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Autism and the mirror neuron system:
insights from learning and teaching

Giacomo Vivanti™? and Sally J. Rogers?

10lga Tennison Autism Research Centre, School of Psychological Science, and 2Victorian Autism Specific Early
Learning and Care Centre, La Trobe University, Melbourne, Victoria, Australia
SThe MIND Institute, University of California, Davis Medical Center, Sacramento, CA 95817, USA

Individuals with autism have difficulties in social learning domains which
typically involve mirror neuron system (MNS) activation. However, the pre-
cise role of the MNS in the development of autism and its relevance to
treatment remain unclear. In this paper, we argue that three distinct aspects
of social learning are critical for advancing knowledge in this area: (i) the
mechanisms that allow for the implicit mapping of and learning from
others” behaviour, (ii) the motivation to attend to and model conspecifics
and (iii) the flexible and selective use of social learning. These factors are
key targets of the Early Start Denver Model, an autism treatment approach
which emphasizes social imitation, dyadic engagement, verbal and non-
verbal communication and affect sharing. Analysis of the developmental
processes and treatment-related changes in these different aspects of social
learning in autism can shed light on the nature of the neuropsychological
mechanisms underlying social learning and positive treatment outcomes
in autism. This knowledge in turn may assist in developing more successful
pedagogic approaches to autism spectrum disorder. Thus, intervention
research can inform the debate on relations among neuropsychology of
social learning, the role of the MNS, and educational practice in autism.

1. Introduction

Several decades after Vygotsky first suggested that participation in cultural
practices is the foundation of human psychological development [1], this
notion is receiving increasing empirical support. To illustrate, recent literature
documents that early social interactions are critical for language learning [2],
and engagement in pedagogical practices influences the development of a
number of neuropsychological functions, including visuo-spatial skills,
language processing and short-term memory [3]. According to Vygotsky,
imitation is one of the key mechanisms through which participation in social
practices fosters cognitive development. This idea has been the focus of much
theoretical and empirical investigation in the past decade, in part driven by
interest in the role of the mirror neuron system (MNS) in imitation and learning
in typical development and autism ([4-6], see also [7]). Importantly, the debate
on the possible link between the MNS and autism has shifted the focus from
higher level cognitive processes that are affected in autism (e.g. understanding
of false beliefs) to foundational processes related to infant understanding and
infant social learning.

In this paper, we argue that three aspects of imitation and social learning are
particularly relevant for our understanding of autism and potential roles of
MNS: (i) the mechanisms that allow for the implicit mapping of and learning
from others’ behaviour, (ii) the motivation to attend to and model conspecifics
and (iii) the flexible and selective use of social learning. These factors are
also critical for further development of a science of autism pedagogy. We also
argue that crucial insights on the nature of social learning difficulties in autism
and possible roles of the MNS can be gained through the investigation of the
effects of targeted educational treatments.

© 2014 The Author(s) Published by the Royal Society. Al rights reserved.
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2. Three critical aspects of social learning: the
how, why and when of social learning

Social learning, i.e. the goal-directed transmission of behav-
iour or knowledge from one person to another through
play, pedagogical and other social exchanges built into cul-
tural practices, has its roots in early infancy. Infants make
sense of, imitate and learn from the actions of others using
implicit learning processes long before they have the cogni-
tive and linguistic capacities for declarative learning
involving explicit reasoning, verbal mediation and inferential
understanding of others” behaviour [8,9]. Cognitive develop-
ment is therefore built up from a pre-linguistic, implicit
understanding of others” behaviour, and early engagement
with others, and the social learning opportunities that occur
during typical social exchanges between infants and others,
are the starting point, rather than the outcome, of the explicit
representation/understanding of others” minds [1,10,11].

Moreover, from the beginnings of infancy onwards, social
interaction and the participation in socio-cultural practices
are intrinsically rewarding. The motivation to learn from
others and do what others do is not driven only by the
goal-related outcomes of social experiences (e.g. learning
how to use a tool or a toy is rewarding because it allows to
accomplish personal goals with the toy), but also by the
pleasure in social interaction and being like others that
accompanies the process of social learning [12,13]. Most
children experience participation in activities and cultural
practices with social partners as more rewarding than solitary
activities, owing to both intrinsic social reward systems and to
extrinsic rewards for participation provided by others. This
intrinsic reward value of being like others is a distinctively
human characteristic [4,14-16].

Finally, social learning is flexible and adaptive. Partici-
pation in social exchanges does not result in the mere
acquisition and reproduction of others” actions; rather, chil-
dren are selective in the way they use knowledge gained
through engagement with and observation of others. For
example, a recent study showed that sighted infants raised
by blind mothers are not different from their peers in using
eye contact and gaze following when interacting with sighted
adults, but use less eye contact and more sounds and words
when interacting with their blind mothers [17]. This demon-
strates a flexible, adaptive use of non-verbal communication
that reflects an early emerging sensitivity to immediate cues
from others, and the selection of the communication strat-
egies most successful under different circumstances. It also
demonstrates that eye contact and other non-verbal strategies
are under operant control, and not hard-wired. Other studies
indicate that children, from infancy onwards, are very selec-
tive in terms of what to learn, who to learn from and when
to learn. For example, infants are more likely to imitate
actions when they experience social connectedness with the
model and are more likely to follow the example of a proso-
cial versus antisocial model [18,19]. In this latter study, it can
be assumed that infants learned the observed behavioural
patterns via observation in both circumstances, but they
chose what to incorporate in their behavioural repertoire
based on the nature of their relationships, a specific feature
of the environment. Moreover, children select ‘what to imi-
tate’ in the stream of adults’ behaviour by parsing the
stream of behaviour and assigning salience of various acts

via relevant social-communicative cues provided by the [ 2 |

adult, including gaze direction, posture and facial expression,
as well as more subtle signals indicating social status [20—23].

These three aspects of social learning, i.e. its pre-inferen-
tial, implicit nature, its intrinsic rewards and its flexible/
selective nature, are critical for our understanding of the
social differences seen in autism, and the role of the MNS.
Moreover, they provide crucial insights for a science of
autism pedagogy.

3. Autism spectrum disorder as a social learning
impairment

Autism spectrum disorders (ASDs) are a heterogeneous group
of neurodevelopmental conditions that manifest in infancy
and early childhood and are characterized by impairments in
social communication and behavioural flexibility [24]. Despite
the heterogeneity in clinical presentation, one unifying feature
of these conditions is the disruption of the processes that are cru-
cial for participation in cultural practices and social learning
experiences, including imitation, joint attention, affect sharing,
goal understanding, communicative use of language and play
[6,25-27]. Difficulties in learning from others have dramatic
effects on outcomes, with the majority of individuals affected by
ASD needing considerable support to participate in activities
involving school, work, recreation and personal independence,
both in childhood and in adulthood. The fact that only a small
proportion of adults with autism with average intellectual and
language abilities live independently or in committed relation-
ships reflects the severity and specificity of the social learning
deficits in ASD [28-30].

Clinical observations and empirical studies suggest that
the three distinctive aspects of social learning discussed
above (implicit understanding of others’ actions, intrinsic
reward value associated with the experience of social learn-
ing, and flexible use of social learning) are all impaired in
ASD. For example, a number of studies documented that
individuals with ASD are often successful in solving
social-emotional tasks involving declarative processes that
are based on explicit knowledge, verbal mediation and infer-
ential reasoning (e.g. labelling or imitating emotional
expressions on demand) but show abnormalities in perform-
ance of social-emotional tasks that require the implicit
processing of others’ actions and emotions (e.g. physiological
and motor response to others’ actions and emotions [31-36]).

Furthermore, there are data suggesting that individuals
with ASD do not find the participation to social learning
experiences as rewarding or salient as do others. A number
of studies document fewer behaviours aimed at creating
and maintaining affiliative bonds (e.g. spontaneous imitation,
social orienting, shared attention, helping), as well as
decreased expressions of pleasure in social situations in indi-
viduals with ASD compared to those without [37,38].
Moreover, the amount of interest shown in non-social
versus social stimuli has been found to be a predictor of
ASD in infancy [39-41].

Finally, individuals with ASD have difficulties with ‘stra-
tegic’ aspects of social learning; e.g. understanding what to
learn, who to learn from and in which contexts/circum-
stances to apply what they have learned from social
experiences. For example, they might have difficulties with
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selecting the relevant, to-be-imitated information during imi-
tation tasks [42,43], with generalizing what they have learned
in settings other than the one where they originally acquired
the skill [44], and with applying knowledge they have gained
from others in flexible, adaptive ways according to circum-
stances (e.g. making personal comments, telling jokes or
sharing anecdotes in situations in which a more formal
social interaction is appropriate [45-47]).

4. Autism and the mirror neuron system

A number of abnormalities documented in ASD have been
linked to the MNS [27,48-50]. Some of these are relevant to
the social learning processes described above. The MNS acti-
vates in response to both self-generated and observed actions,
gestures and emotional responses [51]. This process has been
described as a ‘mirror mechanism’, enabling experience of
others’ actions, emotions and sensations using the same sys-
tems through which we experience these actions emotions
and sensations ourselves [51,53]. This mechanism provides
a foundation for the idea that knowledge of the others’ beha-
viours is essentially grounded in our own self-experiences,
and, in parallel, that many self-experiences are grounded in
social behaviours of others directed towards us, rather
than being based on explicit, language-mediated, inferential
reasoning (i.e. an explicit theory of other minds). Some scho-
lars have suggested that this mirror mechanism is disrupted
in ASD, leaving individuals with ASD without this automatic
flow of shared felt experiences of self and other behaviours
and with, instead, ‘disembodied’ and declarative social
knowledge (based on explicit inferential reasoning) as the pri-
mary foundation for social understanding and social learning
[54]. This notion is supported by a number of studies that
documented atypical /reduced activation of the sensorimotor
system in response to the observation of another person’s
motor behaviour in ASD [31,55-58]. Other studies however
have challenged the notion of a global MNS impairment in
ASD [59-61], and more empirical research is needed to clar-
ify the role of the MNS in the neuropathophysiology and
symptomatology of ASD, as well as the interplay between
the MNS and other systems and processes involved in
social learning and its disruption in ASD. Furthermore, avail-
able data on MNS abnormalities in ASD leave open the
question of whether these findings indicate (i) an initial
MNS disruption as a starting state in ASD [62], (ii) the effects
of atypical social attention to social stimuli [61,63] or
(iii) downstream neuropsychological effects of an altered
history of social engagement and social learning experiences.

5. From social learning to social teaching: the
Early Start Denver Model

Further insights on the nature of the social learning impair-
ment in ASD and the possible roles of the MNS can be
gained from the study of pedagogical approaches to ASD
that emphasize social learning processes, one of which
includes the Early Start Denver Model (ESDM). The ESDM
is a comprehensive early intervention approach develo-
ped specifically for toddlers and preschoolers with ASD,
representing a fusion of behavioural, relational and develop-
mental approaches [64]. One aspect of the developmental

model underlying the principles and strategies of the ESDM n

was first detailed by Rogers & Pennington [7]. According to
this theoretical framework, autism sets in motion atypicalities
in the processes that facilitate bodily and affective synchrony
during infant—parent dyadic interactions, such as imitation,
reciprocal vocalization and sharing of affect, and the under-
developed foundations in dyadic reciprocity do not allow
for the infant and young toddler to construct a working
model of the partner’s ‘mind’—their attentional focus, the
sources of their emotional responses, their goal-directedness,
the ‘aboutness’ of their behaviours necessary for social
learning and the development of social cognition. Through
decreased experiences in synchronous dyadic exchanges
during early development, infants with ASD lack learning
opportunities needed to provide the appropriate input that
supports the organization and specialization of the social
brain circuitry in neurotypical development. While based
on different theoretical tenets (in particular, [65]), these prin-
ciples underlying the ESDM are consistent with the notions
of motor resonance and intentional attunement that have
emerged from the MNS literature. In both models, cognition
is grounded in bodily actions, and participation in social
exchanges is based on a pre-inferential, pre-linguistic grasp of
the meaning of others’ behaviour. Similarly, both models posit
a relationship between imitation, social understanding (theory
of mind) and empathy. Moreover, the ESDM targets many of
the processes that are supposedly implemented by the MNS,
and therefore research on the effects of the ESDM has the
potential to shed new light on the role of the MNS in ASD.

Additionally, the ESDM is informed by the neuro-
developmental model developed by Dawson [66] and
Mundy [26,67], grounded on the notion that a biologically
based decrease in the salience attributed to social stimuli
during early developmental stages might virtually ‘isolate’
children with ASD from the social world, with downstream
effects on social-cognitive development. ESDM techniques
focus on increasing the salience and reward value of social
attention and engagement via decreasing competition for
the child’s attention, adding salience via inducing positive
emotion in children during social engagement through move-
ment, touch songs and other types of positive sensory social
input. Teaching episodes are embedded within the frame-
work of intrinsically rewarding joint activities built on the
child’s spontaneous interest and motivation. The role of
the therapist is to build up these joint activity routines
from the initial interest of the child (e.g. spinning a toy) so
that attention and excitement for the activity becomes
shared excitement with a partner for doing the activity.
Increasingly complex learning tasks are systematically incor-
porated into the joint activity framework, and flexible,
adaptive use of acquired skills and knowledge is targeted
through the systematic elaboration of established routines
and by creating natural opportunities for the occurrence of
the target skills across a variety of contexts.

Thus, pedagogical practices of the ESDM address the
three foundational aspects of social learning described
above (implicit ‘grasping’ of others’ actions and emotions,
motivation for social learning and flexibility) by targeting
multiple social-cognitive domains that are affected in ASD:
verbal and non-verbal communication, imitation, emotion
sharing, joint attention, play, social orienting and attention.
Children learn the procedures and outcomes of the social
activities that they are sharing with others while learning
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about the process of doing things together, which involves
the appreciation of the partner’s social-communicative and
emotional facial and bodily cues (e.g. smiling expectantly
when stacking the last block of a tower to communicate a
feeling of ‘suspense’) and the active role of self and partner
in creating the activity by initiating, responding to, and
continuing social exchanges through bodily actions, facial
expressions, sounds and words. The process of learning from
others is therefore parallel to learning about others, and it
is based on the participation in shared sensorimotor and
social-affective reciprocal exchanges, rather than on explicit
knowledge/inferential reasoning.

Evidence for the effectiveness of the ESDM is documented
in a number of studies [68], including a randomized control
trial [69], showing significant gains across developmental
domains. A critical question concerns the mechanisms under-
lying the changes that result from the intervention, or, in other
words the ‘“active ingredients’ that cause the positive effects
of the therapy. If the MNS is involved in the social learning
impairments in ASD, then changes in the MNS activity
might be the active ingredient of the ESDM. Below, we
illustrate a possible model supporting this notion.

6. Early Start Denver Model and mirror neuron
system

According to some scholars, sensorimotor associations
between the experience of self-generated behaviour and the
observation of similar behaviour in others provide the foun-
dation or contribute to the development of the mirror
properties of the MNS via Hebbian learning (i.e. neurons
that fire in response to action execution will also fire in
response to action observation if execution and observation
co-occur systematically [70-72]). The co-occurrence of
observed and executed behaviour is particularly frequent in
the context of early dyadic interactions, in which parent
and child engage in temporally coordinated and mutually
reinforcing matching of actions, emotions and vocalizations
(i.e. dyadic synchrony [73]), as well as in the context of ped-
agogical and shared cultural practices (e.g. synchronous
behaviours during sports, music, dance training, play and
religious activities). Participation in such social exchanges is
limited in children with ASD, possibly as a consequence of
early lack of social orienting and attention towards others’
behaviour [58,74]. One possibility is that the positive effects
of the ESDM reflect changes at the MNS level resulting
from associative learning mechanisms. As the emphasis in
the ESDM is on play and care joint routines in which the
adult and the child are engaged in the same activity in a coor-
dinated way, involving reciprocal body movements and vocal
imitation, sharing of affect and turn taking, one active
ingredient of this therapy might be the formation of the sen-
sorimotor associations that contribute to the emergence or the
refinement of mirror properties in the developing brain. This
model can provide some insights into the interplay between
treatment-related changes in implicit learning, reward pro-
cessing and flexible use of learning. The enhanced reward
value of joint experiences promoted by the ESDM and the
consequent increase in spontaneous engagement in joint
activity routines might result in increased opportunities for
registering /appreciating correspondences between own and
others” actions. At the neural level, this process might provide

the foundation for the mirroring mechanisms that are critical n

for advanced social learning processes (imitation, empathy,
action understanding). This process might promote the flex-
ible/adaptive use of learning, as self-generated behavioural
responses will be linked to others’ behaviours and grounded
on social exchanges that are inherently flexible and subjected
to variations and elaborations. This model is consistent with
the notion that (i) abnormalities at the MNS level might be
the outcome, rather than the origin, of early abnormalities
in social orientation/attention in ASD [63], (ii) abnormali-
ties at the MNS level might result in further disruptions at
the social and cognitive level [75] and (iii) this cascade of
events might be avoided/mitigated by educational practices
focused on intrinsically rewarding social exchanges [66].

The model outlined here could be tested empirically by
examining whether treatment-related changes following the
ESDM therapy are modulated by changes in MNS activity.
Unfortunately, however, research in this area is in its infancy.
In a recent study by Dawson et al. [76], electroencephalography
was used to measure brain activity patterns in response to
social (faces) versus non-social (objects) stimuli in children
with ASD receiving the ESDM versus a control group of chil-
dren with ASD receiving other interventions routinely
available in their communities at similar levels of intensity. Fol-
lowing 2 years of intervention, greater brain responses to faces
over objects were found in the ESDM group compared with the
children with ASD in the community group who showed the
opposite pattern (greater brain activity when viewing objects
than faces). The brain activity pattern in the ESDM group
was the same as found in an age matched typically developing
(TD) group of children. Unfortunately, however, the evoked
response potential (ERP) methodology used in the study does
not allow inference on which brain regions were involved.

Another recent study employed functional magnetic reson-
ance imaging to measure brain activity in response to social
stimuli in two children with ASD receiving an early intensive
intervention program called Pivotal Response Training, which
shares many principles and strategies with the ESDM [77].
Their results showed increased brain activity compared with
baseline in areas associated with social processing during bio-
logical motion tasks in the same areas that are activated by
these tasks in children with typical development: including the
fusiform gyrus, the prefrontal cortex and the posterior superior
temporal sulcus, a region that provides input to the MNS.

While these studies are preliminary, their findings con-
verge in suggesting that behavioural changes promoted by
this type of intervention are accompanied by changes in
brain response to social stimuli and in social reward /salience.
However, existing data are insufficient to support or reject
the notion that treatment-related changes reflect changes
specifically in the MNS activity.

Future research should address this issue, developing fine-
grained experimental tasks that capture the social learning
processes that are disrupted in ASD, targeted by therapy and
implemented by the MNS, as well as ASD-friendly brain ima-
ging techniques, so that younger, and more affected children in
the spectrum can be involved. These designs should also include
the use of eye-tracking techniques to gain further insight
on whether differences in MNS activities are modulated by
differences in attention towards relevant social stimuli.

This line of research could help to inform both the debate
on the nature of ASD difficulties and the possible link to the
MNS, as well as clinical /educational practice.
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7. Conclusion

According to Vygotsky, adults are able to do so many things by
themselves because they grow up doing things with others.
Autism affects the ability to live an adult independent life,
perhaps more than any other neurodevelopmental condition.
Difficulties in ‘doing things by themselves’ in the ASD popu-
lation might be related to difficulties in doing things with
others during infancy, childhood and throughout the lifespan.
Following this line of thought, ASD can be seen as a social learn-
ing disorder, characterized by reduced/atypical engagement in
social activities that provide social learning opportunities.
Three elements that are crucial for successful social learning
all appear to be disrupted in ASD: the ability for implicit, non-
inferential understanding of others’ actions, the rewarding
value of social participation and learning, and the strategic
use of learning. The notion of disrupted mirror mechanisms
in ASD provides a plausible account for the first of the three
elements. Other brain networks and processes outside of the
MNS are likely to be involved in other aspects of the social
learning impairment in ASD. Future research should focus
on the interplay of these different processes and the impli-
cations for typical and atypical mechanisms of social learning.
Consideration of these three key issues is also crucial in
developing targeted education strategies. The ESDM addresses

these areas by focusing on shared ‘bodily’ construction of
meaning, on the reward value associated with social learning
experiences, and on the flexible use of knowledge across
social contexts. Investigation of brain changes that are induced
by these types of educational treatments can be used to illumi-
nate the mechanisms of typical and atypical social learning.

Finally, the analysis of how children with ASD learn from
others, and under what circumstances they learn from others,
should continue to focus also on the behavioural level, as cur-
rent knowledge in this area is still meagre. For example, a
number of studies have documented normative processes of
social behaviour, social understanding and social learning
in ASD under particular circumstances (e.g. when processing
information related to familiar versus unfamiliar people [78]
or when processing emotionally meaningful versus emotion-
ally neutral social signals [79]). Recent studies also suggest
that social reward is not diminished in ASD under all circum-
stances [80].

Consideration of the multifaceted nature of social learning,
and the interplay of mirror mechanisms, reward processes
and top-down strategic use of knowledge is crucial for advan-
cing understanding of the neuropsychology of typical and
atypical social learning, and for the development of a science
of autism pedagogy.

beyond motor resonance? J. Exp. Child Psychol. 116,
487 -498. (doi:10.1016/j.,jecp.2012.10.009)

parents. Proc. R. Soc. B 280, 20130436. (doi:10.
1098/rspb.2013.0436)
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