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Abstract Imitation deficits observed among individuals

with autism could be partly explained by the excessive

speed of biological movements to be perceived and then

reproduced. Along with this assumption, slowing down the

speed of presentation of these movements might improve

their imitative performances. To test this hypothesis, 19

children with autism, 37 typically-developing children and

17 children with Down syndrome were asked to reproduce

facial and body movements presented on a computer at a

normal/ecological and two slowed down speeds. Our main

result showed that a subgroup of individuals with severe

autism better reproduced the movements when presented

slowly than at the ecological speed. This finding opens a

new window for comprehension and rehabilitation of per-

ceptual and imitative deficits in autism.
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Introduction

Although not clearly specified in nosographic classifica-

tions, difficulties imitating other people’s actions and ges-

tures have been consistently observed and documented

among persons with autism since almost 40 years

(DeMeyer et al. 1972). These findings brought varying

theoretical explanations and some contradictory findings in

the literature due to a lack of consistent and operational

definition of imitation and to the diverse methodologies

used in the different studies (Sevlever and Gillis 2010, for a

review). Beyond these considerations, the majority of the

studies showed however that these impairments in imitation

are common to a wide range of individuals with autism

across varying IQ levels (i.e. either with or without intel-

lectual disability) and severity of autism symptomatology

(from severe to mild symptoms) (e.g. Avikainen et al. 2003;

Beadle-Brown and Whiten 2004; Dawson and Adams 1984;

Rogers et al. 2003; Sigman and Ungerer 1984; Smith and

Bryson 1998; Stieglitz Ham et al. 2008). These imitative

deficits can be observed from the first year of life of indi-

viduals with autism (e.g. Osterling and Dawson 1994;

Zwaigenbaum et al. 2005) and persist throughout childhood

and adolescence (Heimann and Ullstadius 1999; Heimann

et al. 1992; Stieglitz Ham et al. 2010). As imitation is a key

indicator of communication in typically developing chil-

dren and a good predictor of future social abilities (e.g.

Nadel 2006), impaired imitation might be considered a

crucial contributor to the poor communication and social

comprehension skills of children with autism.
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Imitation deficit among children with autism was first

supposed to be due to a lack of symbolic representation

(Ohta 1987) and was later seen as the first manifestation of

a deficit in self-other mapping, creating a cascading effect

in subsequent social skills (emotion-sharing, joint atten-

tion, theory of mind; Rogers and Pennington 1991). In the

last decade, several studies suggested that imitation deficit

in autism may be explained by a disorder in perception–

action coupling due to a dysfunction of the mirror neuron

system, which might lead to the self-other mapping deficit

in autism (Oberman and Ramachandran 2007). According

to this theory, individuals with autism should have

impairments in both recognition and imitation of gestures.

However, in a study aimed at exploring the relationship

between gesture recognition and imitation, it was shown no

correlation between these two variables, at least for some

types of gestures (communicative gestures and gestures

related to object use), demonstrating that imitative deficit

of these types of gestures should be attributable to motor

dyspraxia rather than to sensory motor integration deficit

(Stieglitz Ham et al. 2010). Another study showed that

individuals with autism were as much impaired in making a

gesture in demand as in making it by imitation, demon-

strating that the implication of a mirror neuron system

dysfunction in the imitation deficit among individuals with

autism is not found (Leighton et al. 2008). Questions have

also been raised as to whether deficits in imitation reflect

more neurological impairments or perceptual, sensory

motor integration or motor difficulties (Smith and Bryson

1994; Vanvuchelen et al. 2007).

Impairments in attentional or perceptual processes, i.e.

the first stages of the imitation process, might contribute

importantly to the deficit of imitation in autism (see Viv-

anti et al. 2008, for a detailed description). If this percep-

tion does not take place correctly or is distorted, the

cascading processes cannot be intact. More precisely,

perception of another’s action is contingent on the ability to

process the movement involved in this action, which can be

considered a biological motion, because it is a movement

from an animate being.

In the current study, the focus is on the physical aspect

of imitation rather than on its meaning or familiarity. The

dual-route model of praxis processing proposes that two

processes are involved in imitation (Rumiati and Tessari

2002). After the visual analysis, if the imitation concerns a

meaningless action, i.e. that do not convey any general

significance or goal and can be described only in terms of

postures (Gowen et al. 2008), action is imitated only using

the processing route leading to the motor system, whereas

if the imitation concerns a meaningful action, i.e. that has a

semantic association, social significance or goal (Gowen

et al. 2008), the action is imitated using both direct (non-

semantic route) and semantic route. In fact, meaningful

actions are stored in the long-term memory because they

have been previously acquired. An example of a mean-

ingless gesture might be striking each thigh with each hand

in turn, whereas a meaningful one would include social

significance or a goal, such as waving goodbye. More

attention would be paid to the movement of the unfamiliar

action of striking the thigh (meaningless action) to ascer-

tain details such as the number of strikes or the amplitude

of the movement, and less attention would be paid to the

movement itself for a familiar gesture such as waving

goodbye, which can be understood and reproduced with

less accuracy. In this manner, understanding and repro-

ducing meaningless gestures entail more attention to the

execution of the movement, whereas meaningful gestures

are imitated with respect to their goal even if details are

ignored (Grézès et al. 1999; Bekkering et al. 2000). A

recent study showed that movement changes were reflected

more accurately in the imitation of non-goal meaningless

actions which can be attributed to direct visuomotor map-

ping of the action (Wild et al. 2010). Some studies showed

that individuals with autism are more impaired in repro-

ducing meaningless gestures (see Williams et al. 2004, for

a review) whereas some other studies showed that they are

impaired in the imitation of both meaningless gestures and

meaningful ones (e.g. Vivanti et al. 2008; Stieglitz Ham

et al. 2010).

Given that the aim of the present study is to examine the

role of movement perception and especially the influence

of the speed of gestures’ presentation on imitation perfor-

mances among individuals with autism, we chose to focus

on meaningless gestures rather than on meaningful ones.

Impairments in Biological Motion Perception Among

Persons with Autism

A growing body of fMRI and behavioral studies indicates

that individuals with autism spectrum disorders (ASD)

experience difficulty perceiving biological movements

displayed either through point-light animations (e.g. Blake

et al. 2003; Freitag et al. 2008; Herrington et al. 2007; Klin

et al. 2009), or through real facial or body movements

(Gepner et al. 2001). Impairments in biological motion

perception among individuals with ASD could originally

be due to problems in the perception and on-line processing

of rapid movements or changes occurring in their visual

environment (e.g. Gepner et al. 1995; Gepner and Mestre

2002a, b; Rinehart et al. 2010). As previously suggested

(Welsh et al. 2005; Gepner and Féron 2009), such basic

impairments would also result in slowed speed of infor-

mation processing that was ascertained in several atten-

tional, perceptual and cognitive tasks (Dawson et al. 2005;

McPartland et al. 2004; Webb et al. 2006). Consequently,

slowing down the presentation of biological movements
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may enhance their motion perception. Previous studies

showed that, compared to typically developing children,

children with autism better recognized and spontaneously

imitated emotional and non-emotional facial expressions

when they were presented slowly than when they were

presented at a standard speed (Gepner et al. 2001; Lainé

et al. 2008a; Tardif et al. 2007). Furthermore, the degree of

autism severity may be linked to the level of deficit in

biological motion perception (as also shown by Blake et al.

2003), with the more severely affected children benefiting

the most from a slower presentation speed in terms of

performances on tasks of facial expressions recognition and

of spontaneous imitation.

Based on the notion of impaired processing of biological

motion among persons with autism, we hypothesized that,

as it was the case with spontaneous imitation, requested

imitation would be improved when the speed of presenta-

tion of the movement is slower. In a pilot study, it was

found an improvement in the imitation of gestures by

children with autism when gestures were presented slowly,

whereas the speed of presentation had no impact on the

imitation performances of typically developing children

matched with the former on verbal and nonverbal mental

age (Lainé et al. 2008b). However, this study cannot reveal

whether the benefit of slowed down presentation was

related to the developmental delay associated to autism, or

to the autistic symptomatology per se. As the evidence that

IQ is related to the speed of information processing, with

the lower IQ being related to slower reaction times among

adults and children with (Kail 1992) and without intellec-

tual disability (Grudnik and Kranzler 2001), individuals

with intellectual disabilities might also need to perceive

stimuli more slowly than individuals with average IQs.

Accordingly, in order to control for IQ effects, we com-

pared imitative performances of individuals with autism

with those of persons with Down syndrome, a homoge-

neous intellectual disability (ID) of known etiology.

According to these observations, the present study

included four aims. One was to investigate facial and body

imitation in relatively low functioning children and ado-

lescents with autism as compared to typically developing

children and children and adolescents with ID, with the

groups matched on verbal and nonverbal mental age, and

on gender. The second was to replicate previous findings of

the benefits of slowed down presentations of biological

motion on imitative performances among children and

adolescents with autism. The third was to examine whether

the potential benefit of the slowed presentations might

particularly enhance performance of participants with the

more severe autistic behaviors. Fourth, the comparison

between the participants with autism and those with intel-

lectual disability allows us to investigate whether this

benefit might be specific to autism or relevant more

generally to intellectual disability. We predicted that the

participants with autism would imitate worse than typically

developing participants and participants with ID (Libby

et al. 1997), and that more of the severely affected children

with autism would show improvement with slowed

presentations.

Method

Participants

The Experimental Group

The group with autism (AUT) was composed of 19 children

and adolescents (4 girls and 15 boys), aged from 6;4 to

17;6 years (mean = 11;8 years—SD = 3;8), diagnosed in

accordance with DSM IV-TR criteria (APA 2000) by an

experienced child psychiatrist (BG). Participants were

included if they received a diagnosis of autism only (i.e.

those with Asperger syndrome or PDD-NOS were not

included), without any comorbid disorder. They all had

normal or corrected-to-normal vision. The severity of their

symptoms was measured on the Childhood Autism Rating

Scale (CARS; Schopler et al. 1980), which has been shown

to have a high level of agreement with the Autistic Diag-

nostic Interview-Revised (Pilowski et al. 1998; Saemund-

sen et al. 2003). The CARS’s scores were assessed in all

participants by the same child psychiatrist as well (BG), and

revealed scores of between 31 and 38.5, ranging from mild

autism to moderate-severe autism (according to the CARS

manual, the minimum score for having a diagnostic of

autism is 30). The experimental group was divided into

three subgroups, according to the autism severity. The

‘‘severe’’ subgroup included children with a CARS’s score

above 37; the ‘‘moderate’’ subgroup included children with

a score between 35.5 and 37; and the ‘‘mild’’ subgroup

included children with a score between 30 and 35. Note that

the notion of severe autism was relative here, the CARS

threshold for severe autism being 38.5 (see Table 2).

General imitation level of the participants with autism

was assessed with the ‘‘Imitation’’ subscale of the CARS,

and proved to range between mildly abnormal and mod-

erately abnormal (M = 2.3—SD = 0.51). Movements’

coordination of the participants with autism was assessed

with the ‘‘Body Use’’ subscale of the CARS, and proved to

range between normal and moderately abnormal

(M = 2.26—SD = 0.48).

The Verbal Mental Age Assessment and Matching

The verbal mental age (VMA) of each child with autism

was rated on the EVIP (Échelle de Vocabulaire en Images
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Peabody; Dunn et al. 1993), which measures vocabulary

comprehension. The participants had a VMA of between 2

and 10 years (mean = 4;6 years—SD = 2;0). Measuring

their VMA allowed us to ensure that they were capable of

understanding the verbal instructions for performing the

test, which required a minimum VMA of 2 years (Con-

science et al. 2003; Girard 1996). It also enabled us to

match them individually to typical children of a first con-

trol group (C-VMA, see below). As some individuals with

autism in our sample had not developed an oral language,

their level of expressive communication was not used to

match participants with autism with the matched typically

developing children and children with Down syndrome.

The Nonverbal Mental Age Assessment and Matching

The nonverbal mental age (NVMA) of each participant

with autism was measured on the Progressive Matrix

Coloured-Test (PMC-T; Raven 1981) and two subtests

(Triangles, Matrix Analogues) of the nonverbal scale of

the Kaufman-Assessment Battery for Children (K-ABC;

Kaufman and Kaufman 1993). On these measures, the

participants achieved a NVMA of between 3;9 and

12;6 years (mean = 6;10 years—SD = 2;5). Measuring

their NVMA allowed us to match the subjects individually

with typical children of (C-NVMA, see below) as well as

with children with intellectual disability of known etiology

(Down syndrome) (C-DS, see below). We were unable to

match one of the participants with autism with a participant

in each of the C-NVMA and C-DS groups, as his score on

the NVMA assessment fell below the threshold. Another

child with autism achieved a NVMA score of 12;6 years,

an age which is difficult for an individual with Down

syndrome to achieve. Thus, we were unable to match this

child to one in the C-DS group.

The Comparison Groups

The C-VMA comparison group included 19 typically-

developing children, aged from 2;2 to 10;1 years

(mean = 4;7 years—SD = 1;11), who were matched

individually to the children with autism for gender and

VMA.

The C-NVMA comparison group included 18 typically-

developing children, aged from 3;9 to 12;6 years

(mean = 6;10 years—SD = 2;5), individually matched to

the children with autism for gender and NVMA.

None of the typically developing comparison children of

both groups had been diagnosed with an ASD or intellec-

tual disability, nor had a history of neuropathology or other

psychiatric illness. They all had normal or corrected-to-

normal vision.

The C-DS comparison group included 17 children and

adolescents with Down syndrome, aged from 6;11 to

19;11 years (mean = 14;5 years—SD = 3;5), individually

matched to the children with autism for gender and

NVMA. The sex ratio for Down syndrome is 1:1 (Ab-

beduto et al. 2007; Sherman et al. 2007), whereas it is

approximately 4:1 (male to female) for autism (Fombonne

2003), making it difficult to perform exact matching on the

basis of gender. The children and adolescents of this group

were included in the study when they presented no

comorbid disorder. They all had normal or corrected-to-

normal vision.

The characteristics of the participants in the different

groups are summarized in Table 1.

In order to determine whether the motion perception

disorder is linked with the autistic symptomatology or with

the intellectual level (i.e. the mental age), we divided the

participants of all groups into 3 subgroups according to

their NVMA and their VMA (see Table 2).

Material

Filmed Sequences

A woman (the model) was filmed with a webcam, while

displaying 20 facial or body meaningless gestures. The

gestures were inspired either from various standardized

imitation batteries (K-ABC; Kaufman and Kaufman 1993;

Table 1 Characteristics of the

participants in the four groups
Group (size) Sex ratio (F/M) Chronological age

Mean (SD)

Range

VMA

Mean (SD)

Range

NVMA

Mean (SD)

Range

CARS

Mean (SD)

Range

AUT

(N = 19)

4/15 11;8 (3;8)

6;4–17;6

4;6 (2;1)

2;1–10;0

6;10 (2;4)

3;9–12;6

36;05 (1,92)

31–38;5

C-VMA

(N = 19)

4/15 4;7 (1;11)

2;2–10;1

4;6 (2;0)

2;1–10;1

– –

C-NVMA

(N = 18)

5/13 6;10 (2;5)

3;9–12;6

– 6;10 (2;5)

3;9–12;6

–

C-DS

(N = 17)

6/11 14;5 (3;5)

6;11–19;11

– 6;2 (1;9)

3;0–9;6

–
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PEP-R, Psycho-Educational Profile Revised; Schopler et al.

1994; Gesture Test; Cermak et al. 1980) or from batteries

used in other studies (Beadle-Brown and Whiten 2004;

Green et al. 2002; see Appendix; Fig. 1).

The gestures were displayed at a reference ecological

speed named S1 (see below). At this speed, each gesture

lasted about 2 s. To obtain this ecological speed, we asked

the woman to make the gesture as if somebody would have

to reproduce it afterwards. The gestures were repeated and

recorded several times, and there were only subtle differ-

ences in the timing of the different essays. The most

accurate essay was then chosen for the experiment. The

same operation was repeated for all the gestures.

The 2-s filmed sequences of the 20 gestures were then

implemented on a laptop computer (DELL� Latitude

D600).

Table 2 Distribution of the participants of the experimental and control groups in function of the VMA, the NVMA and the severity of autism

Sample Autism severity (CARS) NVMA (K-ABC and PMC-T) VMA (EVIP)

Severe Moderate Mild Low Middle High Low Middle High

AUT 6 7 6 6 7 6 7 9 3

C-VMA 7 9 3

C-NVMA 5 7 6

C-DS 5 7 5

In subdivision according to the autism severity, the ‘‘severe’’ subgroup includes children with a CARS’s score above 37; the ‘‘moderate’’

subgroup includes children with a score between 35.5 and 37; and the ‘‘mild’’ subgroup includes children with a score between 30 and 35. Note

that the notion of severe autism was relative here, for the CARS threshold for severe autism is 38.5 and scores can be as high as 60 for the most

severe cases

In subdivision according to the NVMA, the ‘‘low’’ NVMA includes children with an NVMA inferior to 5 years; the ‘‘middle’’ NVMA includes

children with an NVMA between 5;1 years and 7;0 years; and the ‘‘high’’ NVMA includes children with an NVMA between 7;1 years and

12;6 years

In subdivision according to the VMA, the ‘‘low’’ VMA includes children with a VMA inferior to 4 years; the ‘‘middle’’ VMA includes children

with a VMA between 4;1 and 7;0 years; and the ‘‘high’’ VMA includes children with a VMA between 7;1 years and 10;1 years

Body movement  
(hands strike each thigh in turn) 

Arms movement (raise arms above head) Facial movement (puff out cheeks) 

Hand movements  
(thumb touches all the other fingers simultaneously) 

Fig. 1 Example of movements from each type of spheres (face, hand, arm, and body)
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Software Program and Task Description

A computer software program, specially designed for the

experiment, was implemented on the computer. It aimed at

reducing the speed of a signal made up of a video input (the

output of the camera used to film the model). Via the

software program, the reference speed S1 of the model’s

gestures was slowed down in a systematic manner, at two

different speeds: (1) a ‘‘slow’’ speed, named S2, which

corresponded to S1 slowed down by a factor of 2: at this

speed, each sequence lasted 4 s, and (2) a ‘‘very slow’’

speed, named S3, which corresponded to S1 slowed by a

factor of 2.5: at this speed, each sequence lasted 5 s. Each

sequence was defined by a parameter file specifying the

slowed-down speed.

We therefore obtained 60 filmed sequences, i.e. the 20

initial sequences presented at 3 different speeds (S1, S2,

S3). This set-up was completed by a graphical user inter-

face used to display the stimulus sequences to the partici-

pant. The 60 sequences were then recorded in a random

order, and ready to be displayed to the participants on the

computer screen.

Procedure

The participants were tested individually in a quiet room,

either in their child day care psychiatric unit or special

school for handicapped children, or at their regular school,

in Marseille, Aix-en-Provence and suburbs. Each partici-

pant first passed the EVIP, then the K-ABC and PMC-T

and to finish the experimental tasks. Before starting the

scoring of the experimental tasks, we first administered a

series of 4 examples demonstrating what the participants

would be asked to do. Each participant was asked by the

experimenter to look at the first sequence on the computer

screen carefully and to reproduce the gesture he/she had

seen at the end of the sequence. At the end of each

sequence, the screen went blank in order to elicit a gesture

based on the entire dynamic set of movement the children

had seen, rather than on the final static image still in front

of them. After the participant had produced a gesture, the

experimenter scored his/her gesture. Then the second

sequence was displayed, and so on.

Scoring

Scoring was designed to reflect the completeness of imi-

tation. If the child reproduced the entire gesture com-

pletely, he/she scored 2 points (for example, if the gesture

implies to stretch out fingers, with palm facing the floor,

then rotate hand until facing the ceiling, the child has to

reproduce every step of this gesture from the beginning to

the end exactly in the same order). If the reproduction was

incomplete (e.g. the child rotates his/her hand but doesn’t

stretch out his/her fingers), only 1 point was awarded.

Lastly, if the child failed to reproduce any part of the

gesture at all, or performed an entirely different movement,

he or she scored 0. Each child could therefore have a total

score of between 0 and 120. Ten percent of the entire data

set was coded by two raters to calculate interrater reli-

ability, using intraclass correlation, which was high (0.80).

Data Analysis

The data were subjected to a repeated-measures ANOVA

(4 (Group) 9 3 (Presentation speed)), with the imitation

score as the dependent variable and the presentation speeds

as the repeated measures. For the post-hoc analyses, we

used Tukey’s HSD.

In order to compare the effects of the slower presenta-

tions on the performances of the children between sub-

groups according to the NVMA, the VMA and the severity

of autism, we chose to perform the nonparametric chi

square test as we were comparing actual numbers, not

means. We consider the Fisher exact probability test for the

significance threshold because the Fisher exact is more

conservative and appropriate for small sample (Chanquoy

2005; Howell 2009). We deemed that a child had benefited

from a slowed down presentation if he/she scored at least 2

points more with one of the two slower presentation speeds

(S2 and/or S3) than with the reference speed (S1). We also

compared the overall imitation performance between the

three subgroups with autism—according to (1) the severity

of autism, (2) the NVMA and (3) the VMA—and between

subgroups with autism and subgroups of the comparison

groups. As each subgroup comprised few participants

(between 5 and 7 depending on the subgroup), a non-

parametrical calculation was used (i.e. U of Mann–Whit-

ney) to compare the rank of the scores instead of the mean.

Results

A between group analysis of the participants’ imitative

performances revealed a simple effect of the ‘‘group’’

variable [F(3,69) = 5.3, p = 0.002; g2 = 0.19] (see

Fig. 2). Post-hoc analyses revealed that the AUT group

performed more poorly than the C-VMA (p = 0.02) and

C-NVMA groups (p = 0.002), but not than the C-DS

group (p = 0.13) (AUT group: M = 80.79—SD = 27.36;

C-VMA group: M = 99.05—SD = 12.70; C-NVMA

group = M = 104.94—SD = 14.05; C-DS: M = 96.12—

SD = 15.6).

The overall score in imitation of the participants of the

AUT group is negatively correlated with the CARS’ score,

i.e. participants with the highest CARS’ score (revealing
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the most severe autism) are those having the lowest score

in imitation (s = 0.64, p = 0.0001).

When the group with autism is divided into three sub-

groups, according to the severity of autism, participants

with mild autism perform better than both participants with

moderate autism (participants with mild autism:

M = 107.17, SD = 11.28; participants with moderate

autism: M = 86, SD = 12.85; Z = 2.28, p = 0.022) and

participants with severe autism (M = 53.17, SD = 23.35;

Z = 2.88, p = 0.004). Note that the former obtained near

ceiling scores that probably left little room for progression.

Participants with moderate autism also performed better

than participants with severe autism (Z = 2.42,

p = 0.015).

According to the level of VMA, participants with autism

having the lower VMA performed worse in imitation than

participants with autism having middle and high VMA

(Z = -2.27, p = 0.028 and Z = -2.12, p = 0.03,

respectively). No significant difference was found accord-

ing to the level of NVMA (Zs [ -1.68, ps [ 0.09).

Comparisons with other groups reveals that participants

with autism having the highest VMA and NVMA per-

formed equally as well as children with DS and typically-

developing children (all Zs [ -1.2, all ps [ 0.229),

whereas participants with autism having either a middle or

low VMA or NVMA performed worse than typically-

developing children and children with DS (Zs \ -1.98,

ps \ 0.047).

Second, we observed no significant effect of the ‘‘pre-

sentation speed’’ variable [F(2,138) = 1.73, p = 0.18;

g2 = 0.02] and of the ‘‘group 9 presentation speed’’

interaction [F(6,138) = 0.98, p = 0.44, g2 = 0.04] (see

Fig. 3). Levels at the two subscales of the CARS, ‘‘Body

Use’’ and ‘‘Imitation’’, were not correlated to the impact of

the speed of presentation on the performances of the AUT

group (s \ 0.22, p [ 0.19).

However, when the AUT group was divided into three

subgroups according to the autism severity, more of the

members of the ‘‘severe’’ subgroup benefited from the

slower presentations than the members of the ‘‘moderate’’

and ‘‘mild’’ subgroups (v2 = 4.27; p = 0.008; u = 0.57

and v2 = 6; p = 0.01; u = 0.71, respectively) (see

Table 3). No difference was found between the members of

the ‘‘moderate’’ subgroup and those of the ‘‘mild’’ sub-

group (v2 = 0.03; p = 0.85; u = 0.05). Moreover, all the

children with severe autism were helped by the slower

presentations, which was not the case for their ‘‘moderate’’

or ‘‘mild’’ counterparts (see Table 3).

When the children with autism were divided into three

subgroups according to their VMA, it was found that more

of the members of the low VMA subgroup benefited from

the slower presentations than the members of the middle

VMA subgroup (v2 = 6.35; p = 0.02; u = 0.63). The

other comparisons did not reach the significance (low

VMA subgroup vs. high VMA subgroup: v2 = 0.03;

p = 0.53; u = 0.05—middle VMA vs. high VMA:

v2 = 0.5; p = 0.24; u = 0.20).

When the children with autism were divided into three

subgroups according to their NVMA, no subgroup was

helped by the slowed down presentations (v2 \ 3;

ps [ 0.12).

None of the difference between subgroups in each

comparison group reached the significance (for C-VMA:

v2 \ 2.86; ps [ 0.12; for C-NVMA: v2 \ 0.63; ps [ 0.41;

for C-DS: v2 \ 3; ps [ 0.12).
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Fig. 2 Mean imitation scores (and standard deviations) of all four

groups: Typically-developing children group matched to children

with autism on Verbal Mental Age (C-VMA), typically-developing

children group matched to children with autism on Nonverbal Mental

Age (C-NVMA), children with Down syndrome group matched to

children with autism on Nonverbal Mental Age (C-DS) and children

with Autism group (AUT)
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Fig. 3 Mean imitation scores (and standard deviations) of the four

groups (C-VMA, C-NVMA, C-DS and AUT) according to the speed

of presentation (S1, S2, S3)
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Discussion

This study aimed at measuring facial and body imitation in

autism, and more specifically the impact of the speed of

presentation of facial and body movements on imitative

performances of individuals with autism compared to these

of typically developing participants and participants with

Down syndrome. Our main findings showed that (1) chil-

dren with autism scored significantly lower on imitation of

gestures than the typically developing children, but not

than those with Down syndrome, (2) the whole group of

children with autism did not imitate better when the ges-

tures were slowed down than when they were presented at

normal speed but, as expected, (3) the most affected chil-

dren with autism in our sample benefited more from slowed

down presentation than the less affected ones. Conversely,

no other subgroups of comparison participants displayed

such a benefit. Overall, although the benefit of slowed

presentation was not systematically observed in the whole

group but only among participants with the most severe

autism, it seems however to be specific to autism, and also

related to the severity of the syndrome.

Overall Imitation Performance

Given the data on imitation of action in individuals with

autism showing a general deficit in imitating another’s

actions we had assumed that the participants with autism in

our study would imitate the model’s gestures less suc-

cessfully than typically developing participants. This

assumption proved correct. The overall imitation perfor-

mance among participants with autism was significantly

worse than among the typically developing children mat-

ched either on VMA or NVMA. Our results also show that

participants with autism having low and middle VMA

performed worse in the imitation task than their typically

developing VMA-matched children, whereas participants

with autism having higher VMA performed equally as well

as their typically developing VMA-matched comparison

children. As consistently shown earlier (e.g. Stone et al.

1997; Rogers et al. 2003), there is a relationship between

the level of language development (here, the level of

vocabulary comprehension) and imitation performances in

autism. Moreover, our finding shows that the most severe

autism, including the most important social impairments, is

associated with the lower imitation performances, which is

also in line with previous studies (e.g. Rogers et al. 2003).

Imitation is a key indicator of communication, especially in

typically developing preschoolers (Nadel 2006), and pro-

motes the acquisition of pragmatics (Nadel et al. 1999;

Nadel and Pezé 1993), the construction of the self and

differentiation between self and non-self (Wallon 1934),

the ability to attribute agency and intentionality (Meltzoff

2007; Nadel and Potier 2002; Russell 1990), and the ability

to attribute mental states (Rogers and Pennington 1991).

Imitation is, therefore, a good predictor of a child’s future

social abilities. Consequently, in people with autism,

impaired imitation contributes to poor communication and

comprehension of the social world. Our results confirm that

there is a link between severity of autism, language

development and imitation performance but still, do not

explain why and how such a link exists.

Biological Motion Perception: Impact of the Speed

of Movements’ Presentation

As said in Introduction, questions have been raised as to

whether deficits in imitation reflect more (1) perceptual, (2)

sensory motor integration or (3) motor difficulties (Smith

and Bryson 1994; Vanvuchelen et al. 2007). Given a

growing body of data, we assumed that disordered per-

ception and sensory motor integration of physical and

biological movements (particularly the rapid ones) among

individuals with autism could explain cascading effects and

result in many of their motor, imitative, communicative

and social symptoms (Gepner and Mestre 2002a; Gepner

and Féron 2009, for a review).

Contrary to our expectations the group of participants

with autism as a whole, compared to the three other groups

of participants, did not benefit from slowed presentations of

Table 3 Number of children of each group with different levels of autism severity, NVMA and/or VMA helped by slower presentations

Autism severity NVMA VMA

Severe Moderate Mild Low Middle High Low Middle High

AUT 6-0 2-5 2-4 5-1 3-4 2-4 6-1 2-7 2-1

C-VMA 6-1 4-5 1-2

C-NVMA 2-3 2-5 3-3

C-DS 1-4 5-2 1-4

The numbers represent the distribution of participants helped (to the left of the pair of numbers)-non helped (to the right of the pair of numbers)

by slowed presentations
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facial and body movements. It could be concluded that

imitation deficits in individuals with autism would not be

based on a rapid visual-motion processing deficit. Another

interpretation is that the experimental display is not sen-

sitive enough to reveal a positive impact of slowed pre-

sentations of facial and body movements on imitation in

our group with autism as a whole. The fact that participants

with mild autism obtained ceiling or near ceiling scores of

imitation, leaving only little opportunity for progression, is

in favour of this second interpretation. Besides, even

though abnormal imitation has also been demonstrated in

Asperger syndrome or high-functioning autism individuals

(Avikainen et al. 2003; Nishitani et al. 2004; Stieglitz Ham

et al. 2008), previous studies on motion perception in

autism (e.g. Blake et al. 2003; Gepner and Mestre 2002b),

and several self-reports of autistic adults (e.g. Williams

1992; Grandin 1995) suggested that there is a gradient of

deficit in motion perception in the autistic population, the

most severely affected persons displaying the most

impaired motion perception, as seen for instance on facial

expression recognition task (Tardif et al. 2007) and on

imitation task (Lainé et al. 2008b). These arguments alto-

gether are consistent with the second interpretation, and led

us to further investigate the impact of slowed presentations

of gestures on imitation performance in participants with

autism according to the severity of their syndrome, as well

as to their level of VMA and NVMA.

As expected, more of the participants of the ‘‘severe’’

autism subgroup benefited from the slower presentations of

facial and body movements than children having moderate

or mild autism. However, as said above, it is worth men-

tioning that children and adolescents with mild autism

reached or almost reached ceiling performances. The lack

of significant benefit from slowed presentations in the

whole AUT group could partly be due to this ceiling effect.

Half of the participants with mild autism had scores of

between 112 and 120 (120 being the maximum score).

Within the remaining half, scores were of between 104 and

78, and two-thirds of this subgroup had better performance

in slowed speeds. The same trend was observed within the

participants with moderate autism. When examining results

in this way, one can see that participants with mild or

moderate autism who did not obtain the maximum score

have been helped by the slow speeds. Future studies should

involve a larger sample of participants with a larger spec-

trum of autism severity and should also propose move-

ments with graduated complexity.

Besides, children with autism who had the lowest VMA

also benefited the most from the slowed down presentations

of movements as compared to those with the moderate

VMA. However, the comparison between low and high

VMA children with autism did not reach significance,

making these results inconsistent: a replication of this study

including children with autism having a larger range of

VMA levels should also be conducted. In parallel, none of

the subgroups of the C-VMA comparison group benefited

from slowed presentations. None of the subgroups of par-

ticipants benefited from slowed presentations when the 3

groups of participants were divided according to their

NVMA neither (AUT group, C-NVMA and C-DS groups).

Although the benefit of slowed presentations of facial and

body movements on imitation was not significant in any of

our groups of participants as a whole, the slowed presen-

tations of facial and body movements enhance imitative

performances among the persons with autism with most

severe autistic symptomatology. The benefit of slowed

presentations of facial and body movements seems there-

fore to be specific to autism, and related to the severity of

the syndrome.

Finally, since the biological movements used in our

study involved a person, and therefore had a social com-

ponent, we do not know whether the deficits observed in

participants with autism are perceptual in general rather

than a phenomenon that occurs only in social situations

(Klin et al. 2004). Several observations already provided

preliminary evidence of the presence of motion perception

disorders independent from the existence of a social pro-

cessing disorder in autism. First, a study revealed that

biological motion processing deficit in autism cannot be

explained by the need to process emotional content of the

stimuli (Cook et al. 2009). Second, motion and temporal

perception disorders using non social paradigms were

found in autism (e.g. Gepner et al. 1995; Spencer et al.

2000; Milne et al. 2002; Rinehart et al. 2010). These

findings are consistent with a general motion perception

deficit in autism (Kaiser and Shiffrar 2009), particularly

when the speed of motion is high (Gepner and Féron 2009).

These findings suggest that children with severe autism

were helped by the slowed presentations because they

might need more time to read biological motion informa-

tion, and not social information, in the model.

Overall, our results show that some children with aut-

ism, mainly but not only those with rather severe autism

and low verbal level, present enhanced imitative perfor-

mances when the facial and body movements to be imitated

are slowed down. This main result is in line with the rapid

visual-motion perception and integration deficit hypothesis

of autism (Gepner and Mestre 2002a), which constitutes

one example of temporo-spatial processing disorders of

multi-sensory flows in autism (Gepner and Féron 2009).

Motor and Sensory Motor Explanations

Other explanations should be examined to account for

imitation deficit in our sample of participants with autism.

In particular, their low imitation performances compared to
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those of typically developing comparison children could

also be explained by motor impairments. Although they

had normal to moderately abnormal scores at the two

subscales of the CARS ‘‘Body Use’’ and ‘‘Imitation’’, their

scores were however not correlated to the impact of the

speed of presentation of facial and body movements in the

AUT group (s\ 0.22, p [ 0.19), i.e. the possible benefit of

the reduced speed of gestures on their imitation perfor-

mances is not correlated to these motor items.

In the literature, several studies previously showed that

motor impairments of children with autism were not

always sufficient to explain their imitation deficit (Rogers

et al. 1996, 2003; Stieglitz Ham et al. 2008, 2010) and that

such impairments do not appear to be specific to imitation

(Mostofsky et al. 2006). The contribution of motor abilities

to imitation in autism ranges from 0 to 80% across the

studies (Bennetto 1999; Rogers et al. 2003; Smith and

Bryson 1998; Vanvuchelen et al. 2007), depending on what

type of instruction and task the participants have to do, and

consequently depending on imitative demands inherent to

the instructions. For instance, Dewey et al. (2007) conclude

in their study that even when level of motor skills was

controlled for, the gestural impairments found in children

with autism in performing gestures to command and imi-

tation are not only due to deficits in motor coordination.

Besides, some authors tend to show the existence of limb

apraxia in autism, which could have repercussion in imi-

tation performances in this population (Stieglitz Ham et al.

2010). Dyspraxia in autism could be, at least in part, due to

problems with transforming spatiotemporal representations

of movements into the motor sequences necessary to

accurately perform skilled gestures (Steinman et al. 2010).

For instance, Dowell et al. (2009) suggested that visual

perception impairments should be considered in the inter-

pretation of findings on praxis performances in order to add

temporal sequencing to spatial configuration. Finally, it

was recently found no evidence that either motor or

attentional aspects of imitation tasks contributed to the

poorer imitative performance of children with autism

(Rogers et al. 2010).

To summarize, even if motor impairments are often

present in children with autism and could partly explain

their imitation deficit, other components such as visual

motion perception or visuo-motor integration deficits (as

already shown in autism with physical movements, e.g.

Gepner and Mestre 2002b) could strongly contribute to

such imitation deficit too.

Autism Compared to Down Syndrome

Participants with Down syndrome performed worse in

imitation tasks than their typically developing children.

However, they did not perform significantly better than

participants with autism, which is inconsistent with previ-

ous finding revealing that the imitative skills of children

with Down syndrome were better than among children with

autism (Libby et al. 1997).

As we also wanted to know whether the benefit of

slowing down the speed of presentation of biological

movements on imitation performance could be observed in

other populations, we examined the possibility of such a

benefit among children with Down syndrome (DS). We did

not find any significant benefit from slowed down presen-

tations nor in the whole group of DS participants, neither in

any of the 3 subgroups divided according to NVMA.

However, given that imitation performance and verbal

level are generally correlated in autism (Rogers et al.

2003), we cannot rule out the possibility that one or more

of the subgroups of DS participants would have benefited

from slowed presentations if they had been divided

according to VMA. A further study should take the VMA

of participants with DS into consideration.

Although individuals with autism and those with Down

syndrome both present imitation deficits, it seems that the

underlying mechanisms are somewhat different in the two

different groups: Participants with DS are apparently less

sensitive to the reduced speed of the biological movements

than those with autism.

Motor impairments among children with Down syn-

drome could explain their lower performances compared to

those of the typically developing children. The attainment

of early motor milestones, such as grasping, sitting, walk-

ing, occurs across wide variability from one individual with

Down syndrome to another (Spanò et al. 1999). Such motor

impairments might thus negatively influence imitation

performances of individuals with Down syndrome. Tem-

poral aspects of anticipatory actions and dynamic aspects of

action perception could explain their motor impairments

(Henderson et al. 1981) and consequently their poor imi-

tation performances. Finally, some studies also revealed

anatomical and structural brain differences in individuals

with Down syndrome, namely in some areas involved in the

visual analysis of human motion (Nadel 1999), as well as a

slow information processing speed in general (Zelazo and

Stack 1997), possibly also contributing to imitation deficits.

To summarize, the difficulty of individuals with Down

syndrome reproducing gestures might also arise from

complex impairments in action perception and integration,

whose exact nature and similarities/discrepancies with

those of individuals with autism are still unknown and

should be further explored.

Visual Attention to the Gestures

The aim of our study was to examine whether imitation

deficits in autism could be partly explained by impairment
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in movement perception. As said in introduction, the ges-

tures displayed in the present study were meaningless in

order to investigate imitation of movement per se: as no

significance was associated to the gestures, individuals

could not use mechanisms of social learning and/or their

personal experience to reproduce the gestures. Our results

suggest that at least some participants with autism present

movement perception impairments that could explain their

imitation deficits.

Interestingly, in an imitation study, Vivanti et al.

(2008) showed that children with autism displayed qual-

itatively similar patterns of visual attention compared to

typically developing children: They looked at the region

of the action for the same amount of time, and they also

looked at the region of the face as well as typically

developing children, but with a decreased amount of time.

Moreover, the duration of visual attention to the model’s

action was related to imitation accuracy for meaningless

gestures in children with autism. In our study, we might

assume that slowing down the gesture possibly allowed

the children and adolescents with autism to look at the

correct regions on the video and therefore imitate better.

This crucial point needs further exploration using eye

tracking measures in order to further apprehend the

explanatory part of motion perception processing and that

of visual attention on the improvement of imitation in

individuals with autism.

Neurobiological Correlates

A recent study on imitation using blood oxygen level

dependent (BOLD) fluctuations showed atypical connec-

tivity within the imitation network (inferior frontal gyrus,

inferior parietal lobule, and superior temporal sulcus) in

adults with autism (Shih et al. 2010). As also recently

suggested (Gepner and Féron 2009), the biological

movement perception and imitation deficits observed

among individuals with autism might be linked to a pat-

tern of functional disconnectivity (i.e. under- and/or over-

connectivity) between several areas involved in move-

ment and temporal processing and perception–action

coupling, such as the magnocellular pathway (McCleery

et al. 2007), the dorsal stream (Villalobos et al. 2005), the

cerebellum (Allen and Courchesne 2003), the superior

temporal sulcus (Hadjikhani et al. 2007), and the mirror

neuron system (Oberman et al. 2005; Dapretto et al.

2005). In this context, rapid movements may increase or

at least reveal this disconnectivity, whereas slow move-

ments may decrease this disconnectivity, possibly

enhancing biological motion perception and imitation

among the participants with autism. Future studies could

further test this hypothesis.

Final Conclusion

Slowing down the delivery of dynamic visual information

with the help of our software enhanced the imitative per-

formances of some of the children and adolescents with

autism. Our findings may, therefore, open a new window

for the comprehension and rehabilitation of perceptual and

imitative deficits in autism. Adapting this software for

individuals with autism in a more ecological way may help

to improve their social integration by providing the

opportunity to better perceive, understand, and imitate

other people.
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Appendix

Types of facial and body movements used in the study

1. Jump twice

2. Fold arms alternately at chest level

3. Raise arms above head

4. Strike each thigh with each hand in turn

5. One hand behind head, the elbow next to the torso,

touch this elbow with the other hand, including a

movement to the floor

6. Close eyes

7. Puff out cheeks

8. Stick tongue out

9. Open mouth a little

10. Close fist and move thumb up and down

11. Close hand (palm facing camera) into a fist, with the

thumb over the other fingers

12. Stretch arms out in front of chest, with hands and

arms parallel to the floor, and simultaneously and

symmetrically move them in circles

13. Stretch out the fingers of one hand (horizontal, profile

view). The thumb must then touch the other fingers

one by one, beginning with the index and ending with

the little finger, before returning to its initial position

14. With the palm facing the ceiling, join all fingers to

form a kind of tunnel

15. Stretch out fingers, with palm facing the floor, then

rotate hand until facing the ceiling
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16. Hold arms at sides, then stretch them out towards the

camera

17. Fold arm against torso, with index finger pointing to

camera, then extend arm towards camera

18. Hold arm at side, then touch top of head with hand

19. Point to camera with index finger at head level, then

touch nose

20. Hold arms folded at sides, then extend them until they

are parallel with the floor, with hands perpendicular

to arms

Sources of gestures:

Gestures 1, 2, 7 and 8 were derived from Beadle-Brown

and Whiten’s study (2004).

Gestures 4, 5, 6, 9, 10, 11, 15, 17, 18, 19 and 20 were

inspired by K-ABC items (Kaufman and Kaufman

1993).

Gestures 3, 13 and 14 were inspired by PEP-R items

(Schopler et al. 1994).

Gestures 12 and 16 were derived from Gesture Test

items (Cermak et al. 1980).
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de langage. 3 à 6 ans. Strasbourg: Access.

Cook, J., Saygin, A. P., Swain, R., & Blakemore, S.-J. (2009).

Reduced sensitivity to minimum-jerk biological motion in

autism spectrum conditions. Neuropsychologia, 47, 3275–3278.

Dapretto, M., Davies, M. S., Pfeifer, J. H., Scott, A. A., Sigman, M.,

Bookheimer, S. Y., et al. (2005). Understanding emotions in

others: Mirror neuron dysfunction in children with autism

spectrum disorders. Nature Neuroscience, 9, 28–30.

Dawson, G., & Adams, A. (1984). Imitation and social responsiveness

in autistic children. Journal of Abnormal Child Psychology, 12,

209–226.

Dawson, G., Webb, S. J., & McPartland, J. (2005). Understanding the

nature of face processing impairment in autism: Insights from

behavioral and electrophysiological studies. Developmental
Neuropsychology, 27, 403–424.

DeMeyer, M. K., Alpern, G. D., Barton, S., DeMyer, W. E.,

Churchill, D. W., Hingtgen, J. N., et al. (1972). Imitation in

autistic, early schizophrenic, and non-psychotic subnormal

children. Journal of Autism and Child Schizophrenia, 2,

264–287.

Dewey, D., Cantell, M., & Crawford, S. G. (2007). Motor and gestural

performance in children with autism spectrum disorders, devel-

opmental coordination disorder, and/or attention deficit hyperac-

tivity disorder. Journal of the International Neuropsychological
Society, 13, 246–256.

Dowell, L. R., Mahone, E. M., & Mostofsky, S. H. (2009).

Associations of postural knowledge and basic motor skill with

dyspraxia in autism: Implication for abnormalities in distributed

connectivity and motor learning. Neuropsychology, 23, 563–570.

Dunn, L. M., Thériault-Whalen, C. M., & Dunn, L. M. (1993).
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(2003). Autism diagnostic interview-revised and the childhood

autism rating scale: Convergence and discrepancy in diagnosing

autism. Journal of Autism and Developmental Disorders, 33,

319–328.

Schopler, E., Reichler, R. J., Bashford, A., Lansing, M. D.,

& Marcus, L. M. (1994). Profil psycho-éducatif (PEP-R).
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Shih, P., Shen, M., Öttl, B., Keehn, B., Gaffrey, M. S., & Müller,

R-A. (2010). Atypical network connectivity for imitation in

autism spectrum disorder. Neuropsychologia. doi:10.1016/

j.neuropsychologia.2010.05.035.

Sigman, M., & Ungerer, J. A. (1984). Cognitive and language skills in

autistic, mentally retarded and normal children. Developmental
Psychology, 20, 293–302.

Smith, I. M., & Bryson, S. E. (1994). Imitation and action in autism:

A critical review. Psychological Bulletin, 114, 259–273.

Smith, I. M., & Bryson, S. E. (1998). Gesture imitation in autism. I:

Nonsymbolic postures and sequences. Cognitive Neuropsychol-
ogy, 15, 747–770.
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