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Abstract
The idea that results from research in cognitive neuroscience
may be used in the classroom to improve student learning seems
appealing. However, this trend faces several obstacles and has
received mixed support from experts. Teachers, who are actually
at the center of this debate, may not be equipped to critically
apprehend the enormous variety of information they are confronted
to. In this paper, I will first provide a general review of the role that
neuroscience may play in the field of education, with an emphasis
on the high prevalence of neuromyths among teachers. In a second
part, I will defend the idea that the development of rational thought
should be included in the training of pre-service teachers as a way to
help them critically examine the learning methods that can be offered
to them.
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Bringing cognitive neuroscience advances into the classroom is a
seductive idea but it has raised several criticisms from researchers. At
the same time, several so-called “brain-based” educational methods
are available for teachers and some have gained relatively high
popularity. Unfortunately, a number of these methods are based on
false assumptions regarding brain functioning and claim unrealistic
gains in learning without being supported by any empirical evidence.
Nonetheless, several studies around the world have shown the high
prevalence of teachers who believe in neuromyths and adhere to
teaching methods based on highly doubtful concepts. In this paper, I
will try to highlight the complexity of an alliance between cognitive
neuroscience, psychology and education, with an emphasis on the
problem of neuromyths. More specifically, I will elaborate on the idea
that the high prevalence of neuromyths among teachers could reflect
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imperfect rationality and review the results of interventions that may
help reduce such false beliefs.

Does Neuroscience have a Place in the Classroom?
The idea of integrating cognitive sciences in the teacher training
curriculum has a long tradition. Back in 1892, eminent psychologist
William James was asked to give lectures to teachers about basic
psychology. He stated: “And yet I confess that, acquainted as I
am with the height of some of your expectations, I feel a little
anxious lest, at the end of these simple talks of mine, not a few
of you experience some disappointment at the net results” (p.5)
[1]. Nowadays, notwithstanding the great advances of cognitive
neuroscience and the growing interest toward integrating such
findings about brain functioning (and its development) within the
field of education, my personal feeling still resembles what James
had expressed at the time. As a former neuroscientist, a part of my
current job is to teach student teachers and in-service teachers about
cognitive functions relevant to education, including some underlying
brain mechanisms. Undoubtedly, this helps to better understand how
people learn and the limits of some cognitive processes, including
inter-individual differences. However, the question of how new data
about brain functioning can help developing new teaching methods
remains very difficult to answer from my point of view. One problem
is that although some new neuroscientific results on topics relevant
to education may emerge from very well-built studies and provide
extremely important data for fundamental research, the extent to which
they bring new insights for the development of teaching methods is
less obvious. Frequently, such studies highlight the underlying brain
mechanism of learning processes that were themselves already known
from purely cognitive studies.Take for example the study of Iuculano
et al. [2] in which children with mathematical learning disabilities
are trained using a particular intervention. Results show that prior
to the teaching intervention, children with such disabilities display a
particular pattern of brain activity while they perform an arithmetic
task as compared to children with no particular disability. After the
remediation, children with initial disabilities show great improvement,
which is accompanied by functional neuroplasticity in a wide range of
brain areas, with the post-intervention activity resembling more that
of typically developing children. At first glance, these results could
be viewed as important for the development of new “brain-based”
teaching methods that may be relevant for teachers. A closer look at
the study reveals that the intervention used was shown to be efficient
much earlier through purely cognitive psychological studies [3]. As
mentioned before, results such as those of Iuculano et al. [2] are greatly
important to better understand the mechanisms of learning but not as
much to develop new teaching methods. Several papers have raised
some doubts about how the results from cognitive neuroscience could
be of real help for education as compared to cognitive psychology [47].
My opinion is more nuanced and resemble that of Thomas [8] in that
I believed neuroscience has an importance in education and must be
part of an interdisciplinary research process. One reason is simply that
one better knows all aspects of a phenomenon in order to improve the
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methods that are used to work on it. In addition, some neuroscientific
findings have already shown results that could be very promising
in the future. As example, EEG recordings in very young infants
(combined with other behavioral measures) could help determine the
extent to which the child will face difficulties in learning to read in
the future [9], which could in turn be of great help to guide early
interventions. Notwithstanding the fact that several obstacles remain
to be overcome before such interventions can be effective, the idea of
considering cognitive neuroscience into educational practices should
not be abandoned. Nonetheless, one must acknowledge that at the
moment, few neuroscientific data have led to such “brain-based”
teaching practices. However, I seriously doubt that teachers are aware
of this situation. In fact, they may believe many such new methods do
exist and that they should use them in their practice. This belief may
partly explain why neuromyths are so prevalent among teachers and
pre-service teachers.

Neuromyths and Rational Thinking
The term neuromyth was probably coined by neurosurgeon Alan
Crockard to describe false representations of the brain in medical
culture [10,11]. The Organization of Economic Co-operation and
Development (OECD) has defined a neuromyth as a “Misconception
generated by a misunderstanding, a misreading or misquoting of
facts scientifically established (by brain research) to make a case
for use of brain research, in education and other contexts” (p.258)
[12].The prevalence of neuromyths has been studied intensively in
teachers and to a lesser extend in student teachers. In general, studies
show high levels of adherence by teachers to several neuromyths in
a number of countries including Australia [13], Canada [14], China
[15], Greece [16,17], Latin America [18,19], Morocco [20], Portugal
[21], South Korea [22], Switzerland [23], Turkey [24,25], The United
Kingdom and the Netherlands [26], as well as the United States
[27,28]. Although all these studies have limits and it has not been
shown that adherence to neuromyths have an impact on the quality
of teaching [13], it remains quite troubling that experts in learning
(i.e.,teachers) hold false beliefs about the way one might improve
learning. Furthermore, once such beliefs are disseminated among
students, they may be difficult to challenge. As a matter of fact, recent
studies have shown that individuals often “back the wrong horse”
as they think that their preferred learning method will lead to actual
better learning while the results show the opposite [29,30]. In addition,
subjects seem to resist changing their opinion about the more efficient
way to learn. When faced with the actual results showing that about
80% of subjects learned better with a given method and that only
10% learned better with another (the remaining 10% did not show any
difference with the two methods), subjects agreed with the results but
80% of them claimed that they belong to the 10% who learned better
with the less efficient method [31].
Several hypotheses have been proposed to explain such
persistence of neuromyths within the teaching domain [32,33]. The
idea that I would like to advance here is that it may reflect (at least in
some aspects) an inherent imperfection in rational thinking. Rational
thinking is a very large construct that must be differentiated from
intelligence [34]. Cognitive psychologists distinguish two aspects of
rationality: instrumental and epistemic. Instrumental rationality refers
to “behaving in the world so that you get exactly what you most want,
given the resources (physical and mental) available to you” [34].
Epistemic rationality concerns “how well beliefs map onto the actual
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structure of the world” [34]. As far as neuromyths within the school
context are concerned, they represent a failure in both instrumental
and epistemic rationality. Take for example what is probably the most
widespread myth in education, namely that people learn better if they
receive information through their preferred modality (visual, auditory
or kinesthetic; the so-called “VAK” approach). There are actually
no evidence whatsoever to support such a belief, and studies that
have tried to match learning material to subjects’ preferred modality
have failed to demonstrate any interaction [35-41]. That is, the VAK
approach does not reflect the reality (epistemic rationality) and is
unlikely to bring teachers what they want (i.e., persistent learning
from their pupils; instrumental rationality). Teachers may believe
in the VAK approach simply because it seems intuitively coherent
and logical [33]. Another reasoning bias that could help explain the
persistence of neuromyths is the vividness effect [42]. This bias
illustrates how subjects will ignore information from a large number
of observations to the benefit of isolated cases from which they are
closer (and which are therefore more vivid). The classical example
is the Saab-Volvo experiment [43]. In this dilemma, the subject is
asked to choose between two otherwise equal cars brands. The subject
is informed that the Volvo has better scores from large surveys and
statistics documenting mechanical troubles. At the same time, a
close friend tells the subject that he had a severe mechanical problem
with his own Volvo. Subjects tend to rely more on the close friend’s
advice than on the “law of large numbers”. Similarly, a teacher may
give more credit to the emotional testimony of a colleague claiming
that Brain Gym® had miraculous effects on a student with learning
difficulties than on the literature review showing negative results [4447].

What can be Done to Prevent Neuromyths in Education?
Recently, a number of studies have used interventions aiming at
reducing beliefs in neuromyths among teachers andstudents and have
yield mixed results [22,48]. Im et al. [22] hypothesized that taking an
educational psychology course could enhance neuroscience literacy
and decrease beliefs in neuromyths in pre-service teachers. Their
reasoning was that cognitive and educational psychology could fill
the gap that exists between neuroscience and education. Results show
an improvement in neuroscience literacy in the experimental group
but no decrease as far as beliefs in neuromyths are concerned. This
result is somewhat reminiscent of that of Dekker et al. [26] showing
that teachers with higher general knowledge about the brain also had
high beliefs in neuromyths. That is, it appears that knowledge about
the brain (e.g. through an introductory class in neuroscience) is not
enough to prevent neuromyths, a result that was previously shown
by Weisberg, Keil, Goodstein, Rawson and Gray [49]. McMahon
et al. [48] used a short workshop about neuroscience (including the
problematic of neuromyths) and compared pre- and post-intervention
surveys about neuromyths. Encouragingly, belief in neuromyths
decreased following the intervention. For example, the VAK
neuromyth, known to be particularly persistent, tended to move from
“agree” to “don’t know” opinion following the intervention.
As a former neuroscientist now working at training pre-service
teachers, my personal feeling is that interventions aiming at debunking
neuromyths should include the construction of neuroscientific
knowledge but also (and maybe more importantly) a discussion about
rational thinking and the scientific process. Teachers are not meant
to be experts in neurosciences nor in cognitive psychology but they
Volume 4 • Issue 1 • 010
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should be aware of the differences between pseudoscientific literature
such as that surrounding Brain Gym®, peer reviewed studies
and meta-analyses. They should be sensitized to the fact that even
studies published in prestigious journals can sometimes be severely
questioned. The most promising route towards better discrimination
between pseudoscientific and evidence-based approaches in education
may be to improve rational thinking. Studies have shown encouraging
results in educating college and university students about rational
thought [50]. In fact, evidence-based models have been proposed to
develop training structures that are likely to help students develop
their rational thought [51]. A great challenge that needs to be met
through such interventions is that of transfer: thinking skills that have
been trained must be available to solve other, real-life situations. That
is, education for rational though should be structured in such a way
that individuals would be able to recognize that particular thinking
skills are required to face new problems they encounter.This could
greatly helpfuture teachers to critically examine teaching methods
that are suggested to them.
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