Editorial

Annals of
Neurosciences

Ann Neurosci 2016;23:63-65
DOI: 10.1159/000443560

Received: June 26, 2015
Accepted: March 26, 2016
Published online: July 7, 2016

Educational Neuroscience: Challenges

and Opportunities
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Educational neuroscience is an emerging multidisci-
plinary field wherein the aim is to link basic research in
neuroscience, psychology and cognitive science, with ed-
ucational technology. Broadly speaking, it explores the
relationship between education and ‘Brain Sciences’, the
latter encompassing neurosciences, child psychology and
cognitive science. Batro in 2011 pointed out that ‘the
bridges between brain sciences and education are numer-
ous and quickly developing. Neuroplasticity is the key
bridging process and its molecular, neuronal and brain-
wide mechanisms should be better investigated in future’.
Additionally, ‘the methods of brain and cognitive scienc-
es have reached a stage where we can now objectively
monitor the developmental trajectory of the child’s brain
and document how this trajectory is being shaped by par-
enting, education and other environmental influences’.
Dehaene [1] claimed that ‘human cognitive neuroscience
has made enormous strides in understanding the specific
cerebral circuits underlying particular domain of educa-
tion, such as mathematics, reading and language acquisi-
tion’. Conversely, there are those like Bruer, a cognitive
scientist and a philosopher of science, who object to the
term ‘Educational Neuroscience’ and wish to consider
child psychology, neuroscience and cognitive science as
distinct disciplines. Nevertheless, even he acknowledged
that ‘educational applications of brain sciences may come

eventually, but as of now neuroscience has little to offer
teachers in terms of informing classroom practice. There
is, however, a science of mind, cognitive science that can
serve as a basic science for the development of an applied
science of learning and instruction’. Abundant informa-
tion has accumulated in the last 2 decades as a result of
coming together of various disciplines, which directly or
indirectly are dependent on the understanding of brain
structure and function. This approach is akin to that of
Andrew N. Meltzoff and Patricia K. Kuhl, co-directors of
the Institute of Learning and Brain Science, Washington.
They proposed that neuroscientists are beginning to un-
derstand the brain mechanisms underlying learning. It is
generally agreed that new insights from many fields are
converging to create a new science of learning that may
transform educational practices [2, 3]. Correspondingly,
Albert Galaburda, Professor of Neurology and Neurosci-
ence, Harvard Medical School, Boston, stated, ‘Knowl-
edge from neuroscience also lends itself to applications to
education and I would hypothesize that the predictive
value of neuroscience data to learning is opt to be greater
than that of genetic data’ [4].

There are 2 main streams of knowledge which link
neuroscience to education: (i) brain structures responsi-
ble for various educational processes like reading, atten-
tion, memory, calculation, language acquisition, etc. and
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(ii) the manner in which educational processes affect
brain structure and function. Extensive research over the
last few years has demonstrated the role of these process-
es in learning, more specifically in the field of literacy and
education. For instance, learning to read is also one of the
most elegant examples of the neuroplasticity of the brain.
According to the neuronal recycling hypothesis [5], in
order to learn to read, children need to learn to associate
sounds with letters, forming neural circuits between brain
structures, originally specialized for seeing (the occipital
cortex) and for hearing (the auditory cortex) [5]. Func-
tional neuroimaging, which allows brain activity to be re-
corded while performing a task, provides a unique oppor-
tunity to understand and visualize the neural circuits that
are formed during the period reading is acquired and
mastered. Despite conventional instruction, adequate in-
telligence and sociocultural opportunity, a few children
fail to achieve age-appropriate reading skills. This is de-
fined as developmental dyslexia and is known to occur
due to structural or functional disruption of the reading
network in the brain. The incidence of dyslexia world-
wide has been reported to be around 15-17% and is a
matter of great educational concern [6]. However, if de-
tected early, children with dyslexia can be provided sys-
tematic personalized instruction that can help them cope
with reading but this must be done as early as possible.
Neurocognitive theories of dyslexia have been developed
[7] that make the presumption that all dyslexics have the
same type of brain abnormality irrespective of the proper-
ties of the orthographic system used to write their lan-
guage. However, the neural circuits involved in reading
and reading disorders are expected to vary substantially
across languages, because of differences in how a given
writing system links printed to spoken language [8-14].
Besides, it is known and widely accepted that even within
a single orthographic community there are different sub-
types of dyslexia [15-18].

There is a growing concern globally and especially in
India that our school education system needs radical
changes to meet the challenges of the 21st century. For
instance, wherein the state education system has a 3-lan-
guage formula, children are often required to learn to
read as many as 3 distinct languages by the age of 10. The
situation can be daunting for the child and the parent,
particularly in situations when parents themselves are
unable to read the language and thereby are inept at help-
ing the child at home. Therefore, first of all, it is critical
that school instructions be adequate and paced at the ap-
propriate level for the child. Reading builds on spoken
language skills and it is critical to ascertain whether the
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child is exposed to 2 or more language environments at
home or a single language. This is important because chil-
dren may be imparted instruction in a language that they
do not speak in the home environment. In addition, writ-
ing systems vary in script and orthography. Orthography
is sound-letter mapping and describes the correspon-
dence between script and sound. Orthographies that have
simple one-to-one sound-letter mapping are termed
transparent whereas those in which sound-letter map-
ping is complex are classified as deep. Since learning to
read requires children to understand the rules of the writ-
ing system, if languages belong to the same writing sys-
tems there can be a transfer of literacy skills across lan-
guages whereas if writing systems differ the child has the
additional challenge of learning the rules of both.

Furthermore, it is now well established that approxi-
mately 10% children undergo learning difficulties due to
developmental disorders — dyslexia, dyscalculia, autism
syndrome, hyperkinetic attention disorders, etc., which
require special educational strategies. Cognitive impair-
ment among the socioeconomically underprivileged chil-
dren who have problems adjusting to the educational en-
vironment directed to children from the more privileged
strata of society can be added to this data as well. To be
able to attend to the educational needs of these diverse
groups of children it would first be necessary to identify
these groups scientifically and then to adjust our teaching
knowledge from brain research. However, for successful
implementation of any such programme, it is necessary
that the teachers, pedagogists, child psychologists and
cognitive neuroscientists should come together. The sci-
entists at National Brain Research Centre in consort with
like-minded researchers from different parts of the coun-
try have initiated work in this direction under the aegis of
the Cognitive Science Programme of DST. To provide an
impetus for such collaboration and its wider dissemina-
tion, we propose to bring this activity under the umbrella
of ‘Educational Neuroscience’.
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