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Abstract

Modern medical techniques offer many scientific services to education, among the most important of
which is neuroscience, which has been able, thanks to high-resolution imaging techniques, to provide
very detailed information about the processes of thinking and learning. Neurolinguistics utilizes these
results to propose effective solutions to educational problems on one hand, and suggestions for the
deliberate development of learning science on the other. This research paper proposes leveraging
neuroscience to understand the characteristics and functioning of the brain in order to enhance
learning outcomes. Three characteristics related to the brain's lifecycle, neural plasticity, and the
relationship between the brain and the spinal cord have been selected.
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Introduction

Modern education has imposed, in light of globalization, new challenges on educational methods
which must keep pace with the various developments on the scientific scene. In this paper, we will
tackle the possibility of creating a new educational path from a neurobiological perspective, using
intersecting data from neuroeducation with neurolinguistics ones, to investigate the role of the brain,
its characteristics, functions, and mechanisms of its functioning during learning, in an attempt to
answer the following statement: How can we establish a new educational system that would help
develop the neuronal educational capacities of the learner’s brain? This study is based on the premises
that modern education aims at creating a creative entity capable of innovating the educational
experience, by providing means of achievement and creating new educational paths that fits the new
brain structure which is able to adapt and be innovative.

1. Education and neurolinguistics:

Neurolinguistics is considered by neurolinguists as one of the newest branches of applied linguistics,
which "studies the foundations of language development and use, and the understanding and
interpretation of the neurological foundations of language."1. The American Linguistic Association
has responded that neurolinguistics is "the study of how language is represented in the brain: that is,
how and where our brains store our knowledge of the language (or languages) we speak, understand,
read, and write, what happens in our brains when we acquire that knowledge, and what happens in
when we use it in our daily life”2, which increases the scientific trends towards this science. As for

. Mahmoud Sulaimat Yacout, Dictionary of Linguistics,
2, American Linguistics Association websitehttps://www.linguisticsociety.org. Original text before translation:
Neurolinguistics is the study of how language is represented in the brain: that is, how and where our brains store
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David Crystal in his dictionary, he summarizes the importance of neurolinguistics in a number of
points:

v Neurolinguistics studies the neural basis of language development and use.

v" It thrives to build a model of the brain's control over mental processes: speaking, listening,

reading, writing, and signing.

v" It envisions neuronal program phases, which would explain the phenomena of temporal
articulation coordination, and sequencing.... among other features of speech production.

v It studies clinical language cases (egaphasia, dyslexia enunciation, stuttering), in an attempt
to deduce the nature of the linguistic system by analyzing the different stages of its
developmental delay (or decline after its development).

v It studies speech production in parametric verbal terms?®,

v' It studies the processes involved in accessing the mental lexicon. This topic is connected with
use of Terminology in Neuro-Linguistic Programming (NLP), which is an alternative medicine
technique that helps people change (reprogram) their usual patterns of thought and behavior, using
different mental exercises to create new ways of thinking and feeling.*.

Neurolinguistics is a science interwoven with several disciplines, since it derives its knowledge: its
theories, mechanisms, and methods, from different sciences: linguistics, neuroscience, computation,
psychology... and enables the treatment of dyslexia of all kinds: dyslexia, dyslexia Writing,
dyscalculia...

Neurolinguistics is concerned with researching the precise centers of learning within the brain, its
mechanisms of action, interaction, and development, as it is concerned as well with those who have
been working on developing and investing in creating new learning paths within the brain. Education
and educational knowledge come from language and since language is the basis of education and the
means of communication and thinking, Neurolinguistics believes that learning, like language, arises
from acquisition based on human instinct of human ability to learn. It goes even further than that,
believing that learning reformulates the functional structure of the brain and gives it a very clear
maturity, so that the relationship between education and the brain applies in both directions. If the
brain is the basis for the occurrence, success and development of the educational process, then
neurolinguistics considers as well that "teaching and learning are very important parts of the child's
brain and physiological development processes, and the processes of brain development and

our knowledge of the language (or languages) that we speak, understand, read, and write, what happens in our
brains as we acquire that knowledge, and what happens as we use it in our everyday lives.

3 Statistics Parametric is the statistics in which the data/samples are considered to be derived from a normal distribution.
It is a method of defining a mathematical relationship in terms of modes or parameters which makes the basic relation in
a simpler form,

4. seen the original text David Crystal. A Dictionary of Linguistics and Phonetics: neurolinguistics: A branch of
linguistics, sometimes called neurological linguistics, which studies the neurological basis of language development and
use, and attempts to construct a model of the brain's control over the processes of speaking, listening, reading, writing
and signing. The main approach has been to postulate the stages of a neural program (me), which would explain the
observed phenomena of temporal articulatory co-ordination, sequencing and other features of speech production. Central
to this approach have been the research findings from the study of clinical linguistic conditions (such as aphasia,
dysarthria, stuttering), in an attempt to deduce the nature of the underlying system from the analysis of its various stages
of breakdown. Also important is the study of speech production in parametric articulatory phonetic terms — especially of
the 'normal’ errors which are introduced into speech (eg tongueslips, hesitations). A third major area is the study of the
processes involved in lexical access. There is a tenuous connection with the use of the term in neurolinguistic
programming (NLP), which is a technique in alternative medicine that shows people how to change (‘reprogramme’) their
habitual patterns of thought and behaviour, using various mental exercises to create new ways of thinking and feeling.
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physiological growth involve continuous interactions between the child and his external
environment."®, which brings upfront scientific facts that should be exploited to develop new
educational standpoints, including:
v’ Learning changes the physical composition of the brain.
v These physical changes modify the functional composition of the brain, or in other words,
education regulates the brain and reorganizes it.
v" Parts of the brain may be ready to learn at different times®.

2. Language pathway in the brain:

The human brain is located in the cavity of the skull. It consists of the brain, the cerebellum, and the
brainstem, and along with the spinal cord, it forms what is referred to as the central nervous system in
the human body. The part that is relevant to this study, is the brain, as it is primarily responsible for
language, and controls the largest percentage of the structure. The brain consists of two lobes right
lobe and a left lobe. Minor differences can be noticed between the two in the external appearance and
in the cortex areas, however, many disparities can be spotted during functionality.
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The data of the language pathway in the brain can be summarized in the following points®:
1. A healthy human brain is innately ready to learn the mother tongue and other languages, and also
create communication, and exchange ideas (learning).
2. There are specific areas in the human brain that are responsible for specific language skills.
Pronunciation occurs by the interaction of these regions together.

5 Suad Abdel Rasoul and others (translation), How do people learn, The National Center for Translation, Cairo, 1st
Edition, 2016.

8, The previous reference, p.: 118.

7. The document is taken from https://www.researchgate.net/profile/Milena-
Korostenskaja/publication/317356553/figure/figi/AS:502090235875328@1496719048547/Language-specific-areas-
in-the-brain.png

8, For more details, see the book: Terrence. And the. Deacon, Man.. Language.. Symbol, Co-evolution of Language
and Brain, See: Shawky Jalal, National Center for Translation, Cairo, 1st Edition, 2014, pp.: 505-520. Also seen:
Medical Encyclopedia, chapter on neuroscience. http://arab-ency.com.sy.
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3. The part responsible for language learning in the brain is the left lobe, specifically in the areas of
Broca and Wernicke.

4. Broca's area is found in the lower part of the left frontal lobe. It controls motor functions involved
in speech production and language comprehension.

5. Wernicke’s area is located in the temporal lobe; the area in which the actual understanding of
spoken and written language occurs.

6. Broca's and Wernerica's regions are connected to compiled nerve fiber bundles called accurate
fasciculus.

7. After receiving the linguistic message, acoustically through the acoustic area and optically via the
visual area in the brain, disassembly and understanding takes place at the level of Wernicke's area,
which in turn transmits the message to Broca's area if he is listening to a speaker, where language is
produced. Therefore, each language disorder is associated with a specific disorder at the level of the
cerebral cortex, so an injury sustained in a specific area of the cerebral cortex does not indicate the
loss of all language skills.
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3. Building education according to the educational characteristics of the brain
(neurobiological perspective).

Recent studies in neurolinguistics are based on the impressive results provided by medical technology
in the study of the brain, perhaps the most important of which are magnetic resonance imaging and
nuclear magnetic resonance®®, and micro-anatomical devices. At this point, we will try to highlight
some of the educational characteristics of the brain, at the structural and functional levels, that medical
technology has enabled us to do, and which must be taken into account when establishing the new
assessment:

9The document is taken from the New Zealand website specialized in the treatment of language and speech

diseases https://vocalsaints.co.nz

'°_ This type of imaging enables taking a picture of the brain every 50 milliseconds, which enabled the researchers
to track the process of the thinking and learniG
ng processes.
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development cycle in the brain equates the life cycle of its owner, meaning that the brain

remains in a continuous process of development throughout a person’s life. This evolution
depends on the experiences that humans go through.

Therefore, education should help students undergo all kinds of life experiences, such as working,
through:

v
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Field trips which are not restricted to some schools or grade levels.

Conducting desk research within and outside the school.

Interacting with various scientist, poets, authors and artists.

Attending scientific seminars and study days.

Education and assessments through scientific workshops.

Developing scientific laboratories and incorporating performance assessment (physics and
science laboratories, phonetics laboratories, language laboratories...).

Encouraging joint work, and works beyond schools and universities’ confines.
Assimilating the learner in an educational system which is built on interactions with other
cultures through world Arts and Literature and foreign languages.

2. Neuroplasticity:

Neuroplasticity refers to the brain's ability to continuously change, it is a crucial property to the human
brain in order to achieve educational development and to recover from some nerve cells damage, based
on its principle of building new connections between nerve cells.11.

And accordingly, the importance of this feature must be explored during the construction of the new
educational system:

v
v

This feature enables sensory and motor signals to be processed at the same time.

It gradually introduces new information enabling the gradual fabrication of new neural
pathways, then fixes and expands these pathways by relying on memorization during teaching
through: expansion, repeated practice, referring to the topic constantly, and working to employ
it in the environment of the learner and avoid the idea that learning time ends when class time
ends.

It relies on timely feedback, and the more time it takes the more useless it becomes.

It assigns self-study activities to students that depends on achievement and on neural pathways
functioning in order to expand and stabilize them, and to avoid digressions from the teacher
during the lessons.

The property of neuroplasticity enables the process of correcting the wrong or damaged neural
pathways by building new neural pathways, and accordingly building new methodologies
amending old ones: misconceptions, scientific fallacies, slow teaching methods, misuse of
certain scientific skills,...

The activity of the neuroplasticity feature is associated with the presence of a sensory and
motor stimulus, such as sight, touch, and hearing... and the greater the dependence on these
stimuli is, the greater the activity in building new neural relationships, gets'2. Therefore, this

. For more scientific details about neural plasticity, see: Why doesn't the brain heal like the skin does? Nina
Weishaupt 1* and Angela Zhang 2 1 University of Western Ontario, London, ON, Canada 2 McGill University,
Montreal, QC, Canada, Arabic version provided by King Abdullah University of Science and Technology, 2021 AD.
Silver, J., Schwab, ME, and Popovich, PG 2015. Central nervous system regenerative failure: role of oligodendrocytes,
astrocytes, and microglia. Cold Spring Harb. Perspective. Biol. 7(3):a020602. doi: 10.101/cshperspect.a020602

2 Jensen, Eric. (2000). Brain-based Learning, Academic, press inc., Alexandria, Virginia, USA, p42
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feature must be utilized in establishing methodologies and assessments by employing
creativity in production.

v’ The property of neuronal plasticity is limited, as the brain is unable to compensate for all the
damaged neural connections, in the event that the learner is exposed to significant brain
damage (more damaged neurons than healthy ones), therefore, we shouldn’t have high
expectations regarding it.

3. The relationship between the brain and the spinal cord:

The brain, together with the spinal cord, forms what is called the central nervous system central
nervous system to humans. The spinal cord is located below the brain and extends from the bottom of
the skull to the end of the spine that surrounds it.

The spinal cord is known scientifically as:

v The device designed to process information, and convey it from the body to the brain, and
from the brain to the body.

v The device responsible for performing routine tasks.

Scientifically, the spinal cord performs many other functions, but we only selected what is relevant
to our discussion about establishing a new educational system, and which we can benefit from as
follow:

v' The brain's job is to assimilate new scientific subjects, or new educational activities
(experience).

v'If the educational situation turns into a familiar situation, it becomes a task of the spinal cord,
not the brain.

v As a result, when the student is faced with a familiar learning or assessment situation, his
performances tend to be much lower than usual, simply because the task was executed at the
spinal cord level and not at the brain level.

v Rote learning, gets transmitted gradually to the spinal cord, and this is what delays the use of
the brain, and slows down the development of new educational experience’s mental processes,
and the inevitable result of that is the decline of individual and collective educational levels.

v" The professor must succeed in building a new educational methods, different from what the
students' brains are accustomed to, in order to excite them, and motivate them to work, before
entrusting the routine task to the spinal cord.

Conclusion:

In the midst of the current scientific developments taking place at the global level, it has become
imperative for schools and universities to reconsider the structure of their educational curricula,
especially the assessment part, by exploiting the neurolinguistics findings that are concerned with
looking at the educational process based on what medical and anatomy technology offers In terms
of tracking the learning process in the human brain. Being aware of the brain functions during the
learning process facilitates the establishment of curricula and the evaluation in a more specific,
accurate and useful way. The learner, on the one hand, possesses a unique and distinguished brain
from his peers, and on the other hand, enormous and innate learning capabilities, which must be
employed and developed, because neglecting it will lead to limiting the mental processes
necessary for learning.
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The importance of this research lies in indicating the importance of research in neurolinguistics
and the excellent results it provides in brain-based learning, and the need for schools and
universities to open up to this important field.
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