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Introduction: Although educational neuroscience is a valuable source of information for educa-
tion, some of the concepts and information published and advertised as educational applications of
neuroscience are not valid information. Any educational concept or strategy in this field should be
evaluated to determine its scientific validity and educational relevance. The study at hand delves

into mirror neurons, aiming to establish a framework for assessing data within the realm of edu-

Neuromyths cational neuroscience.
Intelligent speculations Methods: Following a brief description of four categories of information about the learning brain
Mirror neurons

and its application to education, the current research was reviewed to identify mirror neurons'

Corresponding author position on the information continuum in educational neuroscience.
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Results: The concepts can be drawn on a continuum, on one side of which is established
information, and on the other side are myths to separate valid information from invalid information
in the field of educational neuroscience. Some concepts are called intelligent speculations that may
join the category of neuromyths or become established information in the future. Mirror neurons
s have garnered significant interest from both neuroscientists and educators over recent decades. The
review of studies on mirror neurons shows that this concept should be included in the category of
intelligent speculations because there is still controversy about the validity of the research results

related to the mirror system.

Conclusion: The concept of mirror neurons is intelligent speculation requiring further investiga-

tion. Therefore, educators should be careful in drawing conclusion about educational applications

d . | doiorg/1030514/iess.253.170 from the literature on mirror neurons.
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Extended Abstract

Introduction

Education is a practical field, similar to medicine, where the past decades has encouraged some educators to view
the disciplines of philosophy, psychology, and sociolo- neuroscience as an additional interesting and valuable
gy have played significant roles in its evolution (1, 2). source of information and seek to translate the neural

However, the rapid development of neuroscience during mechanisms of learning and development into education-
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al applications. Such works marked the emergence of a
new learning science, known under different titles such as
"educational neurosciences" or "mind, brain, and educa-
tion science", more known among other labels. This new
science of learning is an interdisciplinary field that seeks
to integrate the concepts, methods, and findings of neuro-
science, education, and psychology to better understand
the nature of learning and development and, accordingly,
to improve educational policies and practices (3-11).

The field is advancing quickly, with a wealth of informa-
tion purportedly based on the neuroscience of learning.
Therefore, evaluating this body of knowledge is essential

to diffuse what can be trusted and used in real educational

“Well established” “Probably so”

“Intelligent speculation”

environments and what should be debunked (12-24). The
main focus of this article is the widely known discovery
of mirror neurons that have been invoked to explain some
educational phenomena, including imitation and learning
by observing, which have long been used as powerful

strategies for learning.

Methods

The first part of the article describes the continuum of
information in educational neuroscience, ranging from
what is fact and what is myth (4, 6, 14). From this contin-
uum, it is possible to categorize information in the field

into four categories, as shown in Figure 1.

“Neuromyths”

e —  — — — ¥ — >

“The best applications”

“The misapplications”

Figure 1. The continuum of information in educational neuroscience in terms of scientific validity and educational relevance

Accordingly, the information in educational neuroscience
can be grouped into four categories: well-established (in-
formation with strong evidence of effectiveness, such as
neuroplasticity), probably so (information with moderate
evidence of effectiveness, such as sensitive periods), in-
telligent speculation (information with limited evidence of
effectiveness such as gender differences and learning) and
neuromyths (information with insufficient evidence of ef-
fectiveness such as right brain/left brain learning (4, 6).

Following a brief description of four categories of in-
formation about the learning brain and its application to
education, the current research was reviewed to identify
mirror neurons' position on the information continuum in

educational neuroscience.

Results

In 1992, a team of neuroscientists led by Giacomo Riz-
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zolatti discovered a new network of neurons in the pre-
motor cortex of macaques that was activated both when
the monkey performed a specific motor function such as
grasping and when the animal observed the same action
performed by someone else (25-30). Such neurons were
known as mirror neurons, and it was proposed that they
provide the basis for many of humans’ social abilities,
including imitation, empathy, action understanding, the-
ory of mind, and language acquisition (31-33). In such a
context, it did not take long for efforts to translate find-
ings about mirror neurons into clinical and educational
applications. In the field of education, in particular, it was
thought that the discovery of mirror neurons has helped
us understand the neurobiological bases of observational
learning, imitation, and mind reading, and such an under-
standing contains clear messages for learning and educa-

tion (34-36). In 2009, seventeen years after the discovery
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of mirror neurons, scientists reported for the first time that
they had observed neurons in the human brain (37), and
education researchers continued to describe the function
of mirror neurons in the learning process. They recom-
mend that teachers get to know the nature and function
of mirror neurons so that they can communicate more ef-
fectively with students (38-40). At the same time, educa-
tional neuroscientists argued that educators are required to
be very cautious with interpreting mirror neuron findings
(41-43). However, subsequent research suggested that
mirror neuron data sometimes is misinterpreted (44-47).
For instance, Gregory Hickok reexamined the mirror neu-
ron story and concluded that it had been built on a tenuous
foundation (44-46). Rizzolatti and colleagues responded
to Hickock’s criticisms (49, 48), and the research of mirror
neurons continues to generate intense debate (50). Despite
this constructive criticism, some scientists have shown
that mirror neurons are sometimes misinterpreted, but
they have also made significant advances, which should
encourage further, more systematic research (30).

Taken together, mirror neuron findings and their inter-
pretation have been highly controversial, and contro-
versy over such studies' educational implications is also
being followed. As previously noted, educational appli-
cations of brain research can be viewed as a continuum
that ranges from "the best applications" to "misapplica-
tions". Therefore, the idea of mirror neurons and its ap-
plication to education and learning may be included in
the category of intelligent speculations. The concepts in
this category have not yet been approved and supported,
and in the future, they may be added to the first category
(i.e., scientific facts), or they may join the fourth cate-
gory (i.e., neuromyths) (4, 6). Therefore, the educational
implications of mirror neurons are not applicable in the
classroom because still no solid evidence and logic was
observed to support their scientific validity and educa-

tional relevance (17). However, this does not mean that
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research in the field of mirror neurons should be stopped.
On the contrary, it indicates that studies about mirror neu-
rons should be designed more carefully, and the results
should be interpreted cautiously (51). Thus, as Heyes and
Catmur (30) have concluded, mirror neurons should not
be tarnished. They still have the potential to be explored

as an essential structure in the human brain.

Conclusion

While mirror neurons have been a topic of interest among
neuroscientists and educators alike, this review suggests
that much of the existing data on mirror neurons do not
support the conclusions. Thus, at this point, much re-
search remains to be done, and educators should view
mirror neurons as an intelligent speculation. That means
they must be careful in interpreting educational applica-
tions of mirror neuron literature. A need to open a con-
structive dialogue existed between educational and social
neuroscientists to formulate research proposals focusing
on understanding the socio-emotional aspects of learn-
ing. Such collaboration can significantly improve our un-
derstanding of the nature and function of mirror neurons
as well. For instance, it is suggested to investigate wheth-
er mirror neurons play a role in forming implicit curric-
ulum (52), what is learned but not explicitly intended to
be taught to students such as the behaviors and attitudes
conveyed through schools' social structure and interac-

tions between teachers and students.
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