ASD participants on the imitative
version of the pen-and-cups task was not due to a functional
mirroring deficit, they did not isolate the specific cause of the
weak performance (i.e. the increased error rate) common to all
three versions of the task. A possible explanation is the require-
ment for rapid shifting of attention between the three action
components inherent in all versions of the pen-and-cups task.
Many studies have detailed attentional impairments in ASD;
examples include allocating attention in the presence of distrac-
tors (Burack, 1994), and switching the attentional focus rapidly
between spatial locations (Landry & Bryson, 2004; Wainwright
& Bryson, 1996, although see Leekam, Lopez, & Moore, 2000,
Experiment 2 for contradictory findings), and object features
(Courchesne et al., 1994). Further studies, for example those that
incorporate measurement of on-line attentional focus within imi-

tative and non-imitative tasks, are required in order to investigate
this hypothesis.

In summary, Experiment 1 demonstrated that this particular
sample of high-functioning adults with ASD showed impaired
performance on a test of voluntary imitation. Experiment 2
revealed that the impaired performance shown by this group on
the test of imitation was not due a functional mirroring deficit as
performance was equally impaired on two non-imitative ver-
sions of the task. Therefore, these experiments suggest that
individuals with ASD may show weak performance on tests
of voluntary imitation, not because there are impaired in their
capacity to match observed with executed action, but because of
impairments in abilities that are involved, not only in imitation,
but also in other complex tasks.
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