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Abstract

The most common cause of impairment is neurological or brain disorders throughout the world, as
well as in developed market economies, where they also rank first in terms of disease burden. Some
brain diseases, like stroke and suicide, can also lead to death. However, it is their devastating impact
on communities and economies that is mainly caused by their being severely debilitating. But mainly,
they are so crippling because they affect thinking, feeling, and behavior—the mind itself; therefore,
mental health problems not only bring distress and suffering to individuals and families but interfere
with children’s learning at school or adults’ ability to work, which may even lead to the total inability of
self-care when severe occurs. Negative behavioral difficulties are common after the start of
neurodevelopmental disorders and have a long-term influence on the affected children, particularly
their social development level. Children's social development behavior has been found to mature
spontaneously throughout time because of cognitive therapy interventions. This study conducted a
meta-analysis to offer a statistical summary of the existing information on social development and
behavioral changes following cognitive treatment in children with neurodevelopmental problems.
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Introduction

The clinical condition of people with neurodevelopmental disorders (NDD) is severe to significant, and
numerous disabilities (for example., cognitive, motor, and communication impairments) create
problems in their daily life situations (e.g., medical, breath, postural abnormalities, lack of speech,
challenging behaviors, isolation, and passivity), which is a serious concern not only for parents but
also for teachers or caregivers who work with them (Edwards et al.,, 2021). Mood and anxiety
disorders, together with developmental neuropsychiatric illnesses such as autism and schizophrenia,
are common, occur in childhood or adolescence, and can have a chronic or recurrent course. As the
proportion of individuals aged 60 years and above is rising worldwide, it is anticipated that there will
be a dramatic increase in individuals affected by severely disabling neurodegenerative diseases like
Parkinson’s disease (PD), Alzheimer’s disease (AD), and other dementias over the next few decades;
this will result in huge financial burdens not only due to healthcare but also because caregivers may
need to leave their jobs (Pessoa, 2017).

Kids and teens with NDDs often face difficulties in their cognitive, social, emotional, and
communication abilities. This includes conditions such as attention deficit hyperactivity disorder
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(ADHD), autism spectrum disorder (ASD), and cerebral palsy (CP). These individuals may also
experience learning difficulties and academic challenges (Rey-Casserly et al., 2019). Additionally,
their ongoing medical conditions can be burdensome for both caregivers and families, impacting their
overall well-being and resulting in significant healthcare expenses (Hickie et al., 2019). The COVID-19
outbreak has quickly and unexpectedly deteriorated their precarious health states, due to a lack of
medical services or rehabilitative help, as well as measures to avoid it such as quarantine and social
isolation. Their way of life may be seriously impacted, and the burden on those who care for them
may significantly increase (Masi et al., 2021).

One strategy for encouraging liberty, active participation, and positive engagement in kids and teens
with NDD is to apply assistive technology (AT)-based treatment in conjunction with motivational
strategies and learning concepts (Manta et al., 2020). New technologies (such as virtual reality,
augmented reality, mobile technologies, and wearable technologies) have just emerged and are
rapidly developing in the field of AT (Bailey et al., 2022; Valentine et al., 2020). Technology-assisted
choices allow for the autonomous administration and self-regulation of beneficial therapies for both
assessment and rehabilitation (Rahman et al., 2020). In addition to assistive technology-based
programs, virtual reality (VR) and/or wearable technologies (WT) might be used.VR provides several
advantages, such as ecological reliability, control over experiments, and psychological reaction
monitoring (Stasolla & Bottiroli, 2020). Wearable gadgets may be easily transported and provide a
realistic method of tracking and restoring adaptive responses (Gorman et al.,, 2003). Although the
ADHD & Autism groups are intensively addressed, cerebral palsy and unusual hereditary disorders
were further investigated (Valentine et al., 2020). Furthermore, verbal, psychological, social, and
postural skills were evaluated. In contrast, aggressive actions, beneficial activities (e.g., ask and
selection capacities), and recreational activities are mostly ignored (Berenguer et al., 2020) Over the
past ten years, scientific studies on the use of electronic devices to strengthen adaptive capabilities
and opportunities for interaction among persons with neurological developmental diseases have
increased dramatically (Lussier-Desrochers et al., 2020).

During the COVID-19 epidemic, prospective remedies included a revolutionary at-home cognitive
therapy program recently developed for individuals with neurological conditions and a reality-based
set in a technologically aided method (Bernini et al., 2021; Stasolla & Bottiroli, 2020). Therefore,
isolation and quarantine preventative therapies confined kids and teens suffering from NDD to their
residences. Experts and doctors can virtually supervise to assess their patients utilizing remote
rehabilitation treatments, which are electronic in computerized surroundings and increase online
interactions in ways analogous to real life (Capri et al., 2021; Varela-Aldas et al., 2021). Augmented
reality, as a component of VR, allows for engagement in an actual environment, as opposed to the
fake background offered by VR. For example, VR often requires wearing headgear, which could make
it less comfortable for those with NDD. In contrast, AR may be deemed to be easy as it applies to cell
phones, tablets, and I-PADs, which can be adaptive for the actual world (Akin & Gokturk, 2019; Liu et
al., 2017; Mesa-Gresa et al., 2018).

Neurodevelopmental Disorders

DSM-III added "developmental disorders" for the first time, with one group containing autistic
disorders (Fischer, 2012). "Neurodevelopmental disorders" (NDDs) have been added as an umbrella
disorder group in DSM-5 (American Psychiatric Association. & American Psychiatric Association,
DSM-5 Task Force., n.d.). This new part replaces the old chapter titled "Disorders usually first
diagnosed in infancy, childhood, or adolescence." In the WHO's most recent edition of the
International Classification of Diseases, NDDs were given even greater attention by being an
essential part of the title of the psychiatry chapter: "Mental, behavioral, or neurodevelopmental
disorders (Fischer, 2012)."

Neuro-Developmental Disorders are characterized as a group of disorders that begin during the
developmental period and cause deficiencies that hinder functioning. NDDs include intellectual
impairment (ID), communication difficulties, autism spectrum disorder (ASD), attention-
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deficit/hyperactivity disorder (ADHD), specific learning disorders (SLD), and neurodevelopmental
motor disorders, such as tic disorders (Sokolova et al., 2017) (Figure 1).

Children with neurodevelopmental abnormalities may have difficulties with speech and language
development, motor abilities, habits, recollection of memories, and gaining knowledge, among other
additional functions of brain processes. Such challenges are typically accompanied by comorbidities,
including sensorimotor, sleep, and gastrointestinal issues (Gillberg, 2010). The manifestations of
neurological developmental conditions frequently change and can get better as a child grows more
mature, but a lot of them may be permanent. These diseases are difficult to diagnose and treat;
treatment frequently consists of a combination of therapy, medicines, and home- or school-based
activities. The origins of the beginnings of neurodevelopmental problems are becoming more
understood as research in neurobiology and genetics advances (Gillberg, 2010; Pessoa, 2017).
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Figure 1: Neurodevelopmental Disorders
History

Neurodevelopmental disorders include intellectual difficulties, communication issues, ASD, ADHD,
SLD, and mobility disorders. Many neurodevelopmental diseases were significantly reclassified all
through the early 1900s, yet it was not before the twenty-first century that there was a large increase
in research, a rapidly-developing literature, and widespread news coverage. Some neurological
illnesses, like anorexia, are new syndromes that emerged as rare occurrences in the past, but others,
like schizophrenia, have been associated with people for over a thousand years (Jackson &
Mackillop, 2016).

SLD and ADHD are well-known phenomena today, yet they are relatively new in the history of
humanity.

The first reports of SLD date to the late nineteenth century, when an ophthalmologist discovered that
certain non-brain-damaged youngsters had trouble comprehending sequences of words, which was
dubbed "word blindness" (Snowling, 1996). Kirk coined the phrase "learning difficulty,” which was
later expanded to encompass other educational issues observed surprisingly among kids lacking
cognitive disability or behavioral problems, in the year 1962 (Kirk & Bateman, 1962).

Over the last 25 years, multidisciplinary research has explored the association between education,
cognitive ability, and related comorbidities, providing the foundation for successful rehabilitation
therapy. A Cochrane evaluation of the effectiveness of linguistic rehabilitation therapies was
undertaken, and the results showed that they are effective in improving some parts of reading abilities
(Mcarthur et al., 2018). Many additional studies used therapies or instructions based on various
cognitive processes, such as memory, focus, and visual-motor ability (Yuzaidey et al., 2018;
Franceschini et al., 2017). Modern technology has facilitated research into the neurobiology and
genetics of SLD. As a result, advances in scientific knowledge of SLD have had far-reaching
consequences for both evaluation and intervention, as well as the delivery of education structures.
Simultaneously, institutions may have benefited from the significance of SLD, considering the
prominence that education has gained in the past few decades (Griffiths & Stuart, 2013).

Similar to SLD, there has been no precise definition of ADHD in past research. A few rare allusions to
analogous diseases may be found in European literature between the end of the seventeenth century
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and the start of the 1900s and in the United States beginning in the first decade of the nineteenth
century (Barkley & Peters, 2012). In the early nineteenth century, the phrase became regularly related
to intellectual retardation, or "toddler brain damage syndrome," and scientists started employing it for
exactly those youngsters who were subsequently labeled ADHD. That description eventually evolved
into the more common phrases "minimal brain damage" or "minimal brain dysfunction,” which were
merely left in the early 1980s, about when the modern nomenclature was first applied inside the DSM-
3-R, with the 3 signs and symptoms nonetheless identified these days as critical criteria: inattention,
hyperactivity, and impulsivity.

Neurodevelopmental diseases have received more attention since their occurrence appears to be
gradually increasing. The origins of this growth are still being debated, but increased attention to
symptoms and improved diagnostic process organization have undoubtedly played major roles.
Globally diagnoses of SLD have increased dramatically. According to National Center for Education
Statistics data from 2015-16, a total of around 6.7 million children (13 percent of the total number of
public school students) got special learning services. The proportion of kids with SLD rose from 21.5
percent of all disorders in 1976—77 to 34.8 percent in 2014-15, showing a steady increase throughout
the 1980s. The ADHD ailment is also thought to have grown in recent years (Drechsler et al., 2020).

Premature onset of Neurodevelopmental Disorders

Early or premature-onset neurodevelopmental illnesses include fetal alcoholism, attention-
deficit/hyperactivity disorder, intellectual disabilities, and autism spectrum disorders. Over ten percent
of all children suffer from early-onset neurodevelopmental problems, which can have long-term
ramifications for them and their families (Gillberg, 2010; Pessoa, 2017). His category is diverse
regarding both seriousness and abnormalities: fetal alcoholism, attention-deficit/hyperactivity disorder
(ADHD), intellectual disability (ID), tic disorder, developmental coordination problems, dyslexia,
particular linguistic impairments, and autism spectrum disorders (Bishop, 2010). Muscular diseases,
such as Becker or Duchenne neuromuscular dystrophies, may be classified as neurodevelopmental
conditions since they impair cognition within certain groups of patients; nevertheless, due to their
prominent symptoms, such illnesses are frequently regarded as a different cluster (Gilissen et al.,
2014).

Most neurodevelopmental disorders appear to be more common in boys than in girls, implying specific
gender vulnerability and protection factors. The quantity of financing and study allocated to a
condition is frequently connected with its frequency and seriousness (Gilissen et al., 2014). Early-
onset neurodevelopmental disorders are caused by a variety of factors, including extreme poverty,
hereditary threats, metabolic illnesses, immunological abnormalities, viral illnesses, nutritional issues,
physical trauma, and chemical and environmental exposures. Among them, the understanding of
genetic risk factors is growing, prompting new neuroscience studies (Pessoa, 2017).

There are hundreds of genes associated with early or premature-onset developmental disorders. This
inherent complication is exacerbated by the reality that every person may have a unique combination
of alleles with major and minor effects, that emerge de novo or are inherited (Pessoa, 2017).

De-Novo Mutations

De-novo mutations include single base substitutions; trinucleotide repeat expansions; changes in
copy number (CNVs); large chromosomal rearrangements and translocations; as well as
aneuploidies, the latter distinguishing syndromic neurodevelopmental conditions such as Down
syndrome and other trisomies like Klinefelter or Turner syndromes (Hoischen et al., 2014). Larger-
scale events like chromosomal reorganizations within certain regions of the genome can occur
recurrently too: chromosome 22g11.2 deletions giving rise to velocardiofacial syndrome are one
example where this happens frequently enough that it has been recognized as being associated with
different phenotypes depending on whether there is also a deletion at another nearby locus called
DiGeorge critical region gene 8 (DGCRS8). Similarly, it's worth noting here about 15911-13
duplications involving imprinting center(s) causing Angelman/Prader). However, usually, copy number
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variations that affect one to several hundred genes are unique to everyone (Kong et al., 2012; O’Roak
et al., 2011; Sanders et al., 2011).

Extremely permeable de-novo mutations are responsible for a significant fraction (15-50%) of serious
symptoms that appear as developmental defects (Campbell & Eichler, 2013; Kong et al., 2012; Neale
et al., 2012). The potential factors that contribute to the incidence of de-novo mutations,
multiplications, deletions, and duplications are well understood (Toro et al., 2010). Huge segmental
duplications, such as those on chromosomes 15 and 16p, increase the risk of illicit recombination
causing deletion or duplication of human genome regions. Increased fatherhood age has been linked
to de novo single base pair changes (Campbell & Eichler, 2013; Kong et al., 2012; Neale et al., 2012;
O’'Roak et al., 2011; Sanders et al., 2011).

In ASD and ID, patients have more de novo chromosomal modifications and CNVs than normal. In
contrast, individuals and controls often have identical numbers of de-novo base-specific changes
(about 60—70 de novo mutations across a genome of three billion base pairs, along with one per
exome of sixty million base pairs). Nonetheless, as compared to controls, patients have a significantly
higher rate of harmful (e.g., loss-of-function) changes in evolutionarily limited genes found in the brain
(Campbell & Eichler, 2013; Frank, 2014; Kong et al., 2012; Sanders et al., 2011).

Most mutations described by individuals were discovered using DNA obtained from their blood or
sputum. Thus, de novo cellular changes in certain cerebral cell lines were ignored. Deep genomic
sequencing and postmortem brain tissue analysis are necessary to determine if somatic changes in
brain cells contribute to the early start of NDDs (Poduri et al., 2013; Zhu et al., 2014).

Inherited Monogenic and Polygenic Forms

Inherited monogenic forms may account for a sizable proportion of people with early-onset
developmental abnormalities (Morrow et al., 2008). It is estimated that 3-6% of ASD patients have
two mutations that cause loss of function in the same gene, making them "homozygous knockout”
carriers. Recessive mutations are expected to have a greater impact in nations with higher
consanguinity rates (Girirajan et al., 2012).

Several hits in diverse sections within the genome may potentially increase vulnerability to an early-
onset neurodevelopmental disease. Several investigations have found that such individuals carry
more than one harmful mutation (Girirajanet al., 2010; Kieling et al., 2011; Leblond et al., 2012). In a
large-scale study of 2,312 adolescents known for carrying a CNV linked to ID and congenital
malformations, 10% had a secondary big CNV on top of the main genetic lesion (Girirajan et al.,
2010). Adolescents with two major CNVs of unclear clinical relevance had an eightfold increased risk
of developmental delay compared to controls. Among the afflicted kids, inherited CNVs were
commonly linked to a significant second-site CNV. There was no familial tendency identified at the
main de-novo or inherited location; nevertheless, 72 percent of second-site CNVs originated from their
mother (Girirajan et al., 2010).

Further research has validated a multiple-hits paradigm in individuals who share a common "first hit."
Among 42 carriers who had a 16p11.2 microdeletion, ten had an extra big CNV, which is a much
greater proportion than in controls, conditional on a huge initial hit. Patients who had two mutations
had unique as well as more serious clinical characteristics compared to those with a single concurrent
mutation (Leblond et al., 2012). Another investigation found that 3 ASD individuals with a de-novo
SHANK2 mutation also had a second CNV located in the 15g11 gene. Another kid with a
neurodevelopmental condition having a SHANK2 translocation and a CHRNA7 duplication was
identified (Kieling et al., 2011).

Mental disorders

According to the DSM-V, mental illnesses that get going in the adolescent years are classified as
neurological developmental disorders (NDDs), which include intellectual disability; specific learning
difficulties, such as dyslexia, attention-deficient hyperactivity disorder (ADHD), and autism spectrum
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disorders (ASDs); and mental health disorders (MHDs), such as depressive, anxiety, stress-related,
conduct, and psychotic disorders (Jeste, 2015). Childhood-onset mental problems are becoming more
common all over the world, with rates ranging from 10 to 20% (Renemane et al., 2021). NDDs are
increasingly recognized as the main cause of death in kids, having a significant effect not just on the
individual kid, but also on the culture as a whole (Nepon et al., 2010). Suicidal thoughts may occur in
depressive, anxiety-related, stress-related, behavioral, and psychotic ilinesses (Oerbeck et al., 2017).

For example, between thirty percent and fifty percent of youngsters with ADHD are believed to have a
concurrent MHD, like depressive symptoms, whereas over seventy percent of youngsters with ASD
are thought to have a comorbidity MHD, the most prevalent of those with anxiety (40%) and ADHD
(30—40%) (Hansen et al., 2018; Yerys et al., 2009). The intricate system of comorbidities between
neurological disorders and mental health disorders can exacerbate the degree of learning difficulties
in individual children’s learning challenges and lower their quality of life. This complicated comorbidity
has been linked to a lower long-term prognosis, which has consequences for treating individual
children (Sheehan, 2017).

Both genetic and environmental variables influence the growth of Mental Disorders in adolescents. A
kid's brain function and state of mind are impacted by the family’s financial status, with poverty or poor
earnings for the family having an adverse impact on the child’s education, health, and self-esteem,
influencing their advancement, development, and social engagement. Also, a parent's health troubles,
psychological disorders, isolation from society, or lack of housing might impair their capacity to
successfully parent the kid by creating an encouraging atmosphere for development and growth,
which is required for avoiding mental health problems. (American Psychiatric Association. & American
Psychiatric Association, DSM-5 Task Force., 2013)

Intellectual disability (Intellectual developmental disorder)

The DSM-5 defines intellectual disabilities (IDs), often known as intellectual developmental disorders,
as “deficits in general mental abilities.” They influence a person’s capacity to absorb information, learn
or remember knowledge, think critically or abstractly, and solve issues. They eventually limit a
person’s ability to adapt to their circumstances, to the point that they may fail to fulfill milestones of
independent functioning or social responsibility in one or more activities of everyday life (Danielson et
al., 2018).

ADHD (Attention Deficit Hyperactive Disorder)

NDD ADHD, which has a prevalence ranging from 9% to 40%, has numerous aetiologies, with
environmental and genetic factors contributing to the etiology and different symptoms (Linnet et al.,
2003). Non-genetic risks include brain damage, preterm birth, maternal use of tobacco and alcohol
during pregnancy, and exposure to certain environmental chemicals while pregnant or at younger
ages (Sridhar et al., 2017).
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Figure 2: (a) normal brain (b) ADHD brain with smaller volume(Tsampalas et al., 2018)
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Children who meet the diagnostic requirements for ADHD might also have additional conditions such
as oppositional defiant behavioral disorders (ODD and CDs), depressive and anxiety disorders, and
particular learning problems. Children with ADHD have difficulty sustaining continuous attention, are
hyperactive, fidget, and struggle to take turns. Preliminary data suggests considerable changes in
brain sizes in kids who have ADHD when compared to neurotypical kids, especially impacting both
anterior and posterior cortices. (Tsampalas et al., 2018) (Figure 2)

Dyslexia

NDD dyslexia is a frequent kind of academic disorder that affects 3—15 percent of kids in school.
People with dyslexia exhibit unique delays in their acquisition of competent comprehension abilities.
Dyslexia is defined by issues with proper &/or fluent recognition of words, as well as poor spelling and
reading abilities (Perrachione et al., 2016). Persons with dyslexia are demonstrated to exhibit
changes in brain function when compared to non-dyslexic people, including impaired neural
adaptation to recurrent stimuli. Adolescents with dyslexia may also have educational deficiencies,
poor self-worth, stress, depressive disorder, low self-esteem, anxiety, and depression (Schmidt,
2003).

ASD (Autistic Spectrum Disorders)

Autism spectrum disorders (ASDs), which have a documented frequency of roughly 2% in developed
nations, usually appear during the first few years of childhood. ASDs are distinguished by difficulties
in interacting with others, delays in communication, a fear of gaze, an inability to adapt to
environmental alterations, the display of routine actions, and anomalies in learning patterns (Schmidt,
2003). Anxiety and sadness are common among children and adults with ASD. Research into the
pathophysiology of ASDs has shown neurological abnormalities between children with and without
ASDs (‘neurotypical’ youngsters). Highlights the extrasynaptic link between neurons in an infant with
an ASD brain relative to a neurologically normal individual (Sharif & Khan, 2022) (Figure 3).

Normal brain Autistic brain

(a) (b)

Figure 3: (a) neurotypical brain (b) ASD brains have more dense neural connections (Schmidt, 2003).

Such excess connections are hypothesized to result from inadequate ‘pruning’ of faulty connections
between neurons during the development of the brain. This neuropathological variation is expected to
produce aberrant neuronal patterns throughout the neural network and disruption in mental
coordination between distinct brain regions. Thus, early-onset MDs overall and neurological disorders
have a profound impact on people, their families, and the community, necessitating a thorough
understanding of how to identify and treat these disorders. This methodical examination has two
objectives. First, a review of the way artificial intelligence (Al) tools have been successfully utilized to
help kids with frequent and significant NDDs, which include ASD, dyslexia, and ADHD, Secondly, to
emphasize the drawbacks of current artificial intelligence instruments and give recommendations for
future Al research routes, allowing for even more tailored teaching for these kids (Sharif & Khan,
2022).
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Methodology

Many clinical and scientific efforts have lately focused on the important elements (e.g., assessment
and rehabilitation). In terms of the appraisal, two major points of view may emerge. First, the existing
research focuses on identifying the person’s level of functioning. It is vital to determine whether
individuals are in a state of unconsciousness or if a more favorable diagnosis of a vegetative condition
may be established (Kim et al., 2012). Second, the differentiation between the two clinical
circumstances (such as a dormant or minimally aware state) is crucially examined, and a special
necessity for defining the borderline distinction between those two states necessitates the
implementation of more direct measures. Various techniques for rehabilitation may be accepted. For
example, one may envision environmental stimulation. Alternatively, deep brain stimulation may be
used (Lancioni et al., 2017). Additionally, brain-computer interface techniques may be utilized. Those
tactics are based on various theoretical frameworks, which may have clinical and practical
consequences for the function of the evaluation and the patient. Before the intervention, it is critical to
determine whether the individual is in a dormant or barely conscious state, and the intervention setup
should be carefully tailored to ensure the participant’s success with the learning process (Kayabinar et
al., 2021).

The latest technologies for people's neurological disorders can be employed for two purposes: (a)
assessment, and (b) rehabilitation. To assess the clinical severity of NDD, a VR setup might be used.
A technology-based program may be designed to improve both cognitive and motor abilities
(Sgandurra et al.,, 2018). A more complete evaluation tool for recording the biopsychosocial
characteristics of young individuals with mental health problems was necessary. A comprehensive
measure comprising a total of five areas (social and professional functioning, self-harming behaviors,
suicidal ideas and actions, physical well-being, and illness kind, stage, and trajectory) was proposed
(Hickie et al., 2019).

A new rehabilitative procedure, including a study called a randomized controlled trial (RCT), was
described thoroughly, with the goal of comparing the performance of the RCT program in a group of
children at a higher risk for cerebral palsy (CP) compared to the infant message (IM) intervention.
Infants were assigned to either an 8-week trial or IM therapy. Dependent measurements included the
infant’'s sensorimotor profile as well as footage of parent-infant interaction. Finally, guardians
completed a questionnaire (the Bayley Emotional-Social and Parental Stress Index). A total of three
points of inspection were examined. Data were gathered around the start of the experiment (TO0), the
finish of the 8-week course (T1), then after two months (T2), and ultimately at the age of eighteen
months (T3) (Stasolla & Baottiroli, 2020).

In general, cognitive, and mental abilities, interpersonal abilities, emotional competence, improvement
in posture, movement patterns, and motor motions were properly addressed in people with ASD and
ADHD. Individuals with CP and uncommon genetic illnesses (e.g., Cornelia de Lange, Angelman,
Down, fragile X, and/or Rett Williams syndrome) were not investigated, nor were demand and choice
opportunities, leisure alternatives, or difficult behaviors considered main or secondary outcomes.
Given, the present narrative overview has temporarily evaluated some studies on the application of
VR, MT, WT, and AR to develop the ability to adapt and improve mental, linguistic, and motor skills in
people with NDD (Ponsford et al., 2014) (Figure 4),

(b)
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Figure 4. Smart Devices (a) VR headset (b) tablets.
Assessment Strategies

Basic diagnostic approaches for determining with certainty if an individual is in a dormant state or
minimally aware state generally include psychological or behavioral parameters, cognitive
examination, brain-imaging procedures, and behavioral information based on studies (Pistoia et al.,
2013). Frequently, many tools and/or strategies are utilized in the evaluation. Behavioral scales are
arguably the most used strategy. Frequently, many tools and/or strategies are utilized in the
evaluation. Behavioral scales are arguably the most used strategy. Procedural difficulties may arise
when a person loses head or hand power over their behavioral range that is compatible with the
scale's standards or fails to grasp spoken directions. (Ricchi et al., 2022)

The patient's response is also assessed using neuropsychological factors such as potentials
associated with events (P300) and/or mismatched negativity. Neuroimaging methods (for example,
functional magnetic resonance imaging, or fMRI) may be a useful tool for identifying prospective
talents or skills, even when the response is weak or missing. Nonetheless, their utilization remains
complex, and their implementation may present major methodological issues in a wide range of
healthcare or rehabilitation contexts owing to stimulus evaluation and/or comprehension of spoken
instruction (Kayabinar et al., 2021).

Behavioral data derived from learning principles may indicate two distinct techniques. On one hand,
the traditional model considers the patient's ability to favorably associate pairs of stimuli (Stasolla et
al., 2015). On the other hand, the operational paradigm requires the patient's ability to appropriately
match a behavioral response with an environmental result. Empirical evidence of learning in both
ways, such as accurate associations or good outcomes, may indicate a non-reflective reaction and a
minimally aware state. These tactics are therapeutically significant for individuals with limited
behavioral repertoire, like eyelash or lip actions, who might have trouble with the JFK Coma Recovery
Scale. (Stasolla & Battiroli, 2020)

Rehabilitative Strategies

Environmental entertainment, deep stimulation of the brain, magnetic stimulation of the skull, brain
computing interfaces, and learning-based courses or technologically assisted options are some of the
therapeutic tactics accessible to persons suffering from consciousness problems. Choices are some
of the intervention strategies available to those suffering from consciousness problems (Kayabinar et
al., 2021; Lancioni et al., 2017; Lee et al., 2021).

A natural activation program is often administered by the client's therapist. In its simplest sense, it is
the transmission of regular stimulation activities like familiar tunes or spoken inputs at the specified
period. Essentially, it involves presenting daily stimuli, such as familiar sounds or verbal input, at
preset periods. At a more advanced version, it may include regular sessions with intense multi-
sensory treatment, as well as vocal and physical guidance for significant events offered by
professionals. Brain digital interfaces are devices designed to monitor the brain’s activity and
transform it into generated outputs that repair, replace, augment, or supplement the Central Nervous
System's natural outputs. Thus, such an approach is likely to change the continuous connections
between the CNS and its internal or external surroundings. Various approaches can be used to
assess neural activity at interfaces between humans and computers (Kayabinar et al., 2021).

This paradigm includes conventional techniques like transcranial magnet therapy and deep brain
stimulation, which do not require patient participation. Although there is evidence-based support for
this strategy, studies recommend against using it due to its varied effects on patient awareness and
consciousness, with varying amplitude and clinical importance (Selander et al., 2021).

Brain interfaces for computers are devices designed to monitor brain activity and transform it into
artificial outputs that repair, replace, augment, or supplement the Central Nervous System's natural
outputs. Thus, such a method is likely to affect the Central Nervous System's ongoing interactions
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with its internal or external environment. Brain activity may be assessed using a variety of methods for
brain-computer interfaces. The most common way is to detect electrical impulses using electrodes
that are invasively or non-invasively attached to the cortical or scalp area. Furthermore, a metabolic
metric may be captured using fMRI (Kayabinar et al., 2021).

Learning-based techniques were quite distinct from specific tactics. Such a method stresses the
active participation of the participant, as well as constructive interaction and relationships facilitated by
technology. The COVID-19 epidemic has recently highlighted the advancement of emerging
technologies, with a concentration on VR installations and remote rehabilitation tactics to remotely
oversee patients (Wiguna et al., 2020).

Virtual Reality

Virtual reality, especially augmented reality (AR), has lately been recognized as an important way of
successful and appropriate intervention in several areas of health care sectors, including (a)
evaluation, (b) determination, (c) recuperation (i.e., rehabilitation), and wellness or a better life. In
terms of rehabilitation programs, virtual reality is being extensively used to effectively tackle NDDs,
including ADHD and autism spectrum disorder. Virtual Reality provides persons with NDD with
sensations that are electronic means of communication in artificial surroundings, boosting virtual
experiences like those in real life. Augmented Reality, as part of Virtual Reality, allows for interaction
in an actual environment, as opposed to the fake context offered by VR. For example, VR often
requires the wearing of headgear, which might not be comfortable for those with NDD. In contrast, AR
may be deemed easier because it pertains to tablets, cell phones, and mobile devices, which may be
more adaptive to the actual environment (Akin & Gokturk, 2019; Liu et al., 2017; Mesa-Gresa et al.,
2018).

Behavioral monitoring, ecological reliability, and control over experiments are widely recognized as
major benefits of VR. A virtual driving test (SDT) and 2 neuropsychological assessments (the Useful
Field of View (UFV) and the Test of Variable Attention (TOVA)) were evaluated to assess driving
fitness in 51 young volunteers with ADHD, 33 individuals who had ASD, and 38 adolescents who did
not have an NDD diagnosis. Participants with ADHD and ASD performed worse in the SDT and
TOVA, with more variability overall. Data revealed increased effort and sensitivity to motivational
difficulties, as well as a loss of sustained attention across many assessments. Finally, the SDT
demonstrated strong sensitivity and validity on the face. TOVA was responsive to the neuropsychiatric
aspects of secure driving. It was believed that the SDT and TOVA were complementary to one
another, and differences in test results needed special attention. Among children with ASD, the study
underlined the usefulness of AR-based programs in promoting and supporting wellness, health, and
quality of life in people with ASD. A working prototype of an artificially intelligent application for a
digital game assessment tool for ADHD has been developed for kids (Dellazizzo et al., 2020).

Wiguna et al., (2020) developed a four-step mixed-method study strategy that incorporated qualitative
and quantitative tactics to avoid bias and capture crucial information while using a VR-based setup
and machine learning technologies such as deep learning applications. The creation of a prospective
ADHD-VR digital game assessment tool for children based on a framework for a deep learning model
was presented. It was a very promising evaluation tool for people with ADHD, as well as an ideal
option because it was intended to increase the fullness and clarity of diagnostic tool accuracy study
findings. Apart from a quick evaluation of the prototype ADHD-VR game diagnostic device utilizing a
deep learning framework, the study suggested a new four-step method for its development in ADHD
kids.

Dellazizzo et al., (2020) Conducted a systematic review and evaluated the present state of evidence
on virtual reality-based therapy for mental diseases, examining the feasibility and appropriateness of
the evidence provided by the study. The results found that the evidence’s quality ranged from low to
moderate. Inadequate data was attributed to a small number of randomized controlled studies, a
deficiency of monitoring and control teams, variability, and bias in publication.
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Clark et al., (2021) conducted protocol research to examine self-management capacity in children
aged 6 to 11 years with NDD (particularly, ADHD and ASD participants were targeted). A randomized
controlled study was done utilizing a non-immersive virtual reality system in which children could
manipulate virtual items naturally with their own hands. An experimental group and a control group
were suggested. A ten-week curriculum was devised. The dependent metrics were self-management
and technological acceptability.

Gualniera et al., (2021) Developed and investigated the LEAP Motion concept. The LEAP Motion
controller was a cheaper USB device capable of tracking and capturing natural interactions with digital
information using a virtual reality-based system and optical tracking of hand and finger gestures. NDD
and neurodegenerative illnesses (including ADHD, ASD, moderate cognitive deficits, and dementia)
were addressed.

VR has been widely embraced in rehabilitation programs to help patients overcome neurological
impairments such as neurodevelopmental disorders and neurodegenerative illnesses. VR provides
sensory experiences to people with neurological impairments in computer-mediated artificial settings,
increasing virtual interactions in ways that are akin to real life. Augmented Reality (AR), as part of
Virtual Reality (VR), emphasizes physical interaction, as opposed to VR's artificial setting. That is, VR
often necessitates the use of headgear, which may not be comfortably used by those with
neurological diseases. AR, on the other hand, may be perceived as more user-friendly because it
pertains to I-PADs, tablets, and mobile devices or smartphones, all of which are more appropriate for
the real world. For evaluation and rehabilitation reasons, even if it may be considered ethically
controversial and controversial, this idea should be scientifically confirmed and finally integrated with
an assistive technology device (Billeci et al., 2018)

Wearable Technologies

WT includes fundamental options and plays an important part in both daily living and the healthcare
business. WT can assist, protect, and help both medical professionals and consumers. Numerous
steps to collaboration with remote partners, real-time remote observation, warning of symptoms,
appraisal, and accomplishment of recovery objectives can be made and implemented as main
purposes (Di Palma et al., 2017).

Gualniera et al., (2021) did behavioral, clinical, and emotional evaluations in patients who have been
diagnosed with Rett syndrome by using web-based technologies. Use of a non-invasive wearable
sensor technology was used to evaluate autonomic function through electrodermal activity and heart
rate variability. This researcher also recruited ten people who had been diagnosed with RTT and then
used emotional, behavioral, and autonomic dys-virtual regulation as their outcome measure. These
participants were also prescribed extra-pharmacological therapy. Results showed that three people
improved EBAD and normalized EDA. One person had a slight improvement. Two people, on the
other hand, showed they were performing poorly. Some of the conclusions from this study were that
EDA normalization was associated with symptomatic improvement in Rett syndrome. Very high levels
of EDA were hypothesized to be biomarkers of underlying significant physical illness in people with
RTT.

Billeci et al., (2018) justified that using wireless technology would make it possible to access the
possibility of monitoring and recording autonomic activity in children with ASD when presenting joint
attention cues. Twenty males with ASD infants and twenty normal-developing infants were recruited
and monitored at baseline and during the Joint Attention Task. Worcestershire, or the task was
monitored using a chest strap that was comfortable for ECG. The research result proved the
possibility and usefulness of applying WT to assess autonomic activity in WI.

Sgandurra et al., (2018) developed the unique medical-related equipment. It enabled the parents of
newborn babies with congenital brain injuries to institute a home-based, early, intensive, and targeted
intervention while overseen virtually by medical professionals. We proposed a new feasible trial
process using a sample of high-risk newborns A randomized controlled trial was conducted for a
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broader comparison of the technology system versus a rubbing intervention. a high likelihood of
cerebral palsy. A randomized controlled trial was conducted for a broader comparison of the
technology system versus a rubbing intervention. All 42 newborns were mitigated. An 8-week program
incorporated three data collection points followed by a baseline assessment at the end of the
intervention, and two follow-ups after 18 months.

Di Palma et al., (2017) conducted a WT-based investigation to obtain the signals obtained during
therapeutic sessions involving IVA-SGs and the link between autonomic action and child engagement
in socio-cognitive assignments in a pediatric population suffering from ASD. The purpose was to
quantify the influence of the intervention and tailor therapy. The study engaged five, six- to eight-year-
old children with ASD-high functioning. A portable chest ECG tool was used. The observations lasted
for six months. The data showed that the device was feasible and clinically applicable.

Airaksinen et al., (2020) revealed how they used an infant WT to monitor the posture and movements
of 22 seven-month-old infants at risk of ASD and cerebral palsy. The technology responded to the
newborns' movements and attitudes.

Mobile Technologies (MTs)

MTs are commonly utilized for wireless communication. MT has changed considerably in recent
years. Standard MT has lately evolved beyond simply being a two-way sheet to consist of a mobile
phone, satellite navigation system, in-built web browser, and portable game console. MT has several
meanings in different contexts, but it is mostly used in the field of information technology and is based
on wireless communication for handheld devices. Laptop computers, phones, tablets, and hardware
with technological integration are frequently employed (Zamin et al.2019).

For example, Davidson et al., (2019) conducted a pilot study on a tablet-based application to improve
staff service standards for children receiving treatment for mental health issues. The application was
designed for use in the delivery and quality improvement of trauma-focused cognitive-behavioral
therapy (TF-CBT). In four community mental health care organizations, a blocked randomized control
trial was conducted to explore the feasibility of deploying tablet-assisted TF-CBT versus traditional
TF-CBT. A total of 13 therapists and 27 families took part in the trial. Faithfulness by a provider to the
model of treatment and the child's involvement in therapy were observed using session audio
recording. Structured interviews and mixed-method analysis were employed to determine how parents
and children experienced the tablet application. Providers used the tablet-based TF-CBT to upgrade
their therapeutic activities. Both providers and parents gave high approval of how this approach was
done. Satisfied with the service they received, people and their caretakers reported good relationships
with mental health professionals who were delivering either method. The tablet-based program was
effective and could easily be added to the repertoire of mental health workers with no training.
Research was needed to establish to what extent technology-based applications can increase their
psycho-social support components to help disadvantaged families improve the long-term life chances
of children suffering from mental health herbs.

Zhang et al., (2020) gathered medical experts' comments regarding the limits of the existing task and
investigated if elements of gamification components may be integrated to improve the standard
intervention. A plan of study was given, using a qualitative approach to study techniques and focus
group discussions with psychological specialists. In the focus group, members were asked to remark
on the limits of current psychological prejudice therapies. They were subsequently prompted to offer
ways to improve the treatment and to share their opinions on how gamification may be used to
enhance it. The research was scheduled to be completed in 12 months.

Zamin et al. (2019) evaluated that a 9-year-old girl who had a cerebral palsy case and was born with
auditory, speech problem, and motor problem which made her unable to move like the rest of the
people. Her senses and brain failed to communicate properly, hence failing to understand what they
said. In this case, her parents also found it difficult to understand her. The main objective of the
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program was to help the involved students have the most important communication tools without
using any communication signs.

An alternative and augmentative tool, through mobile technology, was developed that allowed people
with CP to communicate gradually with other people. The application was not only for people with CP
but for all other people. It was thought to be beneficial for anyone with communication issues. It was
created in two languages (the English language and Malay), with bespoke content. The results
showed that the participant successfully handled the application, and her adaptive responses were
meaningful (Fabio et al., 2020).

Discussion

Reviewed research on both technical concerns (such as., VR, MT, and WT) demonstrated the cost,
efficacy, and compatibility of the chosen technologies in ensuring kids and teens with NDD have
adaptive abilities (Airaksinen et al., 2020; Colombini et al., 2021; lannizzotto et al., 2020). Some
research did not explain NDD features or participant ages. Both evaluation and rehabilitation aims
were successfully pursued (Clark et al., 2021; Colombini et al., 2021). Individuals with ADHD and
ASD were given extensive attention in terms of cognition and executive functions, communication and
emotional ability, stance, and physical motions. Individuals with intellectual disabilities and unusual
inheritable illnesses (e.g., Rett syndrome) remained unstudied, as they requested choice possibilities,
leisure alternatives, and difficult behavior as an initial or subsequent effect (Matamala-Gomez et al.,
2021).

To promote cognitive empowerment, a new virtual reality-based approach was created to remotely
test and recover cognitive performance in persons with neurodegenerative disorders. Patients with
neurological problems were given internet access and recreational options. (Matamala-Gomez et al.,
2021)

Furthermore, HomeCoRe (Homepage Cognition Rehabilitation software) has been used as a unique
and viable solution for house-based cognitive therapy in neurological conditions in hospitals,
particularly effective during the COVID-19 epidemic (Bernini et al., 2021).

Smart Aging is a premium gaming system that creates a 3D VR world in which players may complete
a series of tests that are ultimately determined by a comprehensive and global cognitive assessment.
An appropriate extension may be offered for kids and teens with NDD. For example, one could
envision a modified version to assess requests, choices, leisure options, and the internet. Similarly,
difficult behaviors and enthusiastic participation might be considered initial and subsequent outcomes.
Alternatively, tele-rehabilitative procedures can be used or combined to remotely oversee and recover
people with NDD (Gillberg, 2010).

While promising, there are several restrictions to consider. The present opinion article relied on just 10
contributions, which included empirical research, reviews of literature, and protocol studies. Second,
just VR and WT possibilities were analyzed. Furthermore, only kids and teens were targeted. Fourth,
just the previous 5 years' interval was incorporated. More study is needed to determine how new
technology might improve adaptive abilities in kids and adolescents with NDD, as well as minimize the
strain on families and caregivers. It is important to consider both evaluation and rehabilitation aims.
Telemedicine and virtual reality can benefit people with neurological problems (Jackson & Mackillop,
2016).

Conclusion

Considering the above pieces of information, a few considerations must be given importance: (a)
participant behavior and technological amplification; (b) follow-up, maintenance, preference
assessment, and generalization phases; and (c) social validation procedures that involve external
raters who have personal experience with or professional knowledge about the subject matter being
evaluated. For example, an initial study might focus on using new technologies — like serious games —
for children who have developmental disabilities different from those included in the examined
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studies. When making these efforts, one must be aware of (a) the vast amount of literature available
regarding using intervention methods in other areas of rehabilitation, such as acquired or pathological
conditions; (b) ethical concerns surrounding whether & when it is appropriate for legal representatives
to make decisions regarding their clients’ treatment options; and lastly, but not least importantly —
there needs to be more rigorousness in terms of how we design our experiments if we want them to
show us anything new about what works best where.

Abbreviations used:
ADHD- Attention Deficit Hyperactive Disorders, ASD- Autistic Spectrum Disorders.
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