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Abstract

The different types of neurodevelopmental disorders manifest themselves mainly in deviations in the development and oper-
ation of brain functions involved in the process called neurological maturation. We assume that what is called neurological
maturation is a part of the cultural development of homo sapiens. Our culture changes and evolves. In the past, the skills
and abilities of our hunter-gatherer ancestors with being a mainly oral culture is significantly different from the agricultural,
stockbreeder, farmer lifestyle coupled with a mainly written culture. Each of these very distinct cultural styles requires differ-

ent behaviour and cognitive functions.

In this article, we discuss how the increased prevalence of learning and control disorders, along with autism, may be a re-
sult of the vulnerability of cerebral functions. These functions count as very new from the perspective of human evolution.
However, this may be only one aspect of a very complex story, as what may present as difficulties in one cultural norm may

be strengths in another cultural norm.

Neurodevelopmental disorders, like specific learning difficulties, ADHD, autism spectrum disorders are getting more fre-
quent, and their becoming more frequent is the consequence of the effect of the dramatically changing environment on brain
development. Autism and learning difficulties/control disorder spectra seem to be the ends of a continuum. However, they
may be rather a result of atypical neurological development, where, unlike the typical development, the culturally new areas

are a mix of different over- and under-functioning.
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Introduction

According to Merlin Donald (1991) [1], the
evolution of Homo sapiens has been greatly influenced by
communication abilities, such as speech, literacy, and now the
newest technological tools and media, which in turn has led
us to a new stage for the species. With the increased usage of
communication technology, this direction of change has become
even more reinforced. Technology is progressing exponentially
(Kurzweil, 2005) [2], and as a consequence, the transformation

of the human brain has also accelerated.

The change in neurological development brought about
by the changes in the physical, biological, and psychological
stimulus from the environment is especially pronounced in

small children.

Yet, it is evident that our social sciences, including
psychology and pedagogy, have fallen behind in terms of
teaching methods. Currently, our society is grown into a much
more image-based, visual, and technological culture, yet this shift
does not appear to have occurred in psychology and pedagogy.
Meaning that the portion of our society, which is meant to
support our children has abandoned them to a medium that is
transforming in an extremely rapid and significant way. Why are
there more and more atypical neurological development? How
does the change of culture impact the atypical learners? In what
ways is our evolving culture improving their experience and

learning and in which ways is it further hindering?
Atypical Development
Our cognitive fingerprint

No two brains are alike, yet it cannot be denied that
with diversity there are also trends and similarities. Each of us
has a unique brain fingerprint. Just as fingerprints have their
unique pattern made up of grooves and ridges, so do our brains.
Yet, even our very unique fingerprints can be categorized based
on similar patterns; there are three basic overarching fingerprint
designs: Whorl, Arch, and Loop. In the study of brain physiology,
we can likewise make similar categorizations to help us notice

some broader trends.

If we look at the physiology of our hands, they are
similar, but no two hands are exactly alike. If we focus attention

on the width and length of our fingers, some of us have quite

short stubby fingers, some have very long slender fingers, and
the rest of us lie somewhere in between. The structure of our
hands can have an impact on the types of tasks we are more
suited towards. Delicate slender fingers may be more suited
to precision, detail work, whereas, strong wide fingers may be
more suited to strength-based tasks. Just as some fingers are
wide and some narrow, so it is with our brains, some brains are
made up of wider folds, some have more narrow folds, and the
rest fall somewhere in between. These distinctions may cause
certain brain structures to be more suited to particular abilities
and tasks. As we consider these structural differences, it may
be productive to use Morton and Frith’s (1995) [3] theoretical
approach by discussing the behavior level (directly observable),
the cognitive level (memory, language, and processing speed),
and then the brain level (neural structures and process).
However, we will explore them in the reverse order as structure,
may impact cognition and then cognition would impact

behaviour.

The Brain Level

Looking at the brain’s structural level, for example,
Casanova and his colleagues have hypothesized that two
cognitive profiles stand at either end of a spectrum from each
other (Casanova, et al, 2002; Casanova, et al. 2004; Casanova, et
al. 2010; Williams & Casanova, 2010) [4-7]. Casanova’s theories
arise from research into the brain structure of those with dyslexia
or autism. It is through this research that Casanova (Casanova,
et al. 2004; Casanova, et al. 2010;) [4,5] explores such elements
as gyrification and neural connectivity. What they found was
that dyslexics have less gyrification and wider gyral windows
than “typicals”, whereas those with autism were found to have
more gyrification and narrower gyral windows than their more
typical counterparts — wider folds versus narrower folds. This
increase in folds causing the folds to be narrower, possibly as
a result, the white matter area held within the fold is denser
than in a “typical” brain. This then may affect how their neural

connections are created.

Autistic brain structures create more local connections
thana “typical” brain structure and fewer long-range connections
which also causes them to have fewer connections between the
two hemispheres of the brain than “typicals” The dyslexic brain,
on the other hand, has fewer folds than the “typical” brain. This
decrease in folds causes the folds to be wider, which makes
the white matter area held within the fold more spacious. This

affects how their neural connections are created. Dyslexic brain
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structures create more long-range connections than a “typical”
brain structure and fewer local connections. More long-range
connections also cause them to have more connections between
the two hemispheres of the brain than “typical persons” It
is through these structural differences that the hypothesis
of autism being at one end of a spectrum and dyslexia at the
other end, with what may be considered “neurotypicals” falling

somewhere in-between.

The neural system approach, proposed by Nicolson
and Fawcett (2007) [8], provides an intermediary level between
the brain and cognition that is appropriate for the analysis of
learning skills and disabilities. The neural system is close enough
to the cognitive processes and skills underlying performance
to support investigations of behaviour and education and it is
close enough to the underlying brain mechanisms to support

investigations of cognitive neuroscience.
The Cognitive Level

These structural distinctions will no doubt affect how
these individuals think and learn. People with specific learning
difficulties (dyslexia, dyspraxia, dyscalculia) are also called
“3D” people, which is a perfect term. On a cognitive level, one
of their main problems is that they miss the third dimension
in the literal world, in the school books, on the screens. They
function properly in the real world, in the 3D space. They are
discussed to be the bigger picture, conceptual thinkers, strong
visual-spatial, and good at making connections that others
may struggle with (Eide & Eide, 2011) [9]. Research has also
discussed weak neural adaptation (Perrachione, et al, 2016) [10]
and similarly the automatization deficit hypothesis (Nicolson,
& Fawecett, 1990) [11] in terms of areas of struggle. Whereas
those on the autism spectrum, tend to be very detail-oriented
and strong memorizers, yet both atypical groups tend to be slow

processors.
The Behaviour Level

Williams and Casanova (2010) further hypothesized
that in regards to our general populous some people may present
closer to the autistic end of the spectrum, as they tend towards
being more detail-oriented and develop very specialized skills,
crave routine, and excel at rote memorizing, but may struggle
to make some of the larger or big picture connections. This may
cause them to struggle at school by missing the main objective

of an assigned project and instead focus on a small detail and

get off course. Or they may struggle to complete tasks as they
become fixated on the details. Yet, they may excel at school tasks
that involve rote memorization. A person with autism often

struggles to see the forest for the trees.

Those with an opposite brain structure tend towards a
3D way of thinking and therefore behaving. 3D people tend to be
very creative through their ability to make connections between
ideas that others may not, but they struggle to learn the details.
As a result, 3D children can struggle in elementary school
with all the many skills that require absorption of details and
automaticity, such as reading, writing, and often mathematics,
depending on how it is taught. They tend to crave difference and
creativity. They struggle to see the trees for the forest, but if they
are not given the forest/big picture/conceptual aspect of a topic
they are often left without a starting point, which is the root of a

lot of their struggle with school.
The group of the atypical development spectrum

While researchers identified dyslexia and autism as the
ends of a spectrum, where the ends are the atypical brains, and
the fewer extremes are the typical brains, dyslexia, dyspraxia,
dyscalculia, attention deficit, hyperactivity, and autism spectrum
disorder are not entirely separate deviations, but instead have
common bases in special neurological characteristics. Their
neurological kinship is also indicated by their extremely frequent

concurrence in various combinations.

According to the studies of Richardson and Ross
(2000) [11], the cause behind this frequent co-morbidity is a set
of abnormalities in the production of fatty acids which play an

important role in neural transfer in the brain.

Research results have shown that movement planning
and coordination, seriality, as well as the ability to keep rhythm,
are problem areas in the case of dyslexia, attention deficit, and
hyperactivity disorder, and autism spectrum disorder, alike, and
the same applies to a deficit in inhibition and implementation
functions, which play an important role in control (Schonfeld,
et al, 1989; Denckla, et al, 1985; Barkley, 1997; Piek et al,
1999; Greenspan & Wieder, 1999) [12-16]. It has long been
evident that speech sound processing difficulties feature in the
development of dyslexia (see, e.g., Pennington et al, 1990), but
a poor and unreliable processing of speech sounds is also often
a characteristic in the case of autism spectrum disorder (see,
e.g., Bomba, Pang, 2004; Bishop, Snowling, 2004) [16,17].
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Less definitive hand preference is more often found
in autism spectrum disorders as opposed to neurotypical
children (e.g., Knaus, Kamps, and Foundas, 2016; Preslar,
Kushner, Marino and Pearce, 2014) [18,19], and also atypical or
weak cerebral lateralization and handedness is associated with
neurodevelopmental disorders such as dyslexia (e.g., Bishop,
2013; Vlachos, 2013) [20,21]. Most students with ADHD,
autism, and learning disabilities have impaired handwriting
(Mayes, Frye, Breaux et al. (2018) [22].

According to Pauc (2005) [23], concurrences are so
frequent that we could identify the syndrome jointly as late
development syndrome. Robert Melillo (2009) [24] used the
term “Disconnected Kids”.

All of these deviations that are identified as disorders
may, in many respects, form the basis of gifted development,
too, and so gifted development also belongs to atypical
developments (Gyarmathy, 2009; Mrazik, Dombrowski, 2010;
Mayes, Waschbusch, Calhoun, Mattison, 2020) [25-27]. This
indicates that an atypically developed nervous system may
have performance advantages, as well, that is, there is also some
evolutionary benefit linked to deviation. The concurrence of
deviations diagnosed as disorders with each other and with
gifted development, alike, as well as their shared neurological
background processes are indicative of mutually overlapping

developmental exceptionalities.
Different forms of atypical development

Atypical developmentaffects those parts of the cognitive
system which are affected by the maturing of the nervous system.
The shared neurological characteristics behind different forms
of atypical development are responsible for shaping the basis of
the syndrome. At the same time, internal and external factors
can contribute to a manifestation of cognitive deviations in
reading, counting, literacy, attention and behaviour control, the
concreteness of perception and information processing, as well
as outstanding cognitive achievements in different combinations

and with different weights (Figure 1).

Usually, autism is described as a spectrum disorder,
which means that the syndrome can appear in very different
levels and forms. However, the same is true for learning
difficulties and control disorders, even for giftedness. So, we call

them spectra.

dyspraxia dyslexia TR
\ / deficit
Specific learning Control .~
difficulties disorder fW\PMfS?
- spectrum spectrum C;e"}f;‘;
dyscaleulia / .
ATYPICAL hyzqgmﬁu:ty
NEUROLOGICAL Setts
DEVELOPMENT
: / Autism
Gifted disovder
spectrum spectrum

Figure 1: Forms of atypical development

All forms of atypical development are characterized by

the following:

o it is based on a different form of normal neurological
functioning;

« ithas advantages and disadvantages throughout the individual’s
lifetime;

« it is independent of intelligence;

« it is environment-dependent.

The last feature explains why the manifestation of
atypical development has been heavily affected by the changes in
the 21st century. The increased prevalence which may be in part
due to environmental factors of each of these exceptionalities
has come to receive special attention, as has their study. On the
other hand, also the impact of former cultural changes should
be considered in the understanding of atypical neurological

development.
Cultural Changes Affect the Brain Development
The fruits of the brief dalliance of Homo sapiens with literacy

About 2.5 million years ago, the more “hyperactive”
apes, who were too restless to sit around, climbed down from
the trees and started running around on the ground, and then
as a result began to develop more strongly, and to think and
communicate. They developed new cognitive functions for
joint hunts. Prehistoric men even learned how to ignite a fire
a million years ago (Gowlett, 2016) [28]. Homo sapiens are a
relatively new phenomenon, it is only about 100 000 years old

but has become a veritable success.
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Humanity undertook a significant cultural change at
the end of what is called the Palaeolithic age, and instead of
relying on the uncertain methods of hunting and gathering,
With

husbandry and cultivation, the Neolithic as a new culture was

invented agriculture. the appearance of animal
a turning point in the development of the human brain, as well.

Methodical, temporally segmented work came to replace the

rather unpredictable, and hence trial-and-error-based hunter-
gatherer lifestyle. This change also came to manifest itself in the
nervous system in the few thousand years of the agricultural
lifestyle becoming widespread. So successful was the methodical
work that the human population quickly started growing, and in
the meantime, it also laid down the neurological bases of literacy
(Diamond & Bellwood, 2003) [29].

Age of the
Timeline of infocommunication
changes
3D
100,000 15 000 2000 4300 700 *gf"_tt'“lg
4 ’ B.C.E igita
BiC.E: B.C.E. B.C.E. B.C.E 400 printing
.................. | | | | Gutenberg
[ [ | [ Latin
Homo o i Egyptian
. Paleolithic Neolithic hi ivohi Greek |etter T |
Sapiens  pevolutions Revolution Ieroglyphics - apc theral age
stonetools, domestication of
huntingand plantsand animals,
gathering sedentary
agriculture

Figure 2: Cultural changes in a sketch

The Neolithic came to an end with the appearance of
literacy, and the historical age began. The brain functions of
humanity, suited to its hunter-gatherer activities, underwent
significant changes by turning to an agricultural lifestyle

requiring method, planning, and foresight (Figure 2).

The perception and activities of a nomad hunter-

gatherer can be characterized by the following:

« spatial, visual, impulsive, cooperative

« not efficient at storing, but instead acquires
« seeks, finds, chooses

« hunts, explore, collects, moves on

« conjectures, imagines, intuits

o risk-taking and trial-and-error

The perception and activities of a settled breeder can be

characterized by the following:

o time-bound, delimited, controlled, sequential
« sows, tends, harvests, stores
« foresighted, economical, methodical

« stationary, regulated work

o plans, methodically implements

« methodical thinking

The human brain was used for a nomad, hunter-
gatherer lifestyle for 2 million years, while neurological processes
required by an agricultural lifestyle count as very new and
young from an evolutionary point of view. All the functions that
form the basis for literacy are formed during the preparation for
activities that are connected with culture. This process is called
the maturation of the nervous system, during which a child
basically with a brain of a “hunter-gatherer” gradually becomes

suited for literacy and, ultimately, literate.

Anthropological research suggested that changes in
the human language supported the developing agricultural
mind to understand relations. The analysis of the languages of
the still exiting hunter-gatherer societies shows a grammar so
much different from most of the languages, that even the so-
called inner “language acquisition device” or universal grammar
theory is questioned (Everett, 2005) [29]. For example, Piraha
is a language isolated in the Brazilian Amazon, that lacks
markers of subordination, coordinating conjunctive and

disjunctive particles, as well as syntactic complement clauses.
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Pirahad grammar does not allow recursive possession, multiple
modifications in the same phrase, etc. (Everett, 2005; 2012) [30].

Grammar mirrors the way of information processing,
and in the example of the Piraha language, it is clear that their
brains don’t use the relations that are not important in their
culture, but is relevant in agricultural and industrial ones like

most of the cultures more recently dominating the Earth.

It is not only reading that is found to be an unnatural
basic ability of the Homo sapiens but also counting. Numbers
do not exist in all cultures. A small portion of the world’s
languages is anumeric or nearly anumeric. To this day, there are
numberless hunter-gatherers deep in Amazonia and Australia.
Instead of using words for precise quantities, these people rely
on terms analogous to “a few” or “some” indicating that number
words are not a human universal, but a result of cultural changes
(Gordon, 2004; Zhou & Bowern, 2015) [31,32]. The language for
an exact number is a cultural invention rather than a universality,
and number words are a cognitive technology for keeping track
of the cardinality of large sets across time, space, and changes in
modality (Frank et al, 2008) [33].

Research on Australian Aborigine people demonstrates
a cross-cultural difference in thought that is more than a
matter of style or preference. Instead of words like “right;
“left, “forward,” and “back,” which, define space relative to an
observer, Pormpuraawans, like many other Aboriginal groups
use cardinal-direction terms (north, south, east, west) to define
space, and they do the same for time. These findings show that
conceptions of even such fundamental domains as time can differ
dramatically across cultures. Cross-cultural differences in basic
spatial representations may have far-reaching consequences for
other knowledge domains in the cognitive system. (Gaby, 2011;
Boroditsky & Gaby, 2010) [34, 35].

Reading, writing, and counting became essential
knowledge for an agricultural lifestyle, and then more and
more information communication activities started building
on these skills. School education serves to prepare children
for methodical work. An agricultural lifestyle requires a brain
which

e can carry out routine tasks,
« knows the process beforehand and plays safe,

« and great professional knowledge is its forte.

In contrast, in ancient hunter-gatherer cultures,
humanity found the kind of brain useful for a million years
which

« is quick to respond to situations,
« can adapt to an unknown future,

« problem-solving ability is its forte.

Already at first glance, it is evident that to attain good
achievements, it's best to have both kinds of thinking, but in
general, it is task-depend, how much of each is needed. The
latter is the leading approach in hunting, while the former is in
agriculture. Different eras differ in this respect.

By the 2I* in information

communication has reached a level that is leading to a culture

century, progress
of change. In the age of literacy, knowledge had to be planted,
grown, harvested, and stored like crops. In the information age,
it has become possible to acquire information through “hunting
and gathering’, and those who use this method become more
successful than those who continue to choose the lengthy
process of knowledge cultivation. In other words, a former,

older way of functioning has again become useful.

The cerebral functions of our nomad hunter-gatherer
ancestors can once again be advantageous. At the same time,
all that the methodical, agricultural, literacy-based approach
developed in the human brain remains indispensable, and
not only at school: methodical thinking also forms part of the

background of higher-level, synthesizing, and critical thinking.
Physical and biological environmental effects

The cerebral functions that are newer from an
evolutionary point of view are less stable, and as such are more
susceptible to environmental influences. Humans come into
contact with diverse kinds of toxic substances, viruses impact
the brain, which their internal defense system is more or less
capable of neutralizing. However, not every brain is always able
to cope with the increased and unnatural strain on their system
successfully. Neurodevelopmental atypicalities are highly
inherited, but several environmental risk factors also play a role
in their appearance, as evidenced by large-scale twin studies
(Carlsson, et al, 2020) [36]. Predisposing and triggering factors

mutually define the impact.
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There is already a long history of research on the
connection between food containing synthetic materials and
developmental disorders (see, e.g., Feingold, 1974; Rowe, 1988)
[37, 38]. Jane Healy in her book, Endangered Minds (1990)
[39], explores the poisons of modern civilization. One of these
everyday poisons, the sweetener called Aspartame, contains
phenyl-alanine, which is responsible for phenylketonuria. This
compound can pass through the blood-brain barrier and when
it has accumulated in a large quantity, it leads to neurological
disorders (Healy, 1990) [39].

The “Gutand Psychology Syndrome” could play arole in
the appearance oflearning-, hyperactivity-, attention- and autism
spectrum disorders, as well as depression and schizophrenia
(Campbell-McBride, 2005; 2010) [40,41]. Antibiotics ruin the
gut flora, because of which the gastrointestinal tract produces
toxic substances, which are then transmitted to the brain. At
birth, mothers might pass on their abnormal intestinal bacteria
to their children, which can lead to the development of harmful
intestinal flora and early brain poisoning starting from infancy.
This has increased the risk of developmental disorders in
children with sensitivity (Ward, 2001) [42].

Environmental triggers such as industrial and urban
pollution, mercury, and other chemicals induce atypical
development (for example Matsuzaki, et al, 2012; Kouichi
Yoshimasu et al, 2015) [43, 44].

Mobile phones and other artificial radiation sources,
as well as the increasing number of electronic gadgets, which
generate magnetic fields, have a physiological effect on brain
development (see, e.g., Cotgreave, 2005; Ferreri, et al. 2006)
[45,46].

These frequent, mildly injurious environmental effects
can lead to mild brain trauma that could cause impairment of
brain functions described earlier as minimal brain (cerebral)
dysfunction which is a now obsolete considered term, used in
the early 1960s (Rosa, 2010) [47].

The trauma affects the area of the brain associated with
perception, behaviour, and academic ability. The usually mild
dysfunction influences one or more of the basic psychological
processes involved in ADHD, understanding or in using spoken
or written language, and is characterized by specific learning
difficulties. Certainly, the mild brain trauma that was named

‘minimal brain or cerebral dysfunction’ causes disturbances

at the newer, less basic functions of the developing nervous
system, which is exactly what appeared only about ten thousand

years ago, namely the functions needed for the farmer lifestyle.

Recent genetic evidence shows that identical genetic
causes are common among different neurodevelopmental
disorders (Cardoso, et al. 2019) [48]. Findings provide strong
evidence in support of not only reviving the old concept of
minimal brain (cerebral) dysfunction but also expanding the
scope to include a broad spectrum of neurodevelopmental
disorders Developmental brain dysfunction, whether genetic
or caused by an insult to the developing central nervous
system, such as exposure to a teratogen, trauma, infection,
severe nutritional deficiency, or hypoxia-ischemia, is typically
manifested as impairments in cognitive, neuromotor, or neuro-
behavioral functioning. It results in clinical manifestations
that include disorders once encompassed by minimal brain
dysfunction or minimal cerebral dysfunction (e.g., learning
difficulties, language disorders, developmental coordination
disorder, and ADHD), and the classic neurodevelopmental
disabilities (e.g., intellectual disability, cerebral palsy, and autism
spectrum disorders) (Moreno-De-Luca et al, 2013) [49].

Specific genetic causes, including certain copy number
variants and single-gene mutations, are shared among disorders
that are thought to be clinically distinct. This evidence of
variability in the clinical manifestations of individual genetic
variants and sharing of genetic causes among clinically distinct
brain disorders is consistent with the concept of developmental
brain dysfunction, a term Moreno-De Luca et al use to
describe the abnormal brain function underlying a group of
neurodevelopmental and neuropsychiatric disorders and to

encompass a subset of various clinical diagnoses.

Different human bodies and brains depending on their
genetic backgrounds react to harmful effects differently. In some
people, even a small amount of exposure has a strong influence
on cerebral functions, while there is no perceptible effect in

others.

Atypical development is a deviation in neurological
maturation

We consider that at least three, mutually independent,
but cooperative systems are involved in the background of all
cognitive achievements. We must consider them separately

when analyzing:
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1. The maturing of the nervous system, the characteristics of the

neurological system, typical or atypical neural functioning

2. Intelligence, the level of thinking, and learning efficiency

3. Abilities (linguistic, musical, visual, kinaesthetic, etc.), the
bases for thinking and learning, which form an individual-

specific system of abilities

According to our concept, the different forms of the
neurologically-based achievement difficulties are a delayed or
atypical development of a brain changing from a nomad into
a farmer. The neurological functions that formed the basis of
literacy for humanity, and which from a developmental point
of view can be regarded as fairly novel, are those which embody

school-readiness in small children:

« has developed toleration of monotony, can sit still,

« can focus its attention, maintain it for at least 15 minutes, can
remember sequential pieces of information,

« can control its urges and wait patiently,

o its perception is refined, can identify details and relations,

o its gross and fine motor movements are coordinated and able

to maintain rhythm.

The core of being a good learner at school is the well-
working executive functions (EF). EF refers to the ability to
plan, follow instructions, and methodically carry out an activity
without distraction. Less effective executive functions have been
identified in attention deficit hyperactivity disorder (Diamond,
2013) [50] and autism (Solomon, 2007), as well [51].

Itis not difficult to identify the agricultural or its more developed
descendant the industrial cultured brain behind the well-
working executive functions. The essence of this functioning
is to follow the row from A to B while avoiding distraction.
Though even psychologists can’t agree exactly which functions
belong to the executive functions, there is a concord that three

groups of functions can be identified:

1. Self-control, including behavioral inhibition, supports setting

priorities and resisting impulsive actions or responses

2. Mental flexibility helps to sustain or shifting attention,

interference control (selective attention and cognitive inhibition)

3. Working memory governs the ability to retain and manipulate

distinct pieces of information over short periods

The three types of atypical neurological development
are based on the deviations in the same neural networks but
differ from each other mildly by the way these networks are
involved. In terms of the executive function groups, mainly
self-control dysfunctions can be identified behind the control
disorder spectrum, mental flexibility is a problem of the autism
disorder spectrum and the unstable working memory is a feature

of learning difficulties.

Executive functions have been consciously trained
since the early agricultural societies appeared. The best examples
are the old East Asian cultures, where various types of arts, board
games, motion, and mind control like Thai Chi or meditation,

and even juggling were and still are everyday activities.

While executive functions are needed in our everyday
life, they were not so important in a hunter-gatherer world. It
is more advantageous for a hunter-gatherer to pay attention to
every little detail in their surroundings and hyper-focus when
the target is found. It is less possible to plan and execute a given
activity in such a situation. You plan to find blueberries, but it
is important to move on from your plan and allow yourself to
be distracted by the delicious and nutritious mushrooms you

encounter along your travels.

In contradiction to the industrial 20™ century, the info-
communicational 21* century needs minds that can both execute
and deviate. Atypically developing brains are advantageous
rather in deviation than in execution, and dyslexic people can
be very successful, once they have survived the old-fashioned
school and get to a basic level of the executive functions. See, for
example, Positive Dyslexia (Nicolson, 2015) [52] or the atypically
developing gifted persons (Gyarmathy, 2009) [25].

Even the so-called Delayed Neural Commitment (DNC)
is not only a disadvantage but a way to build a more conscious
approach (Nicolson & Fawcett, 2019) [53]. DNC is a feature
of the dyslexic brain, which can be responsible for the delay
in the development of specific skills and automaticity. Delays
both in constructing new neural circuits and in bypassing or
eliminating the previous, less efficient neural circuits. This is
an adaptive neurological functioning in a nomad lifestyle in
a changing environment when one needs very few important,

stable, repetitive skills to be effective, and it is not worth it
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to store temporary information. A superficial information
processing and an ability to forget may be a useful approach in
the 21 century’s fast-changing world. It is more economical not
to build strong neural connections, rather merely perceive and

process the stimuli consciously.

The early agricultural societies and those that have
followed them, for ten thousand years developed the abilities that
make a proper farmer or in more recent past a good industrial
worker, which means to adapt the neurological system to a stable
environment, where it is important to learn effectively the skills

and store information that will be useful in one’s entire life.

However, by the 21% century, the appearance of
increasingly more highly developed technological tools, and
in particular, the appearance of information communication
technology has transformed daily life. Everyday experience

necessary for ‘farmer lifestyle’ has diminished:

o children are surrounded by an increased amount, of changing

stimuli,

o their brain is subject to an increased amount, of stimuli, which
strengthen the short-term memory system but leads to poor

attention,

o they do not have to restrain themselves in the same way
(washing machines clean everything, plastic tools do not break

easily, lost objects can be replaced, etc.),

o they receive more holistic, visual stimuli and are confronted

with fewer situations requiring finely-tuned, verbal processing,

o there are less movement, information, and experience that
can be acquired with less activity, there are less precision and

manual activities, and possibly less sensory-motor experience.

If we compare all this with the requirements of school
readiness, we see point by point the environmental influences
slowing down the maturation of our methodological thinking of

our agricultural-literal brain.

Everyday life and care have adapted to technological
changes, and so children have a far greater opportunity to
explore the information space and satisfy their curiosity. At the
same time, activities that prepare for literacy have fallen into the

background. There is less reading aloud, more moving pictures,

less active usage of music instruments, more listening to music,

less physical-bodily experience, more mental experience.

The culture that wires children’s brains has changed in
several ways, and this causes lags in neurological development
in different children to different extents. The conversion of
humanity to the “agricultural” brain functions and literacy took
effect to different degrees genetically in different individuals
and groups. There have always been individual differences in
this respect, and there have always been people, who lagged in
terms of literacy, or who reacted to environmental stimuli more
sensitively. These are the first who fall into the group of atypical

development.
Meeting Spectra

Specific learning and control disorder spectrum versus
autism disorder spectrum

Every form of atypical development is characterized by
a straying-from-the-norm wiring of cerebral areas and atypical
cerebral transmission; in other words, links do not function as
efficiently or in other areas function too efficiently. Locations of

deviations:

 hemisphere dominance

« contact between hemispheres
« adaptation system

« automatic processes

o cerebellum functioning

« executive functions of the prefrontal cortex

The following deviations manifest themselves:

« atypical memory functioning

« atypical information processing
« atypical perception

« atypical learning

« atypical motor coordination

« atypical executive functioning

Atypical kids are not only “disconnected kids” but rather
“atypically connected kids”. More precisely, the specific learning
and control disorder spectrum kids' wiring conforms to a

lifestyle of several hundred thousand years ago, but it failed to
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transform perfectly to meet the requirements of the lifestyle
of the last few thousands of years that are represented by the
school. On the other hand, the autism spectrum kids’ wiring has
changed significantly to the new lifestyle and became almost the

caricature of the breeder-farmer cognitive style.

In other words, there is a definite difference between

two spectrums of atypical development, namely,

1. the specific learning-, attention- and hyperactivity disorders and

2. the autism disorders.

Williams and Casanova (2010) found local hyper-
connectivity and long-range hypo-connectivity in autism,
while the inverse arrangement of local hypo-connectivity and
long-range hyper-connectivity in dyslexia, which confirms our

assumption of the dichotomy.

However, the dichotomy can be questioned as besides
the fact that it is not uncommon for dyslexia, dyscalculia,
attention- or hyperactivity disorder to appear alongside autism
disorder, brain physiological studies we presented earlier in this
study, have shown that deviations in these cases can be found in

the same areas.

Casanova and his colleagues’ research results would be
in contradiction with other research results and even the everyday
experiences that show the kinship of all these atypicalities if we
consider the brain wiring a static system. However, the brain is a
constantly evolving, dynamic system, where instability can turn

to over- and under-functioning, as well.

Too many connections or too few neither is optimal
and needs alternative ways. Having many gifted persons among
those showing atypical development proves the advantage of the

deviation from the considered optimum, a stable functioning.

Extreme nomad and farmer characteristics

Our view is that those on the specific learning /control
spectrum are characterized by a nomad hunter-gatherer type of
information processing, while those on the autism spectrum are
the extremely good “breeders”. These latter types are extremely
good students for school. Although behaviour controlled by a
brain overly biased towards school thinking may cause a lot of

problems, still, a learner with high functioning autism disorder

counts as ideal, or rather too ideal in the area of education, as
opposed to the specific learning /control spectrum, which tends
to manifest itself in achievement difficulties.

Students with autism are great at picking up detail and
spitting back the information exactly how it was presented to
them. This tendency can play out well in school for a while. The
teacher can then believe that the student is understanding. The
struggle for the student with autism in school is checking for
a deep understanding. Are they making the connections that
they should be making? Often the struggle is highlighted when
given a bigger project, they may focus too intently on one aspect
of the assignment and then struggle to complete the task or veer
off track on something very loosely connected, missing the main

overarching point to the assignment.

Mimicry is alive and well in the classroom. The
teacher presents the material and the student is expected to give
that information back to the teacher in the same form as it was
presented. Students who can do this successfully often receive top

marks.

The learners with the other spectrum disorder struggle to retain
the details and specifics when presented with material in this way.
However, they are often quite adept at taking that information
and then synthesizing it or connecting it to something else. Yet,
many classrooms do not focus on the critical thinking aspects
of a subject. In mathematics for example, when the material
is presented as a procedure that should be mimicked, they will
struggle; yet if that same topic was taught through relational

understanding, they would excel (Figure 3).

The mind characterized with specific learning/control
disorder must understand first, and then they gradually learn
the details irrespective of the level of intelligence. Yet, often in
school when students struggle with a topic, there is a belief that
because the student is struggling, they are not intelligent. This in
combination with the cultural belief that memorization is easier
than conceptual understanding, often prompts the teacher
to break down the topic into little steps that the student is to
memorize. This assumption of lack of intelligence and cultural
belief in the ease of memorization and following instructions
create an environment for specific learning/control spectrum
learners that is a downward spiral of constant challenge in school
and contributes to their own belief in their lack of intelligence

and normal behavior.
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typical = no extremity

il

extreme breeder : :

atypical

spectrum

Autism disorder
spectrum

* Concrete

Detail oriented

Seeks for the routine

* Tolerance of monotony
Strong memory functions

extreme hunter
spectrum

Specific learning/control
disorder spectrum

* Conceptual

* Holistic

* Seeks for the differences
* Intolerance of monotony
* Poor memory functions

Figure 3: Both under-functioning and over-functioning may cause difficulties in everyday activities. The extremity means the deviation

It should also be noted that Williams and Casanova (2010) did
not find one particular region of the brain in all people with
autism or all people with dyslexia to be more frequently affected
than any other, hence the fingerprint analogy mentioned earlier.
For example, it is a commonly held belief that all dyslexic people
struggle with phonemic awareness. One would then expect
that this area of the brain associated with phonemic awareness
would be affected by wider brain folds in all dyslexic persons.
Yet, Casanova and his colleagues did not find this to be the case.
The area of the brain that deals with phonemic awareness was
not more or less affected in all the dyslexic participants. Rather,
they found there to be no pattern when it came to any one area
as being more affected by wider folds than others, he just found

variation throughout.

So, some areas within the dyslexic brain were more
affected than others, but as a whole group, one area was not
found to be consistently affected. This seems to support the
extreme level of variation that is seen in how each student with
these profiles presents areas of strength and weakness. Yet, there
are still overarching characteristics that can be found within

each of these groups.

Nielsen, Zielinski, Ferguson, Lainhart, and Anderson
(2007) looking at over 1,000 brains discovered similar
findings of variation, but in areas of brain activation rather
than physiology. They found that none of their participants

demonstrated preferential activation in one hemisphere over

the other. Yet, there does seem to be evidence of left-handed
people having more brain symmetry which would lead to better
communication between the right and left sides. This connects
well with Casanovas work around dyslexics having more
connections from one hemisphere of the brain to the other and

that dyslexics have a greater tendency to be left-handed.

Handedness and lateralization are heavily researched,
and there is growing support from neuro-imaging studies
that atypical or weak cerebral lateralization and an even less
definitive handedness is associated with neurodevelopmental
disorders such as autism, ADHD and dyslexia, (e.g., Preslar,
Kushner, Marino & Pearce, 2014; Knaus, Kamps & Foundas,
2016; Simdes, 2017) [53].

The ambiguous data on many areas of atypical
development is not a lack of proper investigation of the issue,
but a sign of the diversity of atypical development. The research
could identify rather tendencies, and two opposite spectra
were found. Though opposite neurological deviations have
been found in the background of specific learning /control and
autism spectra, it is important to notice that the same areas of
functioning show these differences in the case of the two types

of atypical development.

Atypical brains are oscillating at the extremes in
contrast to the brains considered typical. The direction of the

deviation is not decisive, but both under- and over-functioning
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are on the extreme side, and that turns perceptions, reactions,
and abilities atypical. Not only because of the extremity but also

because of the unstable neurological functions.

The affected areas are the functions that have been
needed in the change to agriculture some thousand years ago.
The extremities show that an evolutionarily new neurological

functioning is always vulnerable and easily variable.

Most of the research data we cite come from Western
countries. However, Eastern cultures such as Japanese and
Chinese cultures are significantly different, more visual, image-
based, and also less individualistic cultures. Plus, most studies
were conducted in developed nations, with limited evidence

from low and middle-income countries.

Atypical nervous system development is present in
different proportions in each country Chiarotti,Venerosi, 2020;
Schmengler, Cohen, Tordjman, Melchior, 2021) [54, 55]

There may be differences between cultures, but
comparisons are a complex and uncertain task because many
genetic and environmental-cultural factors are mixed. For

example, discrepancies can appear because

« various neurodevelopmental disorders are more favorable and
accepted in one or another culture (Eisenberg, Campbell, Gray,
Sorenson, 2008), therefore the identification of a syndrome as a

disorder is uncertain;

o the level of harmful environmental factors (air pollution, etc.)

varies significantly from country to country, region to region;

» official monitoring for developmental disorders varies from

country to country.
o the way children are educated influences the outcome.
Summary and Conclusion

Today’s change in culture affects the maturation of
the nervous system. We assume that this is the reason for the
increased prevalence of atypical neurological development.
According to our viewpoint the changing rates of atypical
development called dyslexia, dyspraxia, dyscalculia, attention
deficit, hyperactivity, and autism disorder are indicators and

indicate a change in the environment. Those with special

developments are more sensitive than others to external
influences, and as a result, deviations caused by factors affecting

neurological development appear robustly in their case.

Williams and Casanova (2010) reported that the
brain of a person with autism has more local connectivity
than a “typical” brain structure but less long-range, whereas
the dyslexic has fewer local but more long-range connectivity
than is considered typical. According to their results, these
symptoms are at two ends of a continuum. This presence of
more neural connections brings into question this idea of
disorder and maturation. However, it also stirs up debate in that
other researchers have found that autism with specific learning
difficulties and ADHD is not a very rare combination and
that learning difficulties, attention, hyperactivity, and autism
spectrum disorders share some common neurological bases
(e.g., Pauc, 2005; Moreno-De-Luca et al, 2013).

Research has suggested that several common features
and co-morbidities support the idea to classify 3D / ADHD
spectrum (which contains dyslexia, dyspraxia, dyscalculia,
attention deficit, hyperactivity disorders) and autism spectrum
into one group. However, 3D / ADHD spectrum shows slightly
different over-functions and under-functions at similar neural
networks than in the autism spectrum. Either over- or under-
functioning can cause atypical development, the extremities and
the instability of the neurological development are what group

together the two rather opposite spectra.

Following along closer to a neurodiversity standpoint,
rather than defining and naming these different brain
organizations as disorders, could they instead be variations
with much-needed skills and abilities from our nomad hunter-
gatherer style culture with tendencies that favour 3D / ADHD
traits and our agricultural-breeder style culture with tendencies
that favour autistic traits. As we once again experience a culture
shift, could a marrying of these atypical qualities be in increased
demand in this new era of image and information overload

rather than viewed as disorders?

Syndromes that are today called disorders, do not
lead to performance problems in all cases, but rather could
be interpreted as evolutionary answers to the environmental
influences. A new type of cognitive functioning is regarded
by the environment as a disorder only as long as it is relatively
rare in the population and impedes the attainment of usual

performance. Once a phenomenon previously regarded as
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a disorder or an error is better suited to meet new challenges
than older methods, it becomes an evolutionary advantage. And
once the majority then also develops this cognitive functioning,
which by this time manifests itself as an advantage, the error
becomes the norm. This happened during the development of
Homo sapiens. New activities supported new brain functioning

and this brain functioning became very important in survival.

The different forms of exceptionality, which may not
always be apparent, but often leads to special development, and
which we have called atypical development (learning, attention,
hyperactivity, and autism spectra) are becoming increasingly
frequent, and who knows, maybe in a new culture that is what

we need.

These specialties are not illnesses and cannot be
cured, because they are exceptionalities in the maturation and
functioning of the nervous system, which have had, and still
can have, several advantages, as well as disadvantages, which
is true of everything. To cope with these changes an optimal

developmental environment is to be built.

Human evolution did not stop at having become
Homo sapiens. Humanity has been getting newer and newer
designations to indicate different phases of its evolution: Homo
oralis, Homo literalis, Homo typographicus, Homo interneticus
(Goldhaber, 2004), and of course Homo informaticus, and
according to Yuval Harari, in case we push forward our
intervention into the evolution and lose control, the next step
would be the Homo Deus, which would be the end of the history
of the Homo sapiens (Harari, 2017).

Today, the environment and human culture are
changing at a never-before-seen speed, which can best be
identified in children’s development. Children adapt to the world
they are born into, and this, in turn, shapes their neurological
functioning. We assume that most of the atypical developments
are not disorders, but indicators. Their increasing prevalence
is rooted in slower or different-from-typical development of
neurological functions preparing the individual for literacy,
behind which we can identify the cultural and physical-biological
effects of the external environment. A deeper understanding of
the atypical development may give insight into the culture-brain

interaction during evolution.

Besides cultural factors, other environmental effects

influencing the development of the nervous system may also

play a role in the emergence of atypical development. Radiation
or chemicals can easily affect the newer, less basic functions
of the developing nervous system. COVID-19 pandemic
causes a significant increase in the rate of atypical neurological
development because viruses usually influence the development
of the brain, and COVID-19 has an uncommonly large impact
on the nervous system. This influence may not even be apparent

but may significantly alter children’s development.

All cases of atypical development have more severe
forms. The less apparent, and thereby unstable atypical
development is a less obvious problem because it is not rooted
in a severe injury or a developmental anomaly. This often,
mixed atypical development is usually uncategorizable as a
given diagnosis, as if it were atypical even for being an atypical
development, indicating that they are not the ordinary well-

known syndromes.

According to the person-environment fit theory (Caplan
& Harrison, 1993) [56], a prerequisite for successful adaptation
is the agreement and eflicient interaction between personal
characteristics (biological and psychological needs, values, goals,
abilities, personality) and environmental characteristics (task,
work, role expectations, cultural values, social environment)
[57-65].
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