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Abstract

Autism spectrum disorder (ASD) is a developmental disability characterized by deficits in social communication
and social interaction skills, as well as repetitive patterns of behaviors, interests, and activities. Theories related to
neuroplasticity and brain development before 3 years of age lend support the notion of critical periods during which
cortical circuits in the brain are refined by experience. Advances in early identification of ASD have led to an
increased focus on early interventions targeting critical developmental skills in the first three years of life. The
purpose of this tutorial is threefold. First, the principles of neuroplasticity and factors that support neuroplasticity will
be addressed. Next, the malleability of the developing brain and the importance of early intervention for young
children with ASD will be discussed. And finally, practical suggestions for caregivers and health-care professionals
will be outlined including screening for early markers of autism spectrum disorder, encouraging active caregiver
engagement in the intervention process, embedding intervention in natural environments, and using an integrated
approach to early intervention.
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Introduction
“On one of her first home visits with the Martinez family, Ms.

Harkins, a speech-language pathologist, met with Gabriella, an
adorable 18-month old child and her mother. Gabriella’s mother
reported that her pregnancy was normal and that Gabriella was
delivered without complications. Gabriella’s birth weight was within
normal limits at 6 pounds, 12 ounces and her vision and hearing were
assessed as normal. During the meeting, Ms. Harkins asked Mrs.
Martinez about Gabriella’s developmental history. Mrs. Martinez
reported that Gabriella met physical milestones at appropriate times
(e.g., crawling at 6 months, walking at 1 year of age, etc.). However,
Mrs. Martinez expressed concern because Gabriella was not using
language and communicating like her other three children had done at
her age. She noted that Gabriella was not babbling or making sounds,
showing interest in toys or other objects, or using gestures. Rather she
seemed not to look directly at her mother’s face, did not respond to her
name when called, and she used repetitive actions and movements
such as flapping her hands while looking at the light in her bedroom.”

Gabriella language, communication, and social development are not
unlike other young children diagnosed with an Autism Spectrum
Disorder (ASD). ASD is a lifelong developmental disability
characterized by significant delays in language, communication, and
social behaviors. According to the Centres for Disease Control Autism
and Developmental Disabilities Monitoring Network (2014), ASD is
estimated to affect 1 in 68 persons in the United States. In a recent 17-
year follow-up study of 192 children referred early for possible autism,
their expressive and receptive language abilities were measured on six
occasions between the ages of 2 and 19 years [1,2]. Considerable
variation was noted in progress on receptive and expressive language
abilities between the ages of 2 and 6 years. The authors noted that
while this variation in development may reflect a genetic

predisposition to autism, they speculated that it may, in part, be related
to whether or not a supportive early language environment is provided.

The purpose of this tutorial is threefold. First, the principles of
neuroplasticity and factors that support neuroplasticity will be
addressed. Next, the malleability of the developing brain and the
importance of early intervention for young children with autism will
be discussed. And finally, practical suggestions for caregivers and
health-care professionals will be outlined including screening for early
markers of autism spectrum disorder, encouraging active caregiver
engagement in the intervention process, embedding intervention in
natural environments, and using an integrated approach to early
intervention.

Neuroplasticity and the Developing Brain
Neuroplasticity is the lifelong ability of the brain to reorganize as a

result of experience. Specifically, Kleim and Jones et al. [3] define
neuroplasticity as functional reorganization within neural tissue,
mediated by changes in neural circuitry. Learning is the by-product of
neuroplasticity. Said another way, neuroplasticity is experience
dependent, and behavioral training is key to promoting brain
reorganization.

The brain needs training to maximize its potential for appropriate
functional reorganization. Kleim and Jones [3] acknowledge that a
better understanding is needed of when and how much training should
be given for optimal response. Then, too, little is understood about how
training interacts with the developing brain and self-derived
compensatory behaviors. Nonetheless, the fact remains that
intervention is needed.

The concept of neuroplasticity implies that the brain essentially re-
wires itself and adjusts its own “geography” in terms of cortical
representation on the basis of changes in environment. It is now
known that engagement in thinking, acting, and learning result in
significant changes to the brain’s physical structure and function. If we
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accept that brain changes alter observable behaviors, and that
behaviors in turn can alter the structure of the brain, one basic
question is how does that work? There is a burgeoning body of
evidence that indicates early intervention can result in significant

neural changes that are measurable with brain imaging [4-7]. Table 1
highlights intervention techniques supported by the principles of
neuroplasticity.

Principle of Neuroplasticity Intervention Strategies Factors that Support Neuroplasticity

Timing Early intervention is key. Plasticity is greater in childhood.

Attention Model “in the moment” feedback to child and caregiver. For learning to occur, the child must attend to the
activity.

Stimulation Infants and toddlers learn best in familiar contexts with
familiar people.

Sufficient stimulation is needed to create the long-
term potentiation in synapses that creates durable
memory

Specificity Identify regularly occurring routines. The type of stimulation affects the outcome of the
stimulation (e.g., visual processing practice improves
visual processing, but not auditory processing).

Reward With challenging behaviors, determine the function of the
behavior and then teach an alternative and more
appropriate social communicative behavior.

Sustain attention and activation of targeted skills,
thereby improving learning.

Repetition Embed intervention into everyday activities and
interactions.

Repetition is essential for strengthening knowledge
and skills.

Intensity Recommended 25 hours per week in which the child is
actively and productively engaged in meaningful activities.

Sufficient intensity is needed to create change in the
brain.

Duration Utilize a team approach that includes caregivers in all
aspects of intervention planning and implementation.

Sufficient duration of stimulation is needed to create
change and maintain knowledge and skills.

Table 1: Intervention strategies that support neuroplasticity.

Importance of Early Intervention for Infants and
Toddlers with Autism

Autism spectrum disorder (ASD) is a complex disorder
characterized by deficits in social communication and social
interaction and repetitive patterns of behaviors, interests, and activities
[1]. In the not too distant past, clinicians thought little could be done
to change the brain functioning of individuals with ASD. Early
identification of those affected was not the priority it is today.
However, as the number of children with ASD has skyrocketed, interest
in early detection and intervention also has skyrocketed. In the human
brain, there are multiple systems for learning and information
representation that are not equally vulnerable to ASD. Clinicians can
now enhance early intervention strategies by capitalizing on the factors
of neuroplasticity to produce learning in individuals with ASD.

Behavioral symptoms of ASD develop begin to emerge in the first
few years of life when brain development is occurring at a rapid rate.
Structural neuroimaging studies in ASD consistently report early brain
overgrowth between 2 and 5 years of age. This atypical cortical growth
appears to be most evident in the frontal lobes; however, other areas
such as the cerebellum and limbic system have been identified [8]. In
the frontal lobes, abnormalities are associated with learning and
problem solving, executive functions, and social-emotional responses
[9]. Additionally, these abnormalities are thought to contribute to an
inability to interpret the emotional state of others resulting in
difficulties with joint attention, social-emotional behaviors, and social-
communicative behaviors [10]. Although not well understood, the
cerebellum is thought to play a role in language processing,
visuospatial skills, and executive functions. [9].

Two structures within the limbic system, the hippocampus and the
amygdala are reported to be altered by ASD. The hippocampus
contributes to both memory and the ability to respond in an
emotionally appropriate manner to external stimuli [11]. The amygdala
is known to contribute to processing emotions such as fear, anger, and
pleasure. These abnormalities for the amygdala may contribute to poor
social communication skills and increased anxiety during social
communication.

Little research has been conducted on the verbal skill development
in populations of children with autism below the age of 3 [12].
Theories related to neuroplasticity and brain development before the
age of 3 lend support the notion of critical periods during which
cortical circuits in the brain are refined by experience [13-15]. One
responsibility of clinicians is to provide stimulation that will produce
positive structural and chemical changes in the brain to positively alter
the clinical manifestation of ASD. Considerable improvements in the
communication skills of young children with autism can be attributed
to early intervention provided before the age of 4 and the involvement
of caregivers and practitioners in the intervention process [16-19].

Practical Suggestions for Caregivers and Health-care
Professionals

Advances in early identification of ASD have led to an increased
focus on early interventions targeting critical developmental skills in
the first three years of life. In this important and dynamic period of
development, the brain demonstrates the greatest plasticity and
potential to alter the course of development. Research suggests that
intervention beginning before age 3 yields greater positive outcomes as
compared to intervention starting after 5 years of age [20,21].
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Caregivers and health-care professionals play a significant role in
shaping the developmental trajectory for infants and toddlers with or
at risk for ASD. A growing body of evidence supports the efficacy of
caregiver-implemented interventions in promoting the development of
social-communication skills [22-26].

Considerations for caregivers and professionals include awareness
of and focus on early markers of social-communication development,
active caregiver engagement in the intervention process, embedded
intervention in natural environments, and an integrated approach to
early intervention. In the next section, practical suggestions for
caregivers and health-care professionals who work with young children
with ASD are provided.

Suggestion 1: Screening for Early Markers of Social Communication
Development

Early social communication skills in typically developing children
under 12 months of age include shared positive affect, joint attention
and gesture use (e.g., pointing, waving bye bye). Toddlers between 12
and 24 months typically use words for a variety of functions and
imitate routines and other children. Older toddlers use symbolic play,
understand theory of mind (that others’ needs can be different than
ones’ own), and take three-to-four conversational turns. It is within
this critical period, before the age of 3, that behavioral characteristics,
or “red flags” of ASD can be identified, and early intervention services
can have the greatest impact. It is essential that caregivers and health-
care professionals are knowledgeable of patterns of typical and atypical
development and participate in recommended screening procedures in
order to identify children with behavioral characteristics of ASD and
begin intervention services as early as possible. The American
Academy of Paediatrics recommends screening specific to ASD at 18
and 24 months, with additional screening if a child is high risk (e.g.,
has a sibling with ASD). Knowledge of both typical development and
behavioral characteristics of ASD can assist caregivers and healthcare
professionals to identify potential social-communication delays or
abnormalities in this critical period of development and
neuroconnectivity and potentially improve developmental outcomes.

Suggestion 2: Encourage Active Caregiver Engagement

Once a child has been identified with a delay or atypical pattern of
social-communication development, the method of service delivery is
an important consideration for intervention. Infants and toddlers learn
best in familiar contexts with familiar people. Caregivers have
significant influence on how young children experience and interact
with their environment and parent-implemented intervention is a well-
documented method of effective service delivery for infants and
toddlers with ASD [27,28]. Consider the following strategies caregivers
and health-care professionals can use to support active caregiver
engagement.

Utilize a team approach that includes caregivers in all aspects of
intervention planning and implementation. Reflection and problem
solving can support the intervention process and provide valuable
feedback about what is working and what is not. Questions such as
“How do I know the child making progress?” can assist caregivers and
health-care providers in maintaining an ongoing dialogue and
assessment of intervention.

Employ a caregiver coaching approach to intervention. Caregiver
coaching is a term used to describe interactions between professionals
and caregivers that result in caregivers’ increased capacity to support
their child’s learning and development. An example of a coaching

strategy is guided practice with feedback in which the early
intervention provider guides the caregiver’s interactions with the child
‘in the moment’ by offering specific suggestions and feedback related to
caregiver-child interaction [23-30].

Suggestion 3: Embed Intervention within Context of Natural
Environments

The importance of early, intensive intervention for young children
with or at risk for ASD is well-documented [11]. However, achieving
the recommended 25 hours per week of specialized intervention in
which the child is actively and productively engaged in meaningful
activities (National Research Council) can be challenging. Federal
regulations under Part C of the Individuals with Disabilities Education
Act (IDEA, 2004) mandate early intervention services for infants and
toddlers with disabilities are provided in natural environments to the
maximum extent appropriate. A child’s natural environment includes
the familiar routines and people in his or her typical, everyday
activities. Thus, creating opportunities for instruction and systematic
practice in the context of naturally occurring routines and activities in
the child’s life, or embedding intervention, is an important element to
achieving sufficient dosage, or intensity of intervention. Embedding
intervention into everyday activities and interactions across the day,
rather than designating specific, decontextualized “therapy time,”
increases the opportunities a child has to practice functional,
meaningful skills [31]. Consider the following strategy that caregivers
and health-care professionals can use to increase embedded
intervention in natural environments.

Identify regularly occurring routines or activities for embedded
intervention throughout the child’s typical day. Identify activities in
which the child can play a meaningful, active role and work toward
social communication goals. For example, can the family embed
strategies to teach and reinforce gesture use during mealtimes or at the
playground?

Suggestion 4: Use an Integrated Approach to Early Intervention.

In a review of interventions for children with ASD under the age of
3, Zwaigenbaum et al. [32] emphasized the need for a combination of
early developmental and behavioral approaches. A developmental
model emphasizes developmental sequence. For example, in Joint
Attention Mediated Learning [10-14] parents facilitate toddlers’
participation in progressively complex levels of engagement beginning
with encouragement to look often and freely at the parent’s face,
building to responding to and initiating bids for social interaction. A
behavioral approach utilizes analysis of observable antecedents and
consequences to change behavior. Combination of developmental and
behavioral models supports an integrated approach to target atypical
or delayed development as well as functional communication in
meaningful contexts. Consider the following strategies caregivers and
health-care professionals can use to employ an integrated approach
intervention.

Consider what the child needs to be able to do (developmental
skills) in order to be able to change his or her communicative behavior.
Then consider the child’s current level of performance and strategies
for shaping caregiver interaction and environmental supports.

To address challenging behaviors, first determine the function of the
behavior and then teach an alternative more appropriate social
communicative behavior to serve the same function or communicative
intent. The table below illustrates the application of the above practical
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suggestions to address stereotypic behaviors in a young child with ASD
(Table 2).

Example of challenging or
undesirable behavior

Possible antecedent Function of the behavior or
communicative intent

Functional communication training to teach an
alternative more appropriate social-
communicative behavior

Henry is a happy 2-year-old child with
autism who spends a great deal of
time waving his hands in front of his
face. When he is left alone, he
typically shakes his fingers in front of
his eyes, while looking through them
at light sources. His parents report
that when he is engaged in this
behavior, it is difficult to get his
attention and that, in some instances,
in the community, people will stare,
make comments, or even tease
Henry.

As part of a functional
analysis

Henry’s parents report that
Henry waves his hands in
front of his face most often
when alone or when not
engaged in interaction with
his parents or siblings.

This behavior may serve to
communicate Henry’s need for social
or sensory stimulation. Waving his
hands in front of his face may be
Henry’s means of communicating,
“I’m overwhelmed” or “I don’t know
what to do.”

For Henry, this behavior is serving the
function of helping him process this
experience and sensation, abet in a
manner that is not socially appropriate
or communicative.

With the support of the early intervention team,
Henry’s parents teach Henry to replace the
undesirable behavior (i.e., waving his hands in front of
his face) with a socially appropriate communicative
behavior (i.e., making a choice on a picture choice
board). By attending to pictures on a choice board
and communicating a choice of a desired object or
activity, the undesired behavior is replaced by social
communicative behavior.

In order to teach choice-making behavior, the team
first focuses on establishing joint attention and social
reciprocity. They then teach Henry to touch or point to
a picture to initiate a request and respond to his
parents’ communicative bids.

Table 2: Practical suggestions to address stereotypic behaviors in a young child with autism.

Summary
Early identification, as well as the timing and intensity of behavioral

interventions are factors when working with young children with ASD.
Research suggests that intervention provided during the critical period
beginning before 3 years of age may lead to greater positive
developmental outcomes. In this tutorial, specific and practical
suggestions for caregivers and health-care professionals were provided
including screening for early markers of autism spectrum disorder,
encouraging active caregiver engagement in the intervention process,
embedding intervention in natural environments, and using an
integrated approach to early intervention.
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