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396 time points.

trajectories of imitation skills within the ASD group.

cit on other areas of competence of the young child.

Background: Imitation skills play a crucial role in social cognitive development from early childhood. Many studies
have shown a deficit in imitation skills in children with autism spectrum disorders (ASD). Little is known about the
development of imitation behaviors in children with ASD. This study aims to measure the trajectories of early imitation
skills in preschoolers with ASD and how these skills impact other areas of early development.

Methods: For this purpose, we assessed imitation, language, and cognition skills in 177 children with ASD and 43
typically developing children (TD) aged 2 to 5 years old, 126 of which were followed longitudinally, yielding a total of

Results: Our results confirmed the presence of an early imitation deficit in toddlers with ASD compared to TD
children. The study of the trajectories showed that these difficulties were marked at the age of 2 years and gradually
decreased until the age of 5 years old. Imitation skills were strongly linked with cognitive and language skills and level
of symptoms in our ASD group at baseline. Moreover, the imitation skills at baseline were predictive of the language
gains a year later in our ASD group. Using a data-driven clustering method, we delineated different developmental

Conclusions: The clinical implications of the findings are discussed, particularly the impact of an early imitation defi-
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Background

Imitation skills play a crucial role in early development
and are considered an essential component of social
and cognitive development during the first years of life.
Indeed, during the 2 first years of life, children gradually
increase their imitative behaviors both in frequency and
complexity, along with the development of their cogni-
tive and social abilities [1]. Children imitate their siblings,
peers, and parents at every moment to learn new abili-
ties [2, 3]. Imitation is an essential lever for learning of
new motor skills [4] and cognitive skills [5-7]. Besides
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the role in learning, imitation has an important social
function ([8], as cited in [9]). From the earliest moments,
caregivers and infants engage in reciprocal imitation dur-
ing face-to-face interactions. Through this choreography
of imitating each other’s vocalizations and facial expres-
sions, they will share social interest and affective states,
take turns, and build a foundation for the development
of complex social skills. Indeed, the literature has amply
demonstrated that imitation plays a vital role in the
development of social communication [10, 11].

The disruption in early imitation skills can have a
tremendous repercussion on various developmental
aspects, especially socio-communicative development
that is altered in autism. Autism spectrum disorder
(ASD) is a neurodevelopmental disorder characterized by
impairments in social communication, interaction, and
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restricted patterns of interests and activities [12]. Indeed,
a large body of literature has highlighted broad imita-
tion deficits in children with ASD [1, 13-18] using vari-
ous imitation measures [1]. Early imitation deficits were
linked to difficulties in social communication skills, such
as language [19, 20], joint attention [21], and social inter-
action difficulties [9]. In addition, such a deficit could
hinder the effectiveness of intervention methods for chil-
dren with ASD, as many of them rely upon imitation to
teach new abilities [22—24]. Given the critical role that
the imitation skills play in typical development, precise
characterization of the deficit in this domain in ASD is of
utmost importance.

Even though imitation difficulties in ASD are relatively
well-documented, the developmental trajectories of imi-
tation have received less attention to date in this popu-
lation. Prospective studies following infants at risk of
developing ASD report difficulties in imitation skills in
children later diagnosed with ASD from 12 months of
age. For example, Young et al. [25] conducted a longitu-
dinal study with 248 children between 12 and 24 months
of age and found a delayed imitation development in chil-
dren who developed ASD by age 3 years compared to the
TD group. Likewise, Poon et al. [20] found that infants
of 9-12 months of age who are later diagnosed with
ASD show a considerable delay in imitation skills. These
results have led some research groups to explore if imi-
tation could be used for screening ASD in high-risk sib-
lings. Rowberry et al. [26], for instance, found that poor
imitation reported by parents in the First Year Inventory
(FYI) [27] can be an early marker of ASD in 12-month-
old high-risk siblings. The results of the various studies
cited above highlight this imitative deficit in young chil-
dren with ASD and the importance of increasing and
detailing knowledge about the development of this cru-
cial skill and the consequences of such difficulties.
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The present study aims to compare the developmen-
tal trajectories of imitative skills between preschoolers
with ASD and a group of matched TD children, using a
total of 396 longitudinal assessments collected between
the age of 2 and 5 years old. Based on previous litera-
ture [1, 13-18], we expected a delayed development of
imitation skills in children with ASD in comparison to
TD children. Second, we investigated how imitation
skills related to the level of symptoms and cognitive and
communication skills in the ASD group at baseline and
after 1 year to explore the consequences of this deficit on
the different development areas. We hypothesized that
a deficit in imitation skills is linked with the severity of
symptoms and difficulties in developmental domains at
the baseline and 1 year after [19, 20]. Finally, we explored
the extent to which there could be different imitation
trajectories inside the ASD group, as this population is
characterized by a great heterogeneity of profiles and
manifestations [28].

Material and methods

Participants

The participants in this study were recruited as part of the
Geneva Autism Cohort [29-34]. The University’s Insti-
tutional Review Board approved this study. All families
provided written informed consent to participate. For the
current study, a total of 220 participants were included,
177 with ASD and 43 typically developing children (TD)
(see Table 1 and Table S1 in Supplementary Materials).
Among these, 126 were followed longitudinally, yield-
ing a total of 396 time points (78 subjects had 2, 46 had
3, and 2 participants had 4 time points), each time point
was separated by 12 months, except for two children for
whom the two time points are separated by 24 months
(see Fig. 1). The inclusion criterion for the ASD group
was a clinical diagnosis of autism according to the DSM-5

Table 1 Statistical comparison between children with ASD and children with TD at baseline in terms of demographic, clinical, and

cognitive features

ASD—mean (SD)n =177 TD—mean (SD)n = 43 P-value*

Sex 249/153 & 109/338 0.156'
Age (years old) 3.09(0.8) 2.93(0.7) 0.429°
ADOS total symptom severity 7.7 (1.8) 1.02(1.2) <0.0012
PEP-3

VPC (raw score) 28.47 (15) 45 (9.4) <0.001”

EL (raw score) 9.22(10.2) 25.77 (8.8) <0.001°

RL (raw score) 13.41(10.8) 30.57 (5.2) <0.0012
VABS-Il Adaptive Behavior Composite 77.61(11.5) 102.9 (8.5) <0.001°

ADOS Autism Diagnosis Observation Schedule, PEP-3 PsychoEducational Profile, 3rd edition, VPC Verbal and preverbal cognition, EL Expressive language, RL Receptive

language, VABS-II Vineland Adaptive Behavior Scales, 2nd edition

*p value of Fisher's exact test' and Mann-Whitney tests? of differences between the ASD and TD groups. Significant results are shown in bold
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Fig. 1 Data distribution available for each group from our longitudinal study. Circles (red = ASD, blue = TD) denote visits/time points; repeated
visits of the same subject are connected with a dotted line

criteria [12]. The clinical diagnosis was confirmed by the
scores exceeding the cut-off for autism at the ADOS-G
[35] or ADOS-2 [36] (see the “Measures” section for more
details). Children from the TD group had no developmen-
tal concerns and no first or second-degree family mem-
ber diagnosed with autism and were all administered the
ADOS diagnostic test to exclude the presence of ASD
symptoms (see Table 1). Participants were aged between
2.0 and 5.0 years, and the two groups did not differ by age
(U =351, p =0.429) nor sex (p = 0.156).

Measures

Imitation

For the measure of imitation skills, we used the Visuo-
Motor Imitation scale of the PEP-3 [37]. This scale
includes 10 items of imitation, assessed on a 3-point
scale (0 = absence of imitation; 1 = unclear, partial,
or prompted imitation; 2 = complete imitation of the
skill) (for a detailed description of the Visuo-Motor
Imitation scale, please refer to Supplementary Materi-
als). Raw scores range between 0 and 20, which allows
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enough variability to highlight the heterogeneity of imi-
tation profiles.

The scale comprises the imitation of familiar actions
and imitation with explicit instruction. Vivanti and Ham-
ilton [1] distinguished two types of imitation that we find
in this scale: true imitation (copying both the mean and
the goal of the action) and stimulus enhancement (per-
form a specific action on a stimulus after having been
made attentive to this stimulus by another person). For
instance, one item of the PEP-3 is to organize a fake
birthday party to explore imitation of daily actions like
eating etc. (stimulus enhancement). For another one, the
examiner touches her/his nose and says “Now it’s your
turn” (true imitation of meaningless actions).

Level of symptoms of autism

Each participant was assessed with the Autism Diagno-
sis Observation Schedule, 2nd edition [36], or Autism
Diagnosis Observation Schedule, Generic (ADOS-G;
[35]). For subjects who underwent the earlier ADOS ver-
sion (ADOS-G) assessment, the scores were transformed
according to the revised ADOS algorithm [38] to ensure
comparability with ADOS-2. The ADOS Calibrated
Severity Score (ADOS-CCS; [38]), a measure of symptom
severity relatively independent of language levels and age,
was then used for all subjects included in this study.

Developmental functioning

Mullen Scale of Early Learning Developmental func-
tioning of all children included in the present study was
assessed with the Psychoeducational Profile, 3rd edi-
tion [37]. Nevertheless, as our aim was to test the rela-
tion between the imitation skills (VMI subscale of PEP-
3) and the developmental functioning, we decided to use
another measure than the PEP-3 to estimate the level of
developmental functioning. We thus used the Mullen
Scale of Early Learning-MSEL [39], which was available
for 133 out of the 177 children with ASD included in this
study (this measure was indeed added at a later point in
our cohort protocol and was thus missing for the data
collected earlier).

The MSEL scale is developed for the assessment of typi-
cally developing children and consists of 5 domains with
items organized according to developmental stages and
their level of difficulty: gross motor (GM), visual recep-
tion (VR), fine motor (FM), receptive language (RL), and
expressive language (EL). This assessment yields a global
composite score (Early Learning Composite (ELC)) by
adding the four cognitive subscales (VR, FM, RL, EL)
and has a mean of 100 and standard deviation of 15. For
the global developmental functioning in this study, we
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considered the standard composite score (ELC). For the
measure of individual domains (receptive and expressive
language), we used the measure of age equivalents (AE).
We opted for the AE scores as the standard T scores of
the MSEL subscales show poor sensitivity in the lower
functioning end of the continuum (floor of 20), and an
important number of our participants had this lowest
score.

Statistical analyses
Between-group analyses (ASD vs TD)

Group comparison of imitation skills To compare imi-
tation skills at baseline between children with ASD (n
= 177) and TD children (# = 43), we conducted a ¢-test
using the raw scores obtained from the Visuo-Motor Imi-
tation scale of PEP-3 [37].

Imitation trajectories over time To compare trajectories
of imitation skills over time between ASD and TD chil-
dren, we used mixed model regression analysis applied
on raw imitation scores including all available time points
(total of 396 time points, N = 220, nyg, = 177, nyp =
43). This model is particularly adapted for dealing with
nested data, such as multiple time points, and has been
applied in our previous studies involving a variable num-
ber of time points [31, 40—43]. This analysis estimates
developmental trajectories by fitting random-slope mod-
els to the data, taking into account both within-subject
and between-subject effects. Different models (constant,
linear, quadratic, or cubic) were fitted using the nlme-
fit function in MATLAB R2011b (MathWorks) for each
variable. A Bayesian Information Criterion (BIC)-based
model selection method was then employed.

Within-group analyses (ASD group)

Relation of imitation to the symptom severity and devel-
opmental levels at baseline To explore how an imitation
deficit is related to difficulties in other areas of develop-
ment, we used the cross-sectional data obtained from the
ASD group for whom the Mullen Scale of Early Learning
was available (n = 133, 113 males/20 females, age range
2.0-4.8 years old). The association of imitation with the
level of autistic symptoms (CSS-ADOS), global cognitive
functioning (the Early Learning Composite of MSEL),
and more specifically, communication skills (age equiva-
lents on Receptive and Expressive Language subscales
of MSEL) was assessed using Spearman’s correlations.
Results were considered significant at the level of p <
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.0125 (after applying the Bonferroni correction for mul-
tiple comparisons).

Imitation at baseline as a predictor of symptom severity
and developmental levels We then explored the pre-
dictive power of the early imitative skills at baseline on
the evolution of autistic symptoms and developmental
domains in our ASD group 1 year after the initial meas-
urement. More specifically, we tested how the imitation
predicted the symptoms and cognitive and communica-
tion skills 1 year after. For this purpose, we used Spear-
man partial correlations to assess the relation between
imitation skills at baseline and subsequent score in symp-
toms of autism, cognitive, and communication levels a
year later, while controlling for the baseline levels.

Imitation trajectories within the ASD group Given the
tremendous heterogeneity of the ASD phenotype [28],
we wanted to better understand the diversity of imita-
tion profiles and their evolution in the sample of children
with ASD for whom we had longitudinal data (102 sub-
jects). To this end, we used a K-means clustering method,
which allows grouping together subjects similar through-
out multiple dimensions (i.e., imitation skills at different
ages) [44, 45]. We employed a two-step approach: First,
to distinguish between children starting at different levels
of imitation skills, we employed a K-means clustering on
raw scores at the first time point. To obtain an optimal
cluster number among several solutions (2—6 clusters),
we used a silhouette approach [46]. Second, we applied
a K-means clustering on the slopes of imitation skills by
age in the subgroup of children with initially lower lev-
els of imitation skills to test for divergent trajectories over
time. Thus, our subgroup of children with imitation diffi-
culties at baseline was further divided into two subgroups
(one composed of children with initial imitation difficul-
ties but who showed significant improvement over time,
and the other subgroups included children who showed a
stable profile of imitation difficulties over time). Further-
more, we wanted to understand if clinical characteristics
were related to the distinct imitation trajectories in these
two sub-samples that showed most difficulties in imita-
tion at baseline. In particular, we tested the baseline dif-
ferences between the two groups with regard to the level
of autistic symptoms and cognitive and language skills.
We also explored the extent to which these two sub-
groups could be distinguished by the type of interven-
tion received, which could account for this difference in
trajectory. The type of intervention was considered as
a dichotomous variable as previously described in our
group [33], either an intensive intervention based on the
ESDM intervention [47] or treatments available in the
community. Finally, we tested whether this difference
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in trajectories between our two subgroups could be
explained in terms of social orientation at the baseline,
which we measured using an eye-tracking task [29].

Results

Between-group analyses (ASD vs TD)

Group comparison of imitation skills

Using a cross-sectional sample (N = 220, 177 children
with ASD, 43 with TD, age range 2.0-5.0 years old),
we were able to show that the two groups differed sig-
nificantly in their imitation skills ({ = 1270, p < 0.001).
Indeed, children with ASD had markedly lower imitation
skills than typically developing children (see Fig. 2).

Imitation trajectories over time

Using all available visits for our cross-sectional sample
(total of 396 time points, N = 220, n, g, = 177, nyp = 43),
we tested the between-group differences in trajectories
of imitation. As shown in Fig. 3, the group trajectories in
imitation skills estimated using mixed-models were sig-
nificantly different (group effect: p < .001; interaction: p <
.001). The best fitted model was of the 2nd order, mean-
ing that the relation of the imitation with age was quad-
ratic. Indeed, the TD children showed good imitation
skills at 2 years old with only a slight improvement there-
after. In contrast, at the group level, children with ASD

50l p<0.001

-_—
T

-_—
T

()]
|

Imitation skills at baseline

0

ASD

Fig. 2 Group comparison of imitation skills obtained from the
Visuo-Motor Imitation scale of PEP-3 (raw scores)
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Fig. 3 Imitation trajectories over time in the ASD and TD groups. The trajectory on the group level (solid lines, red = ASD, blue =TD) is obtained
using mixed-effect models [41, 42]. The 95% confidence interval of estimated group-level trajectory is represented in colored bands. Repeated time
points of the same subjects are connected with dotted lines

present markedly low imitation skills at a young age with
substantial improvement between the ages of 2 and 5 (see
Fig. 3). However, we also observe that trajectories of chil-
dren with ASD are very heterogeneous and this point is
addressed in our later analyses.

Results within the ASD group

Relation of imitation with level of symptoms

and developmental domains at baseline

Within our ASD group for whom the Mullen Scales
of Early Learning was available (m = 133, 113 males/20
females, age range 2.0-4.8 years old), imitation skills
were moderately negatively related to the level of symp-
toms (r, = — 0.583, p < .001), as the children who show
the most of symptoms are also those with more imitation
difficulties (see Fig. 4). In addition, imitation skills were
strongly positively correlated with the composite score
of cognitive skills at baseline, as well as communication
skills (Receptive and Expressive Language) (ELC: r, =
0.671, p < .001; RL: r= 0.778, p < .001, EL: r,= 0.738, p
< .001), that is, children with lower imitation skills were
also those with lower skills in these domains (see Fig. 5).

Imitation at baseline as a predictor of the autistic symptoms
and developmental levels

Imitation skills at baseline were predictive of the level in
communication skills (receptive and expressive language)
a year later in our preschoolers with ASD (RL: r, = 0.372,
p = .001, EL: r, = 0.412, p < .001). Indeed, children with
better imitation skills at baseline showed a greater level

in these domains a year later (see Fig. 6). This effect was
the most evident in the domain of expressive language.
Further correlations between imitation skills and the
composite cognitive score or the level of symptoms did
not survive after correction for multiple comparisons
(considering a stringent significance level at p < .0125
using Bonferroni correction). In addition, we conducted
supplementary analyses to test the relation between imi-
tation at baseline and the gains in communication skills
(see Fig. S1 in Supplementary Materials).

Imitation trajectories within the ASD group

The first step of K-means clustering on the baseline raw
imitation scores yielded two optimal clusters (silhouette
score of 0.828). The first cluster (subgroup) of ASD chil-
dren (named ASD1, n = 46) (see Fig. 7) had less difficul-
ties with imitation at baseline and followed a trajectory
highly similar to the one seen in our TD group (Fig. 3)
while the other cluster started significantly lower at
baseline.

To better understand developmental trajectory in
children who start lower on imitation skills, we then
applied a second K-means clustering on the developmen-
tal slopes on imitation scores in our remaining group of
ASD children. These children belonged to the cluster that
showed less imitation skills at baseline (total - ASD1 =
56 participants). This second clustering step yielded the
two groups which we denote ASD2 and ASD3 (nyg,, =
27, nugps = 29). The trajectories of the two clusters from
the second clustering step were significantly different



Pittet et al. Journal of Neurodevelopmental Disorders (2022) 14:2

Page 7 of 13

r,=-0.582 p<.001

Fig.4 Spearman correlation between imitation and level of symptoms wi|
Severity Score of ADOS-G or 2)

0

E .

L

5 -

E 10q9ec0c0c0cccce oo

¢l>>, - o o0 o000 o000 oo

(&) 7 e o0 o

."3 41 e oo XN ) o o

"g 41 e o0 oo o0 o000

© 5 e o o000 o

“5 . e o ooo

T -

> -

2

'g 0 I | | T 1
- 0 5 10 15 20 25

Imitation skills

ithin the ASD group (Visuo-Motor Imitation scale of PEP-3 and Calibrated

a) b) c)

© 150 7s=0671 p<.001 _ 80 [,=0778 p<.001 - 87 r,=0738 p<.001

S . o A o £

b e * ST g5

8 .o S 2 60 E

@ 1001 . e o o3t 2c &£

a e o8 _°g° 8= -

£ ° .o 2.8 40 20

8 ® T egele g § % g

o 504 ey 23 s

2 2T 204 )

g o -

c

2 ©2 U

° o T T T T 1 o 1 1
0 5 10 15 20 25 0 25 25

Imitation skills Imitation skills Imitation skills
Fig. 5 Spearman correlations between baseline imitation skills (raw scores of Visuo-Motor Imitation scale of PEP-3) and a early learning composite
of MSEL, b receptive language age equivalent scores, and c expressive language age equivalent scores

(see Fig. 7), one subgroup (ASD2) had a deficit on imi-
tation skills at 2 years old, but showed a great improve-
ment until 5 years old while the other subgroup in ASD
children (ASD3) showed many difficulties in imitation at
2 years old and these difficulties continue over the time
(group effect: p < .001; interaction: p < .001).

Finally, we wanted to understand which clinical
characteristics were related to the distinct imitation
trajectories in our sub-samples ASD2 and ASD3. In
particular, we tested the baseline differences between
the two groups (ASD2 and ASD3) with regard to the
level of symptoms, cognitive and language skills,
type of intervention, and social orientation meas-
ured with an eye-tracking task [29] (see Table S2 in

Supplementary Materials). We found no significant
baseline differences between the ASD2 and the ASD3
according to all tested clinical variables. However, by
analyzing these two groups’ trajectories in terms of
many other aspects (communication skills, cogni-
tive skills, and adaptive behaviors), we observed that
the subgroup ASD2 showed an overall improvement
in all domains. This pattern might suggest that imita-
tion improvement in this group indicates an overall
enhancement rather than the specific link of imitation
skills progress and a particular developmental meas-
ure. In line with this, and considering the results of
our purely longitudinal analyses that highlighted pre-
dictive relation between the imitation skills at baseline
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Fig. 7 Imitation trajectories over time within the ASD group (n = 102). The trajectories at the group level (solid lines black = ASD1, nysy; = 46,
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group-level trajectory is represented in colored bands. Repeated time points of the same subjects are connected with dotted lines. The distribution
in the subgroups was defined by the K-means clustering method in two steps. First clustering step yielded two clusters based on imitation skills raw
scores at first time point. We retained the higher cluster (ASD1), and proceeded to the second clustering step performed on the slopes of imitation

skills, yielding ASD2 and ASD3 subgroups

and language a year later, we wanted to understand
the language evolution across the 3 subgroups iden-
tified based on imitation trajectories. As shown in
Fig. S2 in Supplementary Material, the three clusters
that showed distinct imitation pattern indeed showed
distinct language trajectories across childhood years.

Specifically, we observed that imitation skills have a
prominent role on the subsequent development of
language skills, by which the children who had either
better imitation skills at baseline (ASD1) or fast
improvement in imitation skills (ASD2) were the ones
showing the best language outcomes.
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Discussion

Our results corroborate previous findings on the imi-
tative deficit in preschoolers with autism spectrum
disorder (ASD) in comparison with typically develop-
ing children (TD) [1, 9, 13-18, 48]. Compared with our
TD group, preschoolers with ASD showed significantly
lower imitation skills as measured by the Visuo-Motor
Imitation scale of the PEP-3 [37]. We then explored the
trajectory of imitation skills over time, which is poorly
documented in the literature until now [25]. Our
results showed that TD children present good imitation
skills, as measured with the PEP-3, already at the age of
2 years old, with only a slight improvement thereafter.
In comparison, children with ASD presented a major
imitative deficit at 2 years old, with a considerable gain
up to 5 years old. We further confirmed that imitation
skills in children with ASD at baseline were negatively
related to the overall levels of symptoms while showing
a positive relation with cognitive skills and language.
We also showed that early imitation skills predicted
the level in communication skills 1 year after. Finally,
we were able to delineate three different imitation tra-
jectories in our sample of children with ASD. A sub-
group of children (ASD1) presented fewer difficulties
in imitation at 2 years old. In contrast, others (ASD2)
showed major deficits in imitation at 2 years old, fol-
lowed by accelerated gains up to the age of 5. Lastly, we
also identified a subgroup of children (ASD3) who had
significant difficulties at baseline and showed less pro-
gress over the years.

Developmental trajectory of imitation in ASD and TD

Besides showing lower baseline imitative skills, we found
that the acquisition of imitation skills in children with
ASD did not follow the same trajectory as in TD chil-
dren. In ASD children, we observed the steep progress
between the age of 2 and 3.5 years, highlighting the
importance of this early sensitive period for learning new
skills [49-53]. While most TD children reach the ceil-
ing on this measure around the age of 5 years, the ASD
group showed a lower average skill level at this age. Pre-
vious studies have suggested that the imitation deficits
in ASD are more specific than broad [54], concerning
for example, more meaningless gestures than actions on
the objects. Nevertheless, our results speak in favor of a
more broad impairment as most of the actions measured
by the imitation scale we used are rather simple one-
step actions on objects and relatively few concern more
abstract meaningless gestures. These difficulties in imita-
tion of simple actions with objects can have deleterious
effects on learning [9, 19-21]. Indeed, our results showed
that imitation skills were related to composite cognitive
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skills and communication skills (receptive and expressive
language) in toddlers with ASD. As proposed by several
authors (e.g., [55]), a child with major imitative difficul-
ties shows delay in the acquisition of new skills, especially
because he/she does not use this channel to learn from
her/his parents, siblings, and peers (e.g., [2, 3]).

In addition, confirming previous studies [14, 56, 57],
our results showed a strong correlation between imita-
tion skills and the level of symptoms measured by the
ADOS-2 [36], whereby the children with more difficulties
in imitation had also more symptoms of ASD at baseline.
Thus, imitation skills were clinically informative of the
severity of the level of autistic symptoms. This result cor-
roborates findings claiming the importance of imitation
in the acquisition of early tools of communication and its
contribution to autistic symptoms [9-11, 21]. Indeed, dif-
ficulties of engagement in reciprocal imitation early on
may greatly limit social learning opportunities, lower the
experiences of sharing and joint attention, important for
socio-communicative development [29]. Moreover, tak-
ing part in imitation activities prepares the first basis of
communication turns. Thus, from the earliest moments,
the reciprocal imitation of vocalizations and facial
expressions in face-to-face interactions paves the way for
the development of a more complex social interchange
([58], as cited by [9]).

Imitation as a predictor of developmental domains
in children with ASD
While previous studies demonstrated that imitation
predicts future cognitive skills [5-7, 59], the correlation
that we observed in our sample did not hold after Bon-
ferroni correction. The same was true for the relation-
ship between imitation and level of autistic symptoms
1 year later. Nevertheless, the baseline imitation skills
were predictive of communication development 1 year
later. This was the most evident in the domain of expres-
sive language, where better imitation skills at baseline
were predictive of higher levels of expressive language
a year later, while controlling for the baseline levels of
expressive language. The link between imitation and
language has already been explored in previous studies
[11, 60-62]. Indeed, infants start by imitating vocaliza-
tions, exchanges of vocalizations, then later words and
sentences (e.g., [63]). Some studies found that verbal imi-
tation [64] but also body movement imitation [61] are
predictors of expressive language development.
Although children with ASD at a group level showed
important gains in imitation skills, between 2 and 5
years old, the early difficulties in this domain pre-
sented at the age of 2 could still have an important
influence on learning later on. Imitation is important
not only for children’s current achievements, but also
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for their future skills. Learning to imitate can then be
considered as one of the primary goals in early inter-
vention programs for children with ASD [47], which
can then be used to build on this skill for future
acquisitions.

Imitation trajectories within the ASD group

Given the important heterogeneity of the ASD pheno-
type [28], we explored the extent to which there might
be different developmental trajectories of imitation
within our sample of children with ASD. Although
some authors have studied the trajectories of differ-
ent types of imitation in children with ASD [65], to
the best of our knowledge, no study to date tried to
parse the heterogeneity of the early imitation develop-
ment in ASD. Here, using a clustering approach, we
observed three separate imitation trajectories in chil-
dren with ASD. Similar to previous studies [7, 61, 62,
66], we found that good early imitation skills are linked
to better outcomes, while early difficulties predict
impairment in developmental domains. Nevertheless,
our study showed that some children with ASD have
major difficulties in imitation at 2 years old, but show
a great improvement until 5 years of age. As mentioned
previously, we were not able to find a characteristic
that would differentiate these two groups at baseline
and predict whether a child with imitation difficul-
ties at baseline will follow one trajectory or the other.
However, our results support that imitation improve-
ment is an indicator of an overall enhancement, with-
out a clear causal relationship with the used measures.
More investigation should be done to understand the
mechanisms through which a child’s development is
set on one trajectory or the other. The absence of evi-
dence for specific differences between the two groups
with a divergent imitation trajectory is interpreted with
caution. Indeed, imitation is often used to incite and
encourage the child to do the exercises in assessments
such as the one used in this study (MSEL [39];), spe-
cifically when there are difficulties of language compre-
hension, as it is frequently the case in young children
with ASD [67]. Thus, a low score on domains of cogni-
tive or language skills could, in some cases, be better
explained by maladaptive behaviors than by real diffi-
culties in these areas [33].

Perspectives and limitations

As a limitation to this study, we would like to emphasize
that the imitation skills measured in the context of our
study are elementary skills and concern mainly actions
with objects. Thus, it would be particularly interesting to
refine the analyses using a scale adapted for a larger age
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range, with a broader variety of activities, allowing dif-
ferentiation of different imitation types as described by
Vivanti and Hamilton [1].

There are many avenues to pursue to better under-
stand the mechanisms underlying imitation in young
children with ASD. Indeed, as discussed, it would be
particularly interesting and valuable to find an early pre-
dictor of the developmental trajectory in children with
early imitation difficulties. We showed that the children
with an imitation deficit at 2 years will either maintain
their difficulties in a rather global way in the years to
come or show significant improvement in imitation but
also in other areas in general. It would then be a question
of finding which characteristics of the behavioral pheno-
type or the interventions received allowed the positive
evolution in some cases. One of the avenues to follow in
this sense could be to explore earlier milestones of imita-
tion than one measured in our study. Indeed, imitation is
very linked to other skills such as social orientation, joint
attention, and social reciprocity as demonstrated by
some authors [13, 14]. Despite our unsuccessful attempt
to distinguish our two groups in terms of social orienta-
tion using an eye-tacking task [29], more investigations
could be done in this sense with a younger sample.

Conclusions

Our study confirmed a delay in the acquisition of imita-
tion skills in preschoolers with ASD who present a different
developmental trajectory than children with typical devel-
opment. We also showed that these difficulties are related
to levels of autistic symptoms, developmental deficits, and
long-term consequences on the development of communi-
cation and composite cognitive skills. Moreover, our analy-
ses identified subgroups of children with ASD in terms of
imitative development, reflecting the heterogeneity that
characterizes this population. Thus, our study confirms the
status of imitation as a prerequisite for the development of
other skill areas and the importance of including its learn-
ing in early intervention programs, for example.
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