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New skills may be learned from the outcomes of their own internally generated
actions (experiential learning) or from the observation of the consequences of
externally generated actions (observational learning). Observational learning requires
the coordination of cognitive functions and the processing of social information. Due
to the “social” abilities underlying observational learning, the study of this process
in individuals with limited social abilities such as those affected by Autism Spectrum
Disorders (ASD) is worthy of being investigated. We asked a group of 16 low-functioning
young children with ASD and group of 16 sex- and mental age-matched typically
developing (TD) children to build a house with a set of bricks after a video-demonstration
showing an actor who built the house (observational task – OBS task) and then to
build by trial and error another house (experiential task – EXP task). For ASD group,
performances in learning tasks were correlated with measures of cortical thickness of
specific Regions of Interest (ROI) and volume of deep gray matter structures known to
be related with such kinds of learning. According to our a priori hypothesis, for OBS
task we selected the following ROI: frontal lobe (pars opercularis, pars triangularis, and
premotor area), parietal lobe (inferior parietal gyrus), temporal lobe (superior temporal
gyrus), cerebellar hemispheres. For EXP task, we selected the following ROI: precentral
frontal gyrus and superior frontal gyrus, cerebellar hemispheres, basal ganglia, thalamus.
Although performances of ASD and TD children improved in both OBS and EXP tasks,
children with ASD obtained lower scores of goal achievement than TD children in both
learning tasks. Only in ASD group, goal achievement scores positively correlated with
hyperimitations indicating that children with ASD tended to have a “copy-all” approach
that facilitated the goal achievement. Moreover, the marked hyperimitative tendencies of
children with ASD were positively associated with the thickness of left pars opercularis,
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left premotor area, and right superior temporal gyrus, areas belonging to mirror neuron
system, and with the volume of both cerebellar hemispheres. These findings suggest
that in children with ASD the hyperimitation can represent a learning strategy that might
be related to the mirror neuron system.

Keywords: imitation, social learning, learning, hyperimitation, mirror neuron system, cerebellum

INTRODUCTION

New skills may be learned from the outcomes of their own
internally generated actions (“experiential learning” or “learning
by doing” or “learning by trial and error”) or from the
observation of the consequences of externally generated actions
(“observational learning”) (Bandura, 1977; Petrosini, 2007;
Meltzoff et al., 2009). The main difference between mechanisms is
that action and its consequences are experienced by the learners
themselves in the case of experiential learning, or by another
individual in the case of observational learning (Buchanan and
Dean, 2010).

Observational learning requires the coordination of complex
cognitive functions (as action representation, attention,
motivation) and the processing of social information (as
understanding others’ gestures and making inferences about
their behaviors) (Gallese and Goldman, 1998; Meltzoff and
Decety, 2003). Due to the social abilities underlying observational
learning, the study of this process in individuals with limited
social abilities such as those affected by Autism Spectrum
Disorders (ASD) is worthy of being investigated. In fact, despite
the heterogeneity in clinical presentation, one unifying feature
of ASD conditions is the abnormality of social interaction
including imitation, joint attention, goal understanding, affect
sharing, communicative use of language and play (Rogers
and Williams, 2006; Mundy, 2011; Nadel et al., 2011; Vivanti
et al., 2014, 2016). Many individuals affected by ASD do not
attend to environmental stimuli at a level sufficient to learn a
range of (pro-)social behaviors through observation of others
(Vivanti and Dissanayake, 2014). Several studies showed that
individuals with ASD show less or impaired imitation in a variety
of tasks (Williams et al., 2004; Nadel, 2015), although other
reports indicated increased imitation in ASD, with behaviors
(echopraxia) and speech (echolalia) imitated from others,
without regarding the context and meaning of the actions
(Williams et al., 2004; Bellini and Akullian, 2007; Ledford et al.,
2008; Taylor and DeQuinzio, 2012; Plavnick and Hume, 2014).
Recently, we analyzed the features of learning by observation and
learning by doing in high-functioning children with ASD who
learned a visuo-motor sequence after observing an actor who
detected it by trial and error (observational training) or directly
by doing (Foti et al., 2014). Children with ASD were impaired
in learning by doing the task, whereas they were as efficient as
typically developing children in learning by observation the task.
Specifically, through the observational training, children with
ASD learned to put into action the correct decision making and
the appropriate strategies to discover rules and generate new
knowledge to be automated. In spite of the beneficial effects of the
observational training, the children with ASD reproduced also

patently wrong actor’s actions, showing thus marked tendencies
to hyperimitate (Foti et al., 2014).

Whereas research has focused on brain structures and
mechanisms of experiential learning, relatively less is known
regarding how observational learning proceeds. In particular,
several neuroimaging studies have established that learning
by trial and error engages cortical and subcortical structures
organized into two main circuits where dynamic changes occur
during motor learning/adaptation: the cortico-striato-thalamo-
cortical loop and the cortico-cerebello-thalamo-cortical loop
(Doyon et al., 2003). In parallel, the prefrontal cortex is
particularly involved in the storage and retrieval from long-
term memory of known rules for action (Bunge et al., 2003;
Bunge, 2004; Donohue et al., 2005; Crone et al., 2006).
Conversely, observational learning is thought to utilize brain
regions responsive to both observation and execution of action
(potential mirror neuron system, MNS; Rizzolatti et al., 1996,
2001; Rizzolatti and Craighero, 2004). MNS includes premotor
cortex (PMC), inferior frontal gyrus (IFG), and inferior parietal
lobule (IPL), areas which receive their main visual input from the
superior temporal sulcus (STS) (Brass and Heyes, 2005; Caspers
et al., 2010; Molenberghs et al., 2010). To this core network of
brain regions with mirroring properties, further areas, as the
cerebellum, have been added (Iacoboni and Dapretto, 2006).
Insofar as the MNS generates a simulation circuit that allows the
association between one’s own actions with others’ actions, MNS
is retained to be involved in action understanding and imitation,
social interaction, identification of others’ emotions and language
comprehension (Iacoboni, 2005, 2009; Rizzolatti and Sinigaglia,
2010).

Over the past few years, it has been hypothesized that the social
‘aloneness’ and the imitative impairment of individuals with ASD
might result from abnormalities in frontal and temporal regions –
commonly referred to as “social brain” – as well as in MNS
(Oberman et al., 2005, 2008; Dapretto et al., 2006; Hamilton
et al., 2007; Leighton et al., 2008; Fan et al., 2010; Hamilton,
2015). However, the studies have produced controversial findings
probably because of the structural heterogeneity within the
syndrome, the different ages of the cohorts examined, the
neuroimaging techniques used, the largely lacking correlations
between neuroanatomical abnormalities and behavioral findings.
Furthermore, gathering high-quality neuroimaging data from
low-functioning young children with ASD has proven to be a
demanding challenge (Schumann et al., 2010; Hazlett et al., 2011;
Calderoni et al., 2012).

Starting from this evidence, the present study aimed at
addressing the issue of the observational learning and experiential
learning in the presence of ASD by means of a behavioral
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and neuroimaging approach. Specifically, we asked a group
of 16 low-functioning young children with ASD and a group
of 16 sex- and mental age-matched typically developing (TD)
children to build a house with a set of bricks after a video-
demonstration showing an actor who built by trial and error
a house with the same set of bricks (Figure 1A). Subsequently
to assess the experiential learning, the children were asked
to build by trial and error another house with different
bricks (Figure 1B). Then, only for ASD group, to correlate
behavioral performances with morphological brain measures,
behavioral outcomes in both learning tasks were correlated
with measures of cortical thickness of specific Regions of
Interest (ROI) and volume of deep gray matter structures
known by the literature (a priori hypothesis) to be related
with learning tasks. According to our a priori hypothesis,
for the observational learning task we selected the following
ROI: frontal lobe (pars opercularis, pars triangularis, and
premotor area), parietal lobe (inferior parietal gyrus), temporal
lobe (superior temporal gyrus), and cerebellar hemispheres
(Figure 2A). For the experiential learning task, we selected
the following ROI: precentral frontal gyrus and superior

FIGURE 1 | Learning tasks. The Lego R© Duplo bricks used in the
observational learning task (A) and in the experiential learning task (B). In the
lower right corner of each figure is represented the final house.

FIGURE 2 | Brain regions selected for the observational and experiential
learning tasks. Brain regions selected for the observational learning task (A)
and experiential learning task (B).

frontal gyrus, cerebellar hemispheres, basal ganglia (caudate,
pallidum, and putamen), and thalamus (Figure 2B). Notably, the
association of behavioral and neuroimaging data obtained from
the very same young children is a paradigm scarcely present in
literature.

MATERIALS AND METHODS

Participants
Sixteen children with ASD (14 males) with a mean chronological
age (CA) of about 7 years (88.2 months ± SD 33.3), mental age
(MA) of 48.4 months ± 15.4, and IQ of 67 ± 21.7 and 16 TD
children matching the ASD children for MA (47.2 ± 14.7) and
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sex (14 males) participated in the present study (Table 1). In
the TD children, mean IQ was 103.4 ± 7.9 and mean CA was
49.3 ± 13.9. Children with ASD were recruited at the Children’s
Hospital Bambino Gesù in Rome, while the TD children were
recruited in a kindergarten in Rome. To determine the children’s
cognitive development level the Griffith Mental Developmental
Scale for ages 2–8 (GMDS-ER 2–8, Luiz et al., 2006) was used.
All participants were diagnosed according to the DSM-IV TR
diagnostic criteria (American Psychiatric Association [APA],
2000). Module 1 of Autism Diagnostic Observation Schedule
(ADOS, Lord et al., 2005) was used to confirm the diagnosis
of autistic spectrum disorder (ASD, scores 7–10) or Autistic
disorder (A, scores >10). Based on the ADOS results, 11
children met the criteria for A and 5 for ASD (Table 1). In
the current study, all 16 children are named ASD. The ADOS
was administered and scored by licensed clinicians that had
reached clinical reliability on the instrument. Adaptive behavior
was assessed using the survey form of the Vineland Adaptive
Behavior Scales (VABS, Sparrow et al., 1994). All participants
had normal or corrected-to-normal vision and were screened
for exclusion criteria (epilepsy, and any other neurological or
psychiatric condition) prior to taking part of the research.

The study was approved by the Ethics Committee of
Children’s Hospital “Bambino Gesù,” Rome, Italy [protocol
number: 486LB] and was conducted according to the Declaration
of Helsinki. Parents of the participants gave informed written
consent.

Learning Tasks and Experimental
Procedures
All children readily participated in the study and willingly
performed the experimental tasks. The tasks consisted in building
a little house with Lego R© Duplo bricks provided to children by the
experimenter. In the observational task, the participants learned
to build a house by assembling the bricks after observational
training in which they observed a video showing an actor (FF)
who built the house (Observational Learning – OBS task). In
the experiential task, the participants assembled a different set of
Lego Duplo bricks to build by trial and error a different house
without any observational training (Experiential Learning – EXP
task).

Task Materials
In the OBS task, four colorful interlocking plastic Lego R© Duplo
bricks were presented on a table: (a) a red brick (2 × 6) locking
connector; (b) a green and red brick (2 × 4) formed by two
bricks already assembled one above another; (c) a yellow flat
tile (1 × 6); and (d) a yellow frame (4 × 6) representing the
main structure of the house (Figure 1A). In the EXP task, a
different set of four colorful interlocking plastic Lego R© Duplo
bricks were presented on the table: (a) a green brick (2 × 4)
formed by three bricks already assembled one above another;
(b) an orange brick (2 × 4); (c) a red flat tile (1 × 6); and
(d) a red frame (4 × 6) representing the main structure of
the house (Figure 1B). Notably, in both tasks the piece “b”
was superfluous and it had not to be used in building the
house.

Task Procedures
The participant sat in front of a table in a lighted quiet
room at the Neuropsychiatric Unit of the Bambino Gesù
Children’s Hospital of Rome, Italy. The TD children were
individually tested in a quiet room at their school. For the
OBS task, the Lego R© bricks (Figure 1A) were first provided
to the participant for about 30 sec to allow familiarization
with the experimental material. Afterward, the experimenter
(FF) removed the bricks and put a computer in front of the
child at a distance of 60 cm to show a brief video (1 min)
in which an actor (FF) built the house by trials and errors
by interlocking the bricks the child had seen and familiarized
with immediately before. The video of the observational training
showed the actor who built the house making some evidently
wrong actions (errors) as trying to insert a big piece into
a small one or trying to insert wrongly interlocked bricks
beating them against the house main structure. Remarkably, the
actor made some actions superfluous for building the house:
namely, she showed off the single bricks displaying them one-
by-one, she emphatically performed head movements of assent
or denial that emphasized the correctness or the incorrectness
of her actions. After the observational training, the participant
received again the bricks and the child was required to build
the house. There was no fixed time limit for executing the
task. The entire OBS task included three trials (in each trial
children saw the same video) with an inter-trial interval of about
5 min.

At the end of the OBS task, the child could leave the
room for about 15 min. Afterward, the participant performed
the EXP task in which he/she had to build a different
house with a new set of bricks (Figure 1B). After the
familiarization phase with the new bricks (30 s), the experimenter
removed the bricks and a single still image representing
the completely built house appeared on the computer screen
and remained for 20 s. Then, the participant received again
the bricks to build the second house. The entire EXP task
included three trials with an inter-trial interval of about
5 min.

Children’s behavior was video-recorded during both tasks.
This has permitted to score the children’s performance in both
task and to monitor the children’s attention to the video during
the observational training in the OBS task and to the single still
image in the EXP task. The choice for using video had different
reasons. Firstly, numerous studies have shown that video-
demonstrations are more effective than live-demonstrations in
teaching various tasks to children with ASD, in contrast to
typically developing children that learn faster and better with
live-demonstrations (Charlop-Christy et al., 2000; Hayne et al.,
2003; Ayres and Langone, 2005; Klein et al., 2006; Bellini
and Akullian, 2007; Delano, 2007; McCoy and Hermansen,
2007). Secondly, because all participants receive exactly the same
information (same gestures performed by the same actor at
the same speed), video-demonstrations are more rigorous and
stringent than live-demonstrations. Thirdly, given the bricks
were not available during the video-demonstration, it prevented
the child from trying to get the bricks during the observational
training.
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Behavioral Parameters
In each trial of OBS and EXP tasks we measured: goal
achievement, assigning a score ranging from 1 (worst value)
to 3 (best value) to the child’s performance. In particular,
we assigned the score: 1. when only goal-irrelevant actions
(neither interlocking bricks nor inserting them in the main house
structure) were performed; 2. when the child wrongly assembled
bricks or attempted to insert wrong bricks in the main house
structure; and 3. when the child succeeded in inserting the
correctly assembled bricks in the main house structure.

In each trial of the OBS task, we measured hyperimitations,
that is, the number of wrong or useless actor’s actions which
the child mimicked (i.e., the child could show off the bricks,
move his/her head performing movements of assent or denial,
beat the wrong bricks against the house main structure, or try to
insert a big piece into a small one, as previously observed in the
actor’s performance). Summing the hyperimitations of the three
trials, we obtained the total hyperimitations to be correlated with
neuroanatomical values.

Moreover, in each trial of the OBS task, we measured the
imitated sequences. To this aim we first segmented the chain of
actions performed by the actor (1: showing off the bricks; 2:
assembling wrong bricks; 3: beating the wrong bricks against the
house main structure; 4: moving the head performing movements
of denial; 5: assembling right bricks; and 6: moving the head
performing movements of assent), then we measured the length
of the sequence of actions reproduced by the child. Summing
the imitated sequences of the three trials, we obtained the total
imitated sequences to be correlated with neuroanatomical values.

Furthermore, we summed the manipulations of both tasks,
that is, the total number of object-linked actions not aimed to
build the house (e.g., handling the bricks without assembling
them, changing their position on the table, and holding the
bricks). In other words, we considered as manipulations all
actions that – although were not closely related to the specific
proposed task (that is to build the house) – can be anyhow
considered “play” actions and not “bizarre” actions.

Finally, we summed the task-irrelevant actions of both tasks,
that is, the total number of weird actions not at all related to the
task (e.g., beating the bricks on the table and throwing the bricks
to the ground). In other words, we considered as task-irrelevant
actions all actions that cannot be considered “play” actions and
that clearly broke the experimental setting.

For all parameters, two coders independently attributed the
scores. The scoring was considered reliable only when by
comparing measures through Cohen’s kappa coefficient their
judgments were consistent (k > 0.75).

Images Acquisition
All participants underwent an MRI scan at Bambino Gesù
Children’s Hospital, in a window time of 2 weeks from learning
tasks. Brain MRI scans were performed at 1.5 T (Siemens,
Magnetom Vision, Erlangen, Germany). In a single session,
a 3D T1-weighted turbo-flash magnetization prepared rapid-
acquisition gradient echo (3D MPRAGE) (TR/TE = 11.4/4.4 ms,
TI = 300 ms, flip angle = 158) sequence was obtained from

all participants with an isotropic 1 mm3 voxel size. Scans were
processed at the IRCCS Fondazione Santa Lucia (Rome, Italy).

Cerebral Measures
Cerebral measures (cortical thickness and gray matter volume)
were estimated using FreeSurfer software (FreeSurfer 5.1.01), a
widely documented and automated program for the analysis of
brain structure. The technical details have been described in
previous publications (Dale and Sereno, 1993; Dale et al., 1999;
Fischl et al., 1999, 2002, 2004; Fischl and Dale, 2000; Ségonne
et al., 2004; Jovicich et al., 2006). Briefly, local cortical thickness
was measured by estimating the shortest distance between the
position of spatially equivalent surface points on the pial surface
and the gray-white matter boundary and vice versa, and averaging
the two values (Fischl and Dale, 2000). A 10-mm full-width
half-maximum Gaussian kernel was then applied to smooth data.

Hemispheric cortical thickness parcellation on gyral based
Desikan-Killiany cortical Atlas is automatically generated by
FreeSurfer software. The FreeSurfer implements a technique
for automatically assigning a neuroanatomical label to each
location on a cortical surface model based on probabilistic
information estimated from a manually labeled training set. This
procedure incorporates both geometric information derived from
the cortical model and neuroanatomical convention, as found
in the training set. These are the individual Desikan-Killiany
ROI mapped for each lobe: frontal lobe (superior frontal, rostral
and caudal middle frontal, pars opercularis, pars triangularis
and pars orbitalis, lateral and medial orbitofrontal, precentral,
paracentral, and frontal pole); parietal lobe (superior parietal,
inferior parietal, supramarginal, postcentral, and precuneus);
temporal lobe (superior, middle, and inferior temporal, banks
of the superior temporal sulcus, fusiform, transverse temporal,
entorhinal, temporal pole, and parahippocampal); occipital lobe
(lateral occipital, lingual, cuneus, and pericalcarine) and cingulate
if it needed to be included in a lobe (rostral anterior, caudal
anterior, posterior, isthmus).

We also obtained (as additional FreeSurfer output) gray
matter volume of the following brain regions: nucleus
accumbens, caudate nucleus, pallidum, putamen, hippocampus,
amygdala, thalamus and cerebellum, together with total
intracranial volume.

FreeSurfer outputs were visually inspected and manually
edited (when required) by a trained researcher (FP). In
order to account for individual variability in head size, local
cortical thickness measures were corrected for total hemispheric
thickness, while volumetric measures were corrected for total
intracranial volume.

According to our a priori hypothesis, for the OBS task
we selected the following ROI: frontal lobe (pars opercularis,
pars triangularis, premotor area), parietal lobe (inferior parietal
gyrus), temporal lobe (superior temporal gyrus), and cerebellar
hemispheres (Figure 2A). For the EXP task we selected the
following ROI: precentral frontal gyrus and superior frontal
gyrus, cerebellar hemispheres, basal ganglia (caudate, pallidum,
putamen), and thalamus (Figure 2B).

1http://surfer.nmr.mgh.harvard.edu/
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Statistical Analysis
Behavioral data were first tested for normality (Shapiro–Wilk’s
test) and homoscedasticity (Levene’s test) and then compared
by using parametric one-way analyses of variance (ANOVAs)
with repeated measures, or non-parametric Friedman’s ANOVA,
or Mann-Whitney U test. Correlations between data were
tested by means of Pearson’s r or Spearman’s r. Associations
between behavioral parameters and cerebral measures were
tested by using stepwise multiple regression analyses (F-to-
enter = 1) with each behavioral parameter as dependent
variable and volumes and thickness measures as independent
variables. Statistical analyses were performed by using Statistica
8.0 for Windows and the significance level was set at
p < 0.05.

RESULTS

Behavioral Results
OBS Task
Although the performances of the both groups of participants
significantly improved in the three trials of the OBS task
(Friedman’s ANOVA on goal achievement scores: ASD group,
χ2(2) = 7.11; p = 0.03; TD group, χ2(2) = 13; p = 0.001), the
children with ASD obtained significantly lower scores on goal
achievement parameter than TD children (Mann-Whitney U test:
1st trial, z = −4.79, p = 0.000002; 2nd trial, z = −4.19, p = 0.00003;
3rd trial: z = −3.46, p = 0.0005) (Figure 3A).

Interestingly, TD children did not show hyperimitations and
imitated sequences as well as manipulations and task-irrelevant
actions. So, statistical comparisons between groups on these
behavioral parameters were not performed.

In the ASD group, the number of hyperimitations did not
significantly change during the three OBS trials [ANOVA: F(2,
30) = 1.10; p = 0.34], while the number of imitated sequences
significantly increased [ANOVA: F(2, 30) = 3.64; p = 0.04].

As for the ASD group, at the third trial, goal achievement
scores positively correlated with the hyperimitations (Spearman’s
r = 0.66, p = 0.005), with the imitated sequences (Spearman’s
r = 0.58, p = 0.02), with IQ (Spearman’s r = 0.56, p = 0.02), and
did not correlate with total ADOS scores (Spearman’s r: −0.22;
p = 0.39) (Figures 4A–C).

Total hyperimitations of children with ASD positively
correlated with total imitated sequences (Pearson’s r: 0.73;
p = 0.001), with IQ (Pearson’s r = 0.57; p = 0.021) and
did not correlate with total ADOS scores (Pearson’s r: −0.43;
p = 0.09). Total imitated sequences of children with ASD
negatively correlated with total ADOS scores (Pearson’s r: −0.54;
p = 0.03) and did not correlate with IQ scores (Pearson’s r: 0.35;
p = 0.18) (Figures 4D–F).

EXP Task
Children with ASD obtained significantly lower scores of goal
achievement than TD children in the first and second trial, but
not in the third trial (Mann-Whitney U test: 1st trial, z = −3.08,
p = 0.002; 2nd trial, z = −2.42, p = 0.01; 3rd trial: z = −1.76,
p = 0.08) (Figure 3B).

The performances of the children with ASD significantly
improved in the three trials of the EXP task (Friedman’s ANOVA
on goal achievement scores: χ2(2) = 6.61; p = 0.03). The goal
achievement scores obtained in the last trial by children with ASD
did not correlate with IQ (Spearman’s r = 0.33, p = 0.21) and total
ADOS scores (Spearman’s r: −0.28; p = 0.29).

Goal achievement scores of EXP task positively correlated with
the scores obtained in OBS task in the second and third trial
in the ASD group, and in the third trial in TD group (ASD
group: 1st trial, Spearman’s r = 0.20, p = 0.46; 2nd trial, r = 0.65,
p = 0.007; 3rd trial, r = 0.67, p = 0.004; TD group: 1st trial,
r = 0.44, p = 0.09; 2nd trial, r = 0.42, p = 0.1; 3rd trial, r = 0.69,
p = 0.003).

Furthermore, while the total manipulations of the children
with ASD did not significantly change over trials [ANOVA:

FIGURE 3 | Behavioral results of ASD and TD children. Performance of ASD and TD children in the observational learning task (A) and experiential learning task (B).
Data are presented as mean ± SEM. Asterisks indicate the significance level of comparisons between groups: ∗p < 0.05, ∗∗p < 0.005, and ∗∗∗p < 0.0005.
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FIGURE 4 | Behavioral results of ASD children. Correlation between goal achievement of OBS task and hyperimitations (A), imitated sequences (B), IQ scores (C).
Correlation between total hyperimitations and total imitated sequences (D), IQ scores (E). Correlation between total imitated sequences and ADOS scores (F).

F(2, 30) = 0.14; p = 0.86], their total task-irrelevant actions
significantly diminished over trials [F(2, 30) = 3.63; p = 0.03].

Neuroimaging Results for the ASD Group
OBS Task
Associations between behavioral scores of children with ASD
in the OBS task and cortical thickness or subcortical regional
volumes are reported in Table 2A. Stepwise multiple regression
analyses highlighted the significant positive association between
goal achievement scores and thickness of the left pars opercularis
[beta = 0.87; t(11) = 3.66; p = 0.0037].

Significant positive associations emerged also between total
hyperimitations and thickness of right superior temporal cortex
[beta = 0.622; t(12) = 2.79; p = 0.016], and gray matter volume of
the right cerebellum [beta = 1; t(12) = 2.33; p = 0.04]. Conversely,
total hyperimitations were negatively associated with gray matter
volume of the left cerebellum [beta = −1.2; t(12) = −3.2;
p = 0.008].

Total imitated sequences were associated negatively with the
volume of left cerebellum [beta = −1.36; t(9) = −4.38; p = 0.002]

and with the thickness of left premotor cortex [beta = −0.38;
t(9) = −2.65; p = 0.026], and positively with gray matter volume
of right cerebellum [beta = 0.89; t(9) = 2.36; p = 0.04] and with the
thickness of right superior temporal cortex [beta = 0.83; t(9) = 4.5;
p = 0.002].

EXP Task
Associations between behavioral scores of children with ASD
in the EXP task and cortical thickness or subcortical regional
volumes are reported in Table 2B. Stepwise multiple regression
analyses highlighted that goal achievement scores were associated
positively with thickness of right precentral cortex [beta = 0.71;
t(6) = 2.84; p = 0.03] and negatively with the thickness of left
superior frontal cortex [beta = −0.71; t(6) = −3.78; p = 0.01],
the gray matter volume of the left cerebellum [beta = −1.51;
t(6) = −3.67; p = 0.01] and left thalamus [beta = −0.81;
t(6) = −2.72; p = 0.03].

Moreover, to verify if the correlations were region-specific
rather than a mere correlation between behavior and cortical
thickness, we correlated the ROI selected for the OBS task
resulting significant in the stepwise multiple regression analysis
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TABLE 2 | Associations between behavioral scores of children with ASD and
cortical thickness or subcortical regional volumes.

A. Observational Learning Task

Goal achievement

Adjusted R2 = 0.49; F (4, 11) = 4.67; p = 0.019

Beta t(11) p

Left pars opercularis 0.86 3.66 0.004

Left cerebellum −0.30 −1.44 0.18

Left superior temporal cortex −0.45 −1.82 0.09

Left pars triangularis −0.31 −1.62 0.13

Total hyperimitations

Adjusted R2 = 0.52; F (3, 12) = 6.5; p = 0.007

Beta t(12) p

Right superior temporal cortex 0.62 2.79 0.02

Left cerebellum −1.29 −3.19 0.008

Right cerebellum 1 2.33 0.04

Total imitated sequences

Adjusted R2 = 0.79; F (6, 9) = 10.49; p = 0.001

Beta t(9) p

Right superior temporal cortex 0.83 4.49 0.001

Left cerebellum −1.36 −4.38 0.002

Right cerebellum 0.89 2.36 0.04

Left premotor cortex −0.38 −2.65 0.03

Left pars opercularis 0.32 1.8 0.10

Left superior temporal cortex −0.23 −1.13 0.23

B. Experiential Learning Task

Goal achievement

Adjusted R2 = 0.86; F (9, 6) = 11.07; p = 0.004

Beta t(6) p

Right thalamus 0.14 0.45 0.67

Left cerebellum −1.51 −3.67 0.01

Right precentral cortex 0.71 2.84 0.03

Left precentral cortex −0.23 −1.33 0.23

Left thalamus −0.81 −2.72 0.04

Left superior frontal cortex −0.71 −3.78 0.009

Left caudate −0.05 −0.35 0.74

Right cerebellum 1.19 2.43 0.05

Left pallidum −0.34 −1.88 0.11

Bold values are statistically significant.

(left pars opercularis, Table 2A) with the goal achievement scores
obtained in the EXP task. Vice versa, we correlated the ROI
selected for the EXP task resulting significant in the stepwise
multiple regression analysis (left cerebellum, right precentral
cortex, left thalamus, left superior frontal cortex, Table 2B)
with the goal achievement scores obtained in the OBS task.
These analyses did not document any significant correlation
between the brain region selected for the OBS task and the
goal achievement scores of the EXP task (left pars opercularis:
Spearman’s r = 0.071, p = 0.79). Similarly, no correlation between
ROI selected for the EXP task and the goal achievement scores

of the OBS task was found (left cerebellum: r = −0.11, p = 0.68;
right precentral cortex: r = 0.3, p = 0.26; left thalamus: r = −0.42,
p = 0.11; left superior frontal cortex: r = 0.29, p = 0.28).

DISCUSSION

The current study was aimed at comparing the performances of
low-functioning children with ASD with those of TD children
in a task of learning by observation and in a task of learning
by doing. Moreover, the present study was aimed at correlating
the performances of the children with ASD with morphological
features of cortical and subcortical regions retained to be involved
in such kinds of learning. Currently, there are relatively few
neuroanatomical studies examining the brain of low-functioning
young children with ASD (Toal et al., 2010; Goldman et al., 2013),
and no studies included correlations with their own behavioral
performances.

The main result of the present research was that the children
with ASD were severely impaired in both OBS and EXP tasks
even if their performances improved in the three trials of both
tasks. Such an improvement indicates that the construction
play represented a challenge with a difficulty level fitting their
level of skill. Similarly to TD children, the children with ASD
required the actual practice to refine the cognitive representation
developed through observation, because response-produced
sensory feedback engages the learner in processes not employed
during observation (Shea et al., 2000; Weeks and Anderson, 2000;
Trempe et al., 2011).

The OBS task required participants to observe a “novice”
actor who learned the task committing errors and trying different
solutions. This multifaceted observational training was supposed
to help the observer children detect the errors and associate
behavioral patterns with outcomes (success or failure). Goal
achievement scores of the low-functioning children with ASD
positively correlated with IQ scores and hyperimitations that in
turn positively correlated with IQ scores. Thus, the children with
ASD tended to have a “copy-all” approach that reproduced the
correct, incorrect and useless actions of the actor. The positive
correlations of hyperimitations with IQ and goal achievement
scores seem to suggest that in ASD the hyperimitation might
represent a functional learning strategy (Hopper et al., 2010;
Whiten and Flynn, 2010). Furthermore, our findings indicate
that the responses of the low-functioning children with ASD
were not driven by the saliency of the actions observed, and
that the observation of the actor’s behavior did not guide the
children with ASD in determining which behavior was more
congruent with the final goal, given they included even the
failed attempts of the actor in their response. We found the
same propensity to the hyperimitation in a group of high-
functioning children with ASD who when learning a visuo-motor
sequence by observation also reproduced the patently wrong
actor’s actions (Foti et al., 2014). Thus, copying exactly the actor’s
actions appears to be a learning strategy employed by both high-
and low-functioning children with ASD (Somogyi et al., 2013).
Rather than analyzing the context of the observed behavior and
selecting the most efficient observed actions to achieve the goal,
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children with ASD reproduce the entirety of the observed actor’s
actions. As pointed out by Gergely et al. (2002), without the
ability to take into account the context of the observed behaviors,
most social situations become cognitively opaque or difficult to
interpret. The strategy of children with ASD seems appropriate
for addressing this difficulty. That is, reproducing the entire
sequence of observed behavior is a redundant but safe method
of producing relevant and efficient actions (Gergely and Csibra,
2006). Interestingly, the inclination to hyperimitate documented
in the children with ASD was totally absent in the TD children.
Thus, we can advance that such a tendency reflects a syndrome-
specific learning strategy not exhibited by the TD children.

Such a propensity to hyperimitation may rely on recruiting
brain regions associated with action observation and execution
and providing the observer with a matching motor representation
in their own motor system. These regions represent the potential
MNS in analogy to the mirror neurons found in similar
brain regions in monkeys (Rizzolatti et al., 2001; Rizzolatti
and Craighero, 2004). Given action mirroring is assumed to
underlie a wide range of functions, including imitation and action
understanding (Rizzolatti and Craighero, 2004; Fogassi et al.,
2005; Iacoboni, 2009), the imitative deficits of children with
ASD have been related to abnormalities of their MNS (Williams
et al., 2001; Iacoboni and Dapretto, 2006). The present findings
are consistent with this idea. In fact, in our group of children
with ASD the marked hyperimitative tendencies were positively
associated with the thickness of the specific areas belonging
to MNS (left pars opercularis, left premotor cortex, and right
superior temporal cortex) and with the volume of both cerebellar
hemispheres.

Moreover, the significant association between goal
achievement scores and thickness of pars opercularis of the
inferior frontal gyrus nicely fits with the role attributed to
this region in aspects of motor processing, including motor
sequence learning, action observation, motor imagery and
imitation (Rizzolatti et al., 1996; Grafton et al., 2002; Grèzes
and Decety, 2002; Koski et al., 2002; Caspers et al., 2010).
Similarly, the specific association between imitated sequences
and thickness of premotor cortex is consistent with the role
of premotor cortex in sensorimotor transformation, control of
goal-directed attention, and instrumental learning (Corbetta
and Shulman, 2002; Suzuki and Brown, 2005; Brovelli et al.,
2008). The association between hyperimitations and imitated
sequences, and thickness of superior temporal sulcus (STS) is
consistent with STS role in actively monitoring higher-order
visuo-motor correspondences between own actions and actions
of others (Iacoboni et al., 2001; Molenberghs et al., 2010).
Finally, the specific association between hyperimitations and
imitated sequences and the volumes of cerebellar hemispheres
is consistent with the role of cerebellar hemispheres (namely,
Crus I and II regions) in observation and imitative execution
of biological movements (Kessler et al., 2006). Interestingly,
while healthy subjects exhibit increased connectivity between
cerebellar hemispheres and STS during imitation, in individuals
with ASD a disconnectivity between cerebellar hemispheres and
multiple cortical areas involved in imitation has been described
(Mostofsky et al., 2006). This alteration has been hypothesized

to be at the base of impaired profile of imitation in ASD (Dziuk
et al., 2007; Hagura et al., 2009).

It is noteworthy that since any learning by observation
requires attending to and encoding the relevant actions to be
imitated, the altered attention to social stimuli [e.g., “weak central
coherence” (Happé and Frith, 2006) and “enhanced perceptual
functioning” (Mottron et al., 2006)] described in children with
ASD could interfere with their observational learning. Notably,
cortical areas associated with the MNS heavily overlap with the
brain areas associated with attentional reorienting. Namely, the
inferior frontal gyrus is involved in attentional reorienting and
in inhibiting irrelevant information during imitation, the STS
is involved in processing eye gaze and in inferring direction of
attention of the other person (Materna et al., 2008), and also the
cerebellum has been involved in drawing attentional resources
(Akshoomoff et al., 1997; Townsend et al., 1999) and thus it
may contribute to attentional problems in autism (Allen and
Courchesne, 2001; Townsend et al., 2001).

In contrast (or in addition) to the hypothesis that the atypical
observational learning of children with ASD may rely on atypical
MNS and other associated regions, another hypothesis suggests
that autistic individuals should have problems in the control of
imitative behavior and in the distinction between the self and
other agents rather than in imitation per se (Spengler et al.,
2010). Following this interpretation, in ASD the control over
MNS output or top-down modulation of this system could be
abnormal (Hamilton et al., 2007; Hamilton, 2008; Kana et al.,
2011; Cook et al., 2012, 2014). Thus, children with ASD could
have deficits in imitation inhibition and difficulty applying top-
down selection. The present behavioral results leave open this
possible interpretation, showing that the imitative strategy of
children with ASD consisted of reproducing the full set of actions
observed, without any selectivity.

As a final note, the differences in cortical thickness and
subcortical volumes found in the present research might be
due to primary developmental histo-pathological abnormalities
(in neuronal proliferation or migration, cell density, cortical
microcolumns) alternatively or in combination to secondary
consequences of abnormal input to specific brain areas.
Consistently with the present results, a very recent study (Yang
et al., 2016) described in high-functioning children with ASD
abnormal expanded in cortical thickness in posterior superior
temporal sulcus and middle temporal gyrus. Recent researches
(Zielinski et al., 2014; Wallace et al., 2015) report an increase
in age-related cortical thinning in ASD during adolescence.
Combining these findings with ours, it seems reasonable to
propose that the cortical thickening (or the lack of age-related
cortical thinning) in ASD during childhood [our findings and
by Yang et al. (2016)] does not continue indefinitely and it
is probably followed by a rebound effect of increased cortical
thinning during adolescence (Zielinski et al., 2014; Wallace et al.,
2015).

It should be remembered, however, that a decrease or an
increase in size (thickness or volume) in a given structure does
not necessarily mean a decrease or an increase in activity of
that region. Cortical thickening could be associated with higher
resting baseline or alternatively with decreased activity, if it is
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due to more inhibitory interneurons or dendritic pruning. To
characterize the relationship between structure and function in
relation to ASD, it is necessary to distinguish among the different
structural gray matter compartments (neurons, interneurons,
glia, and neuropil) that contribute to the thickness and volume
of the brain regions. Identifying the micro-structural features
of specific brain regions could shed light on abnormalities in
cognitive, emotional and social processing characterizing ASD.

CONCLUSION

We found that performances of the low-functioning children
with ASD improved in both OBS and EXP tasks, as
trials went by. In the OBS task, the children with ASD
tended to have a “copy-all” approach that facilitated the
goal achievement. The marked hyperimitative tendencies of
the children with ASD were positively associated with the
thickness of left pars opercularis, left premotor cortex, and
right superior temporal cortex, areas belonging to mirror
neuron system, and with the volume of both cerebellar
hemispheres. Overall, these findings suggest that in children
with ASD the hyperimitation might represent an actual learning
strategy.

Finally, since observational learning is pervasive in daily
life and crucial for developing complex abilities, clarifying
the observational learning deficits in ASD may have several

implications for educational and clinical interventions aimed at
improving daily functioning in children at risk, as children with
ASD may be. Specifically, the present outcomes can be used to
develop optimal educational interventions tailored to each child
in order to facilitate the acquisition of new cognitive and motor
competencies, grant better social integration, and enhance self-
efficacy and self-confidence. Moreover, the deep characterization
on how children with ASD learn from others may not only allow
a best teaching approach, but also provide advances within the
development of video-assisted learning reducing the burden for
their caregivers.
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