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Abstract

Children with autism spectrum disorders (ASD) imitate less than typically developing (TD)
children; however, the specific features and causes of this deficit are still unclear. The current
study investigates the role of joint engagement, specifically children's visual attention to
demonstrations, in an object-directed imitation task. This sample was recruited from an early ASD
screening study, which allows for an examination of these behaviors prior to formal diagnosis and
ASD-specific intervention. Children with ASD imitated less than TD children; children with other
developmental delays showed no significant difference from the two other screen-positive groups.
Additionally, only the ASD group showed decreased visual attention, suggesting that early visual
attention plays a role in the social learning of children with ASD.
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Children with autism spectrum disorders (ASD) are less likely to imitate a variety of acts
compared to typically-developing (TD) children, and in some studies, compared to children
with other developmental disabilities (DD; Charman, Swettenham, Baron-Cohen, Cox,
Baird, & Drew, 1997; DeMyer et al., 1972; Jones & Prior, 1985; Rogers, Hepburn,
Stackhouse, & Wehner, 2003; Rogers & Pennington, 1991; Rogers, Young, Cook, Giolzetti,
& Ozonoff, 2008; Young, Rogers, Hutman, Rozga, Sigman, & Ozonoff, 2011). Researchers
are still struggling to characterize the imitation deficit observed in ASD and its causes (for
review, see Sevlever & Gillis, 2010; Vivanti & Hamilton, 2014). Given that imitation
provides a foundation for a range of social, cognitive, and communicative skills (Ingersoll &
Schreibman, 2006), identifying the scope and nature of this difference is important for
understanding ASD and for informing targeted interventions.

Imitation batteries for children with ASD often measure simple responses, such as
reproducing body movements (e.g., hand clapping) or one-step acts (e.g., banging a spoon;
e.g., Ingersoll, 2008; McDuffie, Turner, Stone, Yoder, Wolery, & Ulman, 2007; Rogers et
al., 2003; Stone, Ousley, & Littleford, 1997; Toth, Munson, Meltzoff, & Dawson, 2006).
Practically, these tasks are accessible to a wide age range. Very simple acts may also
emphasize social interaction between the partners (Uzgiris, 1981), and such interactions may
be particularly difficult for children with ASD. However, imitation is also important for
learning about the physical environment, including how to use objects and tools. Past studies
that have compared the imitation of physical (versus social) goals in ASD and TD groups
show mixed results, with some reporting impairments in ASD and others finding no
differences (for reviews, see Edwards, 2014; Sevlever & Gillis, 2010; Williams, Whiten, &
Singh, 2004). One current goal is to test children's imitation of multi-step acts that lead to
outcomes on objects.

The second goal is to investigate what defining features of ASD may underlie differences in
imitation. A leading candidate is problems in attending to and processing social information
— including dyadic interaction, social looking patterns, and joint attention (Klin, Jones,
Schultz, Volkmar, & Cohen, 2002; Sigman, Dijamco, Gratier, & Rozga, 2004; Vivanti &
Hamilton, 2014). To date, eye-tracking studies with children (ages 4-15) have found no
ASD-specific differences in total time spent looking at demonstrations in imitation tasks
(Hobson & Hobson, 2007; Vivanti, Nadig, Ozonoff & Rogers, 2008; Vivanti, Trembath, &
Dissanayake, 2014), though children with ASD have a tendency to focus on objects, rather
than a demonstrator's face during such tasks (Vivanti & Hamilton, 2014). These findings
extend research showing decreased orienting to social stimuli in 3- and 4-year-olds with
ASD (Dawson, et al., 2004) and abnormal looking patterns in high-risk infants
(Zwaigenbaum, Bryson, Rogers, Roberts, Brian, & Szatmari, 2005). Limited social attention
could lead to fewer opportunities for social learning, which may be especially critical during
the foundational social interactions of early childhood.

One limit of past imitation research with clinical populations (including ASD) is that it has
been conducted with fairly old children. Most studies have tested children above the age of 4
years, and often children as old as age 12 (for review, see Table 1 of Williams et al., 2004;
though, see also Rowberry, et al., 2015). Depending on the age of diagnosis and other
external factors, children receive varying exposure to targeted interventions (e.g., the Early
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Start Denver Model), which may provide formal training in imitation and in how to direct
attention during social interactions. In the current study, we ruled out effects of ASD-
specific intervention by recruiting at-risk children before their families received diagnoses.
This recruitment method also provided a stringent comparison for the ASD group, because
we tested children who screened positive for ASD (and thus may exhibit similar atypical
behavioral patterns) but who ultimately did not receive a diagnosis or were diagnosed with
another developmental delay.

In the current study, we measure young children's performance in an object-directed task. In
order to parallel the complexity and variety of behavior sequences that children observe in
everyday life, each trial includes several different causally opaque acts leading to an
outcome. These relatively long act sequences may also make group differences in social
attention more pronounced. This design extends work with older children with ASD (Marsh,
Pearson, Ropar, & Hamilton; 2013; Nielsen & Hudry, 2010; Nielsen, Slaughter, &
Dissanayake, 2013; Vivanti, et al., 2014). We hypothesize that young children with ASD,
who have not yet received a diagnosis nor any formal imitation training, will show less
reproduction of both the outcome and the preceding steps relative to TD children. An
additional measure of looking behavior will help clarify the role of visual attention in early
imitation skills.

Toddlers (N = 39; M = 28.58 months, SD = 6.31; range = 20.80 to 46.30; 28 males) were
recruited from a larger study using the Modified Checklist for Autism in Toddlers —
Revised, with Follow-Up (M-CHAT-R/F; Robins, Fein, & Barton, 2009; for information on
the larger study see Robins, Casagrande, Barton, Chen, Dumont-Mathieu, & Fein, 2014).
Parents completed the M-CHAT-R during regularly-scheduled pediatrician visits. Children
who were considered at risk for ASD (based on M-CHAT-R/F scores, pediatrician concern,
or a secondary autism screening) were invited to 1-2 sessions with a licensed psychologist
and a doctoral student clinician that included research and clinical measures. Participants
were recruited consecutively from these scheduled evaluations. Clinicians incorporated
results from the Autism Diagnostic Observation Schedule (Second Edition; ADOS/ADOS2),
Childhood Autism Rating Scale, Second Edition (CARS2), Vineland Adaptive Behavior
Scales — 11 (VABS-II), and Mullen Scales of Early Learning (MSEL) with a parent interview
of ASD symptoms to arrive at a clinical best estimate of diagnosis. All clinicians
administering the ADOS(2) were research reliable. Parents provided informed consent, and
the institutional review board provided oversight of the project.

Fifteen children received a clinical diagnosis on the autism spectrum, based on DSM-IV-TR
diagnostic criteria (American Psychiatric Association, 2000; Autistic Disorder, n = 12;
PDD-NOS, n = 3). The DD group (n = 10) included children who received a diagnosis not
on the autism spectrum (e.g., Global Developmental Delay, Developmental Language
Disorder). Those children who received no diagnosis were placed in the typically-
developing screen-positive group (TD-SP; n = 6). A random sample of children whose M-
CHAT-R/F scores suggested no autism risk were invited to participate in a research session
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only. This typically developing group (TD; n = 8) did not receive a clinical evaluation, thus
MSEL data and other clinical measures were not available. Seven additional children were
excluded from the analyses because they a) did not complete evaluation (n = 2), b) refused
to engage in the imitation task (n = 3), or c¢) exhibited sub-clinical autism-like deficits that
precluded clear diagnostic group categorization (n = 2).

The four groups were matched for chronological age (see Table 1). The ASD, DD, and TD-
SP groups did not differ in fine motor ability or expressive language, but there were
significant differences in receptive language and visual reception, as measured by the MSEL
(see Table 1). Early Learning Composite (ELC) scores from the MSEL indicated the ASD
and DD groups were matched on overall cognition. The ASD group had significantly higher
CARS?2 total scores and ADOS(2) severity scores than the other two groups. These
differences are characteristic of children with ASD or DD, and so are not corrected for in
subsequent analyses (Dennis, Francis, Cirino, Schachar, Barnes, & Fletcher, 2009; Miller &
Chapman, 2001). This analysis plan is consistent with past studies of imitation in ASD (e.g.,
Nielsen, et al., 2013; Vivanti, et al., 2014).

Six novel stimuli objects were used; each had four associated target acts (see Table 2).

Each child was tested and videotaped individually in a lab room. The child and experimenter
sat across from each other at a small table. Each session included six imitation trials, one
with each object, which were presented in two (counterbalanced) orders. For each trial, the
experimenter purposefully performed the target acts on the object. Each act could be
completed independently (e.g., the snap container could be opened without unsnapping the
side or using the tool). After each demonstration, the experimenter removed the object from
view, reset it, said, “Now it's your turn”, and gave the object to the child for 30 s.

Dependent Measures and Scoring

Our primary dependent measure, the imitation score, was scored from video. Children
received zero (0) points for unattempted target acts, half (.5) of a point for unsuccessful
attempts, and one (1) point for successful imitation of a target act. Sample unsuccessful
attempts include touching a button without depressing it, or pulling on a band without
removing it. There were four acts per object yielding a total imitation score that ranged from
0-24. Each score was converted into a percentage of acts imitated. Two children did not
interact with all six objects and their scores were based on their object set size (four or five
objects). All raters were blind to the diagnostic groups and research hypotheses. A
randomly-chosen 28.21% of participants were rescored by secondary raters. Agreement
between raters was high; ICC (1,11) = .99.

To test for differences in children's attention to the adult's demonstrations, a frame-by-frame
analysis of the video was conducted. For each frame, children were scored as looking at or
away from the demonstration (including the experimenter and object). The attention score
was the percent of total demonstration time a child spent looking at the demonstration.
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Scoring reliability was assessed by re-coding a randomly-chosen 28.21% of participants;
ICC (1,6) =.99.

Preliminary analyses showed no significant effects of object presentation order, trial
number, or gender on the scores; we collapsed across these factors for subsequent analyses.
Across groups, imitation scores met assumptions of normality (Shapiro-Wilk p's > .05), but
violated Mauchly's test of sphericity; y2(5) = 18.99, p = .002. Greenhouse-Geisser adjusted
degrees of freedom are reported.1

A repeated measures ANOVA, with act number (1-4) as a within subjects factor and
diagnosis group as a between subjects factor, revealed two main effects (see Figure 1). First,
there was a significant difference among groups in total imitation scores; F(3, 35) = 8.71, p
<.001, np2 = .43. Specifically, the TD group (M = 50.26%, SD = 10.88), imitated
significantly more target acts overall than both the ASD group (M = 24.31%, SD = 14.89;
Tukey's HSD p < .001) and the DD group (M = 31.46%, SD =9.38; p = .012). In addition,
the TD-SP group (M = 40.28%, SD = 8.90) imitated more acts overall than the ASD group,
p = .046. Unsuccessful attempts accounted for equal proportions of total imitation scores
across the four groups, F(3, 38) = 1.54, p = .220, npz =.12. Total imitation scores correlated
with CARS2 total scores (Pearson r = -.47, p =.008) and MSEL ELC scores (Pearson r = .
51, p =.003).

The ANOVA also showed a main effect of children's imitation of the different acts within
each demonstration, F(2.25, 78.80) = 35.76, p < .001, npz = .51. Children were significantly
more likely to imitate the final act in the sequence (which produced the physical outcome)
than they were to imitate any of the first three acts (the steps leading to the outcome);
Bonferroni-corrected p values < .001. There were no significant differences in imitation of
the first three acts, and no significant interaction between the act number and group, F(6.75,
78.80) = 1.38, p = .227, 1)p? = .11.

Attention scores were not normally distributed across groups (Shapiro-Wilk p's < .002);
nonparametric measures are reported. A Kruskal-Wallis test revealed significant differences
between groups’ attention scores, ¥2(3) = 15.01, p = .002. Subsequent Mann-Whitney U
pairwise comparisons revealed that the ASD group (M = 80.13%, SD = 14.40) looked a
significantly lower percentage of the time than the DD (M = 97.10%, SD = 3.98; U = 27.50),
TD-SP (M =98.83%, SD = 2.86; U = 11.50), and TD groups (M = 97.63%, SD =5.21; U =
17.50), p's < .008. There was also a significant correlation between total imitation scores and
attention scores (Pearson r = .69, p <.001).

1Nonparametric analyses revealed the same findings. A Kruskal-Wallis test showed a significant difference among groups in total
imitation scores, X2(3) =16.36, p = .001. Subsequent Mann-Whitney U pairwise comparisons revealed that the TD group imitated
significantly more overall than the DD group (p = .002) and ASD group (p = .002), but not the TD-SP group (p = .135). The TD-SP
group imitated significantly more than the ASD group (p = .022), but not the DD group (p = .082). There was no significant difference
in overall imitation between the DD and ASD groups (p = .127).

A Friedman test revealed significant differences in the frequency of completion of Acts 1-4, X2(3) =51.21, p <.001. Subsequent
Wilcoxon-signed ranks tests revealed that, across groups, Act 4 was completed more frequently than the three other acts (p's < .001).
Additionally, Act 2 was completed more frequently than Act 3 (p = .020)

J Autism Dev Disord. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gonsiorowski et al. Page 6

Discussion

The first aim of this study was to investigate the imitation of object-directed acts in young
children with ASD who had not been previously diagnosed. Across all types of target acts,
the ASD group imitated fewer acts than both of the TD groups, but did not differentiate from
a matched DD group. This difference was observed for both acts producing physical
outcomes and acts leading to those ends. These results support proposals that young children
with ASD show a general impairment in imitating acts on objects relative to TD children
(e.g., Rogers et al., 2003).

Regardless of diagnostic group, children were more likely to reproduce the final act, relative
to the first three acts. This may reflect a recency effect; children may better remember the
last act of a sequence. Alternately, children may have imitated the final act because it
directly led to the physical outcome. This would suggest that on this task, all children
prioritize the reproduction of outcomes relative to acts leading to outcomes (emulate), which
is consistent with past reports from TD children (Bekkering, Wohlschlager, & Gattis, 2000;
Elsner, 2007) as well some studies with older children with ASD (e.g. Marsh et al., 2013;
Vivanti et al., 2014). Future research in which the order of the acts varies would help
distinguish these alternatives. Future investigations could also examine imitation of different
types of acts leading to outcomes (e.g., using a tool versus not), which was not
systematically varied in the current study.

Although differences between the ASD and both TD groups persisted on these tasks, the DD
group's scores were not significantly different from the ASD or TD-SP groups. A general
limitation of this study is that the sample size is very small (and may be underpowered),
although other imitation studies have tested groups of comparable sizes (e.g., Nielsen, et al.,
2013). This may be particularly important in consideration of the DD group's imitation
scores, which did not differ from the ASD group, despite a large effect (nlo2 =.43). Some
prior studies of imitation of acts leading to physical outcomes have also struggled to elicit
differences between children with ASD and children with mixed developmental disorders
(Charman & Baron-Cohen, 1994; Wu, Chiang, & Hou, 2011); the lack of difference in this
study may be exacerbated by the fact that all children in the DD group screened positive on
an autism screening tool.

The second goal of this study was to examine whether differences in joint engagement,
specifically looking behavior, might relate to imitation performance. The analysis of
attention scores revealed that children with ASD looked at the demonstrations significantly
less than the other three groups. This supports proposals that visual attention may play a role
in imitation performance in children with ASD (Vivanti, et al., 2008). Fine motor ability (as
measured by the MSEL) was also not significantly different among groups, which lends
support to the idea that children with ASD fail on the front end of imitation (e.g., inattentive
to demonstrations) rather than primarily in the stage of execution due to motor limitations
(see Dziuk, et al., 2007; McDuffie, et al., 2007; Mostofsky, et al., 2006; Vanvuchelen,
Roeyers, & De Weerdt, 2007).
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Overall cognitive ability (measured by MSEL ELC scores) also correlated significantly with
total imitation scores. Past studies have found associations between imitation and mental
age, and particularly in the language domain (Poon, Watson, Baranek, & Poe, 2012;
Roeyers, Van Oost, & Bothuyne, 1998; Sigman & Ungerer, 1984; Toth, et al., 2006; though
see also, Stone, et al., 1997; Vanvuchelen, et al., 2007). This aligns with the results of the
current study, however, it is unclear whether the cognitive deficits observed here explain
decreased imitation, or are only co-occurring features of the ASD profile.

This study shows that, prior to diagnosis or intervention, young children with ASD show
differences in imitation performance and visual attention in an object-directed imitation task.
Deficits in imitation in ASD have been well-documented, and recent work exploring the
relationship between imitation and visual attention finds that older children with ASD are
less likely to look at the social elements of a demonstration (Hobson & Hobson, 2007;
Vivanti, et al., 2008; Vivanti, et al., 2014). The current results show a decrease in total
attention that is specific to toddlers with ASD. It is possible that young children with ASD
fail to attend to social learning opportunities like DD and TD children do, and that these
differences become more defined with age or as the result of intervention. This finding
reaffirms the importance of engaging visual attention in targeted interventions for ASD, and
especially when teaching imitation and other social skills.

However, the answer may not be so straightforward. The above-referenced work also shows
that imitation deficits in ASD persist, even when differences in looking behavior are not
present. It is possible that the early pedagogical experience accessed by visual attention to
others is critical for later imitation development. Future research would help to elucidate the
role of visual attention in early imitation, as well as the longitudinal influence of early
looking patterns on social and communicative skills.
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OASD
oDD
ETD-SP
ETD

Mean percentage of target acts imitated (+/- SE) as a function of demonstrated act number
and diagnostic group. ASD = autism spectrum disorders; DD = developmental disabilities;
TD-SP = typically-developing screen-positive; TD = typically-developing.
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Table 1

Group Characteristics (MSEL domain scores reported as age equivalencies)

ASD n=15 DDn =10 TD-SPn=6 TDn=8 F
Chronological Age 29.07 (6.24) 29.55 (7.16) 2578 (3.70)  28.56(7.35)  0.48
Fine Motor Ability 20.80 (5.36) 22.20 (5.09) 25.00 (1.55) - 1.64
Expressive Language 15.73 (8.62) 18.30 (8.03) 23.50 (4.04) -- 2.13

Receptive Language 1433 (10.46)2 1870 (7.072  27.33(3.72)° - 496
. . —_— *
Visual Reception 17.80 7.49)% 2140 (5062  29.17 (7.22)° 6.08
t a a b - *
ELC 63.13 (18.67)% 66.10 (12.76)%  100.67 (10.80) 13.03
_— *
CARS2 Total Score 3200 (4462  21.75(335)° 1750 (1.17)° 47.36

ADOS(2) Severity Score

a b b *
6.60 (1.76) 1.50 (0.97) 1.17 (0.41) 56.01

Note: MSEL = Mullen Scales of Early Learning; ASD = autism spectrum disorders; DD = developmental disabilities; TD-SP = typically-
developing screen-positive; TD = typically-developing; ELC = Early Learning Composite; CARS2 = Childhood Autism Rating Scale, Second
Edition; ADOS(2) = Autism Diagnostic Observation Schedule (Second Edition). Clinical measures not available for the TD group because they did
not receive evaluations.

a _— R . . . . .
Means with different letters are significantly different at p < .05 level using Bonferroni-corrected pairwise comparison

Means with different letters are significantly different at p < .05 level using Bonferroni-corrected pairwise comparison
+

1duosnue Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

MSEL Early Learning Composite (M = 100, SD = 15)

*
p<.05
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Table 2

Detailed Stimuli Descriptions Including Photos and Target Acts

Stimuli Photo Target acts

Lift-top box (20 x 17 x 6 cm) 1. flip switch

2. rotate box to align handle with tool
3. apply tool around handle
4

. open box (with or without tool) to reveal toy

Music Machine (11 x 8 x 13 cm) . press silver button at base
. turn first round switch to the right and back
. touch pick to strings

. strum strings (with pick or hand) to produce sound

. lift handle

. unsnap side latch

. apply tool to lid

. lift lid (with or without tool or unsnapping) to reveal toy

Snap Container (16 x 16 x 5 cm)

. remove band

. press button

. touch light with back of hand
. press light to illuminate

Mounted Light (14 cm tall, 13 cm diameter)

twist latch

pull latch away from canister
press button to make it lift
open canister to reveal toy

Pop-up Canister (16 x 11 x 16 cm)

Eal ol o

Scarf Bottle (27 cm tall, 7 cm diameter) . pull down blue tab
. apply thumb to yellow button on front of bottle
. press yellow button on front of bottle

. open top to reveal scarf

AWM

Note: The mean time it took to demonstrate each act sequence ranged from 9-12 s.
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