NEUROPSYCHOLOGIA

Neuropsychologia 46 (2008) 448-454

www.elsevier.com/locate/neuropsychologia

Robotic movement elicits visuomotor
priming in children with autism

Andrea C. Pierno?, Morena Mari?,
Dean Lusher?, Umberto Castiello ®¢:*

2 Department of General Psychology, University of Padua, Italy
Y Department of Psychology, University of Melbourne, Australia
¢ Department of Psychology, Royal Holloway-University of London, UK

Received 26 April 2007; received in revised form 12 August 2007; accepted 24 August 2007
Available online 1 September 2007

Abstract

The ability to understand another person’s action and, if needed, to imitate that action, is a core component of human social behaviour. Imitation
skills have attracted particular attention in the search for the underlying causes of the social difficulties that characterize autism. In recent years,
it has been reported that people with autism can bypass some of their social deficits by interacting with robots. However, the robot preference in
terms of imitation has yet to be proved. Here we provide empirical evidence that interaction with robots can trigger imitative behaviour in children
with autism. We compared a group of high functioning children with autism with a group of typically developing children in a visuomotor priming
experiment. Participants were requested to observe either a human or a robotic arm model performing a reach-to-grasp action towards a spherical
object. Subsequently, the observers were asked to perform the same action towards the same object. Two ‘control’ conditions in which participants
performed the movement in the presence of either the static human or robot model were also included. Kinematic analysis was conducted on the
reach-to-grasp action performed by the observer. Our results show that children with autism were facilitated — as revealed by a faster movement
duration and an anticipated peak velocity — when primed by a robotic but not by a human arm movement. The opposite pattern was found for
normal children. The present results show that interaction with robots has an effect on visuomotor priming processes. These findings suggest that
in children with autism the neural mechanism underlying the coding of observed actions might be tailored to process socially simpler stimuli.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Interactive robots are used increasingly not only in entertain-
ment and service robotics, but also in rehabilitation, therapy, and
education (Robins, Dautenhahn, Dickerson, & Stribling, 2004;
Werry, Dautenhahn, Ogden, & Harwin, 2001). The aim of the
work presented in this paper is to study the potential contribu-
tion of robots to research into the nature of autism (Frith, 1989).
Specifically, we focus our analysis on imitation which plays a
fundamental role in human development and social understand-
ing. Imitation skills of children with autism have been studied
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extensively in autism research and therefore this behaviour pro-
vides a relevant focus for our study.

As reported in several reviews of the imitation literature
in autism, persons with autism typically demonstrate impaired
performance compared to controls (Rogers & Bennetto, 2000;
Rogers & Pennington, 1991; Smith & Bryson, 1994). So
far ‘imitation’ studies in autism have been confined to the
explicit request to imitate (e.g., Rogers, Hepburn, Stackhouse,
& Wehner, 2003) whereas automatic imitation has been much
less investigated (Pierno, Mari, Georgiou, Glover, & Castiello,
2006). Here we focus on automatic imitation which is usu-
ally revealed through the administration of visuomotor priming
paradigms (Castiello, Lusher, Mari, Edwards, & Humphreys,
2002; Craighero, Fadiga, Umilta, & Rizzolatti, 1998; Edwards,
Humphreys, & Castiello, 2003; Heyes, Bird, Johnson, &
Haggard, 2005). In the absence of instruction to imitate, move-
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ment observation facilitates execution of the observed action.
Such facilitation effects have been described in both neurophys-
iological and behavioural terms. In first instance, a pattern of
muscle facilitation was revealed during the observation of an
action strictly resembling that occurring during the actual exe-
cution of the observed movement (Fadiga, Fogassi, Pavesi, &
Rizzolatti, 1995). In second instance, reaction times and move-
ment duration decrease when an observed and a subsequently
executed hand action matched (Castiello et al., 2002; Craighero
et al.,, 1998; Edwards et al., 2003; Heyes et al., 2005). Fur-
thermore, facilitation effects in reach-to-grasp tasks have been
described as an anticipation in time of key kinematic param-
eters following the observation of a human model performing
a similar action (Castiello et al., 2002; Edwards et al., 2003).
Importantly, in children with autism such facilitation effects
were absent when the model is human (Pierno et al., 2006;
Theoret et al., 2005). In the present study, we compared a
group of high functioning children with autism with a group of
typically developing children in a visuomotor paradigm which
has been previously used to reveal visuomotor priming deficits
in autism (Pierno et al., 2006). In our test, participants were
requested to observe either a human or a robotic arm model
performing a reach-to-grasp action towards a spherical object.
Subsequently, the observer was asked to perform (but not to
imitate) the same action towards the same object. Two ‘control’
conditions in which participants performed the movement in the
presence of either the static human or the robot model (therefore
in the absence of any motor priming) were also included.

2. Methods
2.1. Participants

Twelve high-functioning children with autism (6 males and 6 females,
10-13 years old, mean 11.1 years; see Table 1) and 12 sex and age-matched
[F(1,11)=0.32, p>0.05] normally developing controls (6 males and 6 females,
1013 years old, mean 11.2 years; see Table 1) with no reported neurological or
academic problems participated in the study. A normally developing 12-year-
old child acted as a model. All children were right-handed, reported normal or
corrected-to-normal vision, no-hearing impairments, and were naive as to the
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purpose of the experiment. None were on medication or exhibited praxis prob-
lems as assessed by an occupational therapist. They attended one experimental
session of ~1h duration. The children with autism were diagnosed according
to the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV)
criteria for autism. IQ was measured with the Wechsler Intelligence Scale for
Children (WISC-R; see Table 1). The normally developing and children with
autism were 1Q matched [F(1,11)=0.12, p>0.05]. The Childhood Autism Rat-
ing Scale (Schopler, Reichler, & Rochen Renner, 1993) had been administered
at the ages of 4-8 years by an experienced clinical psychologist. Further tools for
diagnosis were the Autism Diagnostic Interview—Revised (ADI-R; Lord et al.,
2000; see Table 1) and the Autism Diagnostic Observation Schedule (ADOS;
Lord, Rutter, & Le Couteur, 1994). At the time of the experiment all of the
children with autism were attending special education classes for autism. The
study was approved by the local Ethical Committee.

2.2. Experimental conditions

Participants performed a block of 20 trials for each of the following experi-
mental conditions: (i) Human—human condition. Two participants, a model and
an observer, were seated facing each other at a table (Fig. 1A). Prior to each trial
both the model and the observer put their right hand on a starting switch located
10 cm in front of their mid-line. A ‘go’ signal given by the experimenter indi-
cated to the human model to perform a reach-to-grasp action towards the target
stimulus. The stimulus was a plastic sphere (diameter: 5 cm) positioned at a dis-
tance of 20 cm from the hand starting position along the subjects’ mid-sagittal
plane. As soon as the action was completed and the hand of the model returned
to the starting switch a sound was presented (880 Hz; 200 ms). The sound indi-
cated to the observer, either a normally developing or autistic child, to perform a
reach-to-grasp action towards the target stimulus. Participants were not explic-
itly instructed to imitate the previously observed action but were simply asked to
perform a reach-to-grasp action towards the target stimulus when the sound was
presented. (ii) Robot—human condition. The procedure was exactly the same as
for the ‘human—human’ condition except that a robot replaced the human model
and the start of the robot’s action was controlled by the experimenter via soft-
ware procedures (Fig. 1B). The robotic arm was custom-designed and built by
in-house technicians. It looked like an average human forearm with a gloved
hand and was mounted on a metal frame and used a single motor to move the
arm from a vertical to a horizontal position. The four fingers and thumb had
a common movement so as to mimic the closing of a human hand. The con-
struction was electro-mechanical and controlled by an 87¢751 micro-controller.
The hand was constructed of nylon cords for the tendons, silicon rubber for
the joints, and wooden dowels for the bones. Movement was provided by a dc
electric motor that tensed the tendons to close the hand. Springs were used to
store energy and thus reduce the required power and size of the dc motors. Limit
sensors on the arm and hand were used by the micro-controller to control move-
ment. The arm length was approximately 0.5 m. The maximum pickup weight

Table 1
Participant demographics for children with autism and for the normally developing children participating in the study
SS Children with autism Normally developing
Diagnosis  Age Sex IQ CARS* ADI-R Age  Sex
Social (cutoff=10)  Communication (cutoff=8)  Stereotypy (cutoff=3)
S1 Asperger’s 102 F 105 35 30 22 7 10 F
S2 Autism 10 F 98 36 27 22 12 10 F
S3 Asperger’s 13 M 109 33 26 19 6 127 M
S4 Autism 105 M 9% 35 22 22 8 10 M
S5 Asperger’s 10 M 102 33.5 21 20 7 128 M
S6 Asperger’s 13.1 F 94 37 22 19 6 13 F
S7 Asperger’s 112 M 102 32.5 26 20 6 11 M
S8 Autism 106 M 108 34 23 21 7 11 M
S9 Asperger’s 11 F 108 36 27 19 10 11 F
S10  Asperger’s 13 F 97 34 26 15 8 128 F
S11  Autism 10 F 100 33 24 18 8 10 F
S12  Autism 11 M 103 345 22 20 7 11 M

2 CARS: Childhood Autism Rating Scale. Total score of 30-37: mild autism.
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Fig. 1. Experimental set up. Panel A represents the ‘human—human’ condition in which two participants, a model and an observer, were seated facing each other at
a table. Panel B represents the ‘human-robot’ condition in which a participant was facing the robotic arm.

was approximately 0.1kg. The movement of the robot was quite smooth and
the folding of the hand was comparable to a ‘human’ grasping action. The robot
was programmed to simultaneously move its arm and open its fingers when the
experimenter pressed a button. Movement duration, arm velocity and the max-
imum aperture of the fingers in time and amplitude were programmed (on the
basis of the average data acquired from the child who acted as a model in a
preliminary session; 5 ms). After reaching the maximum aperture the fingers
started to close upon the to-be-grasped object. The kinematic values obtained
during the preliminary session were compared with those obtained during the
human—human condition. The breakdown of kinematics for the robot and the
human model (preliminary and experimental sessions) are presented in Table 2.
(iii) Human control condition. The subjects/observers performed the action in
the presence of the static human model. A sound indicated to the observer,
either a typically developing or autistic child, to perform a reach-to-grasp action
towards the target stimulus. (iv) Robot control condition. The subjects/observers
performed the action in the presence of the static robotic model. A sound indi-
cated to the observer, either a typically developing or autistic child, to perform
a reach-to-grasp action towards the target stimulus. The order of conditions was
counterbalanced within and between participants. On-line examination of trials
indicated that the children with autism were not less likely to comply to the task
demands. In this respect they did not require a greater number of repetitions of
the model in order to attempt the task. Thus, it appeared that the administrative
procedures motivated all children similarly, and there was no indication of more
refusal or less attention on the part of the children with autism.

2.3. Kinematic recordings
The ELITE motion analysis system (Bioengineering Technology & Systems

[BTS]) was used to record movements. Reflective passive markers (0.2 cm diam-
eter) were attached on the (a) wrist-radial aspect of the distal styloid process of

Table 2

the radius; (b) index finger-radial side of the nail; (c) thumb-ulnar side of the
nail. The wrist marker was used to measure the reaching component of the action
(velocity profiles). Tangential speed data were used to determine the onset and
offset of the movement using a standard algorithm (threshold for movement
onset and offset was ~5 cm/s). The markers positioned on the finger and thumb
were used to measure the grasp component of the action (time of maximum grip
aperture). Four infrared cameras (sampling rate 100 Hz) captured the movement
of the markers in 3D space. Movement duration was calculated as the time
between the release of the starting switch and the time at which the participant’s
fingers closed upon the object. The onset was taken as the earliest time at which
movement of the wrist occurred. The offset was taken at the latest time at which
the movement of the thumb and index finger occurred. Initiation time was cal-
culated as the time between a starting tone (880 Hz; 200 ms) and the release of
the starting switch.

2.4. Eye movement video recording

Eye movements were recorded by means of a videocamera pointed at an
angle which allowed the head and upper body of both the model (from the
back) and the observer (from the front) to be visible. The observers’ eye move-
ments were monitored on-line and subsequently evaluated by an independent
rater. This procedure was adopted to ensure that during the trial the observer
was gazing at the scene including the model and the object. Trials in which the
observer’s gaze moved away from the area including the model and the object
during the observation phase of the trial were discarded (but stored) and subse-
quently repeated. The independent rater evaluation served to double check that
the trials discarded on-line had been correctly evaluated. The criteria for evalu-
ation included the direction of gaze towards the face, the trunk and the moving
arm of the human model and the area encompassed by the robot model (which
was similar to the area encompassed by the child model). The area encompass-

Mean values for movement duration, time to peak velocity and the time of maximum grip aperture for the human model for the preliminary and experimental sessions

and for the robot model

Human model preliminary session Human model experimental session Robot model Statistical values
Movement duration (ms) 804 (86) 797 (83) 800 F(2,19)=0.31, p>0.05
Time to peak velocity (ms) 291 (32) 286 (20) 286 F(2,19)=1.06, p>0.05
Time to maximum grip aperture (ms) 342 (28) 337 (31) 347 F(2,19)=0.76, p>0.05

S.D. in parentheses.
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ing the eyes was also magnified on a different window on the screen in order to
perform a more precise evaluation and correlation with the image including the
whole upper body of the observer and the back view of the model. We attempted
to use more advanced eye monitoring techniques but calibration and infrared
markers positioning were unsustainable for the children (in particular for the
children with autism).

2.5. Data analysis

As for other visuomotor priming experiments the analyzed kinematic depen-
dent variables were movement duration, time to peak velocity, and the time of
maximum grip aperture (Edwards et al., 2003). A repeated-measures analysis
of variance (ANOVA) for each of the considered dependent measures was per-
formed. The between-subjects factor was group (children with autism, controls)
and the within-subjects factor was experimental condition (control human, con-
trol robot, robot prime, and human prime). Bonferroni corrections were applied
for the contrasts of interest. For the eye movement data a two-tailed #-test for
independent samples analysis was performed comparing the percentage of dis-
carded trials (over the total number of acquired data) for each group for both
the robot and the human conditions. Although for the human condition we con-
sidered direction of gaze towards different body parts (i.e., face, trunk/moving
arm) these data were collapsed as to make the comparison with the robot con-
sistent (i.e., the robot did not have a face, but roughly encompassed a similar
volume as the human model). In this respect, preliminary analyses showed that
both autistic and normally developing children showed a similar percentage of
trials in which gaze was directed towards either the face [#22) =0.372, p>0.05]
or the trunk/moving arm [#22) =0.187, p>0.05] of the human model during the
observation phase.

3. Results

Statistical analyses revealed that facilitation effects were evi-
dent only in the ‘human’ condition for the normally developing
children and only in the ‘robot’ condition for the children with
autism. The group by experimental condition interaction was
significant for movement duration [F(1,11)=56.32, p <0.0001;
772 =0.832; Fig. 2A], time to peak velocity [F(1,11)=33.02,
p<0.0001; n*> =0.786; Fig. 2B] and the time of maximum grip
aperture [F(1,11)=18.43, p<0.0001; 772 =0.941; Fig. 2C]. Post
hoc contrasts revealed that for the normally developing chil-
dren movement duration was shorter and both the time to peak
velocity and the time to maximum grip aperture were reached
earlier for the ‘human’ than for the ‘robot’ and the two ‘con-
trol’ conditions (ps<0.001). Crucially, for the children with
autism movement duration were shorter and both time to peak
velocity and time to maximum grip aperture were earlier for the
‘robot’ than for the ‘human’ and the two ‘control’ conditions
(ps<0.001; Fig. 1A-C). No differences were found between
the autistic and the normally developing children for the con-
trol conditions for all dependent measures. Further, there was no
effect of the type of prime for both the autistic and the normally
developing children on movement initiation time [interaction
group x experimental condition; F(1,11)=0.0306, n2 =0.009].
Thus, the facilitation effects found for the children with autism
in the robot condition and for the normally developing children
in the human condition arose from a more efficient programming
of the action, rather than speeding at the start of the movement.

To investigate for possible differences across conditions on
a trial-by-trial basis for each group, we performed a post hoc
analysis for each of the considered dependent measures with
group (children with autism, controls) as a between-subject fac-
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Fig. 2. Graphical representation of the significant interaction between group
(autistic children, normal children) and condition (control human, control robot,
robot prime, and human prime) for movement duration (panel A), time to peak
velocity (panel B) and time to maximum grip aperture (panel C). Bars rep-
resent the standard errors of the means. ms: milliseconds. Asterisks indicate
significance for the main contrasts of interest.

tor and trial (1-20) and experimental condition (control robot,
control human, robot prime, human prime) as within-subjects
factors. The main factor ‘trial” did not interact significantly with
any of the other factors for all dependent measures. As shown
in Fig. 3 for the dependent measure ‘time to peak velocity’,
children with autism showed a consistent lack of facilitation for
the ‘human’ condition and a consistent facilitation effect for the
‘robot’ condition across all trials. The opposite pattern of results
was found for the normally developing children. Further, we also
performed a qualitative profile analysis looking for possible dif-
ferences across trials for each participant of the two groups. For
each subject the above-mentioned patterns of results was con-
firmed, except that 4 out of the 12 children with autism showed
facilitation (decrease in movement duration and anticipation of
peak velocity) following the observation of the ‘human’ model
on the first trial. However, for the same four children with autism,
such facilitation effects faded away by the second trial.
Analyses concerned with eye movements performed on the
percentage of discarded trials did not reveal any group differ-
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Fig. 3. Graphical representation of the group means for time to peak velocity
across the 20 trials for each of the experimental conditions. Panel A represents
the group means for the children with autism. Panel B represents the group
means for the typically developing children.

ence. This indicated that gaze did not veer away more often
for one or the other type of model. Specifically, no statistical
differences were revealed when comparing the robot and the
human model for both the autistic [#22) = 0.267, p=0.792; 3.3%
vs. 2.7%] and the normally developing children [f22)=0.393,
p=0.698; 2.9% vs. 3.1%].

4. Discussion

The result that arm movements of normally developing chil-
dren were facilitated when primed by a human rather than a
robotic model is consistent with those obtained in previous
visuomotor priming experiments both in children and adults
(Castiello et al., 2002; Craighero et al., 1998; Edwards et al.,
2003; Heyes et al., 2005; Pierno et al., 2006). The novel aspect
of the present results is concerned with the demonstration that
visuomotor priming proceeds normally in children with autism
when primed by a robotic model. This finding is generally con-
sistent with other results demonstrating that people with autism
perform at normal to superior levels at tasks presented in repeat-
able and predictable formats established by a robot or a computer
(Robins et al., 2004; Werry et al., 2001). Crucially the present
findings extend the evidence of such facilitation in terms of
visuomotor priming.

The natural question is why would children with autism be
facilitated by a robot prime? We suggest that a possible expla-
nation might be found in the way children with autism represent
and understand other people actions and intentions. That is, at
an automatic unconscious level which is independent from the
participants’ preference.

Human actions are characterized by high degree of variability.
Performing the same action 20 times would produce 20 differ-
ent movements’ trajectories and kinematics. In this respect, it is
plausible that such variability does not create particular prob-
lems to a neurologically healthy observer, given that possibly
he/she does not ‘see’ 20 different actions, but simply recog-
nizes and ‘sees’ the motor intentions which makes those 20
movements 20 repetitions of the same action. However, it might
well be that for the children with autism human actions contain
far more variance than robotic actions. Therefore, children with
autism might (presumably because of better attention to small
details) notice the variance more than controls, and accordingly
they would be more sensitive to it. In other words, children with
autism might not cope with as much variance as typical chil-
dren, and thus they respond better to highly repetitive predictable
stimuli such as the robot’s actions. Support to this view comes
from a recent proposal by Baron-Cohen (2006). His suggestion
is that children with autism are mainly attracted to systems of
low or minimal variance (such as machines) and less sensitive
to systems (such as people behaviour) where there is maximal
variance.

In neural terms a mechanism which might be suited to
explain the effects reported here is the so-called ‘mirror system’.
It has been suggested that the penetration of visual informa-
tion into the motor knowledge of an observer is underpinned
by the ‘mirror system’ (Gallese & Goldman, 1998; Gallese,
Keysers, & Rizzolatti, 2004; Rizzolatti, Fogassi, & Gallese,
2001). This system responds both when a human performs a
certain motor act such as grasping an object, and also when a
person observes another human performing the same motor act.
Each time an individual sees an action performed by another
individual, the activation of mirror neurons transforms visual
information about a physical movement, into knowledge about
an intentional action. This implicit knowledge, which Pacherie
and Dokic (2006) call ‘motor understanding’ (to differentiate it
from a purely ‘visual understanding’), is what allows us to pene-
trate the motor intention of another individual’s actions, without
the need for conscious/deliberate inferences.

Crucially, in children with autism, bilateral anatomical abnor-
malities localized in ‘mirror’ areas (ventral premotor, posterior
parietal, and superior temporal sulcus cortices) have been
reported (Boddaert et al., 2004; Hadjikhani, Joseph, Snyder, &
Tager-Flusberg, 2006; William, Whiten, Suddendorf, & Perrett,
2001). This possible neural dysfunction finds support by the
results obtained in a series of studies which have used different
techniques, i.e. electroencephalography (Oberman et al., 2005),
transcranial magnetic stimulation (Theoret et al., 2005), and
kinematics (Pierno et al., 2006). These studies have revealed
that during hand action observation autistic individuals did not
show ‘mu’ frequency suppression over the sensory-motor cortex,
muscle facilitation and visuomotor priming, respectively.

Assuming that children with autism have a dysfunctional
‘mirror’ system it may allow the speculation that they lack an
intentional filter which normally developing children may utilize
to code for another person’s behaviour. In other words, children
with autism may be unable to, or impaired in building a motor
representation. Without an intentional understanding of another
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person’s action, the variability which characterizes biological
movement represents a disturbance (which may account for the
lack of visuomotor priming effects for the ‘human—human’ con-
dition). Conversely, the robotic movement, which does not carry
such elements of variability, facilitates the recognition of the
action goal and allows for the visuomotor priming effects to
emerge. In this connection a well-known finding is that chil-
dren with autism are better at reproducing observed actions on
the basis of a strategy which considers action goals rather than
the action itself (Hamilton, Brindley, & Frith, 2007; Hobson
& Lee, 1999; Wants & Harris, 2002). However, further studies
are needed to confirm this. For instance an aspect to be clari-
fied is whether the robotic invariability will lead to increased
priming for someone without a fully functioning mirror system,
regardless of whether the mirror system registers a goal.

Before the above hypotheses can be fully accepted a number
of issues need some clarification. First, it might be said that
on the initial viewing, the human’s movement is perceived as
neither more nor less variable than a robot movement. Hence, for
the children with autism equal amounts of facilitation should be
found for the human and robot movement on the initial trial, with
facilitation becoming more evident on successive trials for the
robot but not for the human model. In this respect, the analysis
performed to explore facilitation effects on a trial-by-trial basis
seems to rule out this possibility. However, as shown in Fig. 3A,
autistic children seem to show a non-significant trend indicating
facilitation effects for the human prime’ condition on the initial
trial. Though, as outlined within Section 3, this trend might have
been driven by a small proportion of participants.

Second, two alternative explanations would be that children
with autism were simply more interested in the robot (than the
controls, or the human prime) and that the normally developing
children were under an ‘audience’ effect and therefore per-
formed faster in the mere presence of a conspecific (Zajonc,
1965; Zajonc, Heingartner, & Herman, 1969). However, our
skepticism with respect to these possible explanations derives
from the analysis performed on the participants’ specific points
of gaze within the scene and the results obtained for the control
conditions. In first instance, only trials in which both normal and
children with autism were gazing within the area including the
moving arm of either the human or the robotic model and the
target object were considered for analysis. Further, when con-
sidering the percentage of discarded trials it does not emerge any
group difference suggesting that gaze did not veer away more
often for one or the other type of model. Additionally, when
debriefed, all normally developing children at the end of the
experimental session reported that they found the ‘robot” more
interesting than the ‘human’ condition. Furthermore, if differ-
ences between the human and the robot model were simply due
to a different degree of attention paid to the type of model then
they should also be evident for the control conditions in which
both models were stationary. However, as shown in Fig. 2 results
for these conditions were similar for both groups. Therefore, we
are inclined to believe that the hypotheses that the robot triggered
in the children with autism a greater level of interest and/or atten-
tion and that the mere presence of another person elicited faster
action in normally developing children can be ruled out.

A further element which may explain the facilitation effects
found for children with autism in the ‘robot-human’ condition
may be represented by the absence of complex social/emotional
markers. It has been proposed that in typically developing
children imitative processes begin with imitation of facial
movements, available at birth, and develops to include related
body movements seen in emotional contagion and mirror-
ing of facial expressions, body posture and gestures. Thus,
an affective mechanism modulating social exchanges may be
involved in imitation (Nielsen, 2006; Rogers et al., 2003;
Uzgiris, 1981). An assumption underlying this interpretation,
is that the problems experienced by children with autism in
imitative behaviours may be determined not only by the inca-
pacity to establish a motor equivalence between demonstrator
and imitator, but also by disrupted emotional/affective reg-
ulation (Gallese, 2006). This view is consistent with recent
neuroimaging evidence concerning the imitation of the facial
expressions of basic emotions in high functioning children with
autism. Using functional magnetic resonance imaging, it has
been revealed that during both observation and imitation, chil-
dren with autism did not show activation of the mirror neuron
system (Dapretto et al., 2006; Iacoboni & Dapretto, 2006).
However, a point to consider in terms of ‘emotional’ mark-
ers is that children with autism find social interaction aversive
and that this view has led to a reluctance among researchers
to insist that children with autism respond to social initiatives
(Sigman, Dissanayake, Corona, & Espinosa, 2003). It is there-
fore important to detail and consider how the human model
acted. In this respect video analyses revealed that the human
model (in terms of facial expression and eye gaze) behaved
quite similarly for both the human priming and the control
conditions. Although this is a very indirect indicator of the autis-
tic children’s attitude (the model may have felt sympathy and
interest for the autistic children but they did not respond to
this offer), it is unlikely that the presence of such social cues
have prohibited appropriate responding from the children with
autism.

As a final point, a possible limitation of the present study
might be concerned with the fact that we tested only one specific
action (i.e., reach-to-grasp). Therefore, at this stage we cannot
ascertain whether any priming effect of observing this action was
specific to performance of the same action, or whether facil-
itation would have occurred if the executed action had been
quite different from the observed action. However, the fact
that previous authors have found greater visuomotor priming
effects when there was correspondence between the effector
used by both the model and the observer (Heyes et al., 2005)
may suggest that the choice of using effector correspondence
provides the ideal method for revealing visuomotor priming
effects.

In conclusion the present study identifies new conditions for
the study of the dysfunctional imitative processes in autism by
looking at automatic ‘implicit’ imitation rather than explicit imi-
tation. Importantly, it reveals that the use of robots may trigger
in children with autism automatic imitative mechanisms. This
may prove to be important for the rehabilitation of the imitative
functions in children with autism.
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