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Egitimsel Sinirbilim: Firsatlar ve Zorluklar*

Cagn Kaygisiz

Tiirk Hava Kurumu Universitesi
(04

Ogrenme elektrokimyasal tepkimeler sonucu beyinde nérofizyolojik degisimlerin
yasanmasina neden olan bir siirectir. Dolayisiyla etkin 6gretim tasarimi ve beceri
gelisimi i¢in, insan beyninin ¢alisma sistematigine iliskin bilginin géz ontinde
bulundurulmas: son derece 6nemlidir. Kald1 ki 6gretim siireglerinin tasarlanip,
pedagojik stratejilerin belirlenmesinde farkli disiplinlerden gelen bilgi aktif
bicimde kullanilmaktadir. Bu baglamda sinirbilim ¢alismalarindan elde edilen
bulgularin, 6gretim siireglerinin tasariminda kullanilmasi; ders igeriklerinin
olusturulmasindan, materyal tasarimina, 6grenme giicliigii yasayan bireylerin
muhtemel sorunlarmin belirlenip ¢dziim onerileri getirilmesine kadar, 6gretimle
ilgili ttim alanlara bilgi saglayacaktir. Ayrica 6grenme giicliigii yasayan Ozel
gereksinimli ¢ocuklarin, 6grenme performanslarinin gelistirilmesi de sinirbilim
¢alismalarindan elde edilen bilgiler dogrultusunda miimkiin olabilecektir. Alan
yazina bakildiginda sinirbilim c¢alismalarinin, egitim alanina yansimalarmin
giderek arttigir goriilmektedir. Bu kapsamda ulusal ve uluslararas: nitelikli
¢alismalardan edinilen bilgilerin, egitim alanina entegre edilmeye ¢alisildig1 ve var
olan pedagojik kavramlarin yeni bilgiler dogrultusunda ele alinarak, 6gretim
tasarimina iligkin yeni ilkelerin belirlendigi goriilmektedir. Biyolojik, molekiiler ve
sistemsel diizlemde beynin calisma dinamiklerini inceleyen sinirbilimleri ile
pedagojik stratejilerin belirlenmesini amaglayan egitim bilimleri arasinda ontolojik
farkliliklar olmakla birlikte, bu iki alan arasindaki ontolojik farkliligin alanlar aras1
is birligini zorlastiracagini diisiinmek olas1 degildir. Zira 6grenme-6gretme
siireglerine iligkin islemlerin gerceklestirildigi noral sistemin yapisini anlamak, bu
sistem tizerinde norofizyolojik degisimler yasanmasimna neden olan Ogretim
siireglerinin planlanmasi agisindan kritik onemdedir. Bu nedenle iki farkli alan bir
araya getiren egitimsel sinirbilim calismalarma iliskin bulgularin, 6grenme-
ogretme siiregleriyle ilgili tiim asamalarda dikkatle incelenmesi gerekmektedir.
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ABSTRACT

Learning is a process that causes neurophysiological changes in the brain because
of electrochemical reactions. Therefore, it is crucial to considering the knowledge
of the system through which the human brain operates for effective instructional
design and skill development. Moreover, people actively use knowledge from
different disciplines when designing teaching processes and determining
pedagogical strategies. In this context, using findings from neuroscience studies
for the design of teaching processes will provide information to all fields related to
teaching—from creating course content to designing materials, identifying
possible problems for individuals with learning difficulties, and suggesting
solutions for them. In addition, this will make it possible to improve the learning
performance of children with special needs who have learning difficulties as per
the information obtained from the aforementioned neuroscience studies. The
literature evinces an increase in the effects of these studies on the field of education.
In this context, researchers attempt to integrate the information obtained from
national and international studies into the field of education and determine new
principles regarding instructional designs by considering existing pedagogical
concepts in line with new information. Despite ontological differences between
neurosciences that examine the brain dynamics at the biological, molecular, and
systemic level, as well as educational sciences that aim to establish pedagogical
strategies, it is unlikely to think that the ontological differences between these two
disciplines would complicate the interdisciplinary cooperation. Understanding the
structure of the neural system in which the learning and teaching procedures occur
is of critical importance in terms of planning the teaching processes that cause
neurophysiological Thus,
neuroscience studies that bring together the two varying fields at all stages of
learning—teaching procedures should be carefully examined.

changes therein. the findings of educational
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INTRODUCTION

The primary task of the cognitive system is to provide one with the information resources needed
to ensure the continuity of life. By doing so, the mind acquires new information after processing
environmental stimuli, matches these stimuli with existing knowledge structures in the memory
system, and stores it for use when necessary. This process, which is formed with the perception,
processing, and, finally, the storage of environmental stimuli in the memory system, is defined
as the learning process. In this sense, learning is a mental process that includes acquiring, storing,
and recalling the information required for the continuity of life. This process is essentially an
information processing procedure that occurs through the mutual interaction within particular
learning environments with biological, personal, social, and environmental variables (Lovat et al.
2011).

As Kintsch (1998) stated, information processing refers to the conversion of stimuli perceived by
the sense organs into abstract mental representations through cognitive processes. This
transformation operation occurs as a result of neural activation in different cortical regions that
specialize in analyzing the perceived stimuli. In addition, the perception process, which is the
first stage of information processing, also requires the activation of different cortical areas. In this
regard, environmental stimuli are primarily analyzed in terms of their distinctive features in the
scanning system; formed with the occipital, temporal, and parietal lobes; and transformed into
data structures through their statistical patterns. Subsequently, multi-level mental
representations are created to make sense of the perceived data structures (Smith & Kosslyn,
2014).

All these processes require the active use of the memory system. The enzymatic structures of
neurotransmitters and the changes that these enzymatic structures cause in cell forms are
significant in forming the memory system. For example, the transfer of the processed information
to the long-term memory begins with sodium ions entering into the neuron. In this manner, the
captain enzyme is secreted, and the electrochemical reaction required for the transfer of
information to the long-term memory begins. In addition to the captain enzyme, numerous
proteins such as S-100 and vasopressin (Yaltkaya, 2000) play a role in memory formation.
Moreover, many studies also show that neural activation procedures required for different
cognitive processes use various neurotransmitters. In this context, for example, acetylcholine is
active in learning and memory management, dopamine is involved in activities that require
planning and attention, and norepinephrine neurotransmitters are employed in stimulation
processes (Bruning et al. 2004).

In the interneuron space called the synapse, electrical current, which refers to the information
exchange between neurons, occurs with the release of neurotransmitters that activate the next
neuron. Therefore, the connection networks between nerve cells can be strengthened or
weakened by changing the release of neurotransmitters used in the transfer of information
between synapses. In other words, the chemical structure of neurotransmitters makes the cell
membrane more permeable to certain ions, while it has the opposite effect for others (Kutas &
Schmitt, 2003). Changes in signal strength, which differs depending on cell permeability,
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determine the action potential of nerve cells (Bruning et al. 2004), and the literature states that
signals with high action potential are more effective in terms of changing nerve cells (Ward, 2020).
This situation, which is related to the operation dynamics of the neural system, affects learning
outcomes. Namely, if the same synapses of the same neural circuit are stimulated for each
instance of the same learning experience, the learning experience becomes more productive
(Geake & Copper, 2003). In other words, the intensity and frequency of the electrical charge that
is used in the stimulation of nerve cells have a direct effect on the automation of the desired target
behavior that one aims to develop. This state of automation, however, influences the flexible and
efficient use of limited cognitive resources and contributes to both forming mental patterns and
determining the formed patterns for the performance of executive functions underlying goal-
directed behaviors. While the concept of patterning is used to generalize the stimuli in the pattern
and describe abstract reasoning (Clemenst & Sarama, 2007), it is very important to examine the
patterns necessary for information processing in the planning of pedagogical processes (Bock et
al. 2018).

Nerve cells are the basic units of electrochemical activity in the brain (Freberg, 2006), and learning
mainly involves changes in neural connectivity networks. In this sense, teaching affects brain
functions directly by changing the connection networks between nerve cells (Goswami, 2004a).
Thus, one can create, strengthen, or weaken neural connections through long-term learning
(OECD, 2008). This condition, which is called adaptive plasticity, is related to the human brain’s
ability to process environmental stimuli and undergo neurophysiological changes. Furthermore,
the dimensions of the neurophysiological change that one experiences are directly proportional
to the duration of education (OECD, 2008).

The ultimate goal of the learning process is to develop academic qualifications to the highest
possible level because only then can an individual exhibit the necessary behaviors for the
development of the targeted skill area. There are different cognitive processes when displaying
the target behaviors required for each learning area. For example, the main goal of reading is to
make sense of the text, which is a cognitive process that occurs between the reader, the text, and
the context (Pearson, 2009). In this process, it is necessary to create mental representations of the
text with procedures that match the textual information with existing knowledge structures.
These cognitive processes require the activation of different cortical areas and the integrated
operation of these activated areas while inhibiting neural systems that are not related to the act
of reading (Friederici, 2012; Salmelin & Kujala, 2006). Therefore, the act of reading is a complex
cognitive phenomenon that requires the coordinated activation and deactivation of large neuron
groups. Given that human beings are not born with an innate ability to read, it is essential to
ascertain the cortical areas with which the cognitive actions that are required for reading are
associated. This is also true for skill development in the different domains of learning.
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Figure 1. Forming Academic Tasks (Colvin, 2016: 2)

In summary, learning is a process that causes neurophysiological changes, which result from
electrochemical reactions. For effective instructional design and skill development, considering
the knowledge of the system through which the human brain operates is thus crucial. Moreover,
people actively utilize knowledge from different disciplines while designing teaching processes
and determining pedagogical strategies. In this context, using findings related to neuroscience
studies in the design of teaching procedures will provide information on all fields that relate to
teaching, from creating course content to designing materials, identifying possible problems for
individuals with learning difficulties, and, accordingly, suggesting solutions. Furthermore,
knowledge regarding the “operating system” of the brain is currently at a level that enables
interdisciplinary cooperation on how learning occurs (Meltzoff et al. 2009). From this perspective,
the present study aims to theoretically discuss why the findings obtained from studies in the field
of neuroscience should be transferred to teaching environments and what should be considered

in the information transfer process.
Educational Neuroscience

Following developments in brain imaging technologies, neuroscience studies determining the
reactions in the cortical regions that are activated during cognitive processes gained momentum,
and the subsequent findings brought new perspectives to existing research fields because these
results affected several different disciplines. One discipline that such studies affect is education.
Given this context, this study aimed to investigate the effects of the operating principles of the
brain on learning—teaching procedures and aimed to increase the efficiency of the materials and
activities used in teaching processes and the quality of teaching services based on the findings.

The field of educational neuroscience aims to transfer the findings obtained from neuroscience
studies to teaching environments. Educational neuroscience aims to test the theoretical
conclusions of cognitive psychology, to explain the biological basis of these conclusions (Ansari
etal. 2011), and to examine the effects of the teaching—learning process on the neurophysiological
structure and vice versa. In this sense, information about cell signaling and the functioning of
synaptic mechanisms is crucial for understanding learning and teaching procedures (Goswami,
2004a). In light of this, both educators and neuroscientists prioritize how to optimize the learning—
teaching procedures according to the findings based on methods, techniques, and materials that
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are employed so that maximum benefit is attained. Thus, existing learning theories are reshaped
based on the data obtained (Ansari et al. 2011). In addition, explaining the atypical learning
performances of children with special needs who have learning difficulties is also a subject of
investigation for researchers in this field (Ferrari, 2013). In this context of learning—teaching
procedures, Goswami (2008) briefly listed the areas in which researchers in the field of
educational neuroscience seek answers:

i. the neural structure for learning,

ii. the interconnections between neural structures,
iii. the time course of neural activation, and

iv. neural correlations versus causation.

According to the literature, the effects of neuroscience studies on the field of education are
increasing. Researchers aim to integrate the information obtained from the national and
international studies that are carried out, particularly the Brain and Learning Project (OECD,
2017) initiated by the OECD, into the field of education. In addition, new principles are developed
for instructional designs as researchers evaluate existing pedagogical concepts in light of the new
information. Goswami (2008: 387-394) expressed these teaching principles as follows.

i. Learning is incremental and experience based.

ii. Learning is multi-sensory.

iii. The brain mechanism of learning extracts structure from input.

iv. Learning is social.

v. Learning shows lifelong plasticity and compensation.

vi. Cortical learning can be modulated by phylogenetically older systems.

As stated earlier, educational neuroscience is an interdisciplinary field that explores the biological
basis of the theoretical assumptions of cognitive psychology. In this context, neuroscience focuses
on biological, cognitive, and behavioral dimensions. The biological dimension includes the
electrochemical reactions and neurophysiological changes that occur during neural activation in
cortical regions. The cognitive dimension includes cognitive psychology with the mental models
that it establishes in relation to how the human mind systematically operates during the processes
involved in the perception, separation, and storage of stimuli. Finally, the behavioral dimension
includes education and focuses on the development, testing, and transfer of educational practices
in classroom environments to bring about the desired behavioral changes. Therefore, educational
neuroscience provides explanations for learning—teaching procedures by integrating the
knowledge derived from these three aspects. In this respect, information transfer between the
education sciences and neuroscience takes place on three different levels, these being the
biological, cognitive, and behavioral dimensions (Anderson & Reid, 2009).
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Figure 2. The Components of Educational Neuroscience

The essential point of the integration of findings from neuroscience into the education sciences is
cognitive psychology. Cognitive theories enable the integration of biological, cognitive, and
behavioral data, namely, the matching of neural activation with cognitive functions (Anderson &
Reid, 2009; Willingham & Lloyd, 2007). In other words, cognitive theories that model and
simulate perception and information processing procedures allow for the conclusions of
neuroscience to be carried beyond the biological dimension. In this respect, cognitive psychology
is the basis of the knowledge transfer between neuroscience and the education sciences (Bruer,
2008; Ansari & Coch, 2006).

The Implementation Areas of Educational Neuroscience

Educational neuroscience is a strategic discipline open for improvement that would contribute to
teaching processes. Therefore, as noted in the OECD (2002) report, a common glossary and
methodology should be developed to ensure the conceptual integration between two
ontologically different disciplines, neurosciences that examine the brain dynamics at the
biological, molecular, and systemic level, and educational sciences that aim to establish
pedagogical strategies.

Transferring the findings related to neuroscience studies to the education sciences forms the basis
for creating educational policies and designing new methods, techniques, and forms of teaching.
In this regard, there is a widespread expectation that such findings will illuminate the
neurophysiological changes that occur during the learning process and the implicit aspects that
cannot be observed at the behavioral level, such as cortical activation and cell communication,
but impact the teaching process. Therefore, researchers state that educational neuroscience can
redefine the roles of teachers, parents, and students and even help ensure that the purpose and
value of schools is understood (Busso & Pollack, 2015).

Neuroscience studies provide evidence-based information for educational policies and practices
(Ansari et al. 2012; Campell, 2011; Howard-Jones, 2011;). In this regard, it is possible to design
training programs that consider the similarities and differences in how the brains of individuals
with different proficiencies and learning success operate, particularly for the same skill area,
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because curricula constitute a significant component of the teaching process as they contribute to
the formation of neural networks (Watagodakumbura, 2017), which make up the permanent
knowledge networks of individuals. Neuroscience studies also contribute to the development of
curricula for individuals with special educational needs. In this sense, research indicates that by
determining the effects of curricula on brain functions, scholars can contribute to the
development of curricula as well as of special education methods and techniques for individuals
who need special education (Goswami, 2004a). Understanding the operating principles of the
neural mechanism, which affects learning—teaching procedures, can also contribute positively to
the development of teaching strategies.

The methodological tools of neuroscience are capable of measuring the reactions that occur
during cognitive performance. For example, while reading, the reader performs cognitive actions
at different levels to understand a text and create a mental model of the text. To this end, the mind
directs eye movements during the reading process, and differences occur in the reaction times of
the eye movements depending on the difficulty level of the cognitive action. These eye
movements, known as oculomotor movements, are data sources for words, sentences, and
integrated discourse levels during the review of written language (Radach at al. 2007; Radach &
Kennedy, 2004). In this manner, neuroscience provides datasets to help test and understand
cognitive models that explain meaning-making procedures (de Smedt et al. 2011) and contributes
to understanding the operation dynamics of the mind during cognitive tasks.

Moreover, the research states that neuroscience studies contribute positively to the education
sciences with respect to the development of instructional technologies, and the most appropriate
field for interdisciplinary cooperation between neuroscience and education is the development
of educational technologies (Royal Society, 2011).

All environmental stimuli that are perceived and processed in the sensory system cause
electrochemical activities and neurophysiological changes in the brain. Therefore, the design of
teaching environments is a factor that affects learning experiences and outcomes. Thus, people
should design teaching environments by considering the operating principles of the brain to
thereby achieve optimal benefit (Vaninsky, 2017).

Neuroscience studies also contribute to the education field by providing information to
determine the connection networks between different cortical areas that are activated during
information processing. Identifying cortical connectivity networks is notable because these
networks provide knowledge regarding the determination of neural pathways activated in
various cognitive processes (Goswami, 2008). This information facilitates the design of activities
and practices that activate the cortical regions in which cognitive processes that are related to the
targeted skills are developed. In addition, identifying and mapping cortical activation enables the
modeling of artificial neural networks (Negnevitsky, 2005), which are delivery models based on
the human brain. Furthermore, identifying artificial nerve cells and networks that are similar to
biological nerve cells enables the performance of various operations such as pattern recognition,
association, classification, data compression, nonlinear signal processing, system modeling
optimization, time series analysis, and nonlinear control (Kumova-Metin & Kisla, 2020). In this
respect, studies on the determination of cortical areas also contribute to artificial intelligence and

machine learning.
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Figure 3. The Feedforward Neural Network Model (Kumova-Metin &Kisla, 2020: 137)

Teachers have to be able to understand the nature of educational processes and apply educational
neuroscience data to teaching environments (Schrag, 2013) because they are the most significant
factor in transferring data related to neuroscience studies to learning environments. Thus, it is
essential to develop teachers’” awareness of the educational neuroscience approach. In this
context, teacher training programs should increase their neuroscience awareness, and teachers
should receive training that establishes a connection between neuroscience and education, both
before and during their professional lives. In short, teachers should become “neuroscience
literate” (Ansari at al. 2011). However, because educational neuroscience contains information
obtained from numerous fields, such as cognitive psychology, biology, chemistry, neuroscience,
sociology, and anthropology, it is essential to increase awareness about the results of behavioral
research as well as awareness about the functioning of the brain in teacher training processes.

The Challenge of Integration

Being an interdisciplinary concept, educational neuroscience, which is related to several different
disciplines, such as sociology, anthropology, and biology, is based on two main disciplines:
neuroscience and educational science. Therefore, the conceptual position of educational
neuroscience depends on the relationship between the two fields and the integration of
knowledge between them. However, while neuroscience is considered a descriptive natural
science that aims to explore neural structures and functions, educational science is regarded as a
normative artificial science that aims to realize designs for teaching processes such as pedagogical
strategies and teaching materials (Perkins, 2009; Willingham, 2009). Therefore, owing to the
ontological difference between neuroscience and the education sciences, the two disciplines differ
in terms of their purpose and research questions, and it becomes difficult to integrate knowledge
from these two varying fields. Consequently, the literature indicates that educational
neuroscience studies alone cannot produce knowledge that will change teaching practices (Hille,
2011; Howard-Jones at al. 2008).
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Moreover, another difficulty that occurs while transferring neuroscience studies to educational
practices and teaching environments is the low awareness of teachers about neuroscience and
educational neuroscience studies. Hence, the research suggests that the dialogue between
teachers and educational neuroscience researchers should be improved so that the design of
teaching processes can reflect the findings of such studies and their results (Busso & Pollack,
2015).

The overemphasis on the findings of neuroscience studies is another factor that makes it
challenging to establish cooperation between neuroscience and the education sciences. Learning
is a concept that includes cultural and behavioral aspects as well as biological ones. Therefore,
there is no doubt that findings of neuroscience studies that do not have behavioral implications
will be insufficient for explaining the learning process, and it is crucial that the validity of such
studies is tested behaviorally (de Smend et al. 2011).

Apart from the reviewed factors, neuromyths are the most damaging factor to the strategic
cooperation between neuroscience and the education sciences. The concept of neuromyths, which
was first introduced in a report by the OECD (2002), refers to complex phenomena that are related
to the “operating system” of the brain (Alfernik & Farmer-Dougan, 2010; Fischer et al. 2010), and
the formation, acceptance, and validity of such myths are aspects that are the subjects of research
in themselves (Geake, 2008).

The combination of teachers’ desire to understand the biological factors underlying learning—
teaching procedures with their lack of basic knowledge on the subject can lead to
misinterpretations of the results of neuroscience studies (Howard-Jones, 2009), and neuromyths
emerge as a result. Thus, neuromyths can arise because of teachers’ neuroscience illiteracy and
failure to address complex scientific findings critically (Geake, 2008). However, for a healthy
exchange of information between neuroscience and education, it is necessary to identify and
define these myths. In this context, the neuromyths in question are as follows (OECD, 2002).

i. There is no time to lose because everything important about the brain is decided by the age of
three.

ii. There are critical periods in which certain matters must be taught and learned.
iii. However, I read somewhere that we only use 10% of our brain in any case.

iv. I am a left-brain person; she is a right-brain person.

v. Let us face it: men and boys simply have different brains from women and girls.
vi. A young child’s brain can only manage to learn one language at a time.

vii. Improve your memory.

viii. Learn while you sleep.

The neuromyths in the OECD report (2002) are based on the findings of neuroscience studies.
One of these findings is laterality. Lateralization is a concept used to ascertain the hemisphere of
the brain in which given neural processes occur. In relation to learning, laterality refers to the
learning situation in different hemispheres that specialize in performing varying skills. However,
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neuroscience studies do not support the assumption that learning occurs separately in different
hemispheres. On the contrary, specialized cortical regions work in an integrated manner to
perform different tasks during the learning process. In other words, cognitive tasks require both
hemispheres to work in coordination. Thus, for example, while cortical areas such as the
orbitofrontal cortex process cognitive information during the learning process, these areas work
in coordination with phylogenetically older cortical areas such as the amygdala region wherein
sensory processing occurs (Goswami, 2008). Hence, the learning experience necessitates the
integrated operation of neuron groups in different cortical areas. Although the source of the
concept of laterality is based on studies with split-brain patients, as Hall (2005: 3) stated, it is an
overgeneralization to assume that such a situation exists for learning processes. Moreover, the
OECD report (2002) drew attention to this situation and stated that, with a few exceptions, the
brain hemispheres rarely work in isolation.

In addition, neuromyths are also based on the concept of the critical period hypothesis. The
critical period hypothesis, as is known, assumes that an individual must receive the
environmental stimuli required for the development of neuron groups at certain time intervals;
otherwise, the development of the neuron groups necessary for learning will not be possible.
However, the research indicates that no cognitive capacity loss occurs at an early age and that
learning will occur even after a period of environmental deprivation (Goswami, 2004b: 11).
Similarly, although the report by the OECD (2002) underlined that early education becomes
considerably important later on, it also stated that this does not mean that a large part of a
person’s education should be concentrated on the childhood years. In contrast to the critical
period hypothesis, neuroscience studies emphasize the concept of lifelong learning and highlight
that the longer the teaching process is, the more effective it will be (OECD, 2008). Therefore,
educational neuroscience studies provide teaching opportunities, particularly for the elderly
population.

Third, in addition to laterality and the critical period hypothesis, Purdy (2008) suggested that
neuromyths are based on synaptogenesis. Although synaptogenesis refers to the situation of
building new synaptic connections between neural cells, the assumption that an enriched
classroom environment is necessary for the establishment of neural intercellular connections is
not valid. This neuromyth has lost its validity based on neuroscience studies (Purdy, 2008).

DISCUSSION & CONCLUSION

Learning is a complex procedure that begins with the processing of perceived environmental
stimuli and electrochemical reactions that occur in this process, which cause neurophysiological
changes. Therefore, the success of the teaching process, which aims to develop academic
qualifications in different learning areas to the highest level, depends on understanding the
operational dynamics of the neural system in which learning-related processes take place and on
integrating and using the information obtained in teaching environments. Thus, interdisciplinary
collaboration between neuroscience and the education sciences, which investigate these
dynamics of the neural system, is of critical importance. Moreover, the existing knowledge on the
functioning of the neural system is at a level that enables cooperation between the two different
fields. This idea sets the groundwork for the emergence of a new field of study of educational
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neuroscience by integrating the findings obtained from neuroscience studies into the field of
education.

Educational neuroscience is an interdisciplinary field that examines the biological basis of
abstract cognitive processes in learning-teaching procedures and the neurophysiological changes
that cause electrochemical reactions, which occur during cognitive processes, at the intersection
of neuroscience and the education sciences. In this regard, the main priority of researchers in the
educational neuroscience field —whether these scholars are neuroscientists or educational
scientists—is how to optimize the knowledge of the operational dynamics of the neural system
to provide maximum benefit and use in learning—teaching procedures. Accordingly, teaching
environments and existing methods, techniques, and forms of teaching are reshaped based on
the findings that are obtained, and new principles are determined to explain the structure of
learning—teaching procedures.

Identification of neural regions associated with cognitive processes allows for distinctions
between learning and skill areas that are closely related but the differences of which cannot be
demonstrated behaviorally. Third language acquisition and multilingualism have long come
under the umbrella term of second language acquisition; neuroscience studies have contributed
greatly in considering third language acquisition as an independent field. Compared to
monolingual and bilingual individuals, studies have demonstrated differentiations in the
activated cortical and subcortical regions of multilingual individuals, as well as changes in gray
and white matter densities. However, one of the most studied aspects of multilingualism is how
the neurological system enables the phenomenon of multilingualism and whether the same
neural systems are used for all acquired languages. In this context, the findings of neuroscience
studies have not only created a distinction between bilingualism and multilingualism, which are
closely related to each other, but also contributed to the determination of didactic plans and
methods and techniques for teaching processes related to both cases.

The methodological tools of neuroscience studies can provide data on differences in neural
activation levels during learning tasks of individuals who have succeeded or failed in education
fields related to mathematics, physics, or language. Thus, neuroscience studies contribute to the
development of teaching programs, methods, and techniques that help improve the performance
of low-achieving individuals by addressing the differences in the regions of neural activation in
individuals with different levels of success in these fields of education.

Identifying the neural regions activated during different cognitive tasks also makes it possible to
test cognitive models. For example, all cognitive theories on reading skills indicate that there are
two cognitive processes, with different difficulty levels, performed, including text base and
situation model. The existence of these cognitive processes, identification of the neural regions
where they are carried out, and linguistic tools using which this information is coded and
monitored have been revealed thanks to the findings of neuroscience studies. These findings have
been decisive in the planning of didactic processes related to reading performance.

The materials used throughout the teaching process play an important role in the development
of academic skills in different fields. Therefore, the course materials used in teaching processes
should be prepared with consideration for a number of design features for optimal benefit.
Studies in the field of neuroscience have shown that two neural network structures that involve
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different neural regions are used to access the semantic content of written materials: the grapho-
phonological and lexical-semantic networks. This proves the importance of neuroscience studies
because they provide information both on the structure of the optic neural system, which forms
the visual system, and on the processes of making sense of the information obtained from this
system. In this context, the findings of neuroscience studies on the design and development of
teaching materials will contribute to the process of creation of teaching materials. This applies for
the designing of materials that appeal to the sense of hearing, as well.

Because automatic performance involves fewer processing steps compared to algorithmic
performance, it helps perform cognitive operations swiftly and easily and enables more efficient
use of limited cognitive resources. Furthermore, flexible and selective distribution of mental
resources is important in service of goal-directed behaviors. For this reason, one of the principles of
material designing is to design materials in a way that allows flexible and selective
distribution/use of cognitive resources because of the limitations in conscious attention
mechanisms. In addition to the visual and auditory properties of the materials used in teaching
processes, neuroscience studies also provide information related to the content design of these
materials, such as optical focus, spatial perception, and size. This information contributes to the
design of teaching materials in a way that minimizes the intrinsic cognitive load arising from the
design features, reducing the cognitive processing load that occurs on working memory and,
thus, ensuring flexible and selective distribution of attention resources.

In addition, determining the causes of atypical learning performances by individuals with
learning difficulties and increasing the learning performance of these individuals is another
relevant issue that researchers in this field emphasize. In this context, the learning performance
of individuals with learning difficulties is examined by using computational imaging methods
such as PET (positron emission tomography) scans and fMRI (functional magnetic resonance
imaging), educational curricula are developed to ensure the academic development of such
individuals, and the effectiveness of the developed curricula is also tested and verified.

Educational neuroscience relates to sociology, anthropology, biology, chemistry, etc., owing to
its interdisciplinary nature. However, educational neuroscience primarily interacts with the
fields of the education sciences and neuroscience; therefore, the conceptual position of
educational neuroscience depends on the information flow and integration between these two
fields. However, as noted earlier, there are ontological differences between the descriptive
discipline of neuroscience and the normative education sciences, each of which has its own
pedagogical purpose. These differences result in numerous points of separation with respect to
factors such as the objectives, research questions, and methodology of the two fields.
Nevertheless, according to the literature, the separation caused by the ontological differences
does not prevent the integration of knowledge between the two fields; rather, it provides new
opportunities. Given such a context, despite the differences in theory, method, etc., Table 1
presents the contribution of neuroscience studies to learning—teaching procedures.
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Table 1. Neuroscience: Concern and opportunity (Varma et al. 2008: 141)

Aspect Concern Opportunity

Scientific

1. Methods Neuroscience methods do not provide Innovative  designs can  allow
access to important educational neuroscience to study the effects of
considerations such as context. variables of interest to education, such

as context.

2. Data Localizing  different aspects of Neuroscience data suggest different
cognition to different brain networks analyses of cognition and may
does not inform educational practice.  therefore imply new kinds of

instructional theories.

3. Theories Reductionism is inappropriate. Reductionism is appropriate if it is not

eliminative.

4. Education and neuroscience are Neuroscience may help to resolve som

Philosophy incommensurable. of the incommensurables within

education.

Pragmatic

5. Costs Neuroscience methods are too Educationally relevant neuroscience
expensive to apply to education might attract additional research
research questions. funding to education.

6. Timing We do not currently know enough There are already sings of success.
about the brain for neuroscience to
inform education.

7.Control  If education cedes control to Ask not what neuroscience can do for
neuroscience, it will never regain its education, but what education can do
independence. for neuroscience.

8. Payoff Too often in the past, neuroscience People like to think in terms of brains,

findings have turned into

neuromyths.

and  responsible

cumulative results can help them.

reporting of

It is unlikely that the ontological differences between the education sciences and neuroscience
will hamper cooperation between the two different fields. Moreover, understanding the structure
of the neural system in which the processes related to learning-teaching procedures occur is
crucial in terms of planning teaching processes that cause neurophysiological changes in this
system. Therefore, researchers should carefully examine the findings of educational neuroscience
studies that bring together the two different fields at all stages related to learning—teaching
procedures.

As with all interdisciplinary disciplines, despite the existing differences, educational
neuroscience studies should consider identifying and eliminating the factors that make
interdisciplinary cooperation difficult. Thus, it is necessary to carefully determine how to
integrate the findings of neuroscience studies, which will positively affect the impact of all
educational practices, into learning—teaching procedures with a focus on attaining the maximum
benefit possible. The main task of researchers should be to develop teachers’” knowledge and
awareness of the operational dynamics of the neural system, which is the learning organ,
beginning with education faculties. The next step is to ensure that teachers become neuroscience
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literate. In line with these goals, the knowledge and awareness of prospective teachers about the
structure of the brain as a learning organ should be increased by providing lessons on the brain
anatomy and the working systematic of the brain, the neural regions that enable learning, and
the cognitive processes performed in these regions starting from the first years of teacher
education. In addition to such general working principles, it would also be beneficial to raise
awareness about neural regions that are activated and deactivated during cognitive processing
in the teaching areas of these teachers. As explained previously, neuroscience studies have
developed enough to allow cooperation between education and neuroscience. For example,
electrophysiological studies have contributed significantly to understanding the neurological
basis of number sense. Studies in this field have revealed that numerical processing is
predominantly performed in the posterior superior parietal region. The frequency, duration, etc.
of stimuli that activate the neural regions associated with information learning tasks related to
the cortical regions where cognitive processes are performed are extremely important in terms of

optimization as per parameters.

Moreover, another crucial factor that hinders cooperation between neuroscience and the
education sciences is using findings from neuroscience studies while ignoring information about
behavioral, environmental, and cultural characteristics that the education sciences are related to
and that have as much effect as the neural system on learning-teaching procedures. Emphasizing
only neuroscience studies without integrating knowledge from other fields to which the
education sciences are related hinders the appropriate applications of critical information that is
obtained from neuroscience studies that explain the biological aspect of the learning—teaching
procedure. Therefore, while designing learning—teaching procedures, one should account for the
fact that learning has cultural and behavioral aspects as well as biological aspects.

Neuromyths constitute the greatest obstacle to the positive contribution of neuroscience studies
to learning—teaching procedures. Neuromyths are based on the results of neuroscience studies,
such as those related to the concepts of lateralization, the critical period hypothesis, and
synaptogenesis, and emerged with the teachers’ lack of knowledge about the biological processes
underlying learning—teaching procedures; these myths have become a research topic in their own
right. Consequently, it will prove extremely valuable to identify and eliminate both neuromyths
and the false assumptions and overgeneralizations that cause them to emerge.

Educational neuroscience, which emerged from the interaction between neurosciences and
educational sciences, is an interdisciplinary field that aims to explain the functioning of
neuroscience studies on the learning processes of the brain and use the obtained findings in the
optimization of teaching processes; it provides value-added information to the field of education.
Therefore, the cooperation between neurosciences—the study of the working systems of the
brain, our learning organ—and educational scientists, whose mission is to train the brain, will
help achieve the skill levels aimed through education. It is of utmost importance to increase the
areas of interaction between researchers in these fields and promote cooperation and exchange
of information between these fields.
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