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Abstract: This study evaluates the correlation between failure to develop spontaneous imitation 

and language skills in pervasive developmental disorders. Sixty-four children between the 

age of 3 and 8 years were assessed using the Autism Diagnostic Interview-Revised (ADI-R), 

the Childhood Autism Rating Scale (CARS), and the Autism Diagnostic Observation Schedule 

(ADOS), as well as direct observation of imitation. The sample was subdivided into a verbal 

and a nonverbal group. Analysis of mean scores on the CARS “imitation” items and of ADI-R 

“spontaneous imitation” and “pointing to express interest” revealed a statistically significant 

difference between verbal and nonverbal groups, with more severe impairment/higher scores 

in the nonverbal than the verbal group. These results suggest that nonverbal children have 

specifically impaired imitation and pointing skills.
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Introduction
Several studies have provided strong evidence of an imitation deficit in autism,1–10 

but the specific nature of this deficit remains unclear. Interesting neurophysiological 

studies11 discovered “mirror neurons” in macaque monkey and a similar system of 

“mirror neurons” in humans.12,13 It is plausible that the mirror neuron system may be 

involved in imitation in typically developing individuals, and hence also provide the 

neurological basis for imitation deficits in the spectrum of autism disorders. Moreover, 

the location of these neurons in the equivalent of Broca’s area suggests that shared 

meanings form the basis of communicative movements, gesture and speech, that all 

originate from the firing of these mirror neurons,14 supporting a close relationship 

between movement and language.15

Few studies have explored the possible connection between failure to develop 

spontaneous imitation of actions and poor language abilities in autistic children, and 

these yielded conflicting results.16–22

The goal of the present study was to describe the relation between the development 

of spontaneous imitation skills and communication in a sample of children affected by 

autism disorders (AD) and pervasive developmental disorder not otherwise specified 

(PDDNOS), to investigate whether failure of spontaneous imitation and pointing can 

affect language skills and if so, what the implications are for treatment.

Participants and methods
Our study focuses on 64 children (55 males, 9 females) aged from 3 to 8.9 years 

(mean age 4.1) referred to the Child Neurological and Psychiatric Unit of Bari 
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University Hospital for symptoms related to autistic spectrum 

disorders. Exclusion criteria included the presence of 

neurological disorders of known etiology, major physical 

abnormalities, and serious head injury.

In accordance with the DSM-IV-TR23 criteria, 34 children, 

29 males and 5 females, aged from 3.2 to 6.4 years (mean 

age 4.1) were diagnosed with an AD at the time of the 

observation, and 30 children, 26 males and 4 females, aged 

from 3 to 8.9 years (mean age 4.1) showed symptoms of a 

PDDNOS. None of the children took medicine. Diagnoses 

were made by child neuropsychiatrists with a specific 

experience of assessment of autism spectrum disorders and 

were corroborated by clinical observation and objective 

evaluation tests.

Diagnostic evaluation comprised a physical and 

neurological examination, a general laboratory investigation, 

and magnetic resonance imaging (MRI) to assess exclusion 

criteria. All children were assessed through direct free 

observations and diagnostic instruments: Autism Diagnostic 

Interview-Revised (ADI-R),24 Autistic Diagnostic Observation 

Schedule (ADOS),25 the Childhood Autism Rating Scale 

(CARS),26,27 Leiter R International Performance Scale 

Revised-Visualization and Reasoning Battery (Leiter-R),28 

and Vineland Adaptive Behavior Scale (VABS).29

During the observation, the child was also presented with 

opportunities to imitate simple actions with real objects. 

All CARS and ADI-R imitation scores were supported by 

structured observation of imitation by trained child neuro-

psychiatrists.

ADi-R
The child’s parents or caregivers were interviewed with the 

ADI-R, administered by a trained neuropsychiatrist. This instru-

ment is a standardized, structured interview for caregivers of 

individuals with autism, which provides a diagnostic algo-

rithm for the ICD10 and DSM-IV-TR definition of autism. 

The ADI-R evaluates three areas of functioning: Reciprocal 

Social Interaction Domain (RSI), Communication Domain 

(C), Repetitive and Stereotyped Behavior Domain (RSB). On 

the basis of the score on each of the three areas, the ADI-R 

allows two different diagnostic subcategories to be diagnosed: 

“autism” when the cut-off values are reached or exceeded in 

all three domains (RSI cut-off = 10; C cut-off = 7–8; RSB 

cut-off = 3) and evidence of a developmental abnormality 

is present before the age of 36 months, PDDNOS when the 

cut-off values are not reached in all three areas or differ from 

childhood autism criteria in terms of age of onset or when 

the cut-off values of at least two areas are not reached.

Different cut-offs were applied in the Communication 

Domain according to whether the participants were 

verbal (V) or nonverbal (NV) (V cut-off for autism = 8; 

NV cut-off for autism = 7). “Verbal”, according to the 

ADI-R protocol, means able to make “functional use of 

spontaneous, echoed or stereotyped language that, on a 

daily basis, involves phrases of three words or more that, at 

least sometimes, include a verb and that is comprehensible 

to other people.”24

ADOs
ADOS module 1 was used for children without phrase speech 

and module 2 for children with phrase speech. ADOS allows 

two different diagnostic subcategories to be diagnosed: 

“autism” when the cut-off values are reached or exceeded 

in the communication domain (comm) and social domain 

(soc): (comm. mod 1/2 cut-off = 4/5; soc mod 1 cut-off = 7/6; 

com+soc cutoff = 12/12) and PDDNOS when the cut-off 

values are reached or exceeded in the communication domain 

(comm) and social domain (soc) and language (comm 

mod 1/2 cut-off = 2/3; soc mod 1 cut-off = 4/4; comm+soc 

cutoff = 7/8).

cARs
Children were rated according to the CARS, based on 

behavioral observation and interaction with the examiner 

and parents. This clinical evaluation of behavior is based 

on interaction and observation, originally developed as an 

observational instrument with the aim of identifying children 

with autism, as differentiated from other developmental 

disorders. Participants’ behaviors were rated on each of 

15 items from 1 (age-appropriate behavior) to 4 (severely 

autistic behavior). These items examine socioemotional 

and interaction skills, language and communication skills, 

response to sensory information. According to the CARS 

manual, autism is defined by a score of 30 points. Total 

scores of 30 to 36.5 indicate mild–moderate autism, and 

scores of 37 and above indicate severe autism. The CARS 

evaluation was completed by an independent qualified 

child neuropsychiatrist, blinded to the ADI-R and ADOS-G 

diagnosis.

Leiter-R
The Leiter-R scale was used to obtain an estimate of the 

children’s cognitive function. This cognitive evaluation 

was performed by physicians with qualified child 

neuropsychiatry experience. This scale was developed 

as a nonverbal intelligence measurement tool to assess 
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children, adolescents and young adults from age 2 years, 

0 months to 20 years, 11 months, who could not be reliably 

and validly assessed with traditional intelligence tests. 

This test is relatively easy to administer and to respond to. 

It does not require proficiency in perceiving, manipulat-

ing, and reasoning with words or numbers or using any 

other materials traditionally identified as “verbal”. All 

instructions are adapted to a nonverbal format. Because of 

these features, this scale is widely utilized for the assessment 

of the intellectual function of children with PDD, above all 

those that cannot be tested with standard intelligence tests, 

because it overcomes the obstacle of impairment in com-

munication skills, in attention and in behavior observed in 

these children.30

communication skills assessment
On the basis of direct observation, semistructured play 

sessions, CARS “Verbal Communication” item scores and 

ADI-R item ”overall level of language” values, we subdi-

vided our sample into a group of nonverbal participants and a 

group of verbal participants. The nonverbal group consisted 

of  33 children with a CARS “Verbal Communication” score 3 

(moderately abnormal verbal communication) or 4 (severely 

abnormal verbal communication) and with an ADI-R item 

“overall level of language” score 1 (no functional use of three 

word phrases in spontaneous, echoed or stereotyped speech, 

but using speech on a daily basis with at least five different 

words in the last month) or two (fewer than five words total 

and/or speech not used on a daily basis). ADOS module 1 

was applied in these children.

The verbal group consisted of 31 children with a CARS 

“Verbal Communication” score 1 (normal verbal communi-

cation, age- and situation-appropriate) or 2 (mildly abnormal 

verbal communication) and with an ADI-R item ”overall 

level of language” score 0 (functional use of spontaneous 

echoed or stereotyped language that, on a daily basis involves 

phrases of three words or more, that at least sometimes 

include a verb, and is comprehensible to other people). ADOS 

module 2 was administered to these children. The nonverbal 

group consisted of 21 children with AD and 12 children with 

PDDNOS, while the verbal group consisted of 13 children 

with AD and 18 children with PDDNOS.

Moreover, one item of the ADI-R “pointing to express 

interest” in the Communication Domain was chosen for 

analysis in both the verbal and nonverbal group, graded as 

follows: 0, spontaneously points; 1, makes some attempt to 

express interest by pointing; 2, he/she only rarely points; 3, 

he/she doesn’t point.

imitation skills assessment
One item from the ADI-R, “spontaneous imitation of actions” 

in the Communication Domain and one item from the CARS, 

“imitation”, was selected for analysis in both the verbal 

and nonverbal group, corroborated by structured imitation 

observation. The item “spontaneous imitation of actions” 

from the ADI-R was graded as follows: 0: spontaneously 

imitates; 1: some indication of spontaneous imitation; 2: 

limited imitation; 3: very rare or no spontaneous imitation.

The item “imitation” from the CARS was rated as 

follows: 1, appropriate imitation (the child imitates sounds, 

words, and movements the same way as a normal child of 

the same age); 2, mildly abnormal imitation (frequently the 

child imitates simple behaviors like clapping or sounds. 

Rarely the child imitates only after a request and with some 

delay); 3, moderately abnormal imitation (the child imitates 

only sometimes and only if the adult is very insistent and 

helps him. Imitation is often delayed); 4, severely abnormal 

imitation (the child rarely imitates or imitation of sounds, 

words, and movements is absent, despite requests and help 

from an adult).

During the imitation observation, the child was presented 

with opportunities to imitate simple actions (the act of 

knocking at the doors), action with real objects, to take turns 

playing with toys (flowers, a car, mug, aeroplane), random 

“imaginary” objects and to set up a doll’s birthday party. 

Imitation observation was graded as follows: 0, imitation of 

action on objects; 1, partial imitation of action on objects; 

2, no imitation of action on objects.

cognitive assessment
A nonverbal IQ was obtained using the Leiter-R scale, which 

was completed in only 27 children: 14 children diagnosed 

with AD and 13 diagnosed with PDDNOS, 23 males and 

4 females, whereas it was not possible to test the other 

children using standard intelligence tests due to their poor 

compliance.

Data analysis
Analyses of mean scores on the CARS “imitation” item and 

“spontaneous imitation” and “pointing to express interest” 

items on the ADI-R were performed with one-way analyses 

of variance (ANOVA) to evaluate differences between 

the verbal and nonverbal groups and between verbal and 

nonverbal children affected by AD and by PDDNOS. To 

demonstrate the relationship between impaired imitation 

and lower verbal skills a logistic regression model 

was used.
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Data were tabulated and analyzed using SPSS software 

(v. 11.0.4 for MAC-OS-X 10.4.8; SPSS Inc., Chicago, 

IL, USA).

Results
We studied 64 patients: 34 (29 males, 5 females) affected 

by AD, 30 (26 males, 4 females) by PDDNOS. Mean age in 

the AD group was 4.1 ± 0.8 years versus 4.1 ± 1.2 years in 

the PDDNOS group (Table 1).

The mean ADI-RSI was 18.4 ± 5 in AD and 12.5 ± 5.8 

in PDDNOS. The mean ADI-C was 11.6 ± 2.5 in AD versus 

8.9 ± 2.9 in PDDNOS. The mean ADI-RSB was 4.8 ± 1.1 

in AD and 3.4 ± 2 in PDDNAS. Mean rate of discovery of 

disturbed development before 36 months was 4 ± 0.8 in AD 

versus 3.1 ± 1.4 in PDDNOS. The mean CARS was 36.1 ± 4.7 

in AD versus 29.4 ±3.4 in PDDNOS (Table 1).

There were 31 children (13 AD and 18 PDDNOS) in 

the verbal group and 33 children (21 AD and 12 PDDNOS) 

in the nonverbal group. There was a significant difference 

(F = 24.8; p  0.001) between the means of the CARS total 

score in the verbal group (30 ± 4) and the nonverbal group 

(35.7 ± 4.9). There was a significant difference (F = 45.4; 

p  0.001) between the mean total score for the ADI-R 

RSI in the verbal group (10.5 ± 4) and the nonverbal group 

(18.6 ± 5.3). Instead, there was no a significant difference 

between the mean total score for the ADI-R RSB in the verbal 

group (4 ± 1.9) and nonverbal group (3.9 ± 1.7). There was 

a significant difference (F = 11.8; p = 0.001) between the 

ADI-R means total score A (abnormality of development 

evident at or before 36 months) in the verbal group (2.9 ± 1.5) 

and the nonverbal group (4 ± 0.8).

The mean CARS imitation score was 1.7 ± 0.5 in the 

verbal group and 2.8 ± 0.7 in the nonverbal group; there 

was a significant difference (F = 47.8; p  0.001) between 

these two groups.

The logistic regression model (including age, diagnosis, 

and CARS) showed that the higher the CARS score for 

imitation (worse imitation) the lower the likelihood that 

the child would have developed “verbal language” (odds 

ratio [OR] = 0.65, 95% confidence interval [CI]: 0.52–0.84; 

p = 0.001). No difference was reported for age and diagnosis 

(p  0.05).

The mean ADI-R imitation score was 0.7 ± 0.7 in the 

verbal group and 1.6 ± 0.6 in the nonverbal group; there 

was a significant difference (F = 30.4; p  0.001) between 

these two groups.

The logistic regression model (including age, diagnosis, 

and CARS) showed that increased ADI-R values for imitation 

(worse imitation) decreased the probability of being able 

to use “verbal language” (OR = 0.13, 95% CI: 0.04–0.38; 

p  0.001).

The mean ADI-R pointing score was 0.35 ± 0.6 in the 

verbal group and 1.4 ± 0.6 in the nonverbal group; there 

was a significant difference (F = 40.7; p  0.001) between 

these two groups. The mean observed imitation pointing 

score was 0.7 ± 0.7 in the verbal group and 1.5 ± 0.6 in the 

nonverbal group, showing a significant difference (F = 22.6; 

p  0.05) (Table 2).

In the AD group, there was a significant difference 

(F = 24.4; p  0.001) between the means of the CARS 

imitation score in the verbal group (1.9 ± 0.6) versus the 

nonverbal group (3 ± 0.6); there was a significant difference 

(F = 9.7; p  0.05) between the means of the ADI-R imitation 

score in the verbal group (1 ± 0.7) versus the nonverbal group 

(1.8 ± 0.6); there was a significant difference (F = 10.5; 

p  0.05) between the means of the ADI-R pointing score 

in the verbal group (0.6 ± 0.8) versus the nonverbal group 

(1.4 ± 0.7) (Table 3).

In PDDNOS, there was a significant difference (F = 17.5; 

p  0.001) between the means of  the CARS imitation 

score in the verbal group (1.5 ± 0.4) versus the nonverbal 

group (2.5 ± 0.8); there was a significant difference 

(F = 17.5; p  0.001) between the means of the ADI-R 

imitation score in the verbal group (0.4 ± 0.5) versus the 

nonverbal group (1.3 ± 0.6); there was a significant difference 

(F = 35; p  0.001) between the means of the ADI-R pointing 

score in the verbal group (0.2 ± 0.3) versus the nonverbal 

group (1.2 ± 0.6) (Table 4).

Of the 27 children tested with the Leiter-R, 14 children 

belonged to the verbal group and 13 to the nonverbal group. 

The mean IQ score for the sample was 78.0 ± 17.9. The 

mean nonverbal IQ for the verbal group was 84.4 ± 21.1 and 

for the nonverbal group was 71.2 ± 10.8, with no statistical 

difference (F = 2.33; p  0.05). The results of ANOVA with 

the IQ as covariate confirm that the correlation found seems 

to be independent of the child's cognitive ability, among the 

children who underwent the Leiter-R.

Discussion
In children with autism, imitation skill and gestural joint 

attention have been found to correlate with early verbally 

responsive abilities.16,17 Longitudinal studies found that 

imitation and joint attention, measured early, were associated 

with later expressive language ability.7,18,20–22 Moreover, 

Stone and colleagues19 demonstrated that imitation of body 

movements, but not of actions on objects, was associated 
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Table 1 Demographic characteristics, ADi-R and cARs mean scores of the total sample (n = 64)

Variable AD children PDDNOS children p-value

N 34 30

Boy/girl 29/5 26/4

Age (years)

M 4.1 4.1

sD 0.8158 1.2998

Age distribution (years)

3 14 17

4 15 4

5 3 8

6 2 –

7 – –

8 – 1

ADI-R,  ADOS, and CARS scores

ADI-RSI (cut-off for autism = 10)

M 18.4 12.5 p  0.001

sD 5 5.8

ADI-C (NVc cut-off for autism = 7;  
Vc cut-off for autism = 8)

M 11.6 8.4 p  0.001

sD 2.5 2.9

ADI-R-RSB (cut-off for autism = 3)

M 4.8 3.4 p  0.001

sD 1.1 2

ADI-R Developmental deficit  
evident before 36 months  
(cut-off for autism = 1)

M 4 3.1 p = 0.001

sD 0.8 1.4

ADOS module ½ comm. (cutoff for 
 autism = 4/5; cutoff for autism  
spectrum disorder = 2/3)

M 6.7 2.5 p  0.001

sD 1.7 0.5

ADOS module ½ soc.  
(cutoff for autism = 7/6; cutoff for  
autism spectrum disorder = 4/4)

M 9.0 4.7 p  0.001

sD 1.7 0.7

ADOS module ½ comm + soc.  
(cutoff for autism = 12/12; cutoff for  
autism spectrum disorder 7/8)

M 15.5 7.2 p  0.001

sD 3.3 1.0

CARS (cut-off for autism = 30)

M 36.1 29.4 p  0.001

sD 4.7 3.4

Abbreviations: ADI-R, Autism Diagnostic Interview-Revised; ADOS, Autism Diagnostic Observation Schedule; CARS, Childhood Autism Rating Scale; CI, confidence interval; 
comm, communication Domain; NVc, Nonverbal and Verbal communication Domain; Rsi, Reciprocal social interaction Domain; RsB, Repetitive and stereotyped Behavior 
Domain; sD, standard deviation; soc, social Domain.
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with later expressive language skills, while Charman and 

colleagues18 demonstrated that imitation of action on objects 

at the age of 20 months was associated with language ability 

in the fourth year of life.

Our results highlight that a reduced or totally absent 

spontaneous imitation of actions in AD and PDDNOS 

children is related to reduced or totally absent communica-

tion skills. Vice versa, good imitating of actions is related 

with good communication. We have shown that most 

children with impaired spontaneous imitation of actions 

and pointing demonstrated by high scores for the relative 

items in the ADI-R, CARS and by spontaneous and partly 

structured observation of imitation also show very lim-

ited expressive language. In the literature, only Charman 

and colleagues20 have previously compared imitation and 

language skills in children meeting the diagnostic criteria 

for PDDNOS. Our data, in accordance with those reported 

in the Charman and colleagues20 study, show that poorer 

imitation is more common in nonverbal children affected 

by AD and PDDNOS. This finding suggests that the corre-

lation found between imitation and verbal communication 

could be independent of the specific diagnostic categories, 

being instead a feature of all autistic spectrum disorders, 

and featuring only quantitative differences according to 

the clinical diagnostic category. This association could be 

explained by the fact that during the prelinguistic stage of 

child development, communication is based on nonverbal 

behavior such as gaze, facial expression and body language 

(including pointing) to communicate their needs, wishes, 

and social intentions and gesture often conveys information 

that is not conveyed in the speaker’s words.31,32 Furthermore, 

during the first stages of verbal skill development, language 

always accompanies the child’s play and only after age 

two do children abandon their own gestures in favor of the 

exclusive use of verbal language, when they can manage it 

in a more mature way.33,34 Our findings seem to support the 

concept that failure to develop imitation skills could affect 

the whole communication domain, both gesture and verbal, 

in these disorders.

In our sample, 27 children were tested with the Leiter-R 

the mean nonverbal IQ for the verbal group was 84 versus 71 

for the nonverbal group. This difference was not statistically 

significant. This result is consistent with some longitudinal 

studies in which language at follow-up was not positively 

associated with a nonverbal IQ.17,20,35 By contrast, other 

studies in autistic children found different intensities of 

interaction and imitation deficits according to their cognitive 

developmental level and nonverbal cognitive ability and 

earlier communication skills were consistently strong 

predictors of later language acquisition).22,36

As pointed out in the introduction, several authors 

discussing modern neuropsychological interpretations have 

assumed that mirror neurons act as a bridge between perceived 

action and language.12,15,37 Several studies have reported 

evidence for an impaired mirror neuron system in individuals 

with autism spectrum disorders.38–43 It is important to note that 

Table 2 Mean imitation and pointing items scores for the ADi-R and cARs of the Verbal and Nonverbal Groups

Verbal group (N = 31) Nonverbal group (N = 33)

M 95% CI for Mean SD M 95% CI for Mean SD F p

cARs imitation 2.07 1.468–1.887 0.570 2.803 2.54–3.05 0.7174 47.845 0.05

ADi-R imitation 0.71 0.46–0.96 0.693 1.64 1.40–1.87 0.653 30.369 0.05

Observed imitation 1.54 0.43–0.98 0.66 0.77 1.30–1.78 0.73 22.6 0.05

ADi-R Pointing 0.35 0.13–0.58 0.608 1.36 1.13–1.60 0.653 40.777 0.05

Note: There is a significant difference for all variables.
Abbreviations: ADI-R, Autism Diagnostic Interview-Revised; CARS, Childhood Autism Rating Scale; CI, confidence interval; SD, standard deviation.

Table 3 Mean imitation and pointing items scores for the ADi-R and cARs of the children with AD

AD Verbal group (N = 13) AD Nonverbal group (N = 21)

M 95% CI for Mean SD M 95% CI for Mean SD F p

cARs imitation 1.92 1.536–2.310 0.6405 2.976 2.712–3.240 0.5804 24.437 0.05

ADi-R imitation 1.08 0.62–1.54 0.760 1.81 1.54–2.08 0.602 9.738 0.05

ADi-R Pointing 0.62 0.15–1.08 0.768 1.43 1.12–1.74 0.676 10.475 0.05

Note: There is a significant difference for all variables
Abbreviations: ADI-R, Autism Diagnostic Interview-Revised; CARS, Childhood Autism Rating Scale; CI, confidence interval; SD, standard deviation.
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a human mirror neuron is involved in imitation and probably 

in language.

In accordance with this developing body of literature, our 

data suggest that in autistic children, a disconnection disorder 

may be present, negatively affecting the physiological process 

of communication development. The present findings provide 

further evidence of an association between an imitation 

deficit and poor communication development in children with 

PDDs, supporting the new concept of a neuropsychological 

implication of the mirror neuron system in these deficits. 

Therefore, the lack of imitative capacities in autistic and 

PDDNOS children could be responsible for a reduced or 

totally absent development of communicative skills.

Our study’s limit is that the imitation was assessed by 

spontaneous and partly structured observation, bearing in 

mind that at present no structured validated imitation tests 

are available.

The correlation between imitation and communication 

skills can be useful for planning rehabilitation treatment for 

these children in fact, some studies have emphasized the 

importance of imitation in behavioral intervention to improve 

communication abilities in young autistic children.21,44 In 

particular, Ingersoll and Schreibman45 demonstrated, by means 

of a naturalistic behavioral technique in children with autism, 

that teaching object imitation increases social communica-

tion behaviors including language. These results support the 

effectiveness of intervention to teach imitation as a means of 

fostering language development. The results of the present 

study have implications on early intervention goals: imitation 

may be an important target for early intervention in nonverbal 

autistic children.

Disclosure
The authors report no conflicts of interest in this work. 

The limit of the study is that the imitation was assessed 

with a spontaneous observation and partly structured. No 

structured imitation tests have been validated to the best of 

our knowledge.
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