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Educational neuroscience represents a concerted interdisciplinary effort to
bring the fields of cognitive science, neuroscience and education to bear
on classroom practice. This article draws attention to the current and potential implications of importing biological ideas, language and imagery into
education. By analysing examples of brain-based consumer products and
services, we express a concern that neuroscience discourse can promote
reductive and deterministic ways of understanding the developing child,
masking phenomenological, psychosocial, or cultural influences. Moreover, a lack of neuroscience literacy and the appeal of neuroscience explanations may leave this field especially vulnerable to misunderstanding and
misappropriation. We conclude by suggesting some opportunities to mitigate these problems, thereby facilitating constructive interdisciplinary
dialogue.
Keywords: education; neuroscience; brain-based learning; neuroethics

Introduction
The emerging field of ‘educational neuroscience’ joins neuroscientists, psychologists, teachers and clinicians in building a scientific framework for education
research and practice. This development is timely and important. Rapid progress in the biological sciences has catalysed new insights into brain function,
child development and the neurological trajectories of typical and atypical
development. Educational neuroscience (and its sister disciplines, ‘mind,
brain and education’ and ‘neuroeducation’) provides an integrative framework
that describes learning across multiple levels of analysis, from high-level
phenomena (such as symbolic representations), to more granular, biological
or molecular ones (neuronal function). In turn, these discoveries are fuelling
hopes and expectations that this field can generate rigorous and actionable
research that can impact the lives of students.
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There is little doubt that our knowledge of the developing brain is poised to
make important contributions to the lives of parents, educators and policymakers. Neuroimaging methods can contribute to more accurate identification
for children at-risk for learning disabilities such as dyslexia (Gabrieli 2009;
Hoeft et al. 2010) or explicate how biological processes can facilitate or
hinder learning (Coch and Ansari 2012). As Shonkoff (2010) argues, neuroscience may provide the political impetus to prioritize early child-care programmes such as Head Start, based on knowledge of ‘windows of
opportunity’ for brain development in the first few years of life. Yet, many
have remained sober about the potential for neuroscience to transform the classroom: some have voiced concerns about the viability of educational neuroscience, suggesting that neuroscience can inform education only indirectly
(Bruer 1997, 1998); others insist that neuroscience is only one small component
of a multi-pronged research strategy to address educational challenges, rather
than a panacea (Ansari and Coch 2006; Fischer et al. 2007). Still others highlight the unprecedented ethical dilemmas posed by research in the biological
and brain sciences, particularly when brought to the political and social arena
(Choudhury, Nagel, and Slaby 2009; Fukuyama 2003; Stein et al. 2011).
It is within this latter category – focusing on the ways in which culture, politics and society intersect with the biological sciences – that we situate this
paper. We fully acknowledge the value of research initiatives that align
biology, cognitive science, and child development. Yet, we also realise that
excitement around educational neuroscience can be appropriated to serve
dubious commercial or political ends, and consequently, the ways in which
neuroscience has entered into educational spaces warrants careful examination.
To progress responsibly, educational neuroscience will have to face difficult
questions: what are the limitations of brain imaging and are they being
communicated accurately? What does it mean to ‘practice’ brain-based education and how might this play out in schools? And finally, what are the
ethical liabilities that surround educational neuroscience and how can we
guard against them?
This paper is primarily concerned with the ‘discourse’ of educational neuroscience, which we define as the dispersal of neurobiological language, imagery,
symbolism and rhetoric within formal and informal learning environments. We
begin by surveying the educational neuroscience landscape, providing
examples of brain-based consumer products and services and exploring the
ways that they can be perceived (rightly or wrongly) as scientifically credible.
Next, we consider the ways in which neuroscientific framing can have important theoretical and ethical implications for education: that it can essentialise
types or groups of students; that it can privilege biological explanations for
student learning (at the expense of others); and that it can raise important questions about the goals, purposes and values of education. Finally, we discuss
potential solutions to safeguard against the misappropriation and misunderstanding of neuroscientific ideas.
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The educational neuroscience landscape: brain-based curricula and
products
Over the last decade, a wide array of brain-based commercial products and teaching guides has flooded the education market, claiming to be derived from or
‘inspired’ by neuroscience research [see Sylvan and Christodoulou (2010)].
The opportunities for neuroscience claims to permeate formal and informal education are vast, including through ‘brain-training’, professional development
workshops and conferences, educational materials such as curricula and teaching
guides, and psychoeducational assessment. We briefly review each in turn.
(1) ‘Brain-Training’, or the targeted improvement of isolated cognitive
functions through practice, is one example of a neuro-educational
product that represents a $300 million-a-year industry in the USA
alone (Hurley 2012). Brain-training organizations (e.g., LearningRx,
CogMed, and Lumosity) generally employ computerized tasks and use
research on neuroplasticity to support their claim that their product
‘changes the brain’. Companies typically assert that their product can
strengthen key neurological pathways that support cognitive processes
such as memory and attention, allowing students to learn faster and
more efficiently.
(2) Professional development workshops and conferences also provide
ample opportunities for education professionals to gain exposure –
both credible and dubious – to educational neuroscience. Wellestablished educational research organizations in Europe (e.g.,
European Association for Research on Learning and Instruction, The
Royal Society) and the USA (e.g., American Educational Research
Association) have special interest groups that promote research in the
field and disseminate findings to other researchers and practitioners,
and several universities (e.g., Harvard University, University of
Cambridge) provide graduate training in this field. Additionally,
several for-profit organizations or educational entrepreneurs (e.g.,
Learning and the Brain, Jensen Learning) host workshops for
practitioners or even certification programmes for future professional
development leaders. These programmes typically focus on big ideas
in neuroscience (e.g., neurogenesis, plasticity) or relate neuroscience
to particular aspects of schooling (e.g., technology, attention deficit
hyperactivity disorder (ADHD), reading).
(3) Curricula or teaching guides promote the use of brain-based or
‘brain-centred’ learning or teaching strategies (e.g., the Brain Targeted
Teachingw Model, Hardiman 2012). Curricula or teaching guides may
focus on neuroscience research and/or language to promote strategies
for improving domain specific (e.g., Fast ForWordw) or domaingeneral (e.g., the MindUPw Curriculum) processes.
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(4) Psychoeducational assessors may claim to use neuroimaging technology to diagnose or treat children and adolescents with a range of education-related difficulties, including speech and language disorders,
learning disabilities and autism. Centres or clinics assert that the use
of neurofeedback (e.g., Center for Brain Training, Sterlingworth
Center), magnetic resonance imaging (e.g., BrightMinds Institute) or
nuclear imaging (e.g., Amen Clinics) can aid in diagnosis or in the development of treatment plans.

Engagement with educational neuroscience
One commonly encountered concern is that neuroscience images and language
are inordinately persuasive, leaving members of the public vulnerable to misunderstanding and misinformation (Uttal 2011). Several highly cited studies have
shown that superfluous neuroscience information may bias the judgement of
non-experts. For example, McCabe and Castel (2008) demonstrate that the perceived quality of neuroscience research is higher when accompanied by brain
images. Similarly, non-experts have been shown to judge psychological explanations as more satisfying when they include logically irrelevant neuroscience
information (Weisberg et al. 2008). In an educational context, Lindell and Kidd
(2013) showed that participants given four advertisements for a hypothetical
educational programme (either called ‘Right Brain’ or ‘Right Start’, and
either with or without a brain image) rated the product as more interesting,
more effective, and more scientifically rigorous in the presence of neuroscience
language or imagery. Taken together, these experiments would suggest that
neuroscience confers a sense of scientific legitimacy and explanatory depth
that is not necessarily extended to explanations at the level of the mind or
behaviour (Trout 2008).
However, the idea that neuroscience is uniquely persuasive has been met
with little empirical support. Farah and Hook (2013) report that a number of
studies failed to support this hypothesis. In addition, genetic explanations
appear to hold their own appeal (Dar-Nimrod and Heine 2011), suggesting
that this phenomenon may reflect a more general bias towards scientific explanations, rather than to neuroscience per se. Finally, it is possible that educational neuroscience may simply be newer and less familiar than other
approaches. Faddism has been a long-standing problem in the educational
sciences, and equally novel theoretical approaches may have also benefited
from their own ‘seductive allure’ phase.
Nevertheless, excitement about neuroscience is concerning because it can be
exploited by unscrupulous consumer – product manufacturers. The term ‘brainbased’ has been used to market an array of educational products, even if many
examples of ‘brain-based’ pedagogy are neither derived from neuroscience, nor
validated by it (Anderson and Della Sala 2012; Perkins 2009; Sylvan &
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Christodoulou 2010). For example, brain-training organizations such as LearningRx (2013a) implore prospective customers to not ‘settle for the brain you
think you were born with’ and that ‘because the brain is always adapting and
building, our ability to think, remember and learn is never static – it can
always be upgraded and improved!’. These claims are superficially true, of
course, but only insofar as every other kind of learning opportunity (including
learning to ride a bike, watching Sesame Street or practicing the guitar) constitutes ‘brain-training’ also. Even ostensibly research-based educational strategies may use brain language inappropriately. Consider the ‘neurological
impress method’ for reading (Flood, Lapp, and Fisher 2005), which Hruby
(2012) describes as ‘no more or less neurological than any other kind of educational method that makes an impression’ (4). Such imprecise use of brain
language may undermine legitimate efforts to meaningfully incorporate neuroscience into educational practice.
Compounding this problem is that most consumers, including parents and
teachers, lack the requisite scientific knowledge to be able to distinguish
between science and pseudoscience. Many educators rate brain-based products
quite favourably, providing glowing testimonials for a product’s effectiveness
(Ritchie, Chudler, and Della Sala 2012). However, there are many reasons to
ignore these claims, including that parents and teachers may be financially
and emotionally invested in the success of the product, and that these anecdotes
are handpicked by a commercially interested party. Moreover, the nuances of
what constitutes scientific ‘proof’ are easy to misunderstand, especially by educators who are not intimately familiar with standards of scientific evidence and
who may be dazzled by the neuroscience language and images on offer. To
make matters worse, neuro-educational products can be expensive investments.
An hour of one-to-one brain training can cost $80 –90, and one family of an
ADHD student reportedly spent $12,000 for one year of LearningRx’s help
(Hurley 2012). Even if these educational products were available at low or
no cost in schools, there is an opportunity cost involved. Time spent on solutions that focus on the brain translates into time not spent on other, potentially
more effective interventions to ameliorate student difficulties.
Education through a neurobiological lens: theoretical and ethical
considerations
We have suggested that neuroscience discourse is powerful, pervasive, and
alluring, enjoying a scientific cachet that is not afforded to mental or behavioural levels of analysis. Why might this be the case? A simple answer may be that
we live in a ‘neuroculture’ (Frazzetto and Anker 2009). Historians of science
have argued that in modern, industrial societies, our understanding of the self
– including beliefs, behaviours, and identity – is increasingly attributed to
neurochemical processes (Ortega 2009; Vidal 2009). By adopting these biological vocabularies and narratives, we are encouraged to understand ourselves and
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our relationship with the world in very different ways: moral and ideological
values are seen as adaptive or maladaptive brain states; complex notions
about culture are being understood in neurochemical terms; even common
sense notions of free will are being displaced. Indeed, language and metaphor
are intimately related to our understanding of concepts and how we interact with
the world, and can shape reasoning about complex social issues (Lakoff 2002;
Lakoff and Johnson 1980; Thibodeau and Boroditsky 2013). How this
biological framing plays out in education is something that we have only just
begun to address.
Neuroscience discourse can reconfigure our identity as teachers, parents, or
students, even reframing the way we understand the goals, purposes, and values
of schooling. Here, we first explore the kinds of biases that might arise when
differences between students are attributed to genes or neurobiology; what
we term ‘brain-typing’. Next, we highlight the issue of biological determinism,
where human development is viewed through the lens of biology alone. Finally,
we turn to a discussion on neuroethics in education: what does it mean to bring
research to practice and where do values come into play? What are educational
values and how might they be threatened by biological approaches to
education?
‘Brain-typing’
It is hard to miss the way that neuroscience language and imagery encourage us
to categorize learners using apparent neurological differences. Examples
abound in media articles, commercial products, and websites. Typically,
brain images are juxtaposed to highlight neurological differences between
groups, such as those with and without a learning disability. On their
website, Reading Horizons (2013), an organization that provides teaching
resources for K-12 reading instruction, presents literature on the neurological
basis for dyslexia. Underneath two drawings of brains are the words ‘dyslexic’
and ‘non-impaired’. Little scientific expertise is necessary to understand the
intended message: individuals with and without reading disability hold qualitatively different brain-types. By placing these images side-by-side, there is a clear
suggestion that neuroscientists can straightforwardly distinguish between dyslexics and non-dyslexics solely by their neural profile.
However, the notion that students (or more specifically, their brains) can be
tidily grouped into categories such as ‘typical’ or ‘atypical’, ‘dyslexic’ or ‘nondyslexic’, is fraught with scientific and ethical challenges. Clinical diagnoses
often rest on disputed assumptions and contested criteria (Choudhury, Nagel,
and Slaby 2009). Many authorities, including the US Department of Education
(2013), use a discrepancy between IQ and a test of a certain educational skill
(e.g., reading) to diagnose a child with a ‘specific learning disability’. But
this makes a diagnosis more likely for individuals with high intelligence and
comparatively less likely for students with low intelligence (Butterworth and
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Kovas 2013). Moreover, learning disabilities such as dyslexia or dyscalculia
can be relatively heterogeneous, both at the level of brain and behaviour
(Peterson, Pennington, and Olson 2013; Rubinsten and Henik 2009). Finally,
mounting evidence suggests that what we describe as ‘learning difficulties’
are actually quantitative extremes of normal variability, rather than qualitatively
distinct groups (Kovas and Plomin 2012). Together, these pictures paint a
complex story about the characteristics of learning difficulties, and one that is
not easily reducible to simplistic visual and verbal narratives about ‘braintypes’. Indeed, scholars have critiqued theoretical approaches that focus on
group averages, claiming that it masks the richness and pervasive variability
of human development (Rose, Rouhani, and Fischer 2013).
To the extent that brain-typing affects the treatment of children within the
education system, teachers and researchers must also consider the ethical
implications of biological labelling, especially when these labels bear the
stamp of scientific authority. To illustrate, consider autism. Early theories
proposed that autism was mistakenly caused by poor, inattentive parenting
(so-called ‘refrigerator mothers’), leading to years of fruitless psychotherapy
for affected children (Wolff 2004). In recent years, the cultural and clinical
meaning of the term has shifted, with many researchers emphasizing the
autistic phenotype as a symptom of neurocognitive difference rather than a
pathology (Baron-Cohen 2002). Indeed, advocates of the neurodiversity (or
‘autistic-rights’) movement oppose a regimen of treatment, special education
and exclusion, and instead suggest that the locus of the problem resides not
within the individual, but with a society that is rigid and autism incompatible
(Kapp et al. 2013). The meaning of clinical and educational labels is therefore powerfully intertwined with social norms, values, and the experiences of
those diagnosed.
Consider also the idea that when categorical groupings are driven by putative ‘biological’ factors, those within a group appear homogenous and undifferentiated, and group differences appear large and insurmountable. Research
shows that when groups are essentialised, they are represented as having
deep, static, and unchanging properties (Prentice and Miller 2007). When
these categories are a social group (e.g., racial, genetic, or neurobiological),
individuals may perceive category members to share defining characteristics.
For example, the more people see ‘race’ as a biological construct (rather than
a socio-cultural one), the more accepting they are of discrimination against
certain racial groups (Williams and Eberhardt 2008).
A further problem, as Hruby (2012) argues, is that biological essentialism
has a lamentable history in the West
where biological idioms have been recruited at times to reify social constructs of
race, gender, and class as immutable natural phenomena, and to warrant the
acceptance of disparities of power and social expectation on those bases as
reasonable and natural. (16)
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There is a risk that essentialising group differences – especially when these
differences are couched in the scientifically authoritative language of brain
science – can perpetuate, reinforce, and be used to justify social inequalities.
Consider, The Bell Curve (Herrnstein and Murray 1996), a widely criticised
book that asserted that inherited differences in intelligence were responsible
for racial differences in achievement. The authors’ claim rests on an assumption that race constitutes a biological construct, in spite of anthropological
and scientific research to the contrary (Muntaner, Javier Nieto, and
O’Campo 1996). The assumption that groups are biologically determined
obscures the flexibility of diagnostic categories and their ability to change
over time, and averts our gaze from the matrix of socio-cultural factors
that help give rise to them. It is therefore concerning that the cause of
other disparities in educational achievement could be shifted away from
conversations regarding society and culture towards those attributing the
cause to genes or ‘brain-types’.
Reifying gender differences through brain-based narratives
A relevant example is the argument that putative ‘hard-wired’ differences
between the brains of males and females justify single-sex classrooms or
gender-specific teaching strategies. The work of Gurian (2006) and Gurian
and Stevens (2007, 2010) is illustrative. In an article for a school-based
journal (2006), he asserts that biology is the key driver for differences
between school-aged males and females: girls are more verbose because they
have greater blood flow in ‘verbal areas’ of the brain; they also have more
emotional descriptions in their writing because they have ‘more neural connections between the verbal centers and emotive centers in the limbic system’
(126). In contrast, boys are fidgety because ‘less of the calming chemical serotonin moves through the cerebral cortex’ (126). Biology is presented as the only
lens through which to understand gender differences in classroom behaviour
and academic outcomes.
Of course, whether there are meaningful differences between male and
female brains has been the subject of extensive scientific debate. Supporters
of sex-differentiated education cite research, mostly derived from adult
samples, that shows some degree of sexual dimorphism in the brain. Cortical
volume is typically 8 – 10% higher in males than females, even when controlling for overall body mass or height (Giedd et al. 2012; Goldstein et al.
2001), and studies have shown that males and females show differential
brain activation during certain cognitive tasks, particularly those related to
visual, spatial, or verbal processing (Bell et al. 2006). Scholars posit that cognitive and behavioural differentiations of men and women may be genetically
programmed through evolution (Wood and Eagly 2002) or that sex hormones
such as testosterone drive men to be risky, aggressive, or libidinous (Coates
and Herbert 2008).
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However, there are also several notable critiques of this work (Fine 2012;
Halpern et al. 2011; Vidal 2012). To begin with, boys’ and girls’ experiences
are culturally differentiated from birth, and these socialization practices can
mistakenly give rise to an illusion of biological innateness. Research shows,
for example, that both parents and teachers convey implicit verbal and nonverbal signals about their different expectations for males and females, and
these can shape development in ways consistent with stereotypical gender
roles (Delk et al. 1986; Leinhardt, Seewald, and Engel 1979). Second, brain
differences between males and females are often interpreted as being ingrained
from birth and therefore immutable. But this fails to acknowledge that a snapshot of an individual’s brain at one moment in time does not address whether
genetics or socio-cultural factors drove these differences to begin with (Vidal
2012). Third, there is no evidence that observed differences in brain structure
and function correspond to any meaningful cognitive advantage in or outside
the classroom. In fact, it is hypothesized that cortical density (number of
neurons in a given volume) is greater in females than in males, such that it compensates cognitively for the effect of having an overall smaller brain volume
(Willerman et al. 1992; Witelson, Glezer, and Kigar 1995). Together, this evidence suggests that a comprehensive understanding of gender necessitates
multi-level explanations that span genetics, up through society and culture.
Gender is a sensitive educational topic, and rightly so. Sexism in schools is
particularly insidious because it is channelled through hidden, gender-biased
curricula, embedded within teacher –student interactions and sustained
through inequitable opportunities for success (Sadker and Zittleman 2009).
Yet, these institutional forces can be obscured by specious neuroscience explanations that construe gender differences as innate, static, and unavoidable: As
Fine (2008) argues, this ‘permits us to sit back and relax, with its seemingly
neat explanation of our social structure and personal lives’ (71). Accordingly,
educational neuroscientists should realise that using neuroscience to guide
decisions about gender in schools may, counter-intuitively, legitimize and
sustain gender-based inequalities in the education system rather than address
them.
Neuro-determinism and the biopsychosocial approach
Stein (2010) asks us to imagine a young child who is distractible and restless.
Despite demonstrating knowledge of the class material, he struggles to perform
academically; he begins to squabble with peers and enters into aggressive confrontations with his teachers. What are we to do? Stein offers a number of possibilities. We might look to the boy’s brain to determine whether a neurological
condition may give rise to these behaviours, or look to other aspects of biology
such as sleeping habits or exercise. We might seek first-person reports to better
understand the child’s feelings and motivations. We might look to social and
cultural contexts: to the practices and policies of the school, the boy’s
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relationships with adults and the pedagogy used in the classroom. Ultimately,
the answer is that only a comprehensive picture of the student – one that considers biological, psychological, and socio-cultural factors in tandem – will
yield usable knowledge for educators. This framework is typically referred to
as the ‘whole-child’ or ‘biopsychosocial’ approach (Fischer 2009; RappoltSchlichtmann, Ayoub, and Gravel 2009), and has been offered as a metatheory to guide work in educational neuroscience.
Yet, many brain-based services fail to replicate this disciplinary blend,
instead privileging biology whilst eschewing phenomenological, cognitive, or
socio-cultural perspectives. Amen Clinics offers help to children and adults
with memory problems, autism, and learning problems, amongst others.
Their website seemingly reduces every problem to faulty neural wiring, claiming that by examining brain images, ‘[doctors] are able to see what is working
and what isn’t. From this, diagnosing and treating a mental disturbance goes
from guesswork to pure science’ (Amen Clinics 2013). LearningRx (2013b),
an educationally oriented company, espouses to help everyone learn faster
and easier, including students with dyslexia, autism, and ADHD. They tout
brain training as ‘the key to enhanced learning’, through the ‘rapid strengthening and growth of . . . neuronal connections’ (LearningRx, 2013c). A final
example is Jensen’s (2014) line of Brain-Based Workshops, including ‘Enriching the Brains of Students In Poverty,’ which explains ‘four ways the brains of
kids from poverty are physically different’ and offers appropriate teaching
strategies.
The deterministic nature of these claims eclipses more nuanced, holistic
explanations of individuals’ experiences. How might this relate to education
in schools? A focus on the brain may obstruct other ways of assessing
student difficulties. For instance, factors such as emotional experiences (Immordino-Yang 2013), teacher –student relationships (Beilock et al. 2010), social
context and stress (Rappolt-Schlichtmann, Ayoub, and Gravel 2009), and
stereotype threat (Adams et al. 2006; Beilock et al. 2006) may contribute to
learning challenges; none can necessarily be reduced to biology alone. A disregard for such factors may in fact delay or prohibit educators from accurately
diagnosing the source of student difficulty.
Finally, it is possible that biological framing in education may reconfigure
the ways that students understand themselves and their actions. An on-going
debate in neuroscience concerns the implications of brain research for understanding human agency and personal responsibility (Greene and Cohen
2004). Separate from whether free will actually exists, however, is whether
our belief in free will matters. Educators and students rely on the notion that
growth is possible, and that student difficulties can, to some degree, be remediated through personal effort. In some cases, belief in biological determinism
may free educators from making value judgements about the challenges their
students face (e.g., by attributing responsibility to external factors such as
faulty neuronal wiring). However, it may also relocate students’ sense of
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their own personal responsibility. When studies prime individuals to disbelieve
in free will [e.g., telling them that ‘all behaviour is determined by brain activity,
which is in turn determined by a combination of genetic and environmental
factors’ (262)], they are more likely to behave in impulsive, selfish, and even
aggressive ways (Baumeister, Masicampo, and DeWall 2009). Similar deterministic primes have increased the likelihood of students cheating on a task (Vohs
and Schooler 2008). Accordingly, by locating explanations for student behaviour ‘in the brain’, we may be depriving them of responsibility and control over
their actions.
Educational neuroethics
As educators and researchers, it is easy to believe that because we learn that the
brain functions develop in a particular way, we must unquestioningly redesign
our schools and classrooms. However, schooling is an inherently value-laden
enterprise, and educational decision-making – from classroom pedagogy
through to policy – reflects assumptions about the skills and knowledge that
we deem to be culturally important (Sheridan, Zinchenko, and Gardner
2005). To return to a previous example: should we frame autism as a neurological deficit or a neurological difference? Having knowledge of compensatory
strategies that would allow us (in theory) to ‘remediate’ the symptoms of
autism does not indicate whether this is something we should do. As discussed
above, many autistic individuals view their condition positively and oppose
attempts to find a cure (Kapp et al. 2013). While scientific consensus can
often discriminate between ‘good’ and ‘bad’ research, how to excavate the
ethical implications of educational and political decision-making is even less
clear.
Educational neuroscience also surfaces important questions about the goals,
values, and purposes of education. Looking to philosophy, Dewey (1916) once
described education as providing the ‘social continuity of life’, and others have
emphasized students’ roles in serving the beliefs, knowledge, and values of
society (Counts 1978) or cultivating intellect, creativity, and purpose (Rogers
1994). Amidst these ideals, one may be underwhelmed by Szú´cs and
Goswami (2007), who state that ‘education involves the shaping of individual
brains via targeted experience in the classroom’ (114). Naturally, changes to the
brain are preconditions for learning to occur. But brain-changes and education
are not coterminous. To say that a teacher (in the fullest sense of the word) is a
kind of social stimulus acting upon regions of a student’s brain presents an
impoverished view of what really goes on in classrooms. Teachers can
inspire, empower, and engage individuals, not just their brains, not only inviting
them to have experiences but to reflect on them too, nurturing their moral sensibilities and fostering their aesthetic preferences. We are a long way from
understanding these processes at the level of the brain, if ever we can.
Indeed, this reduction of education to neurological ‘tinkering’ tends to
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neglect the social, cultural, and interpersonal dimensions of schooling. In turn,
this constrained view may cause teachers to privilege so-called brain-based educational strategies and methods (cognitive skills training, rote learning, and
even psychopharmacology) at the expense of others (cooperative learning,
moral education, and critical pedagogy).
Finally, we draw attention to the possibility that educational neuroscience
can subtly reconstitute the duty of care between parent and child, teacher and
student, and school and family. Applying Kant’s categorical imperative,
Stein (2010) makes the ethical distinction between designing children and
raising them: the former referring to practices that alter a child’s behaviours
and dispositions through physical and instrumental means, such as via neurochemical enhancement; the latter referring to strategies that aim to care for children rather than fix them, acknowledging the importance of cooperation and
shared language and values. Farah (2005) posits a similar view, stating that
brain enhancement strategies can erode ‘the metaphysical distinction . . .
between things (even complex biophysical things) and persons’ (37). For educational neuroscience to progress responsibly, we need to carefully demarcate
the ethical boundaries that guide educational decision-making.
Educational neuroscience: future considerations
The interdisciplinary partnership of neuroscience and education presents exciting opportunities to help build a scientific groundwork for education practice
and policy. Studies reveal a high level of enthusiasm for neuroscience among
teachers (Pickering and Howard-Jones 2007), and this enthusiasm can be effectively harnessed in service of building better learning environments for children. Yet powerful, often self-interested, commercial forces serve as
mediators between research and practice, and this raises some pressing questions for future work in the field: what does responsible translation look like?
How can we create new forms of infrastructure that relay scientific knowledge
effectively? Although comprehensive answers to these questions are beyond the
scope of this paper, our analysis suggests that careful and selective use of
neuroscience verbiage may help guard against misappropriation and
misunderstanding.
There is also a need to teach non-scientists to think critically and sceptically
about neuroscience research and the related products and services they may
encounter. There is generally a low level of neuroscience literacy among the
public, and while many understand that brain and behaviour are related, a
common belief is that certain skills are biologically hardwired and therefore
not amenable to educational influence. In a survey of college-educated adults
in Brazil, the public generally did not equate learning with modifications in
the brain, and 53% of respondents believed that ‘mental practice did not
improve performance’ (Herculano-Houzel 2002). In addition, only just under
50% of British teacher trainees disagreed with the statement ‘learning problems
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associated with developmental differences in brain function cannot be
remediated through education’ (Howard-Jones et al. 2009). For teachers
working with children in their care, these data are troubling. One remedy
may be to highlight the intricate and complex interplay between genetic, neurobiological and environment factors, thereby undermining this deterministic
mindset (Dar-Nimrod and Heine 2011). Another may be to train teachers and
parents to more effectively assess the quality of evidence for scientific claims.
Relatedly, we advocate for discussions concerning what neuroscience
content is important, to whom it should be communicated, and how it should
be translated. What do teachers want and need to know? Research suggests
that teachers have a curiosity about the brain and the field of neuroeducation
(Hook and Farah 2013), and recent efforts have attempted to distil neuroscience
research to inform teacher professional development (Dubinsky, Roehrig, and
Varma 2013). Yet, the education landscape resembles an unfettered marketplace and it is often difficult for teachers and parents to discriminate between
the good, the bad, and the ugly (Anderson and Della Sala 2012). Moreover,
besides a relative few (e.g., Institute of Education Sciences in the USA, University of York Institute for Effective Education in the UK), there is a dearth of
reputable clearinghouses to distinguish between science and pseudoscience,
leaving interested educators to fend for themselves. We also suggest a need
for a communications consortium that can explicitly focus on issues relating
to the translation of educational neuroscience research to the broader education
community. Shonkoff and Bales (2011) offer a useful model in which to
develop, test, and refine simplifying models to explain complex scientific concepts about child development to non-scientists. This type of communications
work could develop in parallel with neuroscience research itself.
We suggest a need to build better connections between neuroscience
researchers and practitioners in classrooms (Coch et al. 2009). Educational
neuroscience research and conceptual frameworks fill the pages of academic
journals, but opportunities for dialogue between teachers and researchers are
still relatively scarce. In some cases, researchers attend practitioner-oriented
conferences (e.g., Learning and the Brain) or produce for-teacher curriculum
materials (Hardiman 2012). Some have called for ‘research schools’ as a
form of infrastructure that can bridge the worlds of research and practice
(Hinton and Fischer, 2008). In turn, this may leave less room for misunderstandings about neuroscience and the products that exploit them.
Finally, we also highlight the ethical liabilities posed by discourse in educational neuroscience and suggest these warrant attention. Language and
imagery play an important role in the way we think and reason (Lakoff and
Johnson 1980). The neurobiological framing of education may inadvertently
lead us to essentialise types of students, which may obscure complex explanations
for student behaviours or downplay students’ sense of agency. In turn, neurobiological framing could alter the basic values and goals that drive education, such
that the current notion of brain-based teaching methods may displace or bypass,
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rather than integrate with, teaching methods that focus on behaviour, relationships, culture, or psychosocial factors. Moving forward, educational neuroscience
will be best served by a greater consideration of these ethical debates.
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