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One of the most frequent reasons for referring a person with developmental disability to
a hospital or a clinic is aggression and self-injurious behaviours. Such behaviours are
not only distressing to the individual, but are also challenging to the care provider.
Unfortunately, quite often, there is no clear understanding of the reasons for the crisis,
which inevitably leads to less than optimal interventions.

There are often multiple factors associated with such behaviours which are frequently
viewed as maladaptive in nature. A number of biomedical issues, developmental
factors, sensory modulation difficulties, communication problems, emotional
experiences and environmental stressors can have a significant impact on a person’s
ability to cope. In this article, | will briefly discuss how certain regions of the brain
regulate behaviour and emotions, how these regions develop, and the various
influences that shape their development. A brief discussion of these neuro-
developmental events helps in the understanding of the regulatory systems in the brain
and why disruption to these will lead to behavioural and emotional dysregulation.
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EXECUTIVE FUNCTIONS

Executive functions are a set or domains of functions which regulate, and manage
behaviours, emotions and certain cognitive processes. They are important for problem-
solving, self-awareness and directive functions. A well functioning executive system is
crucial for adaptation to the environment especially if novel situations or problems have
to be dealt with.

The executive brain is made up of the frontal system, which includes the frontal lobe of
the brain, but not exclusively. The frontal lobe is at the helm of a closely interconnected
network which includes many cortical and subcortical regions. It is connected with the
‘emotional brain’ or the limbic system, the ‘attention and arousal brain’, the reticular
activating system, the ‘processing network’ for sensory perception, memory and other
cognitive processes. It is also connected with the cerebellum, thalamus and striate
region concerned with sensory-motor activity and in synchronicity. There is also a
network of connections within the frontal lobe, and interconnections with the other
hemisphere of the brain.

The executive brain develops in the last three months (approximately) of pregnancy,
and continues to develop over the next two years, post-birth and further. During this
time, the brain size of the baby is 50% larger than that of the adult. Normally from two
years to puberty, the most used ‘wiring’ is retained and the others are ‘pruned’. By
puberty, the brain size approximates the adult size.

During the development of the executive brain, there is intense activity in the cortex,
with the neurons migrating to their pre-programmed layers, with their maturation, and
the establishment of their intricate connections. The brain, at this stage, is very
vulnerable to damage and the disruption of connections.

Example of autism

We know a great deal about the development of the brain in autism. Research has
indicated that in autism there are abnormalities in many aspects of the development of
the cortex. The brain size, which is larger in the first two years post-birth, reduces
gradually from two years onwards, in normally developing children. In contrast, autistic
children who are two to four years of age have larger brain volume. Such persistence of
increased brain size may indicate aberrant development within the cortex or failure to
prune excessive connections.

There is the possibility that the increase in size may be accompanied by abnormal
‘bundling’ of neurons called ‘mini columns’. Instead of a wide and functional network of
‘wires’ in the cortex, one may find an array of neurons in layers Il to VI of the cortex; of
interneurons (which are short wires that connect neurons within a region) in layers | to
VI of the cortex; and of dendrites and axons (dendrites are hair-like wires that spring
from the head of the neuron and connect with other neurons; and axons are the
elongated tail of the neuron that connects with other neurons to form continuous wiring).



Such long and short connecting wires are gathered in bundles or “mini columns”, which
are then packaged as “macro columns”.

In autism, these mini- and macro- columns are narrower in width, have smaller neurons,
and have reduced neuropil space (interwoven matrix of dendrites and axons). In
addition, the balance between the inhibitory (braking system) and the excitatory
connections may be disturbed as well.

The other problem is in that the regional connection is abnormal. To explain, normally,
each lobe of the brain, such as the temporal, the frontal, the parietal, and the occipital
are clearly demarcated from each other. In autism, the demarcation (boundaries)
between frontal and temporal lobes is poor. The result is that there are intense
connections between these two lobes, exclusively. Consequently, or simultaneously,
the long connections that are necessary between the frontal lobe and the parietal
lobe, posterior lobes etc. are affected (reduced). Frontal and Temporal lobe
development is stunted at an early stage leading to lack of differentiation, which
then leads to hyper-connectivity between these areas, and under-connectivity
and block to coherence development with other critical brain regions.

Such abnormal connectivity in the executive brain leads to poor processing of
emotional, cognitive, perpetual and attentional inputs, as well as language functions.

The discussion so far highlights the precise and delicate nature of the development of
connections in the brain and the profound effects on the executive brain architecture
that any disruptions in the process can have.

Domains of executive function and the behavioural consequences of dysfunction:

Broadly, executive functions can be divided into those that regulate behaviour and
emotions, and those that are concerned with meta-cognitive functions (problem-
solving). The first category of behaviour and emotion regulation indices includes at least
4 domains:

1. Inhibition - This is the braking system that regulates behaviours. If this domain is
dysfunctional, one may notice explosive behaviours, or aggressive, self-injurious
behaviours that are disproportionate to the trigger.

2. Shift — Our ability to ‘shift’ mental sets enables us to be flexible. If this is
dysfunctional, we may become rigid, perseverative, repetitive, and unable to extricate
ourselves from the ‘loop’.

3. Emotional regulation — Any dysfunction in this domain leads to lability of mood,
rapid changes in mood and excessive emotional reaction to situations.



4. Self-monitor — Self-monitoring is an important function, which enables us to be
aware of our ‘minute to minute’ state of emotions and behaviours. Such feedback is
crucial in regulating behaviours.

5. Metacognitive domains — These are a collection of domains concerned with
problem-solving. Central to this is the domain of ‘working memory’, which enables us to
hold information ‘on-line’, so that we can carry out an action or intention, or even carry
on a conversation.

Some of the research that has been done to assess executive functions in those with
developmental disabilities and behavioural challenges, including our own work, has
demonstrated significant executive function deficits in individuals with developmental
disabilities who are referred for treatment of aggressive and self-injurious behaviours. In
our (unpublished) work, Shifting seems to be most affected in a heterogeneous group of
developmentally disabled adults with behavioural issues. All other domains such as
Inhibition, Emotional Regulation and Working Memory are also significantly affected.

In normal development, the brain, having ‘pruned down’ to a smaller adult size by
puberty, goes through another phase of frenzied development. This involves intense
activity of the neurons connecting with each other through their dendrites. They form
highly connected networks that multiply the brain’s computing power.

In autism, there is significant failure in the maturity of such circuitry, leading to
the emergence of new or intensified deficits in Frontal Lobe skills. Executive
functions, working memory and social-communication skills are negatively affected.

Some recent research shows that the connectivity of the different localities of the brain
is abnormal suggesting from a cellular and molecular perspective that pruning may be
decreased in autism. This leads to the network of connections in the brain favouring
short-range connections over long-range connections. As a result, the brain cannot
integrate information efficiently. In autism, information is processed locally, instead of
being sent out to a wider net work in the brain. As the authors of this study indicate, no
‘hub’ plays a specific role in information flow, but rather Information flows along
redundant routes to get from point A to point B. The brain responds in the same rigid
way to many different situations as a result (Peters J.A., Taquet M et al, BMC medicine,
2013). Others have recently found that in the autistic brain, in the Cingulate region
which is an important component of the Executive system, the neurones were less
connected with other parts of the brain, and the cingulate ‘bundles’ were smaller (Owen
J P, LiY, et al, Neurolmage, 2013). This leads to poor adaptation to the environment
and life demands as people grow into their adulthood.

The implications are that the behavioural challenges, poor adaptation, and emotional
dysregulation in persons with developmentally disabilities, may be consequential to the
dysfunction in the frontal executive system. Any planned behaviour intervention has
to take into account these underlying developmental factors in order to be
successful.



SOCIAL BEHAVIOUR

Appropriate social interactions and behaviour are essential in maintaining our
effectiveness in day-to-day functioning. Several skills are necessary to maintain social
competence. The ability to communicate is important, but as necessary are the abilities
to imitate, observe, and understand the intentions of others, both in communication and
in actions. A well-developed Theory of Mind (understanding the other person’s state of
mind and emotions) is crucial in any successful, empathetic interaction with others. In
autism, many of these essential social skills, such as the ability to imitate, and
understand the other person’s emotions and intentions are not well developed.
Research, especially imaging studies, has pointed to a system of neurons known as the
‘mirror neurons’. These are dysfunctional in autism. The mirror neuron system in the
frontal lobes is active when the person is observing another person’s gestures,
expressions, and actions. The system ‘imitates’ these, as though in rehearsal. It is also
active during the process of understanding intentions behind actions and emotions.
Along with the Limbic system (emotional brain), the mirror neuron system helps
understand the feeling of others at an emotional level. Unfortunately in autism, given the
dysfunction of the mirror neurons, the person may experience difficulties in social
situations.

Sensory modulation/regulation disorders

Sensory modulation disorders are also important determinants of challenging
behaviours. An individual who has an inability in sitting still, and is rocking, bouncing
and constantly moving may not have ADHD, but may have difficulties with
proprioceptive sensations (feeling the position of body in space, muscle tone and joint
sensation). In autism, studies have revealed multimodal sensory integration problems
such as visual, vestibular, and position sense, underscoring the broad brain connectivity
problems affect information integration (Minshew & Williams).

An individual with a low threshold for certain decibels of sound may become agitated by
background noises such as that of a refrigerator motor or an air conditioner. The noise
from a washing machine or a vacuum cleaner may trigger agitation. Similarly,
processing touch and temperature sensations may be unusual because of high or low
threshold.

Given that the sensory system is the mediator between us and the world outside, and
the fact that we constantly try to maintain equilibrium in spite of the constantly changing
environmental inputs, an intact, and efficiently regulated sensory system is of crucial
importance in establishing a zone of comfort. Modulation difficulties can, therefore, have
serious consequences to our adjustment to the world and will inevitably lead to
discomfort and agitation. In persons who additionally have poor problem-solving skills,
this may lead to significant frustration, as they have little ability to find alternatives.

Communication disorders

Communication disorders have a significant negative impact on the ability of an
individual to cope in a communicatively demanding (for the individual) environment. For
example, in autism, there is significant disturbance in the organization of neural circuitry



in the language processing areas. As stated earlier, local circuitry (between frontal and
temporal lobes) persist, and are overdeveloped, instead of the development of wide-
spread functional connections in the brain. The temporal lobe processes auditory input.
It specifically processes words and enables us to receive and comprehend speech. The
frontal lobe is the expressive language area. The ability to form sequential ideas and
express thoughts as language is a frontal lobe function. The connections between the
frontal and temporal regions, therefore, have to be finely tuned and managed.

Disruptions or miswiring between these areas has a profound impact on
language-processing ability. In fact, in high functioning autism, basic information
acquisition may be intact, but ability to process information and integrate are affected,
whereas, in low functioning autism, there is poor development of functional connection
between the sensory cortex and association cortex, which is essential for such
integration of information and processing to take place. Such lower functional
connectivity has been found in autism in brain regions concerned with language, social
cognition, problem solving, and working memory.

In summary, the difficulty that a person with developmentally disability
experiences in regulating behaviours and emotions, in communicating, and in
modulating sensory inputs, has a significant bearing on the person’s ability to
adapt and function.

In this brief and simplified discussion, | have outlined the dysfunction in the frontal
executive system, the disruptions in the connectivity within the brain and the
developmental immaturities in the brain that eventually lead to maladaptive responses.
Awareness of the underlying neurobiological mechanisms helps us design intervention
programs that are more effective in helping many of these vulnerable individuals, and in
improving the quality of their lives.
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