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Foreword

The Educational Philosophy and Theory Book Series is dedicated to enhancing the ongoing 
conversations surrounding all aspects of educational philosophy, including areas of pure 
and applied educational research. The book series aims to extend the dialogues of edu-
cational philosophy by incorporating work from the related fi elds of arts and sciences, 
as well as work from professional educators. This monograph based on the special issue 
entitled Educational Neuroscience and edited by Kathryn Patten and Stephen Campbell 
brings together fourteen chapters, including an Introduction, to review and discuss an 
emerging fi eld sometimes also referred to as Mind Brain Education (MBE), after the 
journal established by Kurt Fischer in 2007. Both Kate Patten and Sen Campbell are 
from the Educational Neuroscience Laboratory (respectively, Outreach Coordinator and 
Director) established at Simon Fraser University in 2006 through the Canadian 
Foundation for Innovation’s New Opportunities Program. The Laboratory called 
Engrammetron, after the ‘engram’ or ‘memory traces’ hypothesized by Karl Lashley 
(1890–1958) the father of modern neuroscience, was set up with a primary specializa-
tion in mathematics education as a facility to measure, analyze and observe through 
various instruments and methods (including, electroencephalography (EEG), electro-
cardiography (EKG), electromyography (EMG), and eye-tracking (ET) capability), 
patterns of ‘mind brain’ behaviour. The fi eld is very recent and emerging quickly with 
major centres or research networks established in London, Cambridge, Harvard and 
Bristol:

• London (Centre for Educational Neuroscience, http://www.educationalneuroscience.
org.uk/)

• Cambridge (Centre for Neuroscience in Education, http://www.educ.cam.ac.uk/
centres/neuroscience/)

• Harvard (Brain Mind, and Education, http://www.gse.harvard.edu/academics/masters/
mbe/)

• Bristol (The NeuroEducational Research Network, http://www.neuroeducational.
net/)

All established in the past fi ve years, these facilities advertise themselves as transdisci-
plinary projects designed to synthesize biological, cognitive and social dimensions of 
learning within a developmental psychology framework that pays homage to Piaget. The 
Cambridge Centre states ‘we aim to understand how the brain functions and changes 
during the development of reading and maths, exploring the development of related 
skills such as language, memory, numerosity and attention’. The Harvard initiative 
advertises an interdisciplinary programme ‘including not only psychology, pedagogy, 

flast.indd   f_xiflast.indd   f_xi 7/15/2011   11:06:05 AM7/15/2011   11:06:05 AM



xii Foreword

and neuroscience, but also philosophy, anthropology, linguistics, computer science, and 
other relevant disciplines.’ The Centre for Educational Neuroscience at London, an 
inter-institutional project of University College London, the Institute of Education and 
Birkbeck College, on its website records conference presentations for ‘Educational 
Neuroscience: An Emerging Discipline’ held at Birkbeck in June 2010 with papers on 
Individual differences in numerical and mathematical abilities, the social brain in ado-
lescence, aspects of numeracy and math learning disability, school science, language and 
literacy, as well as autism and dyslexia.

In addition, there also exist various SIGS and forums. Most organizations and edu-
cational neuroscientists tend to picture themselves as providing a link between biology 
and cognition; many also acknowledge links to other disciplines, including philosophy 
and technology. In his scoping chapter Sen Campbell pictures educational neuroscience 
as a new area of educational research that goes beyond a conception of applied cognitive 
neuroscience. Drawing on a theory of the embodied mind put forward in the early 1990s 
by Francisco Varela and his colleagues who sought to overcome the Cartesian Anxiety 
by complementing cognitivism as an outgrowth of cybernetics with emergence or con-
nectionism, Campbell focuses on subjective experience to argue ‘any changes in subjec-
tive experience must in principle manifest objectively in some manner as changes in 
brain, body, and behaviour, and vice versa’ (pp. 9–10).

What I like about Campbell’s conception is that it is based on philosophical commit-
ments and a good working knowledge of philosophy of mind which makes it both suit-
able and highly relevant for our readers and for its inclusion in the Educational Philosophy 
and Theory book series.

I am grateful to Kate Patten and Stephen Campbell for their editorial work in bring-
ing such an excellent international collection together from leading scholars in this 
rapidly emerging fi eld, themselves included. Educational neuroscience promises new 
characterizations of the learner in terms of brain, genetic and hormonal states; its appli-
cations in mathematics, literacy and social or emotional cognition are interesting even 
although it still faces formidable methodological and philosophical challenges; and yet 
already it has already accomplished important work such as deconstruction of prevalent 
neuromyths such as left/right or male/female brain.

 Michael A. Peters
 University of Illinois
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1
Introduction: Educational Neuroscience
Kathryn E. Patten & Stephen R. Campbell_700 1..6

This book provides an overview of a number of recent initiatives in a new area of research
that is coming to be known as educational neuroscience. Educational neuroscience, as a
first approximation, variously involves syntheses of theories, methods, and techniques of
the neurosciences, as applied to and informed by educational research and practice.
Contributions to this book were sought from principals involved in initiatives pertaining
to educational neuroscience with common foci on 1) motivations, aims and prospects;
2) theories, methods, collaborations; and 3) challenges, results, and implications, both
potential and actual, resulting from these initiatives. Contributors were asked to write
position statements with special emphasis on the motivations, methodologies, and prac-
tical implications of their particular initiatives for educational philosophy and theory, as
well as for educational research and pedagogy.

What emerges in this book is an indication of the wide range of initiatives related
to educational neuroscience. This book presents a wide variety of initiatives
and methodologies, as well as common goals, concerns and issues. Many topics raised
herein are endemic to the emergence of a new discipline: for instance, a need for more
coherent terminology, a struggle to identify and establish theoretical and philosophical
foundations, a quest for practical empirically-based models, and a requirement for
standards of ethical practice. Amplifying problems in establishing the new discipline of
educational neuroscience is its cross-disciplinary nature and its consequential need to
combine a variety of resources, methodologies, and results. In order to include as wide
a variety of responses as possible, authors truncated their submissions to present brief
overviews of their perspectives, purposes, portents, and projects. The authors examine
a variety of concerns, issues, and directions relating to educational neuroscience; as
well as revealing a need to establish theories, models, ethics, methodologies and a
common language.

Stephen Campbell, an educational philosopher and researcher in mathematics
education at Simon Fraser University, opens this book by considering the nature of
educational neuroscience. In so doing, he identifies its proper object of study as the
‘mindbrain’. Campbell advocates a radical theory of embodied cognition that takes as a
foundational assumption that any and all changes in subjective experience necessarily
entail associated changes in brain and body behavior. Accordingly, he has been expand-
ing his empirical research in mathematics education to include methods and techniques
of psychophysiology and cognitive neuroscience in his studies of mathematical cognition
and learning.

Educational Neuroscience, First Edition. Edited by Kathryn E. Patten and Stephen R. Campbell.
Chapters © 2011 The Authors. Book compilation © 2011 Educational Philosophy and Theory/Blackwell Publishing Ltd.
Published 2011 by Blackwell Publishing Ltd.



In Chapter 3, Anthony (Eamonn) Kelly, Professor and Coordinator of Instructional
Technology at George Mason University, identifies many relevant factors contributing to
educators’ growing interest in the findings of cognitive neuroscience. He asserts that
neuroscience may well provide the empirical ‘primitives’ for theorizing anew about
learning; in fact, spawning a revolution in our understanding of learning grounded in
science. He emphasizes the need to debunk brain-based neuromythologies and replace
vague theories of learning with mixed method research-based theories involving a range
of disciplines, including the neurosciences.These new theories that incorporate empirical
research will ground changes in pedagogy, as in such collaborations as Science, Tech-
nology, Engineering, and Mathematics (STEM) learning. STEM seeks to define funda-
mental aspects of learning based on neural processes and other biological foundations,
and in so doing, to aid in clarifying, defining, and creating theories and models of
learning. As well, he argues, STEM has a role to play in helping to establish research
agendas and in disseminating resultant findings to various disciplines contributing to
educational neuroscience.

In Chapter 4, Paul Howard-Jones, Senior Lecturer at the University of Bristol, argues
that it is imperative to include brain function in current educational theorizing. He
cautions that collaborations between neuroscience and education are fraught with philo-
sophical, conceptual, methodological, and practical issues. He also cautions against
‘medicalising’ educational issues in our quest for understanding educational issues, and
presents a ‘levels-of-action-model’ that incorporates the brain-mind-behaviour paradigm
as a workable interface of the natural and social sciences by neuroeducational research-
ers. Specifically, Howard-Jones presents and discusses the Neuroeducational research
network (NEnet) at the University of Bristol in its role to develop collaboration between
the fields of neuroscience and education.

What follows in Chapter 4 is Michel Ferrari’s view of educational neuroscience
as ‘an exciting renovation’ of cognitive neuroscience and other neurosciences that will
advance our understanding of how knowledge and cognition is embodied. Michel, Head
of the Centre for Applied Cognitive Science at the Ontario Institute of Studies in
Education, advocates that while neuroscientific investigation typically addresses patholo-
gies of learning disabilities, our focus as educational researchers should be to understand
the larger underlying context of personal learning and development and to avoid neu-
roscientific labeling of atypical students in manners that are limiting and potentially
stigmatizing. He cautions against an all-too-common practice of over-generalizing labo-
ratory results to learning situations in situ, and against acceptance of frameworks that
negate the presence and importance of agency. Ferrari argues, in some contrast to
Howard-Jones, that educational strategy must follow the medical model in that pure
research informs practice. Concomitantly, he argues that this strategy must also be
socially imbedded and culturally mindful in that it reflects the values we espouse and the
society to which we aspire.

Daniel Ansari, and associates Donna Coch (Dartmouth College) and Bert de
Smedt (Katholieke Universiteit Leuven) of his Numerical Cognition Laboratory at the
University of Western Ontario, examine the role of cognitive neuroscience in informing
education. They acknowledge that changing educational theories and models to be
neuroscientific and grounded in biology will be complex and necessarily involves changes
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in teacher education and teacher training. Advocating that cognitive neuroscientists take
an essential role in helping teachers to become literate in neuroscience, they concomi-
tantly propose that teachers reciprocate by enabling cognitive neuroscientists to become
literate in the issues and problems related to classroom practice. This process would
replace the application of the myths of brain-based learning with interdisciplinary
applied research and would generate new collaborations, new paradigms, and eventually,
changes in pedagogy.

In Chapter 7, John Geake of the School of Education, University of New England,
regards educational neuroscience as an interdisciplinary field both inspiring and inspired
by educators’ questions pertaining to pedagogy and curriculum arising from educational
problems and issues. To this end, he espouses the use of neuroscientific action research
to both validate some current pedagogical practices and to provoke some new ones.
Geake laments the lack of recognition of the function of the human brain in most
education policy, curriculum and outcome documents. For Geake, it is the job of
educational neuroscience to include brain function in education. Educational neuro-
science, he asserts, needs its own discipline-specific methodology that addresses the
issues, concerns, problems, and needs of educators and learners, but at the same time
embraces the findings and expertise of cognitive neuroscientists. Geake briefly presents
his research on fluid analogy-making as a basic cognitive process underlying creative
thinking. These brain functions, such as analogy making, can be empirically validated
using such instruments as fMRI. Geake and his colleagues have proposed a neuropsy-
chological model of creative intelligence that features fluid analogizing.

As well as ascertaining the need for educational neuroscience, undertaking the task of
defining it, and establishing its place in the realm of educational research, other con-
tributors to this book address the problem of how research is to be conducted.

Hideako Koizumi, Director of the Research Institute of Science and Technology for
Society in Japan, welcomes the biologically-grounded perspective of educational neu-
roscience. He regards learning as making neuronal connections in response to external
stimuli from the environment, and education as the process of creating and/or con-
trolling stimuli, as well as ‘inspiring the will to learn’. He discusses the use of longi-
tudinal cohort studies using twins that chart the development of brain function with
regard to environmental and genetic factors. He argues that such studies will enable
researchers to contribute to educational policy making, reveal potential effects of tech-
nology, and help determine whether findings from animal studies can be applied to
humans. Neatly summarizing several cohort studies, their objectives, and their meth-
odologies, Koizumi presents the advantages of cohort studies, as well as possible issues
and implications.

While there is agreement that multidisciplinary collaboration is needed, Zachary Stein
and Kurt Fischer at Harvard University Graduate School in Education, next propose a
model for the training of a new generation of educational researchers and practitioners
in neuroscience.They present the idea of research school collaborations as the model of
choice for Mind, Brain, and Education (MBE).They argue that research school collabo-
rations embody the methodological innovations necessary to build a functional interdis-
ciplinary research group. As well, Stein and Fischer identify important issues for MBE:
the control of quality and interdisciplinary synthesis of methods; the development of
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pragmatic, comprehensive models of human development; the need to develop ethics
that govern the use of neuroscientific research findings; and the need to create a common
lexicon. They advocate problem-based research in the complex context of practice,
involving methodological pluralism, both quantitative and qualitative analyses, with the
goal of improving pedagogy.

Marc Schwartz and Jeanne Gerlach, at the Southwest Center for Mind, Brain and
Education at the University of Texas at Arlington, further along the lines of Stein and
Fischer, describe the reincarnation of Dewey’s laboratory school, a network of research-
ers, educators, administrators, and policy makers working collaboratively in what they
term a Research Schools Network. This network is established to provide the forum for
establishing conceptual frameworks, identifying educational challenges, developing
experimental methodologies and ethics, clarifying research findings, interpreting con-
clusions, and monitoring suitable applications of results. Rather than call the new field
educational neuroscience, they prefer the term Mind, Brain and Education, which they
see as being more pedagogically focused. MBE shares the vision of educational neuro-
scientists: to improve our understanding of learning and to actualize this knowledge in
pedagogy that reflects the multidisciplinary perspective of the mind, including planning,
teaching, and assessment.

While many have been theorizing about the new field of educational neuroscience,
asserting its place both in neuroscience and education, and examining the creation of
research communities and their practice, others have forged ahead and used established
methodology to apply to the examination of specific learning tasks. Some of these
initiatives are particularly evident in the area of mathematics education research.

Fenna van Nes, in Chapter 11, discusses the Mathematics Education and Neuro-
sciences (MENS) Project at the Freudenthal Institute for Science and Mathematics
Education. Van Nes advocates bidirectional collaboration between mathematics educa-
tion researchers and neuroscientific researchers, with a view to improve children’s
mathematical learning. She sees neuroscientific research and educational research not as
a fusion of fields, but as an interdisciplinary sharing of insights. She and her colleagues
combine qualitative ‘design research’ with quantitative ‘experimental research’ to arrive
at a more comprehensive understanding of the prerequisites involved in the development
of early spatial structuring and patterning ability in order to relate this early learning to
later mathematical performance. While the mathematics education researchers examine
the role of kindergarteners’ spatial structuring ability, the neuroscience researchers study
the kindergarteners’ automatic quantity processing and its consequence on mathemati-
cal development.This combined knowledge of the sharing of these findings, she projects,
will lead to better educational practice in the arenas of diagnosis, prevention, and
intervention in the learning and teaching of mathematics.

Kerry Lee and Swee Fong Ng at the National Institute of Education in Singapore, also
focus on neuroscience and the teaching of mathematics.They aim to differentiate among
the neuroanatomical brain systems utilized for doing math, teaching math, and learning
math. Advocating a mixed method approach to problem solving, they also raise the issue
of transferring laboratory research findings to the real classroom and the imperative of
pragmatic research in order to extend legitimate laboratory findings to pedagogy. Chal-
lenges they address include a condensation of issues related to teaching and learning
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mathematics into tasks suitable to the constraints of neuroimaging techniques, as well as
the issues of drawing legitimate inferences for pedagogy from the research results.
Specifically, Lee and Ng utilize neuroimaging techniques to investigate heuristics,
namely the model method versus formal algebra, utilized in teaching algebraic word
problem solving as well as to investigate the sequential steps in problem solving of
progressing from model or equation to solution.Their neuroimaging studies have proven
useful in providing insights into developing suitable interventions for improving
students’ problem solving success in algebra. On the practical side, professional
development courses are offered to share with teachers how they can improve their
pedagogy to enhance mathematical learning.

Having predicated her doctorate with many years of classroom experience, Kathryn
Patten, Outreach Coordinator of the Educational Neuroscience Laboratory at Simon
Fraser University, believes that the education curriculum has detrimentally ignored the
emotional needs of children. Arguing for the primal phylogenetic function of emotion
over cognition, she examines both the neuroscience and neuropsychology of emotion to
present the Somatic Appraisal Model of Affect (SAMA). Based upon Damasio’s somatic
marker theory and borrowing from Lazarus’ appraisal theory, Patten differentiates
among three levels of affect: dispositions or moods; basic universal, instinctive emotions;
and feelings, both secondary and conscious. Feelings, she posits, involve cognitive
appraisal regarding goals, cultural practices, beliefs, and a sense of self. SAMA is
presented as a dynamic model to provoke change in how educators and researchers
regard emotion and upon which to investigate possible changes in policy, curricula, and
practice that will address the emotional needs of students.

Mary Helen Immordino-Yang, at the Brain and Creativity Institute and Rossier
School of Education at the University of Southern California, is committed to bringing
neuroscientific evidence to inform educational theory and practice. As an educator, she
regards our collective role in reconciling new neuroscientific findings with established
theories, and uncovering how this new knowledge may be used to improve teaching and
learning. Immordino-Yang places the embodied mind in the context of the polis, arguing
educational neuroscientists must reconcile theories on which good practice is based with
new neuroscientific evidence of mind/body functions that incorporate the foundations of
development and involving emotional and social learning. Theories must incorporate
research on emotion and social processing, as these functions modulate neural process-
ing and, hence, learning. Immordino-Yang welcomes these imminent changes in educa-
tional theory, models, and practice evoked by educational neuroscience and anticipates
that findings in affective and social neuroscience will have a profound impact on our
understanding of development and learning.The evolution of educational theory and the
resultant models will lay the groundwork for changes in educational practice and have
implications for the design of new learning environments.

In conclusion, we wish to thank the authors of this book for their contributions.
These chapters represent a limited number of snap-shots of a very rapidly developing
field. There are many other initiatives than have been indicated here. We hope this
special edition of Educational Philosophy and Theory on Educational Neuroscience will
evoke discussion, prompt exploration, inspire research, and add spark to the continued
emergence of this new, exciting field that holds promise to transform education as we
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know it. Implicit in collaborations that constitute and complement educational neu-
roscience is the challenge of accommodating various theoretical and philosophical
stances of diverse disciplines. Despite these differences, initiatives in educational neu-
roscience share a common aim: to produce results that ultimately improve teaching
and learning, in theory and in practice. It is our hope that this book will provide one
of an increasing number of forums that will help document and facilitate the voyage
of philosophers, theorists, researchers, and practitioners into this exciting new millen-
nium of educational neuroscience.
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Educational Neuroscience: Motivations,
methodology, and implications_701 7..16

Stephen R. Campbell

Introduction

‘What does the brain have to do with learning?’ Prima facie, this may seem like a strange
thing for anyone to say, especially educational scholars, researchers, practitioners, and
policy makers. There are, however, valid objections to injecting various and sundry
neuroscientific considerations piecemeal into the vast field of education. These objec-
tions exist in a variety of dimensions. After providing a working definition for educational
neuroscience, identifying the ‘mindbrain’ as the proper object of study thereof, I discuss,
dispel or dismiss some of these objections prior to presenting my motivations, aims, and
prospects for this new area of educational research. I then briefly outline a positive case
for educational neuroscience in terms of theories, methods, and collaborations, and
conclude with a brief discussion of some challenges, results, and implications thereof.
Naturally, the following considerations are but my own, some of which may be shared to
some extent by others working in this area, as the case may be.

Defining Educational Neuroscience

In defining educational neuroscience, I do not presume to be putting forth anything
more than an evolving working definition pertaining first and foremost to the approach
I have been taking to some of the work I have engaged upon (e.g. Campbell, 2002;
2003; 2004; 2005; 2006a,b; 2007; 2010). My working definition attempts to go beyond
thinking of educational neuroscience in a more narrow but quite legitimate sense, as an
applied cognitive neuroscience. However, educational neuroscience can certainly be
perceived and pursued as such, especially if there are no substantive differences in
philosophical and methodological orientations to be found between educational and
cognitive neuroscience. Moreover, educational neuroscience can also be considered
more broadly than the working definition I am putting forth here, as concerning pretty
well anything that involves some kind of rigorous (viz., methodological/scientific) syn-
thesis concerning matters pertaining to mind, brain, and education. The term ‘neuro-
education’ encapsulates this latter view quite well (for a comprehensive treatment of
these matters, see Tokuhama-Espinosa, 2008). I leave it for others to judge the extent to
which my working conception of educational neuroscience relates more closely to a more
narrowly defined applied cognitive neuroscience (and, hence, more akin to cognitive
neuroscience) or more closely to a broadly defined neuroeducation (that itself, perhaps,
is viewed as more akin to an education science).

Educational Neuroscience, First Edition. Edited by Kathryn E. Patten and Stephen R. Campbell.
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For myself, I see educational neuroscience as a new area of educational research, and
one that naturally draws on the neurosciences (especially cognitive neuroscience, includ-
ing psychophysiology), and yet one that falls within the broader emerging field of
neuroeducation. That is to say, I see educational neuroscience as an area of educational
research that draws on, as in being informed by, theories, methods, and results from
the neurosciences, but unlike an applied cognitive neuroscience, is not restricted to them.
More positively, the focal points of educational neuroscience are living human beings,
not just physiological and biological mechanisms underlying them. As such, in my
opinion, educational neuroscience, by definition, with respect to teachers’ teaching and
learners’ learning, must attempt to bridge, or at least come to terms with, the gap
between conscious minds and living brains.This, of course, is a hard problem, or, rather,
for some, it is the hard problem (Chalmers, 1995).There is a well-known explanatory gap
between the ontological schism Descartes, and others before him and since, have
wrought between mind and the body (viz., brain). Perennial attempts to reduce one to
the other (as materialists and idealists have been wont to do) are fraught with difficulty
(e.g. Campbell & Dawson, 1995; Velmans, 1995). It is not necessary for educational
neuroscientists of various ilks and inclinations to hold identical philosophical views
regarding these matters, but I think it does behoove researchers in this area to be open
and clear about where they stand on them. Educational neuroscientists, be they cognitive
neuroscientists applying their trade to educational problems or educational researchers
applying methods and techniques of cognitive neuroscience, can adhere to the same
research paradigms, e.g. those associated with brain imaging, despite fundamental philo-
sophical differences that may exist between us (Campbell, forthcoming).

Clearly a synthesis of sorts between education and neuroscience, educational neuro-
science can also be viewed variously as a multidisciplinary, interdisciplinary, or transdis-
ciplinary endeavor (cf. Gibbons et al., 1994). My preference is the latter. Educational
neuroscience as a multidisciplinary activity would typically involve neuroscientists and
educationists (i.e. educational theorists, researchers, practitioners, and policy-makers)
contributing their respective expertise to a common project, with little appetite for
engaging each other’s theories, methods, practices, or policies let alone, philosophical
commitments—each expert would essentially just ‘do their own thing’. Educational
neuroscience as an interdisciplinary activity, however, would find neuroscientists and
educationists actively engaging each other’s points of view in an attempt to jointly
optimize each other’s respective contributions to a given project. Educational neuro-
science as a bona fide transdisciplinary activity, by definition, must entail the forging of
new philosophical frameworks and research methodologies for variously bridging edu-
cation and neuroscience, mind and brain, phenomenological and physiological, teleo-
logical and causal, first person and third person, objective and subjective, and so forth.

Whereas multidisciplinary and interdisciplinary activities are typically project-
oriented, based on treating traditional problems in new ways, transdisciplinary activity is
more oriented toward opening new, potentially revolutionary, sets of problems.The ‘holy
grail’, for a transdisciplinary educational neuroscience as I see it, would be to empower
learners through the volitional application of minds to consciously perceive and alter
their own brain processes into states more conducive to various aspects of learning. I
anticipate that such a discipline would be transdisciplinary to the extent that it would
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have to deal with the hard problem of the nature of consciousness and the explanatory
gap between mind and matter. So conceived, educational neuroscience would have to
engage and come to terms with how mental processes can exercise causal effects on brain
processes, and not just be satisfied with understanding how brain processes exercise
causal effects on mental processes, the latter as per the wont of neuroscience. This
bridging of the subjective with the objective itself may require grounding in quantum
physics in an attempt to reconcile a foundational divide between Aristotelian and
Newtonian physics, the former according to which objects themselves influence their
own motion, and the latter to which the motion of objects change only through
application of external forces.

The notion that human beings have it within our potential to consciously alter our
brains into states more conducive to various aspects of learning is a tantalizing thought.
The significance of cultivating such ability could potentially rival the advent of literacy.
No doubt, some might view this ‘holy grail’ for educational neuroscience not simply as
a (few) bridge(s) too far, but as an impossible pipe dream, or worse.Who knows what this
21st century might bring? (Let s/he who is without speculation cast the first critique!)
Others may wisely counsel a more cautious approach with less lofty aspirations, and,
frankly, I also find myself somewhat of this disposition, at least in the short term. In his
landmark article, Bruer (1997) argued that ‘brain science’ as of that time (i.e. 1997), had
little to offer in terms of educational practice, it was, in an oft-cited metaphor, a bridge
too far. Bruer, amongst others, has more recently signed ‘The Santiago Declaration’
(2007), which states, in part: ‘Current brain research offers a promissory note, however,
for the future. Developmental models and our understanding of learning will be aided by
studies that reveal the effects of experience on brain systems working in concert. This
work is likely to enhance our understanding of the mechanisms underlying learning’. A
key and potentially contentious issue here concerns ‘the effects of experience’.

The term ‘experience’ and the effects thereof can be interpreted in many ways. From
a materialist perspective, experience is what happens to the body, and the effects of that
experience manifest as objective changes in body, brain, and behavior. From an idealist
perspective, experience is what we have. That is to say, it is, quite literally, what we
experience as subjective beings—and the effects thereof concern effects pertaining to our
state of mind. It is possible, in both cases, to believe that one of these views or the other
is simply an epiphenomenon or illusion, or that never the twain shall meet. In cases
where some degree of interaction is admitted between mind and brain, there is an issue
of priority concerning exactly what is causing what. Do subjective changes in experience
cause objective changes in brain, or vice versa? There are many more sophisticated and
subtle variants of the nature and relation between mind, brain, and the rest of the body
than these. My aim is not to attempt a comprehensive treatment of these differences
here, but rather, to point out that it is herein, in one’s interpretation of this key phrase,
‘the effects of experience’, that one’s philosophical commitments are most likely to be
found.

Having said that, my own philosophical commitment in this regard, simply put, is to
view mind, a.k.a. lived experience, as a bona fide property of matter. That is to say,
mind is embodied in matter. It matters not to me if that property ultimately proves to
be inherent or emergent, or a function of organization or an outcome of certain types
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of complex interaction, or whatever. What counts to me, as an educator, is that mind
actually does have an effect on matter, and that means presupposing that one’s mind
can, at least to some extent, have causal effects on others, and on one’s own brain and
body in particular. Prima facie, such a view runs contrary to a fundamental philosophi-
cal commitment of most, if not all, scientists—viz., the notion that mind cannot have
any causal efficacy whatsoever. To presuppose otherwise, however, would be to elimi-
nate volition as a human characteristic, to render experience a matter of happenstance,
and to deny any sense of moral agency or empowerment to learners. I find this unac-
ceptable. Hence, I prefer to consider mind and brain different aspects of a unitary
‘mindbrain’, and to identify the study of the mindbrain as the true object of educational
neuroscience.

Furthermore, as an educational neuroscientist, I view mind, following Varela,
Thompson, and Rosch (1991), as embodied, but embodied in a radical sense such that
any changes in subjective experience must in principle manifest objectively in some
manner as changes in brain, body, and behavior, and vice versa. Placing the details of
causality and the nature of matter aside, this radical view of the embodied mind (viz., the
mindbrain) warrants a search for correlations between subjective experience and embod-
ied behavior. If we wish to study subjectively experienced changes in the mental states of
learners, one promising avenue in so doing is to study changes in brain and brain
behavior.This is ostensibly the motivation for studies in psychophysiology and cognitive
neuroscience. Accordingly, philosophical considerations aside, educational neuroscience
can rightfully appropriate methods, theories, and share results with these disciplines.

The foregoing conception of educational neuroscience, in sum, seeks to bridge the gap
between minds and bodies, with particular emphases on brains as our principal organs of
thought, and thereby render the nature and various effects of educational experience more
comprehensible and meaningful. Once again, I emphasize the plural here, as education
involves the mindbrain in interaction with others, as well as with itself and various aspects
of the world. Furthermore, although I have identified the mindbrain as the primary object
of study for educational neuroscience, I view mind as manifest throughout the body and
possibly extending beyond, but with the brain as its central and predominant locus.

In drawing on methods, theories, and results from cognitive neuroscience, educational
neuroscience can be pursued as an applied cognitive neuroscience, but when considering
philosophical commitments and methodological orientations (the latter about which I
have more to say below), educational neuroscience has the potential to go beyond the
prevalent mechanistic assumptions underlying those areas to become a truly transdisci-
plinary enterprise that also embraces radically empirical phenomenologies of lived
experience. At the other end of this spectrum, research in educational neuroscience is
also geared toward informing educational practice. As such it falls clearly within the
purview of neuroeducation and more broadly conceived initiatives concerning mind,
brain, and education, as evidenced in other contributions to this book.

Some Objections

To designate ‘mindbrains’ as the proper objects of educational neuroscience, then, is to
emphasize that mind and brain are predominantly one thing, not two. For those who
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would doubt such a claim, I proffer the following points. First, in many jurisdictions,
the absence of brain activity constitutes a legal definition of death. Second, it is clear,
especially from electroencephalographic (EEG) studies, the bioelectromagnetic field
generated by human brains clearly indicates subjectively experienced transitions between
sleep and wakefulness.Third, EEG reveals profound alterations in brain behavior during
seizures. Fourth, studies using transcranial magnetic stimulation (TMS) to alter brain
behavior consistently and repeatedly alter mental experience. Fifth, lesion studies can
dramatically illustrate effects thereof on mental functioning. Sixth, studies in brain
plasticity indicate that living brains continually undergo massive changes in neural
connectivity from moment to moment. Seventh, substances having noticeable effects
on brain chemistry typically have noticeable effects on mental experience. Eighth, the
burgeoning field of cognitive neuroscience, through a variety of brain imaging technolo-
gies, is providing mounting evidence that changes in cognitive function are significantly
correlated with changes in brain and brain behavior; for instance, volitional alterations in
mental state associated with meditation, attention, reasoning and recall. Even a cursory
search of the burgeoning literature in cognitive neuroscience, and more recently and
incipiently, neurophenomenology (inspired by Francisco Varela and colleagues), reveals
growing insight into correlations between mind and brain with no signs of abatement
in sight.

Returning, now, to my opening question:What does the brain have to do with learning?
This question is often on the minds of educational practitioners (brain-based enthusiasts
notwithstanding). After all, it is quite clear that kids in classrooms are a far cry from
neurons in Petri dishes. Moreover, what need is there for teachers concerned with
cultivating intellectual and moral development to concern themselves with the complexi-
ties and mechanisms of brain anatomy and physiology? These are legitimate concerns,
but they miss the point. The question is not whether there are connections between
minds and brains. There clearly are. The evidence is insurmountable and growing. The
question, then, is to what extent, subject to intrinsic theoretical and practical limits of
measurement and analysis, can we identify changes in mental states as changes in brain
and brain behavior, and vice versa—insofar as such changes in, and the development of
the mindbrain, affect and concern educational matters associated with teaching and
learning. Such is the charge and mandate of educational neuroscience. How, then, to best
go about this?

Motivations, Aims, and Prospects

Motivations are many and varied things. There are some cognitive neuroscientists who
are interested in studying and contributing to educational problems associated with
teaching and learning.To the extent that they bring their expertise to bear in these ways,
educational neuroscience can be seen as an applied cognitive neuroscience. On the other
hand, there are also some educational researchers, practitioners, and policy makers who
are interested in understanding ways in which findings from the neurosciences may be
relevant to improving education. To the extent that they bring their expertise to bear in
these ways, educational neuroscience can be seen as part of neuroeducation and the
growing initiatives concerning relations between mind, brain, and education.
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As both a philosopher of education and researcher in mathematics education (Camp-
bell, 1998), I see educational neuroscience as presenting unique opportunities to tackle
fundamental problems in both of these areas simultaneously and in a coordinated
fashion. In the foregoing sections I have focused on philosophical issues germane to
defining educational neuroscience as a bona fide transdisciplinary area of educational
research—a new area of educational research primarily concerned with the nature and
educational development of the mindbrain. Of what possible relevance might this be to
research in mathematics education?

There are many problems in mathematics education research, but those I am most
interested in, and consider as fundamental, are the nature of mathematics anxiety and
mathematical concept formation. I am particularly interested in ways in which the
former impedes the latter, and ways in which the latter can mitigate the former. My
chosen target population is preservice teachers, as I believe it is this population that
ultimately has the greatest influence toward improving the effectiveness of mathematics
education (see e.g. Campbell & Zazkis, 2002; Zazkis & Campbell, 2006).

Learner responses to mathematics anxiety and mathematical illumination typically
range from poignant to salient. Both constitute deeply embodied phenomena, and
thereby present themselves as natural candidates for research in educational neuro-
science.There are other issues of pressing concern in mathematics education that make
for good topics of study using methods of educational neuroscience, such as problem
solving and instructional design, especially involving computer-user interfacing with
computer-based educational software. I think these kinds of educational problems are
particularly well suited for study from a radically embodied perspective.

Theories, Methods, and Collaborations

Embodied cognition affords educational neuroscience a firm methodological founda-
tion as well as a strong philosophical framework for the study of such problems, and it
has been my aim to contribute to the development of both with that end in view. I
mentioned earlier that educational neuroscientists could conduct studies using a variety
of research paradigms whilst being motivated by and drawing conclusions based upon
differences in philosophical commitments (Campbell, forthcoming). The so-called
‘paradigm wars’ that have beset educational research over the past few decades have in
my view been based more upon fundamental philosophical differences than on the
much more specific theories and methods associated with various research paradigms.
As a transdisciplinary enterprise within a framework of embodied cognition, I see no
reason why educational neuroscience should be restricted when it comes to research
paradigms.

For instance, qualitative research in educational research often strives to understand a
given problem in depth as it is situated. The aim is to gain deep understanding in order
to provide some insight into a given condition, and/or how it arose or could be improved.
Sometimes, new and often unanticipated factors and phenomena are revealed. There is
less consideration given as to whether qualitative findings have more general application,
as such questions more rightfully fall under the purview of quantitative research.
The theories, methods, instruments, and aims of qualitative and quantitative research

12 Stephen R. Campbell



differ, but there is no overarching reason to see them as inherently incommensurable,
unless, that is, for some reason one or the other is at odds with one’s philosophical
commitments. However, with the growing prevalence of pragmatism and emphasis on
mixed methods should come greater openness toward novel approaches to educational
research enabled through educational neuroscience.

From an embodied perspective, it is just as important to understand how cognition is
situated within individuals and classrooms, how learning comes about and can be
enhanced, as it is to gain knowledge of brain mechanisms underlying cognitive function.
Hence, both cognitive and social neuroscience have much to offer educational neuro-
science. In applying results of cognitive and social neuroscience to educational problems,
it behooves educational neuroscientists to work closely, either in direct collaboration
with, or through assimilating relevant literature generated by, these neuroscientists. Not
only do the neurosciences have much to offer in terms of results, but also in terms of
theories and methods new to educational research, especially with regard to new tech-
nologies in brain imaging (Campbell, 2010; Makeig, 2010).

In my empirical research in mathematics education, coupled with a long-standing
philosophical commitment to embodied cognition (e.g. Campbell, 2002; Campbell &
Dawson, 1995), I have endeavored to bring to bear as much observational control of the
learning process as possible (Campbell, 2003; Campbell, with the ENL Group, 2007).
Currently in my educational neuroscience laboratory (a.k.a. the ENGRAMMETRON),
in the Faculty of Education at Simon Fraser University, I have equipment to record
electroencephalograms (EEG), electrocardiograms (EKG), electrooculograms (EOG),
and electromylograms (EMG), which pertain to brain activity, heart rate, eye movement,
and muscle movement, respectively. I can also record respiration, blood flow volume,
and skin conductance. All these psychophysiological metrics are augmented with eye-
tracking technology, screen capture, keyboard and mouse capture, and multiple video
recordings of participants from various perspectives. These data sets can then be inte-
grated and synchronized for coding, analysis, and interpretation, thereby affording
comprehensive observations and insights into the learning process (Campbell, 2010).

Beyond facilitating my own research, I conceived, designed, and implemented the
ENGRAMMETRON <http://www.engrammetron.net> ‘from the get go’ as a state-of-
the-art facility for collaboration, not only in educational neuroscience, but also for
bringing greater observational control to empirical research in education in general.
As such, the ENGRAMMETRON serves as a hub for a strategic research cluster of
researchers in education, psychology, cognitive neuroscience, biomedical engineering,
and so on, called ENGRAM/ME (Educational Neuroscience Group for Research on
Affect and Mentation / in Mathematics Education), resulting thus far in a variety of
completed, on-going, and anticipated collaborations.

Such collaborations with students and ENGRAM/ME members have been helpful in
bringing diverse sets of expertise to bear on a project-by-project basis (e.g. Bigdeli &
Campbell, 2007; Campbell & Handscomb, 2007; Campbell, Cimen & Handscomb,
2009; Campbell, Handscomb, Zaparyniuk, Sha, Cimen & Shipulina, 2009; Campbell,
Siddo & Bigdeli, 2007; de Castell, Campbell, Jenson, Shipulina, Cimen & Taylor, 2010;
Du, Campbell & Kaufman, 2010; Patten & Campbell, 2007; Sha, Winne & Campbell,
2009; Shipulina, Campbell & Cimen, 2009), with other projects planned and in progress.
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Challenges, Results, and Implications

Thus far, the emphasis in this initiative in educational neuroscience has been primarily
focused on identifying, meeting, and overcoming challenges. The main challenge has
been to muster evidence and rationale to justify this initiative to funding agencies
traditionally supporting educational research (Campbell, 2005). The Canada Founda-
tion for Innovation, the British Columbia Knowledge Development Fund, and Simon Fraser
University have collectively funded the development of my lab, and the Social Science
and Humanities Research Council of Canada has supported initial efforts for conducting
research therein. Another huge challenge has been to transform the lab from an idea
to a reality. The task was daunting, but there are benefits from being able to design
such a facility from the ground up (Campbell, 2010). In essence, and what makes
the ENGRAMMETRON such a unique facility, is that it integrates observational
methods and techniques from cognitive neuroscience, psychophysiology, cognitive psy-
chology, with audiovisual recordings prevalent in contemporary empirical educational
research.

The main result in meeting these two challenges of funding and building the lab has
been to provide a leading edge facility that augments traditional empirical educational
research in such a manner that educational researchers can design experiments that also
investigate and apply results pertaining to brain, body, and behavior obtained from the
neurosciences and psychophysiology in a manner that heretofore has not been possible.
Despite ample progress made to date, there remain on-going challenges in refining and
applying our philosophical framework, and various theories, methods and techniques
associated with acquiring and analyzing such a diverse set of observations—but these are
topics for which there is neither need nor sufficient space to discuss here (see, for
instance, e.g. Campbell, Cimen & Handscomb, 2009; Shipulina et al., 2009).

There is also an on-going challenge of attracting and training highly qualified person-
nel. My initial impulse in this regard was to take a ‘build it and they will come’ attitude,
and to some extent, thus far, I am happy to report that this has come to pass, and
hopefully will continue to do so the more word gets out regarding this facility. On a more
proactive basis, I have instituted a graduate level course that I have offered three times
now with substantial success (Campbell, 2008).

Despite these on-going challenges coupled with, as yet in these early days of operation,
relatively modest but promising preliminary results, the implications are clear. Empirical
research in education must move full bore into the 21st century. Perhaps never in the
history of our species has it been more important to cultivate our individual and
collective understanding of our selves, each other, and this finite world that we inhabit.
From a scientific perspective, as well as an embodied perspective, the more observational
perspectives that we can muster in educational research, the better opportunities we will
have in measuring, identifying, and comprehending new phenomena and significant
factors associated with cognitive and social development germane to various aspects of
teaching and learning. In much the same way audiovisual recordings augmented field
notes, so too can methods of educational neuroscience augment audiovisual record-
ings. Affording new avenues for experimental design and collaboration, be it pursued
in a multidisciplinary, interdisciplinary, or transdisciplinary manner, educational
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neuroscience has significant potential to inform educational philosophy and theory, and
thereby help to both elevate and edify our understanding of the human condition.
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Can Cognitive Neuroscience Ground
a Science of Learning?_702 17..22

Anthony E. Kelly

Why is there a current interest in cognitive neuroscience findings? In spite of the
pessimism of Bruer (1997) and the more recent caveats of Varma, McCandliss, and
Schwartz (2008), andWillingham (2008), the past decade has seen an upsurge in studies
focusing on the brain-basis for learning (see OECD, 2007 for a comprehensive review of
brain-related research in education). The following factors appear to be contributing to
this interest:

• A desire to scientifically debunk popular ‘brain-based’ claims about learning and
teaching (i.e. ‘neuromythologies’);

• A growing set of studies on the neural bases for mathematical thought;
• The establishment of recent gains in understanding the brain bases for processes of

decoding in reading;
• Decades of behavioral and cognitive science findings on both reading and learning

mathematics upon which to base brain studies in these areas;
• Frustration with vague theories of learning and the desire to disambiguate

and constrain research hypotheses at the behavioral, cognitive and social levels of
analysis;

• Frustration with broad measures of achievement (often paper-and-pencil standardized
tests) that do not allow the ability to sharpen and ground diagnosis and remediation of
learning difficulties;

• A desire to introduce and explore new mixed-methods research methodologies in the
social sciences;

• A sense of urgency to address emerging ethical issues that pertain both to neuroscience
and to learning;

• The ongoing goal to improve methods of teaching worldwide, including the quality of
educational materials;

• The emergence of more comprehensive and testable models of learning emerging from
cognitive science that can bridge learning and cognitive psychology;

• A desire to understand and promote creativity, and to explore cognition in music and
other areas;

• The challenges neuroscientists face in modeling learning phenomena continue to push
the boundaries of imaging technologies, and of the expertise required to co-formulate
clinical learning tasks with learning scientists.
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Part of the difficulty that educational psychology has faced in the study of learning is
that, too often, learning constructs exist as psychometric objects measured by tests (cf.
the treatment of intelligence, Sternberg, 2007). At the behavioral level, particularly in
ethnographic studies of learning in classrooms, researchers typically lack the knowledge
to differentiate between activity that is essentially accidental or contingent (i.e. behavior
A happened as a result of behavior B, but the results are transitory and the implications
for understanding are fleeting) and behaviors that point to more fundamental processes
or constraints that are necessary to a scientific understanding (e.g. Kelly, 2004; Kelly,
2008). I argue that a science of learning can be grounded in a set of empirical primitives
and that these primitives are becoming known via cognitive neuroscience-based analyses.

I recognize that the state of the art in cognitive neuroscience research is still in its early
stages (OECD, 2007; Frith & Blakemore, 2005), and that cognitive neuroscience will
take decades to mature. Nonetheless, important questions are being addressed, and new
ones will be answered, by advances in functional imaging technology such as near
infrared spectroscopy (Koh et al., 2007).

Moreover, there already is evidence that general abilities that define learning, such as
studies of general understanding of concrete and abstract concepts, are linked to specific
brain systems (Binder et al., 2005). Other studies have focused on attention (e.g. Rueda
et al., 2004), and executive function, attention and memory (Fan et al., 2003; Fan et al.,
2005; Fossella et al., 2002). Interestingly, the attention capacity may have genetic triggers
(Parasuraman et al., 2005).

New work is appearing on long-term memory consolidation as a complex neurobio-
logical process, involving synaptogenesis and neurogenesis (Shors, 2008). For related
studies on memory, see Kesner, 2009; Reder, Park & Kieffaber, 2009; and Weinberger
et al., 2009.

Specific abilities, such as mathematics, are also apparently rooted in and require brain
circuitry to support simple function and these circuits also underlie significant perfor-
mance deficits. For example, mathematical ability not only appears quite early in life (e.g.
Berger,Tzur & Posner, 2006;Wynn, 1992), but is also being found to have phylogenetic
roots and may not be ‘uniquely human’ (e.g. Diester & Nieder, 2007; Nieder, Diester &
Tudusciuc, 2006).

When mathematical ability is impaired in humans, growing evidence points to a brain
basis, especially in extreme cases such as in dyscalculia (e.g. Butterworth, 2005), or in
cases of dementia, cognitive decline appears to be related to specific dissociations in
numerical ability (Cappelletti et al., 2005, see also,Tang,Ward & Butterworth, 2008). On
the positive side, intensive instruction in multiplication and subtraction appears to
impact different neural circuitry (Ischebeck et al., 2006). In fact, Dehaene and colleagues
argue for a brain basis for ‘number sense’, generally (Dehaene, 1997; Feigenson,
Dehaene & Spelke, 2004; Hubbard, Piazza, Pinel & Dehaene, 2005), which they contend
is the result of evolutionary pressures.

The brain circuitry for reading is already well established, building on decades of
behavioral work. Like mathematics research, there is growing evidence of very early
circuitry development to support reading skill (e.g. Guttorm et al., 2005; Molfese, 2000;
Schlaggar & McCandliss, 2007). For example, there are studies implicating the posterior
cortex in development dyslexia (e.g. Pugh, Mencl, Shaywitz et al., 2000; Pugh, Mencl,
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Jenner et al., 2000; Pugh et al., 2005; Shaywitz et al., 2002). It is important to note that
neural studies go beyond simply mapping areas of the brain to behavioral activity. Studies
are now appearing that attempt to design learning based on brain studies such as
executive attention (Rueda et al., 2005), reading (e.g. Eden & Moats, 2002; McCandliss
et al., 2003; Sarkari et al., 2002), and number sense (e.g. Wilson, Dehaene et al., 2006;
Wilson, Revkin et al., 2006). Dehaene (2009) is a superb review of the neural basis for
reading.

Significantly, studies are now appearing linking learning to changes in the brain via
training interventions, completing an observational-correlational-experimental loop (e.g.
Sandak et al., 2004; Simos et al., 2002;Temple et al., 2003).The drivers in these studies
are the tasks, which can be simultaneously tested within the limitations of current
imaging technology, yet are informative about model building in learning (see Dehaene,
2008, for pointers on task design in arithmetic). New neuroscience studies are also
emerging that link learning to more traditional factors such as socioeconomic conditions
(Noble, McCandliss & Farah, 2007).

Most importantly, funding agencies are beginning to support research at the intersec-
tion of brain-based studies and learning. In 2008, the Research and Evaluation on
Education in Science and Engineering (REESE) program at the US National Science
Foundation targeted studies on the neural basis for mathematics learning. In 2009, the
REESE call for proposals has been extended to all science, technology, engineering, and
mathematics (STEM) learning:

1. Neural basis of STEM learning

Fundamental aspects of STEM learning are beginning to be understood in
terms of neural processes and biological context. Discoveries in these and
other areas are influencing our understanding of behavior, cognition, and the
nature of human learning. REESE will support studies focused on human
learning in the STEM fields drawing on a wide range of theoretical approaches
and empirical techniques. It is incumbent upon those submitting proposals to
make explicit the implications their work has for current theories of learning
and instructional methods, however long-term and indirect they may be. For
example, neuroscientific studies of attention or inhibition could constrain
theories about the learning of specific STEM content or help explain why
some misconceptions are robust and difficult to overcome. They could
similarly inform the creation of principles of design for the development of
instructional materials, informal learning opportunities, or the education of
teachers in the STEM fields.

In order to gain traction on fundamental questions of mind and brain as
related to STEM learning, REESE supports innovative combinations of
theory, methods, and levels of analysis from a wide range of disciplines. An
important aspect of these activities is to build capacity in neuroscience related
to complex human learning and education, and to identify trajectories
by which multidisciplinary research anchored in the biological basis of
human learning can inform STEM educational practice. The involvement of
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researchers familiar with STEM educational practice will be of benefit both in
helping to set the cognitive and neuroscientific research agendas in learning
as well as in helping to disseminate relevant literatures across disciplines.
(REESE Program Description. Available online at: http://nsf.gov/pubs/2008/
nsf08585/nsf08585.htm)

Taken together, I contend that we are beginning to see, across these factors, the basis
for a revolution in theorizing about learning that designs and refines its measures, guides
its hypotheses, informs its analyses and grounds its conclusions using data from cognitive
neuroscience studies. I expect that current, apparently incommensurate, theories or
general descriptions about learning will be decided more and more on the basis of this
growing empirical record. Theories are never abandoned easily, of course, but the
disambiguation of claims at the hypothesis testing level using cognitive neuroscience data
is likely to place upward pressure on theories, which are too often contingent descrip-
tions of learning with little specification of mechanism or grounding in the larger set of
findings in science.
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A Multiperspective Approach to
Neuroeducational Research_703 23..29

Paul A. Howard-Jones

Neuroeducational1 Research and the Interrelation of Diverse Perspectives
on Learning

To include concepts of brain function in educational thinking appears a common sense
notion that has become popular with many educators (Pickering & Howard-Jones, 2007)
and is stimulating discussion internationally, as evidenced by the recent OECD Brain
and Learning project (OECD, 2007). In the UK, the NeuroEducational research
network (NEnet, www.neuroeducational.net) at the University of Bristol has played a key
role in recent national efforts to develop collaboration between the fields of neuroscience
and education. In 2005–2006, NEnet co-ordinated an interdisciplinary seminar series,
funded by the UK research councils, entitled ‘Collaborative Frameworks in Neuro-
science and Education’. Over 400 teachers, neuroscientists, educational psychologists,
researchers and policy-makers met over six events across the country to discuss the issues
and opportunities that might be provided by such a venture. The series gave rise to a
commentary, whose popularity (downloading 110,000 copies in the first 6 months)
demonstrated the rapidly growing and broadly-based educational interest in the brain
(Howard-Jones, 2007).The commentary emphasized the need for two-way dialogue and
for projects in which neuroscience and education collaborate in terms of both funda-
mental research and in the communication of its concepts. Such a two-way approach to
ventures in neuroscience and education can serve two principle aims.The first aim is to
enrich, develop and promulgate educational understanding and practice (Geake, 2004).
The second aim, interrelating with the first, is to further scientific understanding of
behaviours associated with learning, through the study of contexts more closely resem-
bling those found in the ‘real world’. This chapter outlines the philosophy of approach
taken by researchers within NEnet in their recent efforts to pursue these aims.

Theories, Methods, Collaborations

While the demand grows for collaborations between neuroscience and education that
embrace expertise and concepts from both perspectives, such collaborations are not
straightforward. One fundamental issue is the significant philosophical divide between
perspectives. Educational research, with its roots in social science, places strong emphasis
upon the importance of human development, social context and the interpretation of
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meaning. Neuroscience, on the other hand, is more concerned with controlled experi-
mental testing of hypotheses and the identification of cause-effect mechanisms that can
be generally applied. Concepts and language also differ widely, even with respect to the
meaning of fundamental terms such as ‘learning’. In cognitive neuroscience, learning is
often synonymous with general memory abilities at the level of the individual. These
include declarative memory, such as our ability to explicitly recall facts, but also non-
declarative forms of memory such as the acquisition of skills and habits, conditioned
emotional responses and even habituation to a repeated stimulus (Squire, 2004). Edu-
cators, on the other hand, more often describe learning in terms of social construction,
through authentic exploration, engaging activities, interactive group work and student
ownership of the learning process, emphasizing the importance of context. Additionally,
educators may consider learning as closely bound to issues of meaning, the will to learn,
values and the distributed nature of these and other aspects of learning beyond the level
of the individual (TLRP, 2006; 2007).

These differences represent a major challenge for researchers at the interface between
neuroscience and education and there may be no single solution to bridging them. Instead,
one may expect some diversity in the approaches taken by emerging centres of research
activity. Discussion within NEnet, which has been heavily influenced by the ESRC-TLRP
seminar series, has given rise to a ‘levels of action’ model to help examine the potentially
complex interrelationship between the different learning philosophies that meet in this
emerging new field (Howard-Jones, 2008b; 2010, pp. 79–97). This model also suggests
how the different methodologies associated with educational research and neuroscience
can be usefully interrelated in neuroeducational research. The model builds on the
brain->mind->behaviour model of cognitive neuroscience (Morton & Frith, 1995) and
extends it to place greater emphasis on social processes. In Figure 1, the representation of
two individuals interacting helps remind us of the complexity that can arise when
processes more often studied at an individual level operate within a social environment.

The two individuals in Figure 1 may be two learners or, perhaps, a teacher and learner.
In this diagram, the space between the individuals is filled by a sea of symbols repre-
senting human communication in all its forms.The lines separating brain, mind, behav-
iour and this sea of symbols are shown as dotted, to emphasise the somewhat indistinct
nature of the boundaries between them and the difficulty in considering these as
separable concepts. This levels-of-action model helps maintain awareness of the useful-
ness and limitations of different perspectives on learning. For example, work within
NEnet has included an fMRI study of creativity fostering strategies (Howard-Jones et al.,
2005). This imaging study, which included a focus on the biological correlates of
creativity, was useful in revealing how those parts of the brain associated with creative
effort in a story telling task were further activated when unrelated stimulus words had to
be included. Results provided some helpful indication, at the biological level of action, of
the likely effectiveness of such strategies in the longer term. For example, had no such
increased activity been observed, this might suggest that such strategies, although known
to bring about outcomes that are judged as more creative, may do so without additional
rehearsal of the processes regarded as creative. However, that cannot be the end of the
story for educators.Taken in isolation, the study provides a poor impression of the issues
involved in effectively implementing these strategies in the classroom. When and how
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should they be used? To understand these issues, real world contexts must be meaning-
fully interpreted. However, the meanings ascribed to actions of students and teachers in
the classroom, including their use of language, are multiple, ambivalent and transitory.
Although the production and perception of language have been fruitful areas for
laboratory-based scientific research, the interpretation of meaning within everyday con-
texts is essentially a problematic area for experimental scientific paradigms. Interpreta-
tions of meaning that cannot be judged by the methods of natural science may be
considered beyond its jurisdiction (Medawar, 1985). The recent flourishing of journals
focusing on social cognitive neuroscience may demonstrate accelerating progress in this
area, but interpretation of social complexity remains chiefly the realm of social scientists.
Rather than natural science then, it is social science, with its own concepts of reliability
and validity, that appears most accomplished in interpreting meaning at the social level
of action, in order to understand the fuller significance of human communication
(Alexander, 2006). Such considerations, in the context of our research on creativity,
prompted an action research project in which an interdisciplinary team and a group of
trainee teachers co-constructed concepts about the fostering of creativity that were both
scientifically valid and educationally relevant. This subsequent study highlighted the
importance of teachers’ broader awareness of cognition and brain function in imple-
menting such strategies (Howard-Jones et al., 2008). Here, experiential accounts and
meaning-based interpretations of discourse were useful in understanding the factors
influencing pupils’ creative progress, and how these might relate to concepts of brain and
mind. Our qualitative work drew on educators’ personal and classroom experience,
together with findings from the fMRI study and further research from cognitive psy-

Figure 1: To interrelate the most valuable insights from cognitive neuroscience and the social science
perspectives of education (represented by arrows), the brain->mind->behaviour model may need to be
socially extended. Even two individuals interacting, as represented here, is suggestive of the complexity that
can arise when behaviour becomes socially mediated. Such complexity remains chiefly the realm of social
scientists, who often interpret the meaning of such communication in order to understand the underlying
behaviour. Cognitive neuroscience has established its importance in understanding behaviour at an
individual level but is only just beginning to contemplate the types of complex social domains studied by
educational researchers
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chology and neuroscience that made these findings scientifically meaningful. It provided
useful insights about pedagogical practice and how decisions to apply particular strate-
gies should take into account the learner(s), their progress and the specific educational
context (Howard-Jones, 2008a).

It would appear that neither natural nor social science, in isolation, presently offer
sufficient epistemological traction to travel across all the levels of description shown in
Figure 1. In this diagram, two of the most frequently travelled pathways of investigation
associated with different perspectives are depicted by arrows. Cognitive neuroscience is
shown to extend from brain to behaviour but little further, reflecting its present diffi-
culties in penetrating complex, meaning-based social interaction. However the role of
cognitive neuroscience is essential, as in our fMRI study of creativity, for supporting
careful consideration of individual brain-mind relationships with biological and psycho-
logical evidence, and improving understanding of teaching and learning strategies at
these levels of action.When it comes to a fuller understanding of how such interventions
are applied in specific contexts, issues at the social level of action, such as individual
differences in teachers’ interactions with children, require exploration from social science
perspectives more familiar to educational researchers. It is an interesting exercise to
imagine how pathways associated with other perspectives might be depicted on this
diagram. For example, phenomenological perspectives, that emphasise the role of mental
reflection in understanding our own and others’ behaviour, might be shown as an arrow
from mind to the sea of symbols. (However, note how this diagram gives greater weight
to ‘outsider’ perspectives and this can limit its helpfulness in representing perspectives
that draw on experiential evidence and illuminate important issues of human agency- see
below.)

Challenges, Results and Implications

Philosophy investigates the ‘bounds of sense: that is, the limits of what can coherently be
thought and said’ (Bennett & Hacker, 2003, p. 399). Those who attempt to work at the
interface of neuroscience and education will find themselves straddling at least two, very
different, philosophies about learning, each expounding a very different set of concepts.
Here, researchers are faced with the challenge of using language and developing new
concepts that reside clearly within the bounds of sense as interpreted by both of these
communities. Examples of common ‘sense’ transgressions in this new area are prevalent
(Geake, 2008), but many appear linked to two extreme constructions of the mind-brain
relationship.

In the extreme dualist camp, some educational issues are in danger of becoming
entirely ‘medicalised’.When educational issues become associated with biological issues,
they can sometimes be characterised as entirely biologically determined and so removed
from educators’ domain of influence. One example is management of the increasing
numbers of pupils considered to have challenging developmental disorders such as
ADHD. Here, the increasing use of psychoactive drugs and images of differences in brain
activity can lead to an increased sense of biological determinism (Degrandpre, 1999),
and thus a diminished sense that outcomes are amenable to educational intervention.
Another example might be the tendency for debates around dyslexia to be unhelpfully
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characterised as two options in conflict, a type of ‘all-or-none’ theorising that either
dyslexia is a mental construction or derives entirely from a biologically determined cause
(Nicolson, 2005). In the extreme monist camp, of course, such debates are meaningless,
since mind and brain are conflated, and psychological and biological concepts are not
distinguished. This monist departure from ‘sense’ is often found in popular language
(e.g. ‘my brain is confused’) or in ‘brain-based’ educational programmes where synaptic
connections become confused with psychological ones (see Wolfe, 1998) discussed by
(Davis, 2004; Howard-Jones, 2008b).

At the root of such misunderstanding is the fact that interrelating mind and brain is
not straightforward. Indeed, a whole field of scientific research has been founded on
efforts to achieve such understanding. In the field of cognitive neuroscience, researchers
believe that mind and brain must be explained together (Blakemore & Frith, 2000).The
notion of mind is regarded as a theoretical but essential concept in exploring the
emerging relationship between our brain and our behaviour, including our learning. Seen
in this way, the study of cognition appears as a vital bridge in linking our knowledge of
the brain to observations of behaviours, including those that involve learning. For this
reason, it has been pointed out that without sufficient attendance to suitable cognitive
psychological models, neuroscience will have little to offer education (Bruer, 1997).

The levels-of-action model incorporates the brain-mind-behaviour of cognitive neu-
roscience and thus helps avoid the dangers of dualist and monist notions. However, it
remains flawed in another important sense. Educators are encouraged to develop
autonomous learners, personally motivated and able to learn in response to their own
free will. Indeed, effective teaching and learning is considered by many to depend upon
the promotion of learners’ independence and autonomy (e.g. see TLRP, 2007, p. 9).
Some researchers within neuroscience, on the other hand, are presently unsure how, and
even whether, free will comes into existence. Studies of apparent mental causation
suggest that unperceived causes of action fail to influence our experience of will,
suggesting that conscious will is an illusion: just the mind’s way of estimating its own
apparent authorship by drawing causal inferences about relationships between thoughts
and actions (Wegner, 2003). This can be considered as another type of biological
privilege likely to cause conflict for those working at the interface between neuroscience
and education (Giesinger, 2006). However, such debates are not confined to education,
since denying the existence of free will brings neuroscience into conflict with the entire
legal system (Burns & Bechara, 2007).These arguments are bound up with those about
consciousness and are unlikely to be resolved in the near future (Tancredi, 2007),
allowing educators and other professionals to continue sharing, to a greater or lesser
extent, a firmly held assumption that free will is a major causal factor in much behaviour.

At present, and perhaps reflecting again its close relationship to consciousness, it is not
easy to represent human agency in Figure 1. However, given the growing emphasis on
learning autonomy in education, researchers working at the interface between neuro-
science and education must remain mindful that learning is best represented as a
dynamic scenario in which change can include transformation of learners’ (and teach-
ers’) own biological processes, perceptions and interpretations of meaning. The role of
free will and reflexive self-determination may be powerful and essential contributions to
learning that require careful consideration at all the levels represented here (biological,
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cognitive, behavioural and social). Returning to the particular example of our trainee
drama teachers trying to foster creativity, we found it useful to carry out experiential
arts-based workshops with professional actors prior to beginning the action research
cycle, to gain insights related to free-will and ethical issues regarding control, through
reflection with the artistic team (Howard-Jones & Border Crossings, 2005). This also
generated video footage that supported subsequent discussion of these and other
concepts with the trainee teachers.

Work within NEnet has successfully produced both scientific knowledge and practical
educational understanding that can be implemented in the classroom. However, it has
also drawn attention to a number of serious challenges for workers at the interface of
neuroscience and education. Here, researchers must traverse the boundaries of diverse
traditions of knowledge making and establish coherent interdisciplinary dialogue, main-
taining ‘sense’ as it is commonly determined and understood by these very different
traditions.

The emergence of a field of enquiry at the interface between neuroscience and
education is generating a new dialogue around some very fundamental issues. It has not
been possible to explore these issues in full within this short chapter. Instead, it is hoped
that some sense of the challenge for workers in this area has been outlined. In addition,
the chapter has attempted to convey the need for these challenges to be met with a
creative, positive, critical and educationally grounded re-examination of how the diverse
perspectives on learning offered by the natural and social sciences may be usefully
interrelated.

Note

1. Our network prefers the term ‘neuroeducational’ rather than educational neuroscience, as we
believe this better reflects a field with education at its core, uniquely characterised by its own
methods and techniques, and which constructs knowledge based on experiential, social and
biological evidence.
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5
What Can Neuroscience Bring
to Education?_704 30..35

Michel Ferrari

Looking back over the mainstream relationship between psychology and education, we
seem to see a clear progression. At the turn of the 20th century we had educational
psychology emerging as a broad discipline to apply psychological findings to educational
practice—although already we find a tension between the pragmatic approach of Dewey
and the behaviorist ‘drill and skill’ approach of Thorndike. By the 1960s we see the first
efforts to apply cognitive psychology to education, both in information-processing
models and in constructivist efforts like those of Piagetians and neo-Piagetians. By the
early 1990s we find efforts to consider the importance of contextual variables like family
and culture, or learning environment. By the late 90s, we find models like those of
Fischer (Fischer & Bidell, 2006) that try to integrate all of these approaches into a
comprehensive model of knowledge development. As the 21st century begins, we have a
new development, educational neuroscience.

Educational neuroscience promises to incorporate emerging insights from neuro-
science into education and is an exciting renovation of cognitive science, if integrated
with sensitivity. Although educational neuroscience aims to explain learning and devel-
opment generally, it seems particularly important to explaining atypical performances of
students with special needs (e.g. ADHD, autism, dyslexia, or math disabilities). However,
for a full understanding of these disabilities, educational neuroscience must consider
how they manifest themselves in learning and education that occur within the broad
context of people’s lives, both inside and outside of school. My own work and that of
my students suggests that although educational neuroscience can advance our under-
standing of how knowledge is embodied, it needs to do so in ways that promote
personal learning and development. For example, Carrie Richardson (2002) and I
looked at how students with Attention Deficit Hyperactivity Disorder (ADHD)
managed the intake of Ritalin to control their attentional difficulties. In a series of six
case studies, we found that adolescents made personally and contextually sensitive
decisions about when to take Ritalin, depending on the kind of experiences that they
expected to encounter. For routine school tasks they would take the drug, but for
creative tasks like composing music they would be careful to let its effect wear off
before engaging in that activity. Studying the neuroscience underlying attentional dif-
ficulties certainly allows us to better to understand what areas of the brain (and what
cognitive subskills) are involved in cognitive performances, and where points of
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breakdown can contribute to ADHD, but what our study shows is that we must also
understand the attentional demands of particular personally meaningful educational
contexts (including both classroom and informal learning contexts). Likewise, Zopito
Marini and his colleagues (Marini et al., 2010) have also shown that learners who
show similar kinds of bullying and aggression can require very different kinds of scaf-
folding or training when those behaviours occur for different neurobiological reasons
that lead some people to be callous and others to be uninhibited; understanding these
differences can allow educators to react more sensitively to students who engage in
bullying, and to be much better prepared to help them manage their aggression.

All this seems a very promising use for educational neuroscience by educators, and
many seem very excited about the possibilities of what neuroscience can bring to
education. However, as Geake and Cooper (2003a, b) point out, there are also dangers
in efforts to apply neuroscience to education. One danger is when neuroscience adds
nothing new to existing understanding of the issues, but lowers one’s guard about the
value of particular kinds of educational practice—simply riding a bandwagon and the
wave of popularity of neuroscience explanations generally. Indeed, a recent study showed
that explanations with neuroscience included seemed better, even when neuroscience
added nothing in support of the arguments presented (Weisberg et al., 2008). As a
real-life case in point, although there are clear neurocognitive differences between people
diagnosed with autism and the rest of the population, what these differences mean for
autistic individuals as they live their lives outside the lab is not immediately apparent.
Indeed, lab study results from neuroscience and cognitive science can often lead to false
generalizations from lab situations to people’s lives. For example it is sometimes reported
that people with autism have no understanding of other minds—that they are, in a sense,
‘mind-blind’ (Baron-Cohen, 1995). Ljiljana Vuletic and I conducted an in-depth case
study of Teodor Mihail, an adolescent with Asperger’s Syndrome (Vuletic, Ferrari &
Mihail, 2005)—which many place on the Autism spectrum—and found that he showed
great sensitivity and insight into other people’s condition when those people were
significant to him. For instance, he was concerned that his grandmother might become
too tired if they took too extensive a bus tour, despite his own fascination with the
Toronto bus system; and he had no trouble understanding that people in Romania
(where he had visited) could not know aboutToronto buses because they had never been
to Toronto.

Another danger of uncritically applying neuroscience to educational practice is reduc-
tionism. We must guard against claiming that the root cause of learning difficulties is a
mechanical failure or abnormality that operates at the genetic or neural level. It is
important to acknowledge that the brain changes itself in response to environmental
influences and based on personal effort and choices (Doidge, 2007). This is a point
Bandura (2006) makes in his critique of studies in cognitive neuroscience that seem to
undermine human agency. Following Bandura, it is important that educational neuro-
science be careful to promote frameworks in which agency is possible and valued.

We can see the importance of agency in the examples, mentioned earlier, of students
determining how to manage the use of Ritalin. Likewise, in our case study of Asperger’s
Syndrome,Teodor later asked Ljiljana what most adolescents would put on a website, so
he could be sure to do the same. Not only atypical adolescents such as these, but the

What Can Neuroscience Bring to Education? 31



people who care about them—friends and parents—all work to position these youth in
light of, and sometimes as resisting, master narratives about disabilities that are culturally
very powerful and as formative for their lives as any neuroscientific evidence concerning
what is or is not possible for them to do (Hammack, 2008; Harré, 2008; Harré &
van Langenhove, 1999). This point is particularly clear when we consider people with
Asperger’s who have left school and function as adults in society—sometimes (but not
always) as successfully as anyone else, as Ljiljana’s interviews with adults with Asperger’s
clearly show (Vuletic, 2010).

Thus, we endorse the Dalai Lama’s (2006) view that although mind and self are empty
of inherent existence, that does not mean that there is no lived experience of mind or self;
rather it means that to fully understand them, one needs to understand the causes and
conditions of their existence.While neuroscientific evidence points to an important role
for ‘upward’ neural causes for various kinds of experience, the kind of mind or person we
become is also ‘downwardly’ caused by our education and our choices (Sperry, 1993). Of
course, not everything about our mind or person is a product of our education, even very
broadly defined.The physical environment has as important an effect on the brain as the
brain has on our capacity for learning. As Martha Farah (2010) has shown in a series
of studies, low socioeconomic status (SES) has dramatic effects on the brain due to
associated physical effects of malnutrition, stress, as well as the psychological effects of
lack of cognitive stimulation; hence, we need to be alert to powerful impact of poverty on
education through its direct effect on neurocognitive development, and work to mitigate
that impact before low SES produces lasting effects on children’s brains and minds that
education can only partially remediate. In that light, educational neuroscience studies
such as those of Farah (2010) can provide evidence in support of something as basic as
the importance of providing nutritious lunches at school—which can be critical in
assuring healthy brain development. Educational neuroscience can also help design
educational programs, for example, based on observed differences in learning success
and brain functioning of those more or less skilled in math.

How, then, to proceed to make the most efficient use of the new information gained
by studies in educational neuroscience and their meaning for people’s lives? Ironically,
history gives us good models that have not been maximally exploited to date. In
particular, the original writings of both Piaget (1967, 1983 [1970]) and Vygotsky
(1997) [1934] show that they had already incorporated the neuroscience of their
day into overarching research programs that considered their implications for educa-
tion in ways that might be adopted in outline today. For instance, Piaget proposed a
reciprocal assimilation of the findings from biology and cognitive science (as well as
other allied disciplines). While appreciating the distinction between causal explanations
in neurobiology and implicative explanations in psychology, he granted a certain iso-
morphism between the kinds of structures and their relation to learning activities
(Ferrari, 2009).

Furthermore, although Vygotsky has little to say about isomorphic knowledge struc-
tures and how they relate to specific brain activity, he had much more to say about the
relations between culturally developed bodies of knowledge and the individuals who
must learn them. In particular, he was deeply concerned with how people with physical
deficits (e.g. those born with handicaps like blindness or deafness, or acquired injuries
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such as brain damage) must learn through alternative pathways—a point echoed by
Fischer and Bidell (2006). I wholeheartedly endorse this view, but would like to add that
we must also include technology and the extended environment when considering the
scope and limitations of educational neuroscience. Consider, for instance, Vaughan,
Rogers, Singhl and Swalehe’s (2000) report on how collective self-efficacy surrounding
family planning and sexual responsibility can be promoted through educational enter-
tainment. In particular, a specially designed radio show significantly increased HIV/
AIDS prevention in the part of Tanzania in which it aired.

In sum, we need an educational neuroscience that follows the medical model at least
in this way: that pure research informs practice, especially for rare cases that deviate from
the norm. But unlike medicine, which aims at promoting health, education promotes
values that reflect the kind of citizen and ultimately the kind of society we aspire to
create. Although educational neuroscience necessarily involves evidence from cognitive
neuroscience about the brain, it also concerns people and how they choose to live their
lives, as shaped by the cultural influences they are exposed to. This point is wonderfully
articulated in a debate between the neuroscientist Jean-Pierre Changeux and the phi-
losopher Paul Ricœur (Changeux & Ricœur, 2000) about whether neuroscience can
enter into a ‘third discourse’ that unites biological and personal experience. However,
this debate did not specifically address the issue of education.

Still, the issue of creating a common discourse seems relevant to this debate about
how to integrate education and neuroscience, at least to the extent that one agrees with
Egan (1997), who proposes that there are at least three aims of public education: (1) job
preparation; (2) truth seeking and (3) personal flourishing. All three of these may not
only conflict with each other, they may also call for different relations between education
and neuroscience, depending on what we choose to include within them. In other words,
neuroscience will inform each of these three aims of education, but does not set any aims
itself; educators or policy makers must look to neurobiology to answer the specific
questions that concern them personally, questions such as ‘What is the biological basis
of personal flourishing?’ or ‘What biological support is needed to allow particular people
to learn in ways that will get them a good job?’. Existing research programs in educa-
tional neuroscience that aim to help promote literacy and numeracy might be an
important part of any answer to such questions, but different questions suggest different
aspects of our biology may need to be explored to answer them.What are the biological
foundations of authentic and deep understanding? Of an appreciation of art and beauty?
Or of compassion for those in need at home and around the world? All these concerns
reflect different values that matter to particular communities and neuroscience could
inform us about all of them.

Thus, again, as cases in point, students with ADHD or Asperger’s certainly have
trouble with certain aspects of the contemporary educational context—like sitting still
for long periods of time performing tasks deemed important in our school curriculum.
Such difficulties can be traced to features of their underlying neurochemistry (Dalley
et al., 2008), but those features and those difficulties are neither the last word about
them as people, nor even about what they are able to learn under other socio-cultural
conditions, nor what other kinds of learning they and others might consider a valued
contribution to society.

What Can Neuroscience Bring to Education? 33



True, neuroscience cannot study everything, but then, neither can all learning of
interest fit into a K-12 curriculum with only limited time and resources. Thus, educa-
tional neuroscience must itself become part of a broader debate about the aims of
education and how to help students flourish, understand deeply, and become socially
productive members of society. Perhaps learning basic skills like reading and mathemat-
ics is not enough, and we also need to encourage students to gain self-insight (or personal
wisdom) through practices such as mindfulness meditation (Rosch, 2008). If so, and
recent efforts at promoting contemplative education alongside the basic curriculum
become successful, then contemplative neuroscience will suddenly become as central to
educational neuroscience as are efforts to understand the neurocognitive basis of dyslexia
and dyscalculia.

In other words, educational neuroscience can help fulfil the mandate of public edu-
cation, but only as a tool that is part of a broader conversation in Canada, and in other
countries around the world, about what schools should strive to achieve for the millions
of students who attend them.
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6
Connecting Education and Cognitive
Neuroscience: Where will the journey
take us?_705 36..41

Daniel Ansari, Donna Coch & Bert De Smedt

Introduction

There has been tremendous growth in the scientific study of the human brain over the last
15 years, and a concomitant excitement surrounding new findings about how the brain
works.The burgeoning availability of non-invasive tools and techniques used to measure
brain function during cognitive tasks led to the creation of the field of Cognitive
Neuroscience in the early 1990s, and the continuous development of such tools has
supported the remarkable growth of this field since then. Broadly speaking, the aim of
Cognitive Neuroscience is to elucidate how the brain enables the mind (Gazzaniga, 2002).
In other words, the goal of Cognitive Neuroscience is to constrain cognitive, psychological
theories with neuroscientific data, thereby shaping such theories to be more biologically
plausible. Throughout the ‘Decade of the Brain’ in the 1990s and into the 21st century,
cognitive neuroscience research has been widely popularized, with colorful brain images
filling the ‘Science and Nature’ sections of daily newspapers frequently.

Recently, research in cognitive neuroscience has attracted the attention of education-
alists. Naturally, people interested in learning and education might want to know how
results from relevant cognitive neuroscience research could be applied in the classroom.
Given that the brain is the ‘organ of learning’ it seems logical that knowledge about
how the brain works should be able to inform education. Indeed, there is a growing
body of cognitive neuroscience research in areas that are of potential key interest to
education, such as research on the neural correlates of reading (e.g. Pugh et al., 1996;
Turkeltaub et al., 2003) and mathematics and number processing (e.g. Dehaene et al.,
2003; Dehaene et al., 1999). Such research has generated great hopes amongst some
for a revolution in education in which results from the neuroscience laboratory posi-
tively transform the classroom. In fact, a number of journal publications have reviewed
and discussed evidence from cognitive neuroscience that might be relevant to education
(Ansari & Coch, 2006; Blakemore & Frith, 2005; Goswami, 2004, 2006; Posner &
Rothbart, 2005; Stern, 2005). Further evidence for the growth in excitement surround-
ing the potential connection between neuroscience and education is the creation of a
new international society for Mind, Brain, and Education (http://www.imbes.org/)
accompanied by the launch of a peer-reviewed journal of the same name. Of course,
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the present book is further testament to growth in the emerging field of Mind, Brain,
and Education.

These are certainly exciting times, in which the potential for real and meaningful
connections between education and cognitive neuroscience is strong and widely sup-
ported (although cf. Bruer, 1997). However, in the context of this wave of excitement
surrounding such potential connections, a number of questions have been left largely
unconsidered in a systematic fashion: exactly how will cognitive neuroscience inform
education, and how will education inform cognitive neuroscience? At what levels will
such connections be most fruitful, in terms of generating useable knowledge? What
practical changes need to be undertaken in order to support such sustainable connec-
tions? What will be the roles of cognitive neuroscientists, educators, funding agencies,
and policy makers in this endeavor? How will existing philosophical boundaries between
so-called ‘applied’ (i.e. in the real world of the classroom) and ‘basic’ (i.e. in the
controlled world of the laboratory) research be overcome?

We discuss some of these critical questions in the present chapter.We feel that careful
consideration of these issues is necessary in order to facilitate and sustain connections
between education and cognitive neuroscience. We contend that without concerted
thinking about how to build bridges and maintain them, the very idea that cognitive
neuroscience and education can interact to improve education will become just another
educational fad, a footnote in the history of the movement towards research-based
education. In considering these critical questions, we also discuss the potential future of
the emerging field of Mind, Brain, and Education—where this journey will take us—and
some important constraints that should guide us along the way.

How Might Cognitive Neuroscience Inform Education?

According to one perspective, the ideal connection between education and cognitive
neuroscience would be as follows: cognitive neuroscientists would conduct experiments
and then educators would directly apply the results of this research in their teaching;
there would be a seamless flow from the laboratory to the classroom. Indeed, there are
frequently calls for such direct links and the enterprise of Mind, Brain, and Education is
considered by some to have failed if such links cannot be achieved. At a recent confer-
ence, one of us was asked what he would tell teachers to do on the basis of his research
results. When he answered that he would like to first hear from teachers what they
thought about the results and how they thought the findings might or might not be
informative, there was visible disappointment on behalf of the questioner that a straight-
forward recipe derived from the research was not forthcoming. Here is an example of a
philosophical divide that has plagued the history of education as a science; as Condliffe
Lagemann notes: ‘When educational scholarship was professionalized, it was viewed with
contempt by noneducationalists; when it was discipline-based, it was shunned by stu-
dents, who had wanted “recipes for practice”’ (2000, p. 179).

We contend that such expectations for silver bullets, for research-based ‘fixes’ of
educational problems, for easy-to-follow ‘recipes for practice’ based on cognitive neuro-
science findings, are bound to be disappointed quickly; moreover, we argue that such
expectations are unrealistic and threaten to erode efforts to forge useful connections
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between education and neuroscience. Indeed, there exists a growing industry of so-called
‘brain-based learning’ products that propose pedagogical approaches and introduce tools
and teaching techniques that claim to be based on neuroscientific data. However, close
inspection of these claims for a direct connection between particular ‘brain-based’ tools
and teaching approaches reveals very loose and often factually incorrect links.

We do not believe that this sort of approach is the most fruitful for creating a
sustainable science of Mind, Brain, and Education that mutually benefits education and
cognitive neuroscience. Instead, we believe that the real potential lies in systematic
interactions between cognitive neuroscientists and educators to arrive at common ques-
tions and a common language, rather than in the direct route from research to its
application.The history of ‘applied’ research shows that the implementation of research
results to solve problems is often very indirect and rarely straightforward. This is espe-
cially the case in Education, a field in which there has been much resistance to the
potential influence of scientific, quantitative research (Lagemann, 2000).We expect that
developing the field of Mind, Brain, and Education and the collaborations at the core of
the field will require a journey much more complex than the direct route from the
neuroscience laboratory to the classroom.

In light of this, the question that leads this section (how might cognitive neuroscience
inform education?) is limiting inherently, as it contains the implicit assumption of a
one-way link between education and neuroscience. Such unidirectionality is either
implicitly or explicitly stated in discussions about education and neuroscience too often.
We believe that instead of asking what neuroscience can do for education it should be
asked how education and neuroscience might inform each other; that is, it is our explicit
assumption that Mind, Brain, and Education should be framed in terms of interactions
and based on mutually beneficial dialogue among participants with knowledge of child
development, learning, and teaching. This will also ensure that no knowledge hierarchy
is created in which educators are simply the recipients of information generated by
neuroscientists. There is often a perception that scientists will tell educators what they
should do; such a patronizing approach will be avoided if the types of collaborations we
propose are realized.

As we have previously articulated (Ansari & Coch, 2006; Coch & Ansari, 2009), we
argue that it is crucial for training in aspects of cognitive neuroscience to become a
fundamental part of teacher education, while at the same time graduate students in
cognitive neuroscience should be exposed to educational issues. We believe that such
instructional components will help teachers to gain a fuller understanding of child
development and the biological constraints placed on learning processes as well as
research methodologies; similarly, cognitive neuroscientists investigating subjects that
have potential educational relevance will be familiar with pedagogical issues surrounding
their subject matter as well as with the related ‘burning’ questions being asked by
educators and the constraints of the classroom learning environment. For example,
educators might discuss with cognitive neuroscientists the different strategies that they
have observed children using to solve a particular problem, or allow cognitive neurosci-
entists to observe children using various strategies in the classroom environment, thus
providing an avenue to potentially bring some of the rich and deep descriptions of
classroom learning into the neuroscience realm. This all will facilitate the generation of
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new interdisciplinary researchers fluent in the languages of education and cognitive
neuroscience. In turn, this will result in collaborations from which new research ques-
tions will emerge that are closely aligned with both the traditional basic science interests
of the cognitive neuroscientist and the applied issues encountered by teachers in their
classrooms.

What Needs to Happen for Education and Neuroscience to Interact?

There are a number of practical issues that need to be addressed before interactions
between educators and neuroscientists of the sort described above can become a reality.
Here we focus on the teacher preparation issue mentioned above as an example. We
believe that teacher education programs need to integrate courses on cognitive neuro-
science into their curricula, or integrate cognitive neuroscience methods and findings
into their current courses. Such courses should provide not only a basic introduction to
structural and functional brain development as well as the brain mechanisms subserving
core domains of cognitive functions such as the typical and atypical development of
reading and mathematical skills, but also discuss wider topics of relevance to education
such as the effects of culture on brain function. Of course, such courses should not be
focused solely on results from brain imaging studies, but should also discuss evidence
from behavioral research; by definition, Cognitive Neuroscience is an interdisciplinary
science that draws on results from cognitive psychology, neuroscience, sociology, and
anthropology to generate a better understanding of the brain bases of cognitive pro-
cesses. In order to understand and better support human learning and development in
their students, teachers need to know what science has discovered about learning and
development at multiple levels of analysis, from multiple perspectives.

Teacher training should also introduce aspiring teachers to research methodologies,
the strengths and limitations of behavioral methods and methods that measure brain
activity, as well as the uses and misuses of scientific data in popular publications. Being
able to critically evaluate scientific results and their portrayal in the popular media is
crucial, especially because there already exists a great proliferation of so-called ‘neu-
romyths’ in publications aimed at teachers (for a review, see Goswami, 2004). As
discussed above, there is a growing body of pedagogical tools and literature that claims
to be ‘brain-based’. Teachers who are able to critically evaluate the science to which
they are being exposed will not only avoid heeding advice based on inaccurate data and
pseudoscience, but also will force the producers of education-related literature on the
brain to provide more sophisticated and accurate information. In other words, teachers
need to become ‘neuroscience literate’; and, by the same token, cognitive neuroscien-
tists need to become ‘education literate’ in order for strong links to be forged between
fields.

Thus, in order to forge such links, traditional academic boundaries need to be crossed
and mutual respect developed, perhaps building on a common and shared foundational
interest in child development and learning between developmental cognitive neurosci-
entists and educators. This will also require Departments of Education to lower their
resistance to quantitative scientific, empirical research and, at the same time, Depart-
ments of Psychology and Neuroscience to embrace the importance of applied research,
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which is frequently considered inferior to the pursuit of knowledge characterized by basic
research.

What Does the Future Hold?

This book on Education and Neuroscience comes at a critical time. There has been a
steadily growing interest in the potential of a connection between Cognitive Neuro-
science and Education. However, this interest may be reaching its peak and may soon
subside, in part because the direct application of neuroscience findings to the classroom
has not been particularly fruitful. It is therefore crucial to think about the ways in which
the current enthusiasm and willingness of universities and funding agencies to engage
with the creation of Mind, Brain, and Education as a new field can be sustained over
the long-term. We contend that this can be achieved by moving beyond thinking about
the direct application of neuroscience research results to classroom practice towards
thinking about the constraints that need to be set in place in order to bring educators
and neuroscientists together to collaborate and inform each others’ thinking and prac-
tice. It will be important to communicate the potential and promise of such indirect
links to policy makers, funding agencies, and universities in order to avoid their turning
away from Mind, Brain, and Education when quick fixes are not forthcoming.

This view of Mind, Brain, and Education stands in stark contrast to much of the
current ‘brain-based’ education movement. It is of concern that much energy will need
to be expended in the future to curtail the growing emergence of so-called ‘brain-based’
programs and publications that proliferate myths throughout the educational com-
munity. In a similar vein, school boards and districts should be careful to choose and
use only programs for which there is clear, peer-reviewed, empirical support regarding
efficacy. In turn, it is important that scientists do not succumb to the temptation to
collaborate with industry to create intervention tools that are only loosely based
on their research results and have not undergone rigorous evaluation (particularly in
classroom contexts) after initial publication simply in order to avoid potential
commercial losses.

Finally, we believe that the future of Mind, Brain, and Education should be charac-
terized by much broader thinking about how Neuroscience and Education might inform
each other.What new research paradigms might be developed? How might non-invasive
neuroimaging methods be used to measure the relative success of educational
approaches? How can synergistic collaborations create a whole that is more than the sum
of the parts? Moving beyond our understanding of the neurocognitive mechanisms
subserving core cognitive domains, such as reading and mathematics, Mind, Brain, and
Education also encompasses consideration of issues related to the general structure of
learning environments, the timing of instruction, and the roles of stress, nutrition, sleep,
and social context in learning (to name a few topics). Interactions between Education
and Neuroscience may also help to evaluate the relative benefits of arts and science
education and thereby change the way in which we view educational priorities. Where
this journey will take us may be unpredictable a priori, but it is relatively more certain
that we will not make strides without some constraints in place and a concerted effort to
map out how we are going to get there.
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7
Position Statement on Motivations,
Methodologies, and Practical Implications
of Educational Neuroscience Research:
fMRI studies of the neural correlates of
creative intelligence_706 42..46

John Geake

My primary motivation in advancing educational neuroscience is to enable it, as an
inter-disciplinary field, to become a mutually informative two-way street. Consequently,
I offer this definition:

Educational neuroscience is cognitive neuroscience which investigates educationally
inspired research questions.

In other words, educational neuroscience is cognitive neuroscience that is relevant to,
has implications for, might lead to applications in, educational practice and policy—
pedagogy and curriculum—because the science addresses an educational problem or
issue. Consequently, educational neuroscience, as a research endeavor, only makes sense
if the genesis of its projects lies in educational issues, concerns, or problems. Without
being rooted in education, neuroscientific data and interpretations are unlikely to be
embraced by the education profession.

Therefore, educational neuroscience methodologies must necessarily incorporate an
action research cycle, wherein the original educational issue inspires a set of cognitive
neuroscientific research questions, which after investigation, the results have implications
and applications for educational policy and/or practice. For the latter, the research cycle
is not complete until the putative applications have been field tested in classrooms. Of
course, the outcomes of this might lead to a revision of the articulation of the original
educational issue such that a whole new raft of neuroscientific research questions arise,
and another research cycle is initiated.

A key assumption is that a neuroscientific understanding of children’s learning could
enhance the professionalization of teachers. Presumably better-informed practice results
in more efficient and enjoyable learning, which in turn should mean a better teaching
experience for educators.To this end, some findings from educational neuroscience may
support long-standing existing practice—so-called craft knowledge—thus providing a
confidence buffer against what can seem to be an unrelenting tide of educational policy
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change. However, it is also just as likely that some other findings from educational
neuroscience will support calls for radical changes to educational practice (Geake &
Cooper, 2003).

Our brains did not evolve to go to school.Yet we do all go to school as students, and
some of us return as teachers. In recent years, neuroscientists have not been shy in
publicizing new understandings of brain function in the considerable popular literature
on the brain prominently displayed in all good booksellers. Curiously, whereas this
literature features the brain basis of learning, memory, knowledge, even reading and
mathematics, there is almost no mention of education, schools or classrooms. Equally
curiously, in the vast mountains of educational policy, curriculum and outcomes docu-
mentation, there has been, until very recently, no mention of the human brain, the organ
most central to the educational enterprise. It is as though education has been regarded
as having little to do with how learning actually takes place in the brains of students.This
is why I believe that educational neuroscience needs a discipline-specific methodology
such as outlined above.

It could be noted, however, that the responses of the education profession to the
emergence of educational neuroscience, especially in the UK, have been mixed. On the
one hand, there are those aged education academics who, after a lifetime of not under-
standing and disparaging all science, see no need to change their ways now. On the other
hand, there are the ‘brain-based’ enthusiasts who hope that the current fads of left-right
thinking, brain gym, etc., will address the complexities and daily challenges of the
mixed-ability classroom. A middle-way requires neuroscientific education for both
groups so that the education profession can shape a professionally informative educa-
tional neuroscience research agenda of the future (Geake, 2005).

But, I suggest, the prima facie case that the education profession could benefit from
embracing rather than ignoring cognitive neuroscience will fail unless educationists
actively contribute to the future research agenda of brain research. That is, a cognitive
neuroscience-education nexus should be a two-way street (Geake, 2004). Whereas cog-
nitive neuroscience could inform education by providing additional evidence that con-
firms good practice, helps resolve educational dilemmas, or suggests new possibilities in
pedagogy or curriculum design, education could inform cognitive neuroscience by
providing a source of complementary behavioral data, especially on children, as well as
posing new worthwhile lines of investigation. There are many eternal questions that
teachers confront every day in the classroom that could be put onto the neuroscience
research agenda, such as, why do some children learn more easily than others.

My collaborative educational neuroscience research has focused on trying to better
understand how the brain enables creative thinking: how does the brain generate
insights, crack jokes, compose wonderful tunes, solve difficult problems, think up inter-
esting research questions, write poetry, and so on? A diverse research literature from
education, cognitive psychology, artificial intelligence, archaeology, and cognitive neu-
roscience indicates that analogy-making is the key underpinning process of intelligence.
Importantly, this is not analogy-making in the strict sense often used in intelligence
testing, e.g. black is to white as night is to . . . ? Rather, creative thinking requires fluid
analogizing, where fluid analogies are those without a strict or limited ‘correct’ answer.
(For an extensive discussion of fluid analogizing, see Hofstadter, 1995; 2001.) A simple
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example is afforded by the question:What is the London of the USA? Many people will
respond ‘New York city’, but politicians say ‘Washington DC’, film-makers could say
‘LA’, and geographers might reply ‘London, Ohio’. The point is that none of the
answers is ‘wrong’; all are plausible. Most real-world categorizations are similarly fluid.
In education, it has been argued that the effective employment of fluid analogies
enables efficient epistemic categorization and thus assimilation of new knowledge
(Geake & Dodson, 2005). Certainly, a characteristic of good teachers and scholars is
their ability to readily create fluid analogies for explanation and clarification. Moreover,
fluid analogizing has been conceptualized as a basic cognitive process underpinning
those creative aspects of intelligence which are mediated through working memory
(Geake & Hansen, 2005). Thus, using the methodological framework outlined above,
the education issue behind our research is how to promote creative thinking in edu-
cational settings, while the consequent neuroscientific questions are about what role
fluid analogizing plays in creative intelligence, and how the brain supports fluid ana-
logical thinking.

The neuroscientific investigations have entailed using functional magnetic resonance
imaging (fMRI) to map cortical locations where neural activity is higher when individu-
als are engaged in fluid analogizing problems (Geake & Hansen, 2005; 2006). These
mappings reveal patterns of frontal-parietal cortical activations that are similar to those
activation patterns found in previous studies into the neural correlates of high intelli-
gence in general, and analogical reasoning in particular (Luo et al., 2003;Wharton et al.,
2000). The conclusion is that fluid analogizing is a basic process for all cognitive
endeavors.

More generally, intelligence requires neural systems which are distributed through-
out rather than being restricted to specific locations in the brain. Consequently,
simplistic models of intelligence such as multiple intelligences (Waterhouse, 2006)
although popular in educational circles, should be quietly forgotten, together with
the myriad of neuromythologies (neuro-nonsense?) such as only using 10%, left- and
right-brain thinking, and visual, auditory and kinesthetic learning styles (Kratzig
& Arbuthnott, 2006; Geake, 2008). All of these neuromythologies seem to have
arisen from an ignorance of a systems level account of the complexity of brain
functions.

Two particular findings from our research are of potential educational interest. First,
in two regions of the frontal cortex associated with working memory, we found a linear
correlation between neural activation while undertaking fluid analogizing and a measure
of verbal IQ as determined by knowledge of irregularly pronounced English words (such
as ‘aisle’, ‘yacht’, ‘cello’, ‘syncope’) (Geake & Hansen, 2005). The result is consistent
with the proposition that creativity requires knowledge, the internalized knowledge that
we don’t know we know. It follows that as teachers, we should not be apologetic for
challenging our students to learn stuff.

In a second study we compared activations associated with fluid and non-fluid analo-
gizing with letters, numbers and geometric shapes (Geake & Hansen, 2006). We found
overlapping patterns of neuronal activation between fluid and non-fluid analogizing in all
formats.These results suggest that analogizing is a basic cognitive process and therefore
critical for successful school performance. We also found in frontal cortical working
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memory areas modest correlations between non-fluid analogizing, but not fluid analo-
gizing, and general IQ test scores, suggesting that conventional IQ tests, not to mention
school assessments, might not capture abilities of fluid analogizing which underpin
creative thinking (Geake & Hansen, 2006). Teachers have long suspected that IQ tests,
although predictive of academic success, do not reveal all there is about a child’s
cognitive potential. Our findings, in supporting conjectures that the brain might develop
separate working memory systems for general intelligence and fluid cognition (Blair,
2006), offer an explanation of such skepticism.

Given the pivotal role for fluid analogizing in cognition, elements of creativity through
the adaptive reorganization and restructuring of novel information, we propose that there
might be some potential pedagogic benefit in explicitly promoting fluid analogical
thinking in formal education settings (Geake & Dodson, 2005). Consequently, we have
proposed a neuro-psychological model of creative intelligence which features fluid analo-
gizing as a central modus operandum (Geake & Dodson, 2005). We suggest that the
pedagogic route to enhancing creative intelligence lies in fluid analogical thinking, and in
our ideal classroom, students would be motivated to explore how any concept or piece
of knowledge is like another, and what insights these possible analogical relationships
might afford.The key variable is complexity, and all students, especially the academically
gifted, should be pushed to the limits of their working memory capacity for conceptual
complexity.

To return to a broader scope, it is my hope that relevant and useful professional
and classroom applications of educational neuroscience will increasingly become avail-
able as we gradually come to understand more about brain function through research
which answers educational questions about learning, memory, motivation, and so
on. Consequently, it is my hope that in the years to come, initial teacher training,
together with teacher continuing professional development programs, will include
coursework components of educational neuroscience in order to create new balance-
points for the perennial tensions of theory vs. practice. The longer-term objective will
be to support teachers in proposing educational neuroscientific research questions to
initiate the action research cycles suggested at the beginning of this chapter. The
Oxford Cogntive Neuroscience Education Forum has solicited teachers’ questions for
neuroscientists, and it’s a very long list (Geake, 2009). The pursuit of the scientifically
tractable questions from such a list in the neuroscience lab might well realize more
applicable results than those reviewed here. That would be the ideal outcome; teacher
questions which become neuroscience questions which produce neuroscience data
which is applied in the classroom and evaluated for their utility. This way we can create
a scientifically rigorous and professionally informative interdiscipline of educational
neuroscience.
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8
Brain-Science Based Cohort Studies
Hideaki Koizumi

1. Introduction

A biological perspective makes new definitions of learning and education possible. Here,
learning is the process of making neuronal connections in response to external environ-
mental stimuli, whereas education is the process of controlling or adding stimuli, and of
inspiring the will to learn (Koizumi, 2000a & b; 2004). These neurological concepts of
learning and education are comprehensive, covering the whole human life span; in these
definitions of learning and education, the meaning of environment is everything except
oneself.The cases of self-learning or self-education should also be considered, which are
learning or education by self-preparation of environmental stimuli.

There are two kinds of learning: passive and active. During infancy, passive learning
from the natural environment is important because newly formed neuronal connections
occur only when the neurons acquire signals caused by environmental stimuli during a
critical period (Koizumi, 1996, 1998). The formation of the visual cortices is a typical
example of a critical period. Active learning is initiated by primitive reflexes.The reaching
that appears at around three months old is a typical example of active learning, as is the
beginning of locomotion-like crawling. Babies have a strong will to reach their objectives,
so the reaching and locomotion help the integration of brain functions. Active learning
might be an autopoietic process throughout human life.

Because development is a dynamic process with age, we must observe the developmen-
tal processes over time.Furthermore, individual diversity has to be taken into account even
within the case of typical development.Therefore, a cross-sectional study at one time point
is insufficient. A longitudinal study over time is necessary to elucidate the mechanisms of
human development by learning and education. Also, aging is a time-dependent process.
Research into both development and aging require cohort studies (Koizumi, 2006).

We have been performing various kinds of cohort studies led by Dr. Hideaki Koizumi,
a Hitachi Fellow and the Director of the Research and Development Division of Brain-
Science & Society, RISTEX/JST.The largest one is the birth cohort study, supported by
a number of universities and national laboratories, which involved approximately 200
researchers who worked at 3 local areas in Japan over five years (Japan Children’s Study
[JCS], to be mentioned later). The purpose of this study was to elucidate practical
operational methods for future large-size birth cohort studies; in this study, we especially
included observations of infants and parents/care-givers by child-neurologists or devel-
opmental psychologists as well as inquiry-based investigations including socioeconomic
factors. Namely, we prepared 5 standardized observation rooms which were equipped
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with sound isolation from outside, unidirectional transparent observation windows,
quantitative behavioral monitoring systems including motion capture, and a large video
screen to present psychological tasks. Batteries of instruments for exposure and outcome
were very carefully studied and planned in advance. We are still studying the statistics
from the huge amount of results, but early results are being published (Yamagata (with
JCS Group), 2009;Yamagata, 2010).

In parallel with the aforementioned strict birth cohort studies, we have been running
six other different cohort studies. These studies are distributed from longitudinal birth
cohort studies to simple follow-up studies combined with cross-sectional studies. These
7 studies related with cohort study methods will be mentioned below.

2. Why are Cohort Studies Important?

Human cohort studies based on the concept of ‘brain-science and education’ will likely
have three major sets of implications.

1. Human cohort studies based on brain science are expected to produce scientific
evidence that will contribute to policy-making, especially on education and related
issues that pose serious problems for modern human society. For example, we might
uncover implications for policy on childcare, school education, or aging.

2. We will be able to assess the potential effects of new technologies on babies, children
and adolescents. For example, because humans have only recently had experience
with electronic information technology, we have little information on whether such
technology affects the human brain and mind. If it does have effects, we need to find
out what they are.

3. Human cohort studies will allow us to test hypotheses drawn from animal and genetic
case studies to see if they actually apply to people. The results of animal studies can
neither conclusively prove nor disprove the validity of these hypotheses. Although a
number of recent animal studies have indicated links between the behavior and
expression of particular genes (Fish et al., 2004; Kaffman & Meaney, 2007), we do
not know whether these findings have implications for human development. We
should take note that the micro-anatomical structure of the human prefrontal cortex
cannot be found in rodents (Wise, 2008), and be careful in applying conclusions
drawn from rodent-based studies to humans.

3. Examples of Cohort Studies Based on Brain Science

1. ‘A longitudinal study of twins in infancy and childhood (“TokyoTwin Cohort Project:
ToTCoP”)’ directed by Professor Juko Ando, Faculty of Letters, Keio University (Ando
et al., 2006; Ando & Ozaki, 2009; Ando et al., 2009).

Human behavioral and psychological development is affected by environmental and
genetic factors.The ‘twin method’ can reveal the relative contribution and interaction of
each factor. This study constructs a population-based twin registry in the Tokyo metro-
politan area. Over 1,500 pairs of newborn twins were recruited, and longitudinal studies
were conducted for five years through mailed questionnaires, individual interviews,
near-infrared spectroscopic (NIRS) imaging and other methodologies.
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The purpose of this study is to clarify the developmental effects of genetic and
shared/non-shared environmental factors on temperament, motor skills, cognitive-
linguistic abilities and other behavioral traits at an early stage of human development.
For example, it was clarified that a factor for the increase of mothers’ rearing stress is
mainly due to genetic factors in 18-month-old infants, but due to environmental
factors in 24-month-old infants. The development of reading ability of Kana characters
is closely related to environmental factors, but not to genetic factors. These results are
expected to provide basic information useful in childcare and the education of chil-
dren. A number of results from this ‘Tokyo Twin Cohort Project: ToTCoP’ will be
published elsewhere soon.

2. ‘A cohort study of autism spectrum disorders: A multidisciplinary approach to the
exploration of social origin in atypical and typical development’ directed by Dr Yuko
Kamio, Division Head of the National Institute of Mental Health, National Center of
Neurology and Psychiatry (Kamio, 2007; Kamio et al. 2007; Koyama et al., 2009).

Autism spectrum disorders (ASDs) are developmental disorders characterized by
social deficits with varying manifestations based on gene-brain-behavior relations,
although the causal factors have not yet been identified. This cohort study aims to
elucidate the developmental trajectory in ASDs and in typical development, and to
identify the earliest signs of ASDs and their social origin in typical development. Our
final goal is to establish a prospective database of behavioral development and the
corresponding neural networks to understand the pathogenesis and variability in mani-
festations. The outcomes of this project could contribute to early detection and inter-
vention for children with ASDs. Also, understanding the variations of social development
could provide us with solutions for the current problems in school settings in Japan.
Since this program will end in 2010, preliminary results of this cohort study will be
available to the public soon.

3. ‘Cohort studies of higher brain function of normal elders and children with learning
disabilities’ directed by Professor Ryuta Kawashima, New Industry Hatchery Center,
Tohoku University (Kawashima & Koizumi, 2003; Kawashima et al., 2005).

A major goal of this study is to create a hopeful future by overcoming the difficulties
observed in a society with fewer children and an increasing number of elderly persons
from the viewpoint of brain science.The specific research topics include R&D (research
and development) for anti-aging methods to maintain and improve brain functions in
elderly persons, and R&D for intervention methods to develop healthy brain functions in
children with learning disabilities.

Two cohort studies for each group of subjects are being performed. One is a compre-
hensive assessment of brain function for each group from the viewpoints of psychology
and neuroscience; in this study, special attention will be paid to analyzing relationships
between the subject’s daily life activities and the higher order cognitive functions of the
brain. Another area of interest is active cohort studies with intervention for those people
by randomized controlled trials. The intervention programs to be used in the active
cohort studies will be provided from the results of the preceding cohort studies. In
parallel with these cohort studies, simple interventions applied at several elderly care
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facilities have been proving the effectiveness of the LearningTherapy. Over 1,000 elderly
care institutions in Japan are now using this Learning Therapy method (Uchida et al.,
2008).

4. ‘Cohort studies on language acquisition, brain development and language education’
directed by Professor Hiroko Hagiwara, Tokyo Metropolitan University (Hagiwara &
Soshi, 2007).

In modern human society, in which the daily exchange of information is accelerated on
a worldwide scale, it is a commonly shared view that improving communication skills
is a key to success in life. This has led to a growing social interest in early education
especially for foreign languages. The introduction of English as a compulsory course at
the elementary school level is, in fact, under consideration by the Japanese Ministry of
Education, Sports, Culture, Science and Technology (MEXT). Although acquisition of
a second language from early childhood is not undesirable, our main concern is whether
it has negative effects on the normal course of language development in one’s native
tongue. At present, there is no scientific data available on the relationship between
language acquisition (both the first and second) and brain maturation. Neither longitu-
dinal investigations nor cross-linguistic studies exist which take into consideration how
language functions are acquired as the brain develops.

The objectives of this study are to 1) investigate the mechanisms of first (L1)
and second language (L2) acquisition in relation to cerebral specialization and
functional plasticity in the brain, 2) identify ‘sensitive period(s)’ for second language
learning and 3) propose a cognitive neuroscience-based guideline for second
language learning and education, especially for English, including the optimal ages and
conditions surrounding it. The cohort studies are conducted on three types of popu-
lations: 1) English learners of Japanese, 2) Japanese learners of foreign languages in
Japan and 3) native speakers of Japanese aged 2 to 5. Each study lasted about four
years until 2009. Results will be published after completing the huge data sampling
process. Apart from this JST program, Noriaki Yusa (also a member of this project
group) has co-authored a paper related to second language acquisition (Sakai et al.,
2008).

5. ‘Development of novel biomedical tools for student mental health’ project directed
by Professor Kazuhito Rokutan, Institute of Health Biosciences, The University of
Tokushima Graduate School (Kawai et al., 2007a & b).

Social and environmental stressors profoundly affect the normal development of
children’s minds and, as a consequence, mental disorders are one of the most serious
problems addressed in universities worldwide. An urgent need for society is the estab-
lishment of a simple new biomental tool to objectively assess stress response and improve
the quality of life of students and younger children. High throughput DNA microarray
analysis of gene expression has a potential advantage in studying complex stress
response.

An original DNA array specifically designed to measure the mRNA levels for stress-
related genes in peripheral blood leukocytes proved successful in detecting abnormal
gene expression profiles that are closely related to mental disorders (Kawai et al., 2007a);
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in this study, after the collection of questionnaires from freshmen, the mental state
of volunteers at our university (more than 200 students) is being studied. To detect
biological risk factors for mental disorders, high-throughput analyses, measurement of
stress-related molecules in saliva and evaluation of brain function by optical topography
are systematically performed.

Using these biological approaches, combined with commonly used questionnaires,
both environmental and biological risk factors for mental disorders in students will be
identified. A new microarray-based biomedical tool will be established for student
mental health (Saiki et al., 2008; Kawai et al., 2007b). Furthermore, this study might be
able to elucidate the mechanism of depression by comparing gene expressions between
clinical cases and depression moods in ordinary people.

6. ‘Cohort study with functional neuroimaging on motivation of learning and learning
efficiency’ directed by Professor Yasuyoshi Watanabe, Osaka City University School of
Medicine.

This study explores the brain mechanisms of the motivation for learning, leading to
proposals for, or the development of, high-efficiency learning by maintaining high
motivation and lowering fatigue during the learning process. Motivation of learning or
the will to learn is related to interest, creativity and reward, but is also influenced by
the extent of fatigue. Because the molecular and neural mechanisms of fatigue, espe-
cially the quantification of fatigue, have been investigated at this laboratory, it is a
logical extension to proceed to a study of the motivation of children with newly devel-
oped tasks, which might be in inverse proportion to the extent of fatigue, and to follow
up with them as a cohort study to correlate the extent of learning motivation with that
of fatigue in the learning situation. Mainly, it was planned to perform functional MRI
studies to reveal the neural basis of motivation, which has not yet been well studied,
while simultaneously measuring the extent of fatigue of the volunteers (adults and
children during the tasks of motivational learning). This study also includes children
with learning disturbances or difficulties, in which their genetic and environmental
factors will be analyzed to evaluate whether their problem is in the mechanisms of
motivation or something else.

Recently, the neurological basis of motivation was partly elucidated by this project.
Social rewards as well as monetary reward activate the striatum in the brain (Izuma, Saito
& Sadato, 2008). Furthermore, it was found that academic rewards also activate the
human striatum (Mizuno et al., 2008). These results will greatly contribute to under-
standing motivation in learning and social activities.

7. In our program of ‘Brain-Science & Society’, a preparation project for future large-
scale developmental cohort studies is ongoing.This project, the ‘Japan Children’s Study
(JCS)’, is directed by Professor Zentaro Yamagata, Graduate School of Medicine and
Engineering, University of Yamanashi, and supported in direction matters by Professor
Norihiro Sadato of the National Institute for Physiological Sciences, Professor Tokie
Anmei, Graduate School of Comprehensive Human Sciences, Tsukuba University, and
Dr Tadahiko Maeda, The Institute of Statistical Mathematics. This directing group
positions the JCS as follows:

Brain-Science Based Cohort Studies 51



The objectives of the JCS are to elucidate the developmental mechanisms behind
‘Sociability’ or ‘Social abilities’, and to identify the factors that make a nurturing
environment suitable or unsuitable for babies and children. The mechanisms of social
development, particularly the biological aspects, are still largely unknown. Hence, the
JCS will be led by a well-equipped laboratory with behavioral observation, neuron-
imaging techniques and statistical analysis. The following cohort studies will test the
findings/hypotheses regarding the social development from the preceding laboratory
studies at the population level. All components of the JCS are systematically controlled
by the center in the R&D Area, ‘Brain-Science & Society’, within RISTEX.There are two
major organizations in the JCS: one is the laboratory and the other combines the three
regional groups that prepare the cohort studies.

The purpose of the laboratory is to elucidate the developmental mechanisms of
sociability and its neural representation using experimental settings. Some of the labo-
ratories are at Kyoto University (infant laboratory for behavioral experiments), the
National Institute for Physiological Sciences (for neuron-imaging studies for sociabil-
ity) and Tottori University (for evaluation of peer relationships). In the infant labora-
tory, the mental processes of sociability, from the precursors of the more complicated
functions such as morals and empathy, will be systematically analyzed and quantified
using rigid experimental control. The neural substrates of these processes are being
depicted and analyzed using functional MRI. The results will be extended to the
application of near infrared spectroscopic (NIRS) imaging for infants. Regarding peer
relationships, a novel method of sociometry based on the observation of the interaction
among peers in an experimental setup will be developed.

The purpose of the regional infant cohort studies is to evaluate the progress of
sociability with the chronological interaction of other factors.The factors are categorized
as individual and environmental. Individual contains 1) temperament, 2) mental func-
tion other than sociability and 3) medical problems (perinatal or later). Environmental
includes 1) family, 2) peers and 3) social environment.These factors and sociability will
be quantified using direct observation, psychological measurement and a structured
questionnaire. Also, a neurologist’s observation with diagnostic techniques should con-
tribute to the clarification of neurological development.

Several types of preliminary cohorts will be launched at the same time: an infant
cohort starting with a 4-month-old baby, a preschool cohort starting with 5-year-old
children and so on. The results obtained from these preliminary cohort studies with
around 500 children over several years will provide invaluable information for further
large-scale cohort studies.

4. Conclusion

We should recall the emergence of the concept of environmental assessment in the
1980s, when people became aware of the importance of assessing the impact of science
and technology. Typical examples are the ozone hole and global warming, where the
natural environment is affected by human artifacts produced by civilization. People are
aware of environmental issues but only from a physical viewpoint. Drastic environmental
changes in civilized society might also be the result of metaphysical problems. A flood of
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information, virtual media, individualism and the pursuit of efficiency might be trans-
forming our brain and its functions. An environmental assessment from the metaphysical
aspect could be essential to providing an appropriate environment for future generations
(Koizumi, 1996, 2000b).These critical issues, and others noted above, such as the affects
of an aging population, child development, impact of technologies, mental disabilities,
second language acquisition, and so on, can only be adequately addressed by undertak-
ing brain-science based cohort studies.
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9
Directions for Mind, Brain, and
Education: Methods, Models,
and Morality_708 55..65

Zachary Stein & Kurt W. Fischer

The emerging field of Mind, Brain, and Education (MBE) is growing fast, both as a field
and as a movement, marked by the founding of the International Mind, Brain, and
Education Society (IMBES) in 2004 and its journal Mind, Brain, and Education in 2007.
MBE makes possible the coalescence between disparate fields of research and various
arenas of practice. As in any complex interdisciplinary endeavor, MBE produces many
open questions, both empirical and theoretical, with more opening every day.

Over the past decades, MBE has been making great strides that include formal steps
to officially mark a new field of research and practice (Fischer, Immordino-Yang &
Waber, 2007). Alongside the Society and Journal, there are graduate-level programs in
MBE springing up around the globe in places like Cambridge (England), China, and
Texas (at Arlington/Dallas). The first such graduate-level academic program was
started at the Harvard University Graduate School of Education in 1999. This masters
program is characterized by a year-long core course in cognitive development, educa-
tion, and the brain (Blake & Gardner, 2007). The training of a new generation of
educational researchers and practitioners has begun. The field is poised to usher in a
new era in both the science of learning and scientifically based educational reforms. Of
course, any movement this exciting and potentially important is rife with complex
considerations.

In this chapter we organize a set of important considerations around three themes:
methods, models, and morality. Methods involve issues of quality control and interdisci-
plinary synthesis. The emerging field of MBE will be best served by a methodological
symbiosis between theory, research, and practice.The idea of a research school (Hinton &
Fischer, 2008; Schwartz & Gerlach, 2011) embodies the methodological innovations
we have in mind and also grounds our reflections about models and morality. Models
concern the types of theories that best suit the problem-focused interdisciplinarity that
characterizes MBE as a field. We suggest that comprehensive models of human devel-
opment that span multiple levels of analysis are the most desirable and that their validity
is best determined through broad pragmatic criteria. In MBE, models must prove their
worth by generating usable knowledge. Regarding morality, MBE methods and models
must ultimately be put to good use, entailing that the moral issues at stake are placed
openly on the table.
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The goal of this chapter is to trace directions for MBE, not to forecast its development.
Suggesting directions for MBE goes beyond merely outlining what is possible or prob-
able to considering what is preferable. In this chapter we aim to contribute to informing
and shaping this young field.

Methods: Problem-Focused Methodological Pluralism

Mind, Brain, and Education is a problem-focused interdisciplinary field that seeks to
bring together biological, psychological, and educational perspectives, with the express
intention of improving educational practices. Advancing a field this complex entails
certain methodological innovations.We see a set of unique quality control issues shaping
the direction of these innovations. Importantly, the methodological innovations that
MBE requires frame the discussions about models and morality.

Being problem-focused and interdisciplinary, MBE must meet unique demands for
quality control. Key directions for methodological innovation stem from two different
problem areas and converge on an emergent mode of knowledge production, which we
provisionally label as problem-focused methodological pluralism (Dawson, Fischer & Stein,
2006) and see best exemplified in terms of ‘research school’ collaborations. On the one
hand, researchers and educators must facilitate the integration of diverse methods from
different disciplines. It can be difficult to integrate and evaluate findings generated by
radically different methods, such as methods in behavioral genetics geared towards
heritability versus methods in psychology geared towards conceptual change. There are
issues about how to bridge different levels of analysis and different basic viewpoints (Stein,
Connell & Gardner, 2008). On the other hand, MBE demands applied research that
directly addresses the needs of educators and students—which raises issues of how
educators’ expertise can shape research so that it can fruitfully create usable knowledge.
Here we face the challenge of bringing complex interdisciplinary research into the worlds
of educational policy and practice, which raises a host of practical concerns like relevance
and effectiveness. These two broad problem areas—integration of diverse methods and
connections to educational application (roughly aligned with the classical division of
theory and practice)—point in the direction of a symbiosis between researchers and
educators in the pursuit of usable knowledge.

Issues of quality control are generally agreed to be paramount in interdisciplinary
work, often leading to arguments about validity and evidence (Gibbons et al., 1994;
Klein, 1990). While disciplines have their own internal standards of quality control,
interdisciplinary endeavors outstrip the practices of specific disciplines, raising new
problems concerning what qualifies as valid and valuable work. MBE is no exception.
Questions about what key desiderata might be for efforts in MBE stem partly from the
applied nature of the field and partly from the wide range of disciplinary and practical
concerns the field subsumes (Fischer, Immordino-Yang & Waber, 2007).

With so many intersecting standards and goals, the criteria for what constitutes quality
work in MBE are more rigorous than those found in single disciplines and in interdisci-
plinary fields that do not involve application. Specifically, depending upon the type of
work, efforts in MBE must be scientifically valid, educationally relevant, and education-
ally effective, at least sometimes.These are demands that have faced educational research
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since William James (1899) published his Talks to Teachers at the turn of the last century,
and the insight has been echoed by Dewey (1929) and Piaget (1965). The demanding
nature of educational research as applied is not new.

What is new is the complex interdisciplinary matrix comprising MBE and the
variety of pressing educational issues to be faced. The interdisciplinary matrix raises
concerns about the scientific validity of claims made in the field. Interdisciplinary
validity claims are complex epistemologically insofar as they implicate findings and
methods from different levels of analysis (Stein, Connell & Gardner, 2008). For
example, findings describing how genetic predispositions affect anatomical features at
the level of the neuron can be related to findings from brain-imaging studies (such as
functional magnetic resonance imaging, called fMRI) and ultimately to behavior on
academic tasks. But each of these findings deals with phenomena at very different levels
of analysis: genetic, neuronal, functional brain organization, behavior, and complex
activities on academic tasks. Generally, levels-of-analysis issues arise when we attempt
to bring findings and methods together that deal with phenomena of different scale
and scope—spatially, temporally, or in terms of complexity. These kinds of issues are
ubiquitous in MBE.

Orthogonal to level of analysis are issues having to do with differences of basic
viewpoint (Stein, Connell & Gardner, 2008). Analyzing a student’s classroom behaviors
in terms of cognitive structures and then in terms of motivation and emotion involves
taking up not different levels of analysis but different basic viewpoints on the same
behavior at the same level of analysis. Levels of analysis are differentiated in terms of the
scale, scope, and complexity of the phenomenon being considered, so the difference
between analyses of behavior and analyses of brain functions involves level of analysis. In
contrast, when phenomena are at the same level, we can usefully analyze them in terms
of different basic viewpoints, e.g. we can attempt to give an account of a classroom
behavior either in terms of cognition or in terms of emotion (or some combination of the
two). Likewise, the difference between describing the hyperactive behavior of a child and
evaluating the worth of that behavior (e.g. ‘it’s unacceptable’, or ‘it’s not anything to be
alarmed about’, etc.) is a difference of basic viewpoint, not of level. Generally, issues
surrounding differences between basic viewpoints arise when we attempt to bridge
methods and findings that presuppose different fundamental and deep-seated orienta-
tions toward what is being researched. The need to integrate and span multiple basic
viewpoints pervades MBE.

A seductive temptation in building MBE is reductionism in analyzing phenomena that
are studied at several levels of analysis or from different basic viewpoints. The tendency
to offer unidimensional solutions to multidimensional problems is great—discussing a
multi-level issue as if it can be reduced to one level or treating a multi-viewpoint issue as
if one viewpoint is essential and the other can be omitted or neglected. For example, the
press commonly presents findings from biological methods, such as genetics and neu-
roscience, as if they involve ‘harder’, more substantial, more scientific knowledge—
privileged relative to psychological and cultural methods, which are marginalized as
‘soft’, needing to be reduced to biological ‘causes’. Counteracting this tendency in MBE
are the more direct connections of the behavior and culture to learning and schools,
captured in the withering critiques of reductionism that deflated the hubris of logical
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positivism and its reductionist premises (Habermas, 1988; Piaget, 1971; Nagel, 1986;
Sellars, 1963; Whitehead, 1925).

Moreover, the problem-focused nature of MBE precludes the undue marginalization of
ostensibly ‘softer’ methods, such as those based on qualitative analyses. The fMRI
machine is very different from the classroom.What seems like a valuable explanation in
one place may seem hopelessly divorced from what is relevant in the other. Educational
issues involve values in shared cultural frameworks. Different from the abstract problems
of the laboratory, they necessarily enlist a wide variety of methods, levels of analysis, and
basic viewpoints.

This brings us to the other problem area shaping the trajectory of methodological
innovations in MBE: the need to bring research into relation with educational practice and
policy. Both the framing of educational problems and the implementation of proposed
solutions require the collaboration of educators and students with scientists. With the
improvement of educational practices as a stated goal, MBE cannot be a solely scientific
field. Most important educational issues are only resolvable in light of practice. If we
admit this, then we must admit that MBE is unlike strictly scientific fields, because the
progress of MBE is wedded to the progress of educational practices. And while this is not
the place to recount the challenges facing efforts at scientifically based policy reform
(Lagemann, 2000), it is clear that the standard conception in which scientists hand over
their results from on high to educators in the trenches is not working. New collaborative
relations are needed.Thus we suggest that progress in MBE requires a kind of symbiosis
between educators and researchers capable of exercising quality control in the field—
forms of cooperation that enable reciprocal feedback between educators and researchers
to create usable knowledge and improve educational practice.

Importantly, this type of cooperative innovation, both institutional and methodologi-
cal, places high demands on work in MBE, while it simultaneously provides a kind of
practical quality control. It may be that conducting research in the context of practice
is the best way to sort out the complex interdisciplinary and epistemological issues
surrounding differences between levels of analysis and basic viewpoints. That is, we
are suggesting that the validity of work in MBE is ultimately determined by a kind of
pragmatism.

This is a theme we will return to when we discuss the models best suited to a field like
MBE. The basic insight is that the purest usable knowledge entails a kind of openness
toward different methodological approaches and traditions. With real tangible educa-
tional problems before us, we cannot afford to unduly marginalize methods just because
they are geared to certain levels of analysis or basic viewpoints. In the laboratory, a good
tactic is often to bracket certain perspectives in order to isolate factors and to clarify and
simplify findings, but connecting research with educational import requires framing it
more broadly, making explicit connections to the perspectives relevant to practice. In
light of a symbiosis between educators and scientists a broad approach toward complex
interdisciplinary problems emerges, which is best characterized as problem-focused
methodological pluralism (Dawson, Fischer & Stein, 2006; Stein, Connell & Gardner,
2008).

One potential embodiment of such an approach is the idea of a research school
(which extends from Dewey’s [1896] university school or laboratory school), in which

58 Zachary Stein & KurtW. Fischer



research-based educational innovations are experimentally implemented, learned about,
re-tooled, and re-implemented by a community of educators and researchers working
closely together. According to this idea, various researchers employing various methods
work to collaborate in a problem-focused manner with teachers and administrators to
deal with practical problems that are not pre-packaged for the laboratory, i.e. problems
spanning multiple levels of analysis in implicating a variety of basic viewpoints. In these
contexts, the ultimate criterion of success is the improvement of educational practice that
results from an improved understanding of learning and teaching. Importantly, properly
established research school collaborations can also facilitate the proper handling of issues
surrounding models and morality, as we will explore below.

In addition, the establishment of communication channels, such as journals and
conferences, are important. MBE requires both the creation of a strong research foun-
dation for educational practice and at the same time, clear, rigorous, and responsible
communication to a variety of audiences. Thus, in MBE more than mere scientific
acumen is needed for work to qualify as valid and valuable. Broad overarching concerns
about the future of educational practice serve to frame a problem-focused methodologi-
cal pluralism. This general structure of the field has implications for theoretical model
building, and it implicates MBE in moral issues concerning the means and ends of
educational institutions generally.

Models: Broad Frameworks for the Epigenetic System in Context

The problem-focused methodological pluralism that we have sketched for MBE sets
certain directions for building explanations and theoretical models. With multiple
methods and diverse kinds of results, the need for broadly integrative theoretical frame-
works increases. Likewise, the needs to communicate to wide audiences and to affect
practice entail the articulation, however provisional, of big-picture accounts of how the
field hangs together. Specifically, MBE needs theoretical models that span multiple levels
of analysis and basic perspectives to offer comprehensive explanations that are grounded in
multiple methodologies and focus on processes of learning and development, which are at
the center of education.These need to be models of the epigenetic system as a whole and in
context, which draw upon diverse perspectives and findings while avoiding simplistic and
reductionist accounts.

The work of Jean Piaget (1971, 1972) sets an important precedent here. As his
ambitious research program in genetic epistemology unfolded across decades, he offered a
series of models involving explanatory constructs that cut across biological, psychologi-
cal, and epistemological levels of analysis. The controversial specifics of Piaget’s models
need not concern us here (see Fischer & Bidell, 2006; Smith, 2002).What is relevant, and
we think beyond dispute, is the value of his vision of a comprehensive understanding of
human developmental processes (Rose & Fischer, 2009).

Some recent efforts in neo-Piagetian theorizing have kept Piaget’s ambitions alive,
updating his vision in light of recent research, while jettisoning some of his arguments
that have not stood the test of time. Of particular note for MBE are efforts in neurocon-
structivism (Karmiloff-Smith, 1992; Mareschal et al., 2007), which offer models that
subsume findings from neuroscience, genetics, and cognitive development. Such broad
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explanatory frameworks bring coherence to the unwieldy diversity of findings from
diverse disciplines. These empirically grounded models reach beyond a single discipline
or method and connect with a variety of audiences to frame educational issues and
activities.

Fischer’s dynamic skill theory is a related case in point (Fischer & Bidell, 2006). It aims
to integrate the many influences on human behavior, counteracting the fragmentation of
knowledge about human development that has come with the increasing differentiation
and specialization of disciplines. By articulating constructs and methodological prin-
ciples that cut across multiple levels of analysis, dynamic skill theory serves to frame the
epigenetic system in its full complexity. The integration of methods from brain science,
cognitive science, affective science, social analysis, dynamic systems modeling, qualitative
structural analysis, and developmental assessment reveal human development as a
dynamic process sensitive to contexts both biological and social. Research has revealed
the educational relevance of this model and demonstrated that it can be operationalized
in cycles of research and application in schools and other learning situations (Dawson &
Stein, 2008).

Importantly, both the neuroconstructivist and dynamic skill theory frameworks involve
general developmental principles that can make sense of variability and individual differ-
ences. These models frame learning disabilities, for example, in terms of the same
explanatory principles that can account for typical development (for example, Schneps,
Rose & Fischer, 2007).The image that emerges is one in which unique learning pathways
unfold in terms of ubiquitous developmental processes. The ability of these models to
account for diverse developmental trajectories sets them apart from many other models
and makes them far more valuable in framing and integrating research for educational
purposes. While Piaget (1970, p. 52) admitted that his overall approach was not ame-
nable to the understanding of individual differences, some others who offer develop-
mental models with wide integrative ambitions (e.g.Thompson, 2007;Tomasello 1999)
do not seem to feel the need to address variability and difference at all. It seems that
when scholars build theories, they often trade sensitivity to unique instances for broader
scope and explanatory power, but that tradeoff is not necessary. As dynamic skill theory
demonstrates, starting out with variability and individual differences can lead to prin-
ciples that simultaneously (a) accommodate the messy reality of learning and develop-
ment in real world contexts and (b) are more usefully abstract than typical psychological
constructs (for example, the concepts and principles of dynamic systems theory).

A common critique is that such broad, abstract models cannot be disproved empiri-
cally. For example, Piaget’s theory is criticized as too broad and vague. Nevertheless, it
has generated a remarkable explosion of new research across many fields, much of it
linked directly to educational research and practice (for example, Adey & Shayer, 1994;
Griffin & Case, 1997). No doubt, such comprehensive models are not readily amenable
to simple falsification. However, with pragmatic MBE criteria that emphasize both
educational efficacy and scientific acumen, a model is subject to rigorous testing of both
empirical predictions and practical usefulness (see Elgin, 2004). These broad models
must pass the rigorous practical test of creating usable knowledge.

The emphasis on usable knowledge does not preclude basic research, but instead
requires including it as part of the field of MBE. The kinds of broad theoretical models
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of human development that are needed to frame MBE could not be built without a great
deal of strictly theoretical and empirical work, such as neural-network modeling or fMRI
paradigms.The point we are making about the fundamentally pragmatic criteria by which
MBE models prove their worth bears on the models’ implications, relevance, and efficacy
for educational practice. That is, in MBE key problems are ultimately posed and solved
in the world of educational practice. While basic research will always contribute to the
solving of these problems—by informing broad theoretical models, for example—only
research carried out in the context of practice and application will explicitly address the
key problems of MBE.

Thus in MBE purely theoretical work in fields such as psychology and brain science
needs to be re-framed and adapted from its place of origin—as answers to abstract
academic problems—in order to address the concerns of educational practice. Generally,
we think broad theoretical models geared toward practice can serve to integrate and
frame a wide variety of theoretical findings and methods. This is demonstrated, for
example, by dynamic skill theory, which assimilates and integrates work from various
fields and research topics under general principles that address individual differences and
real world variability and learning (Fischer & Bidell, 2006).

In other words, a symbiosis of theory and practice is needed to exercise quality control
in problem-focused interdisciplinary fields such as MBE. Models are built for a purpose,
and models in MBE must do more than yield explanations. The notion of a research
school is helpful in grounding what it means for a model to generate usable knowledge.
In a research school, researchers and educators with different backgrounds converge on
a common educational problem space, where they craft a common language to commu-
nicate, frame specific problems together, and articulate possible solutions. A broad and
comprehensive model of learning processes can facilitate this kind of common language,
e.g. here is what we mean by abstract thought, here is what we mean by learning
disability. Moreover, a broad model can provide a common language of evaluation that
is both scientifically rigorous and practically meaningful, illuminating the reform of
teaching practices through a broad framework for assessment and evaluation. A good
model will provide standards for evaluating student progress that are valid in the eyes of
both researchers and practitioners. Efforts underway using dynamic skill theory demon-
strate the power of such common standards (Dawson & Stein, 2008). Thus the most
valuable models in MBE will be those that can offer this kind of usable knowledge,
providing a comprehensive language and conceptual framework capable of helping to
align researchers and practitioners and translate between theory and practice.

As educators and researchers use broad, integrative frameworks to build problem-
focused models relevant to key educational questions, we need to consider how they can
be put to good use—issues of ethics and values that reach to the heart of MBE.

Morality: The Ends and Means of MBE

Moral issues figure prominently in debates about genetics, neuroscience, and education
because they relate to the nature of institutional structures and social norms (Habermas,
2003). We cannot address this entire topic, but will focus on issues involving the sym-
biosis between theory and practice in MBE. Changes in educational practice and the
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implementation of scientifically based interventions depend on moral decisions—about
goals and values for education and learning and the scope and nature of actions to
achieve those goals. Generally, two complementary ethical themes are important. One
concerns limiting the scope of certain possible scientifically based interventions in order
to preserve the integrity and autonomy of individuals. Not all knowledge that can be used
ought to be. The other theme concerns the fair distribution of benefits accruing from
improvements of practice. Knowledge that is put to good use should be used to help everyone.

A long tradition of moral philosophy can be traced from Habermas and Rawls back
through Dewey and ultimately to Kant, which maintains that the goals of our most
important public institutions should be determined through processes of public will
formation that are subject to continual revision. These goals, provisionally set by the
community, serve to orient the use of new knowledge, insuring that the institutionaliza-
tion of values proceeds dialectically, as science serves the ends that people set for
themselves. Generally, MBE needs to position itself in broader value-laden discussions
about the goals of education. It must find a way to address the moral considerations that
emerge as its fund of usable knowledge expands.

There is a set of uncontroversial educational goals that garner nearly universal con-
sensus in countries with democratic and post-industrial forms of government. Putting
aside debates about character education and the unforeseeable skills needed for tomor-
row’s economy, few people dispute the value of literacy, numeracy, and a host of other
basic capabilities. As MBE makes progress in creating new ways of affecting learning and
development, important questions will arise about the kinds of things that people should
do to foster these capabilities. Some of the kinds of questions are already evident: Genetic
screening and behavior modification through drugs are only the most obvious red flags
in an ever-growing list of scientifically based techniques that can affect educational
outcomes. There must be limits on the extent to which public goals can intrude upon
people’s private lives. Even projects aimed at fostering collectively held values such as
education must stop short of transgressing the dignity and autonomy of individuals.

Following Habermas (1996), we believe that scientists and lawmakers cannot deter-
mine these limits alone. Ultimately, the voices of those potentially most affected by
scientifically wrought changes in educational practice need to be heard. When it comes
to issues of broad public concern (which pervade education) what is acceptable or not
should never be decided a priori or in isolation from debates in the public sphere about
the kinds of communities and individuals that ought to be fostered.Thus, public forums
are required that promote general discourse aimed at articulating the ethical limits that
should be placed on use of biological and psychological technologies in education.
Experts in MBE will have an important role to play in this discourse, but they will be one
voice among many. In a world where the development and dissemination of science and
technology proceeds at alarming rates, discourse about self-imposed limitations on these
developments needs to be accompanied by processes for codifying institutional policies
and governmental laws. Building on reasoned public discourse, procedures must be
established to enforce limits and principles for use of MBE tools and techniques.

Along with discourse about limiting the application of certain types of advances in
MBE must come discourse about the fair distribution of potential benefits. Following
Rawls (1971) we think that important issues about the just distribution of educational
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goods will become central with advances in MBE. And these issues must be debated in
light of their ethical significance, i.e. from the perspective of a universalistic moral point
of view. There must be discourse and debate about how to make innovations widely
available across racial, socio-economic, and international divides, involving discussion of
both how valuable educational goods are (both for individuals and communities) and
how generally unjust their distribution tends to be in most nations.This discourse in the
public sphere needs to address laws and procedures for codifying policies and laws,
including active steps to ensure that the advances and benefits of MBE will not be limited
to improving the learning of a privileged few. The best education systems in the world
(for example Finland’s) are characterized by their commitment to equality and fairness
in the distribution of educational recourses (OECD, 2007). Justice as fairness should be
a guiding principle in efforts toward scientifically based reformations of educational
systems, making them both more equitable and more effective.

For both limitations and fair use of MBE knowledge, the broad community must
participate in the debate. Scientists, philosophers, lawmakers, teachers, parents, and
students must all weigh in. Too much is at stake for the conversation to be unduly
truncated or limited to debates among elites. And so we return again to the need for
symbiosis and dialogue among the stakeholders in this most important enterprise. A
properly established research school could aid us in these efforts by mobilizing a diversity
of voices to co-create educational environments. In such a research school, the iterative
process in which research-based educational innovations are experimentally imple-
mented, learned about, re-tooled, and re-implemented can remain open at all crucial
junctures to the input from the people most affected—students, teachers, and parents.
One format could be a series of structured town-hall meetings for a single school or
school district where researchers, practitioners, students, and parents collaboratively
frame the issues most essential to the betterment of their schools. Of course these
miniature experiments in democracy will be rife with conflict and complexity, like
democracy in general. The discourse can serve to inform institutional policies and
practices, beginning a movement to create a culture concerned about both the ethics and
the science of educational practice and capable of flowing upwards and outwards towards
broader state and national policy.

Conclusion

The emerging field of Mind, Brain, and Education must be shaped not only by its
constituent scientific disciplines but also by its applications to education and learning.
The need for synthesis across scientific and practical disciplines points toward a
problem-focused methodological pluralism and a catalytic symbiosis of theory,
research, and practice.The goal of producing usable knowledge shapes the construction
of theoretical models that provide holistic understanding, requiring comprehensive
models of human learning and development that span multiple levels of analysis and
multiple perspectives, instead of a narrow focus on truth in a scientific discipline.
Ultimately these models must be put to good use, creating usable knowledge the appli-
cation and dissemination of which is shaped by moral considerations based on dialogue
among all those potentially affected. The search for usable knowledge in MBE requires

Directions for Mind, Brain, and Education 63



focusing on quality control in light of educational relevance and efficacy as well as
scientific validity.
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The Birth of a Field and the Rebirth of
the Laboratory School_709 66..73

Marc Schwartz & Jeanne Gerlach

Introduction

The explosion of new ideas and findings throughout the 20th century launched many new
disciplines, and promising associations between these disciplines in turn gave birth to
innovative fields of study.Both processes reflect an important feature of human behavior—
primarily the desire and ability to organize information to increase its usefulness. This
effort continues into the 21st century as new insights in human behavior and the brain
portend new strategies to improve the learning sciences. Researchers and educators are
attempting to define the limits and potential of new research as well as the suggestive
findings it generates at the intersection of the cognitive science, neuroscience and
education.

The emergent conversations between scientists and educators are unfolding in groups
such as Brain, Neurosciences and Education1 and Neuroscience in Education.2 Also, in
the last five years, the International Mind, Brain and Education Society (IMBES)
emerged;3 its first international conference was held, and numerous workshops, meetings,
and institutes attempting to align the three perspectives have convened. In particular, the
opportunity to enrich the conversation and support progress in the learning sciences led
to a focused effort in defining a new field, MBE. Mind, Brain and Education is an attempt
to create synergy amongst three dominant and distinct domains around the world
(Harvard Graduate School of Education, 2007; Woo, 2007; Tillmanns, 2008). Toward
that end, the effort has led to graduate degree programs, institutes, conferences, new
projects, and one of particular interest to the field, the re-birth of the laboratory school.

In a new incarnation of Dewey’s original idea (1907), the authors of this chapter are
looking beyond the walls of any one building to find partners throughout a school system
and within the community. The new vision is a network of schools, principals, teachers
and policy makers; not necessarily everyone, but a critical mass of vested partners
working collaboratively in what we call a Research Schools Network. The concept is an
extension of the laboratory school where MBE becomes a theoretical and practical
foundation for uniting three disciplines. Here in the southwest United States, educators
and researchers at the University ofTexas at Arlington have set out to find partners in the
public schools, neighboring universities, the business community and legislature to
develop and define new paradigms that will not only promote MBE as an academic field,
but will inform and be informed by the community it seeks to serve.The goal of the MBE
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initiative in Texas is to add leverage to the work of all individuals invested in the health
and growth of education. Although the outcomes from this experiment will need to wait
for another day, this chapter lays out the guiding principles and challenges in building a
dynamic and synergistic collaboration.

The Birth of a Field

The roots of the Southwest Center for Mind Brain and Education originated in a series of
conversations in the mid 1990s at Harvard University during a period President Bush
proclaimed as the Decade of the Brain (Bush, 1990). The conversations began as an
exploration of the intersections and boundaries between Mind, Brain, and Behavior
(MBB).By the end of the 1990s, researchers at the Harvard Graduate School of Education
saw the opportunity and potential in focusing on one specific behavior within the MBB
dialogue—education (Fischer et al., 2007).As a result, MBE became the intellectual space
to consider how neuroscience, cognitive science and educational practice could inform
each other (Harvard Graduate School of Education, 2007). However, despite the interest
and power in these conversations, the new insights did not yet constitute a field of study.

To function as a field, MBE would need to manage several challenges. The first is to
insure that individual disciplines like the cognitive sciences had delineated laws that
could serve as conceptual frameworks for the ‘science of mental life’ (Dehaene, 2007;
James, 1890). And for the first time in the history of psychology, the cognitive and neuro
sciences appear to be well positioned to meet this challenge. Mental representations, a
prominent feature of the mind, may serve as a cognitive-neural Rosetta Stone linking
functional imagery and electrical activity with the behavioral outcomes that educators
are interested in building, developing, and supporting (Szucs & Goswami, 2007). This
development is a promising step in a field that must still define the paradigms for
studying and solving a variety of educational challenges. In concomitant fashion, MBE
will also have to take responsibility for clarifying findings and monitoring expectations in
research conducted in its name.

All fields face similar challenges in identifying the compelling frameworks for under-
standing phenomena of interest, which in turn directs its member’s attention to what
should be measured, how and why it is measured, and which tools should be used to
measure the ‘it’ under scrutiny. These considerations revolve around an additional
challenge, which is to monitor the interaction between findings and conclusions. Imaging
tools that have become available to brain researchers during the last two decades have
been the basis of enthusiasm and hope for changes in policy, practice, and understand-
ing. Just like the telescope that allowed scientists to see further and dream more deeply
about the universe, brain imaging techniques are offering a new generation of researchers
the possibility to dwell deeply upon how the brain functions and how these findings
contribute to an understanding of ourselves. However, along with the promise has come
caution; most notably, Bruer’s (1997) warning of transitioning too quickly from the
fascinating (perhaps intoxicating) fMRI pictures of our brains in action to decisions
about how to teach. As a new field, MBE must build on public interest of the latest tools
and its findings, while preventing unchecked, unrealistic and untenable claims from
exhausting public enthusiasm for neuroscience research.
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Another important challenge for the field is ethical dilemmas, such as those emerging
at the frontier of genetics and education. Researchers can already envision genetic testing
relevant to education. Within reach are tests that promise to correlate gene sequences
with the appearance of dyslexia or ADHD (Galaburda et al., 2006; Marlow et al., 2001;
Paquin et al., 2006). However, these new tools also create important considerations such
as, under what conditions will these tests be used or how will the results be interpreted
(Grigorenko, 2007). What resources should be allocated to support and develop these
tests, and will there be equal access to such screening tools? All these questions add to
the ethical complexity that also emerges with these new technologies. These issues are
important and central to the growth of many new fields and disciplines and the tools that
emerge, and certainly MBE will need to take an active role in arbitrating over how the
field should proceed in an ethical manner.

Overall, the potential of MBE to succeed as a field rests in its ability to generate new
ways of understanding and solving educational problems. By employing the perspectives
of other disciplines such as genetics or neuroscience, and through the use of their tools
such as multivariate genetic analysis, neural networks, and dynamic growth modeling,
researchers and educators can generate powerful insights into factors that contribute to
learning (Van Geert, 1994; Plomin, Kovas & Haworth, 2007). Just as the brain benefits
from feedback loops, MBE will benefit from feedback from the practitioners who can
help fine-tune research agendas or redirect research through insights that come from
years of experience with children and the learning processes they undergo.

As the conversations develop at the confluence of education, cognitive science and
neuroscience, MBE faces one last challenge that has appeared in all emerging sciences—
the ability to understand and respond to the different perspectives that members bring
to the same conversation. In our young history, there have been two trajectories that have
launched and moved the field: those of scientists and those of educators.There are subtle
differences in either perspective that both groups must appreciate. Their histories and
narratives are different and although MBE and educational neuroscience (and other
similar groups) may converge in the future, they are still sensitive to the history and
context that led to their current missions. Much of the neuroscience-education focus has
emerged from the effort to help children facing specific disabilities or pathologies. The
focus on understanding these problems directed researcher attention to particular neural
pathways and processes, and to build the tools to localize and study these problems.The
findings that these studies produced created a new opportunity for researchers and
educators to speculate on how the brain functions in general and whether the findings
would be of use to educators.

While these studies do provided an important platform for understanding brain
functions, they are not a direct step to understanding an equally complex problem for
educators; for example, how to better teach math or history in an inner city school with
a diverse population where perhaps as much as 50% of the students speak some other
language than English. In these complex and dynamic environments, the problems
educators face are dramatically different than the individual pathologies studied by
neuroscientists. Even though cognitive-neuroscience studies and their findings are
crucial in contributing to our understanding of how the brain works, they do not directly
address the complex environments in which learning is supported, stunted or halted.
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Like the major paradigms that shaped the way the sciences have evolved in the past,
MBE must be conscious of how one conceptual framework may pose the challenge of
obscuring the way phenomena are understood from alternative frameworks. History
provides rich and powerful illustrations of how competing points of view create years
of conceptual struggles, as observed with the acceptance of heliocentrism, evolution,
and continental drift (Kuhn, 1970; Le Grand, 1988; Mayer, 1991).

While MBE has benefited from (and been supported by) progress in the neurosciences
by identifying relationships between human behavior (relevant to educational contexts)
and brain processes, this new field must capitalize on and thoroughly integrate the
perspective of educators. MBE must hold all three disciplines in a new balance, where its
members ensure that the educational problems it wants to solve are clear and relevant,
that the research methodologies address specific educational paradigms about learning,
and that the goals of research, practice and policy are aligned.

Such a vision of cooperation and collaboration requires a context where people can
address educational challenges in a supportive environment. The framework we are
exploring is an extension of Dewey’s lab school (Dewey, 1907). While there are current
attempts to emulate the teaching hospitals where research, teaching, and health care
meet under one roof (Harvard Graduate School of Education, 2007), our approach
pursues a variation on this vision. Here at the University of Texas at Arlington we are
trying to build a context and environment that brings together educators, administrators,
researchers, and policy makers throughout a district. This vision, the Research Schools
Network (RSN), is a network of the people and places invested in education who are
seeking to ensure that research and practice can and do inform each other. The RSN
provides a framework for defining new goals, roles and responsibilities.

The Rebirth of the Laboratory School: Challenge and Opportunity

Goals for education, such as empowering children or insuring that they can participate
in a democratic society, embody universal values that once inspired Dewey (1907) and
his laboratory school. However, in our experience, these goals are easily obscured by
misunderstanding and fear, such as the concern about experimental interventions pro-
viding ‘preferential’ treatment to some students over others, or teachers who struggle to
justify using classroom time for research if they are concerned that deviating from
the curriculum will diminish their students’ chances of passing state mandated tests.
Entangled in this complex environment, researchers easily become estranged from the
local contexts that provide the greatest opportunity to test educational models, and the
community is unable to profit from the research process.These few educational obstacles
have been sufficient to constrain the ability and imagination of all parties to build
beneficial relationships that mutually enhance education. There are certainly other
issues, and regrettably, they contribute to the appearance of the ‘ivory tower’ as the
unfortunate metaphor suggesting too much distance between potential partners.

Despite these issues, the schoolhouse remains a central feature of every community
and a critical nexus for parents, teachers, researchers and policy makers. If MBE is to
succeed as a field, it must find ways to create ongoing opportunities to the extended
educational community to collaborate, negotiate for common gain, and identify
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problems that are worthy of attention and study. While educators are the classroom
experts, researchers offer expertise in identifying reliable strategies for testing ideas. In
turn, administrators and policy makers create the guidelines to support research
and classroom practice identified as best practices. To that end, the MBE Research
Schools Network (RSN) is a practical infrastructure for making the goals, concerns and
constraints of all parties transparent.To develop this partnership, we set out to meet four
objectives: a) develop a clear vision; b) build trusting relationships; c) set a standard for
rigorous research and scholarship; and d) promote meaningful assessment tools.

First, transparency insures that all parties can develop a shared vision. Because of the
complexity of this objective, the RSN must build and support dynamic relationships
between researchers, practitioners, administrators, and policy makers. The network
strives for balance by keeping in focus the understanding that each partner is contrib-
uting unique skills, and thus any unified vision of success is the outcome of multiple
perspectives. The Network strives for clarity by improving coordination between both
the legislative and educational systems to better integrate the implicit goals embedded
in standards, curricula and mandated tests. Leadership that projects these values pro-
vides a context for teachers to share their expertise by pointing with precision and detail
to the specific problems that research needs to address and the system needs to support.
The vision should be wide enough to provide opportunities to improve scholarship to
support the ongoing process of learning, teaching, mentorship, and professional devel-
opment. MBE can provide the tools, and through teamwork, identify the paradigms for
meeting educational challenges.The research schools network is, thus, an infrastructure,
more than a place. It is a system, more than an address. However, what is required are
places where collaboration, mentorship and innovation can be tested, practiced and
improved.

Second, the Network’s vision depends on a structure that ensures an on-going con-
versation amongst members of the community, its schools, universities, policy institu-
tions, and legislature. The RSN needs trusting relationships. This is a challenge for
leadership, and leaders will need to understand how to support the demands of such a
complex association.The SW Center for MBE is initiating this process through outreach
that identifies and attempts to meet the needs of the community. By matching the
concerns of teachers, parents and administrators with relevant researchers, it becomes
possible to increase the leverage of research. Such interactions also reveal unanticipated
insights and new challenges, as well as provide relevant expert input. The conversations
help establish balance between parents and teachers seeking greater understanding (e.g.
through lectures, workshops, etc.), researchers who wish to create greater understanding
(i.e. through research), and finally, policy makers who wish to support the process
through effective policy. Such interactions create a context where leaders, educators,
parents, and researchers can observe the learning process under the influence of new
interventions, using powerful instruments and assessment tools, and help develop a
common language through common experiences.

Relationships that are successful in clarifying and meeting MBE’s vision can more
comfortably depend on research as a tool to advance its needs. Research ensures that the
vision is viable. Research that empowers its members in turn motivates the Network to
explore a wider mandate of relevant educational issues, such as how to develop and test
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strategies for creating future scholars, teachers, students, and leaders. As a dynamic
system, the Network seeks to navigate between the needs of teachers and parents and the
purpose of research because, ultimately, the researchers’ ability to meet the needs of the
community depends on their ability to improve the quality, rigor, focus of research, and
applicability of results. MBE researchers need the community as much as the community
needs the researchers.

The Network also needs to enable the next generation of teachers to see themselves as
researchers as well as educators. Their involvement reduces their potential sense of
isolation, and provides opportunities to apply their growing classroom expertise to
educational problems. An extended community of scholars will help shape MBE by
allowing all members to take part in the process of testing and understanding the limits
and potential of the tools and theoretical models of this new field. These tools are often
complex and mysterious. The findings can be difficult to interpret. The Network will
need to use its graduate students to facilitate this process. As ambassadors as well as new
researchers, they help define the value, purpose and direction of research. Their inter-
actions with parents, teachers, and policy makers will help inform how their generation
of researchers will fine-tune research agendas, and continue to narrow the distance
between the ivory tower and the classroom.

Finally, any success in understanding whether the network is realizing its vision, is
supporting an effective collaboration, and is ensuring that the research it conducts is
relevant will depend on meaningful assessments.The current testing environment has left
educators in a difficult position. Conversations that neglect the role and impact of
assessments on the entire educational landscape risk outcomes where vested parties
become committed to tests that do not measure what they think is being measured and/or
what is valued. In a concomitant manner, the pedagogies teachers adopt to meet the
demands of these assessments may not reflect what the educational community values.

Effective assessment helps close the loop between educational goals and the strategies
that educators use to meet those goals.This is a simple statement, but a difficult loop to
close. Effective assessments need to be very clear about what is being measured and use
metrics that not only describe the achievement that students have achieved, but precisely
what they would need to do to build upon their current understanding. Of particular
interest are assessments shaped by what cognitive scientists understand about human
development.The newest models of assessment emerging from MBE focus more on how
students know versus what they know (Dawson & Stein, 2008).These assessment models
are built around hierarchical levels of achievement, and can be used to evaluate the level
of complexity embedded in student understandings.These tools offer teachers a vehicle
to better understand the way their students construct knowledge, help teachers and
researchers better strategize how to support this growth and aid policy makers to
mandate standards that encourage this process.

The Future: MBE and the Research Schools Network

MBE as a field includes powerful tools, ideas and networks. Each of the four objectives
(vision, relationship, research and assessment) embodies specific challenges that the field
must address. MBE seeks to understand and respond to the natural as well legislative
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laws that shape the learning process. The field is seeking to identify the laws that will
shape a new paradigm for researchers and educators to understand the learning process
and enjoin the legislators to build laws that ensure educational success. MBE seeks to
achieve its potential through collaboration, by offering compelling solutions to the
challenges it faces, and providing a means to receive and respond to feedback. Feedback
allows all parties to adjust their goals and strategies for action in a changing environment.
Success is contingent upon being able to identify educational targets all individuals can
agree upon and having ways of assessing its progress. The Research Schools Network
offers a framework for realizing the MBE mission of creating useable knowledge and
facilitating cross-disciplinary collaboration in biology, education and the cognitive and
developmental sciences.

Notes

1. Their goal is ‘to promote an understanding of neuroscience research within the educational
community.’ http://www.tc.umn.edu/~athe0007/BNEsig/ (American Education Research
Association, 2009).

2. The Centre for Neuroscience in Education’s goal ‘is to establish the basic parameters of
brain development in the cognitive skills critical for reading and mathematics.’ http://
www.educ.cam.ac.uk/centres/neuroscience/ (Centre for Neuroscience in Education, 2009).

3. The mission of the International Mind, Brain, and Education Society ‘is to facilitate cross-
cultural collaboration in biology, education and the cognitive and developmental sciences.’
http://www.imbes.org/mission.html (IMBES, 2009).
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11
Mathematics Education and
Neurosciences: Towards interdisciplinary
insights into the development of young
children’s mathematical abilities_710 74..79

Fenna Van Nes

Introduction

People tend to underestimate the complex developmental steps that are concealed
behind the apparently simple nature of kindergarten mathematics. Fortunately, research-
ers are elucidating how young children’s learning trajectories fundament formal math-
ematical thinking and learning (Clements & Sarama, 2007). Yet, what is concerning is
that many studies and subsequent instructional interventions stay focused on children’s
numerical skills (Baroody, 2004). This overshadows young children’s excellence in less
trivial mathematical areas such as pattern and spatial perception, reasoning, classification
and problem solving (Griffin & Case, 1997; Ness & Farenga, 2007).

The statement that ‘early childhood education, in both formal and informal settings,
may not be helping all children maximize their cognitive capacities’ (NRC, 2005, p. 3) is
augmented by neuroscientists who have expressed similar concerns in a report on
numeracy and literacy of young children (OECD, 2002). Evidently, both mathematics
education researchers and cognitive neuroscientists share an interest in fostering young
children’s cognitive development (De Lange et al., 2008).This interest is the motivation
behind the Mathematics Education and Neurosciences (MENS) project; our aim is to
bridge education and neuroscience research to gain more in-depth insight into the
development of young children’s mathematical thinking and learning.

Bidirectional Collaboration

With publications increasingly advocating the need to integrate neuroscientific and
educational research, (mathematics) educational researchers are becoming more aware
of benefits of applying neuroscientific methods and findings to education (Campbell,
2006). Nevertheless, ‘educational neuropsychology has remained a peripheral special-
ization within educational psychology’ (Berninger & Corina, 1998, p. 344).

To contrast this more unilateral conception of interdisciplinarity, Berninger and
Corina (1998) described how bidirectional collaboration between neuroscience and
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educational research can enrich both educational research and the neurosciences.
Neuroscientific research can help educational researchers gain insight into brain-
cognition relations that underlie cognitive processes and the effects of instructional
interventions. In turn, the behavioural patterns that educational researchers study
before, during and after a particular instructional intervention, can contribute to
understanding the nature of possible changes in brain activation that result as a func-
tion of learning. Thus, while ‘neuroscience can investigate synaptic connections, but
not conceptual ones’ (Bennett & Hacker, 2003, p. 405), educational researchers can
conduct conceptual investigations to understand what is known and to formulate new
research questions. Such a dialogue characterizes the collaboration in the MENS
project.

What concerns us in the mathematics education component of the project (hereafter
ME) is the role of young children’s spatial structuring and patterning ability in their later
mathematical performance (Battista et al., 1998; Mulligan, Mitchelmore & Prescott,
2006). Examples of spatial structures are finger patterns and domino-dot configurations.
Studies have shown how children with mathematics difficulties often do not develop
counting strategies beyond unitary counting (Pitta-Pantazi, Gray & Christou, 2004).We
conjecture that kindergartners’ spatial structuring ability can help to ‘read off’ quantities
so that certain numerical procedures such as addition can, eventually, be abbreviated
(Van Nes & De Lange, 2007). Hence, the aim of this ME research is to gain more insight
into young children’s spatial structuring ability and its role in the development of more
sophisticated numerical procedures.

Regarding the neurosciences component of the project (hereafter NS), the focus lies in
recent neuroscientific studies that have found that the automatization of extracting
number meaning from symbols occurs at a very young age (grade 3) and that this can be
used as a measure of the development of numerical skills (Szucs, Soltész, Jármi & Csépe,
2007). Participants in these studies decide whether a digit is numerically or physically
larger than another digit that is presented simultaneously.The effect is analogous to the
numerical Stroop paradigm [NSP] (Henik & Tzelgov, 1982) where adults typically show
slower reaction times when numerical information is irrelevant in the physical compari-
son task. These outcomes not only suggest that the irrelevant numerical information is
automatically processed, they also point to a developmental trajectory of response-
organization skills and they provide more support for a link between impaired executive
functioning and developmental dyscalculia (Szucs et al., 2007). We contribute to this
discussion by investigating the NSP in both a behavioural and EEG study with even
younger children (kindergartners). As such, the objective is to augment current diagnos-
tic and remedial practice with new insights into pre-requisites in the development of
mathematical abilities.

Taken together, both the ME and the NS components of the project pay particular
attention to young children’s early spatial abilities in order to foster their mathematical
development. The two disciplines are expected to enrich each other in two ways. First,
the developmental phases in spatial structuring ability that we are distinguishing can be
interpreted with respect to the degree in which these children automatically process
quantities and vice versa. In turn, both outcomes can be interpreted in light of the
children’s standardized tests scores. A comparison of the three measures will help
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evaluate the validity of how we are gauging children’s spatial structuring ability and
automatic number processing. The second potential benefit of combining the two
disciplines is that the instructional intervention that we are developing to support young
children’s spatial structuring ability can answer neuroscientific questions about the
learning mechanisms that may be involved in the development of spatial and number
sense. In turn, the mathematics educators can draw upon neuroscientific insights on the
establishment of basic cognitive mechanisms to motivate the design of each activity in the
instructional intervention.

Converging ‘ME’ and ‘NS’

To gauge young children’s spatial structuring ability and emerging number sense, we
study the strategies that the children use to solve several spatial and numerical tasks
that we present in a one-on-one interview setting. In addition, we designed a series of
classroom activities to implement in an instructional intervention as a means to (a)
better understand how children learn to make use of spatial structures for abbreviating
numerical procedures, and to (b) highlight ways to amend the activities so that they
interweave with children’s level of mathematical understanding and support children’s
learning. This methodology adheres to a classroom-based ‘design research’ (Grave-
meijer & Cobb, 2006). The activities are embedded in contexts that should intrinsi-
cally motivate the children to mathematize the problem (Freudenthal, 1971). The role
of the teacher in this instruction-experiment is to guide children in discovering the
advantages of applying spatial structures to solve the problems (Freudenthal, 1991).
Meanwhile, the researcher observes and reflects on the children’s behaviour as they are
engaged in the activities. A video data analysis computer program is used to organize
the raw video material and to support the building of a theory about the children’s
learning trajectories.

In contrast to the qualitative methodology of our ME research, the NS procedures are
based on traditional experimental methods (Cohen, Manion & Morrison, 2007). In the
NSP, participating children are presented in each trial with two numbers (ranging from
1 to 9, with each number in a pair differing in font size) that are simultaneously projected
on a computer screen.Their task is to press the button on the corresponding side of the
target (i.e. the physically or numerically larger number).

Before the trials begin, the researcher fits a cap on the child’s head with electrodes that
register brain activity.This non-invasive EEG technique informs the researcher about the
onset and duration of brain signals for particular stimuli and motor and perceptual
responses. ANOVAs help determine differences in the brain activation and in the reaction
times and additional analyses give more insight into the nature of interference and
facilitation effects in the different experimental conditions.

With one research discipline set in a classroom environment and another that is based
on a laboratory setting, the collaboration between the ME and NS research rests on
studying the same children.The children who participate in the ME research are part of
the larger pool of children who will also participate in the NS research. In this way we
hope to be able to compare children’s phases of spatial structuring with the degree to
which they automatically process quantities.
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Bridging ‘ME’ with ‘NS’

The researchers of the two disciplines adhere to their particular methodologies for
different reasons. From the NS perspective, one advantage of quantitative results in the
traditional experimental setting is that they can be aggregated and generalized (Jacobs,
Kawanaka & Stigler, 1999). However, this methodology cannot adequately accommo-
date design research outcomes because the large amounts of qualitative data have to be
reduced and transcribed to a more manageable amount before any analysis can begin
(Strauss & Corbin, 1998). The time-consuming data collection and analyses also place
limits on the size that qualitative studies can grow to.

From the ME perspective, Schoenfeld (2000) contests research that compares old
and new methods of instruction or randomly assigning students to experimental and
control groups because ‘if different teachers taught the two groups of students, any
differences in outcome might be attributable to differences in teaching. But even with
the same teacher, there can be myriad differences’ (p. 645). In addition, the outcomes
of statistical analyses on such quantitative data only determine a (significant) difference
in performance between the two groups. This contradicts the exploratory theory-
building that is involved in trying to understand the complex processes that arise in
instructional interventions. As a result, such outcomes have limited value in ME where
the object of the research extends beyond establishing merely that an intervention
works; rather, the focus lies on identifying successful behavioural patterns and means to
support these.

After carefully considering such methodological differences, we decided that the
interdisciplinarity of the project could not rely on trying to ‘fuse’ the qualitative design
research and the quantitative experimental approach. Rather, the collaboration must
‘bridge’ the two disciplines within the constraints of the project so that the research
traditions can meet and so that neither discipline will have to sacrifice a methodological
‘virtue’ for the sake of the other. As a result of this insight, the researchers of both
disciplines have developed their own research trajectories that converge towards studies
with the same participants. By involving the children who participated in both the ME
and the NS studies, we can gather complementary information and interpret the out-
comes against two different backgrounds.

From ‘MENS’ towards ‘Educational Neuroscience’

The struggle with the controversies between the different methodologies of the two
disciplines has brought us nearer to interdisciplinary research about young children’s
mathematical development. Already, the collaboration has led to a greater theoretical
understanding of spatial structuring and emerging number sense, and has challenged us
to ‘think outside the box’ for finding creative ways of approaching the investigation from
both disciplines. The driving force behind bridging mathematics education and neuro-
sciences in this project is the prospect of combining knowledge from both research
trajectories to contribute to early diagnostic practice and prevention. If we succeed in
developing and comparing two valid measures for the development of kindergartners’
mathematical ability, we may help to foster young children’s early mathematical insights
and to stimulate those children who could be prone to experiencing difficulties in their
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mathematical development. The earlier we may grasp children’s mathematical learning
trajectories, the more we can anticipate and furnish a supportive instructional setting,
and the more we may be able to support the children in the development of their
mathematical thinking and learning.
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Kerry Lee & Swee Fong Ng

One distinction that is seldom mentioned in the neuroscience literature on mathematics
is the difference between doing mathematics versus teaching or learning mathematics.
The former is about how mathematical facts and processes are used to solve mathemati-
cal problems. This includes, for example, how primary or elementary school students
perform arithmetic computation and quantity estimation. Examples from the secondary
school years include how older students perform calculus, trigonometry, and algebraic
questions. Although research on the teaching or learning of mathematics may also be
concerned about arithmetic or algebraic computation, the focus is on the acquisition of
such knowledge and how best to teach them.

Much of the available work in the neurosciences has focused on doing mathematics.The
works of Dehaene and his colleagues (for a review, see Dehaene et al., 2003), for example,
examined the neuroanatomical systems responsible for the processing of different math-
ematical operations (addition, subtraction) and processes (exact calculation versus esti-
mation).Their findings suggested that individuals represent numbers on a mental number
line. Furthermore, mental arithmetic—subtraction and division, in particular—activate
the intraparietal sulci, which is involved in quantitative processes involving the number
line.These findings are important and tell us how people process mathematical informa-
tion. However, they provide no direct evaluation of how one should one go about teaching
arithmetic or encourage the development of number representation.

A point we want to emphasise is the importance of extending such research to the
study of pedagogy. Take, for example, the teaching of mental subtraction. One activity
often used by teachers is closely related to mental number lines. Imagine if young pupils
are asked how many sweets are left when three sweets are taken away from five. Such
questions can be solved by counting or direct retrieval when numbers are small. It is
much more difficult when larger numbers are involved and algorithms have to be used,
e.g. taking away 3 sweets from 500. One alternative, especially for weaker pupils, is to ask
them to imagine a number line and counting backwards from 500. In order to use such
mental number lines, the activity is first introduced with smaller numbers. Students then
continue to construct and grow the number line. Such activities often have positive
pedagogical effects. However, does such facilitation result from the development of
students’ number lines, children finding such activities fun and engaging, or some other
process? Questions such as these are important, as they will help define the efficacious
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boundaries of specific pedagogies. As discussed in the following sections, such questions
are beginning to be addressed in the neuroscience literature.

The Neuroscience of Pedagogy

Though it is important to ascertain the neuroanatomical substrate of specific mathemati-
cal processes, it is equally important to examine how such processes are acquired. In the
past, the task of translating findings from the laboratory to the classroom has largely been
left to educators. As shown by recent works conducted by Delazer (Delazer et al., 2005)
and in our laboratory, neuroscience can play a significant role in pedagogical research.
Delazer and her colleagues (2005), for example, investigated the cortical correlates of
learning-by-strategy versus learning-by-rote. Participants were trained using one or the
other method for over a week.The results showed that learning-by-rote activated the left
angular gyrus, possibly reflecting the language dependent nature of the strategy.
Learning-by-strategy, on the other hand, activated the precuneus, which the authors
attributed to the use of visual imagery.

In our laboratory, we have conducted two studies investigating heuristics commonly
used to teach algebraic word problems: the model method and symbolic algebra (Lee
et al., 2007). Problem solving is the core of the Singapore mathematics curriculum.
Primary students (9 to 11-year-olds) are taught to use the model method to solve
algebra word problems that, in many countries, are taught later in the curriculum using
symbolic or formal algebra. The model method is a diagrammatic representation of a
given problem (Ng & Lee, 2005; Ng & Lee, 2009). Take for example a question in
which students are told, ‘a cow weighs 150 kg more than a dog; a goat weighs 130 kg
less than the cow; altogether the three animals weigh 410 kg’. Students are then asked
to find the weight of the cow. Using the model method, students use rectangles to
represent the unknown values as well as the quantitative relations presented in word
problems (see Figure 1). Students find the weight of the cow by undoing the arithmetic
procedures. It is not until students are in secondary school (12-year-olds +) when they
are taught to solve such problems by constructing a system of equivalent algebraic
linear equations.

Although the original intention in using the model method was to give students
earlier access to complex word problems (Kho, 1987), access to non-algebraic heuristics
may also complicate the acquisition of symbolic algebra. For some algebraic word
problems, knowledge of such heuristics allows students to arrive at the correct solution
without having to engage with the representational and transformational activities

Figure 1: A model representation of an algebraic problem
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associated with symbolic algebra. Some students use a mixed method strategy: combining
the heuristic approach with aspects of symbolic algebra.Others construct a model drawing
and then its equivalent algebraic equation before reverting to the arithmetic methods of
undoing the operations. Indeed, Khng and Lee (2009) found students with poorer
inhibitory abilities had difficulties using symbolic algebra even when they were directed to
do so. Such students were also more likely to revert to the model method.

The potential pitfalls of introducing pre-algebraic methods are echoed by some
secondary teachers’ beliefs regarding the model method. Ng, Lee, Ang, and Khng (2006)
reported interviews with several secondary teachers regarding the efficacy of the model
method. Many of these teachers expressed reservations about the method and saw it as
an obstacle to students’ acquisition of symbolic algebra. One of their concerns is that the
model method is childish and is non-algebraic.

How accurate are these teachers’ perceptions regarding differences between the two
methods? If the model method is indeed non-algebraic and poses an obstacle to the
learning of symbolic algebra, it may be advisable to forego the teaching of the model
method. A full evaluation of this issue will likely require a consideration of cognitive,
motivational, and pedagogical issues. Because the model method is taught in all schools
and has been so for over a decade, conventional programme evaluation techniques are
impracticable.

In our laboratory, we conducted two studies using functional magnetic resonance
imaging (fMRI) and focused on the cognitive underpinnings of the two methods. In the
first study (Lee et al., 2007), we asked adult participants to transform word problems
into either models or equations. One of the challenges was to transform problems used
in the classroom to a format suitable for use in a scanner. Classroom problems, even
those used in primary schools, can be complex and require several minutes to solve.
Children typically have access to pen and paper, which serve as external mnemonic aids.
In some classrooms, problems are solved in a collaborative manner. Because the acqui-
sition of images requires participants to be still and silent, it is difficult to provide such
support materials in the scanner. Perhaps because of this, previous studies that examined
algebraic problems have tended to focus only on numerical transformation.

Our aim was to examine differences resulting from the use of the model versus the
symbolic method in solving word problems. For this reason, too narrow a focus on a
specific subset of processes would not have captured the gist of our enquiry. To achieve
a balance between internal and external validity, we used very simple word problems,
e.g. ‘John has 34 more cup cakes than Mary. How many cup cakes does John have?’
To isolate processes involved in transforming word problems into models versus equa-
tions, total quantity was not presented. This discouraged participants from engaging in
computation.

All participants in our study were pretested for competency in the two methods: we
selected only those who were highly and similarly competent. Ensuring behavioural
equivalence allowed us to infer differences in neural activation in terms of processes
involved in executing the two methods rather than differences in task difficulty. Despite
the lack of behavioural differences, we found differences in the degree to which the two
methods activated areas associated with attentional and working memory processes. In
particular, transforming word problems into algebraic representation required greater
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access to attentional processes than did transformation into models. Furthermore,
symbolic algebra activated the caudate, which has been associated with activation of
proceduralised information (Anderson et al., 2004).

In a follow-up study, we investigated the next stage in problem solving: from models
or equations to solution. Using models and equations derived from questions similar to
those in the first study, participants were asked to solve the problems and to come up
with a solution. Preliminary analyses revealed a similar pattern of findings with symbolic
algebra activating areas associated with working memory and attentional processes.
Findings from these two studies suggest that, for simple algebraic questions at least,
differences between the methods are quantitative rather than qualitative in nature. Both
methods activate similar brain areas, but symbolic algebra imposes more demands on
attentional resources.

Pedagogical Implications

If symbolic algebra is indeed more demanding on attentional resources, one curricular
implication is that it is best to teach the model method at the primary level and leave
symbolic algebra until students are more cognitively matured. In evaluating this recom-
mendation, it is important to note that participants in our neuroimaging studies were
adults and were all similarly proficient in the two methods. Our recommendation
assumes that similar differences will be found in younger learners; indeed, using symbolic
algebra may require even more effort for early learners of algebra. Nonetheless, these are
empirical assumptions that require further investigation.

We mentioned earlier that some secondary school students adopt a mixed-method
strategy in solving algebra problems. In the following section, we discuss the intervention
used to address this issue. Of relevance is that the neuroimaging findings provided some
insights on why the intervention had limited success.

Students’ use of a mixed method approach is of concern to educators because
knowledge of symbolic algebra is critical for solving problems in higher mathematics and
in the sciences. To address this issue, the Singapore Ministry of Education and the
National Institute of Education jointly developed ‘Algebar’, a software tool designed to
(a) help students make the link between the model method and symbolic algebra and (b)
acquire the direct algebraic route of problem solution. Given an algebra word problem,
students who would otherwise use a mixed method approach are prompted by the
software to construct equivalent algebraic equations, beginning with definitions of the
variables. The inbuilt self-checking system provides instant feedback that supports
the construction of algebraic equations.

In late 2006, this software was piloted in two secondary schools, involving four
teachers. Participants (~13 year olds) were first taught the symbolic manipulation and
transformational activities related to symbolic algebra. Working in pairs, they used
Algebar to solve a set of algebra word problems.We videotaped the interactions between
eight pairs of students. The dyadic interactions showed that many times, students drew
an appropriate model representation, constructed a set of equations, and were then
unsure how to proceed with constructing a set of equivalent equations that would lead
them to the solution.
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Focusing on the teachers, analysis of these lessons showed that they used a transmis-
sion paradigm to deliver the content. Rather than explaining the procedures necessary
for constructing a system of equivalent linear equations, students were told how to
transform equations. In the post-lesson interviews, teachers explained that their peda-
gogy was constrained by the limited curricular time allocated to the teaching of symbolic
manipulation and transformational activities.

Why do students find constructing a system of equivalent equations difficult? One
possible reason is that the pedagogy used to teach students symbolic manipulation and
transformational activities was not meaningful. Because the time spent on introducing
algebra was brief, students may not have sufficient time to master the procedures. This
is particularly problematic if we consider our imaging findings. They show that even
for simple algebra problems, symbolic algebra is resource intensive relative to the
model method. One solution is to spend more time on introductory activities associ-
ated with symbolic algebra. If the procedures related to the construction of a system
of equivalent linear equations are explained and are then rehearsed until they are
automatized, students may find it easier to adopt the symbolic route to the solution of
problems.

As part of this effort, the second author of this chapter offers professional development
courses to help teachers enhance their pedagogy. The objectives of these courses are to
inform teachers how they can use Algebar to make the link between the two methods and
to help improve the teaching of symbolic manipulation and transformational activities.
One specific objective is to deploy strategies that will help students reduce the working
memory demands of symbolic algebra.

Conclusions

In this chapter, we focused on two issues. The first issue is related to the distinction
between doing versus teaching mathematics: knowing how specific mathematical pro-
cesses are implemented will not necessarily tell us how best to teach them. Second, one
of the challenges in drawing useful information from the neurosciences is to bridge the
divide between the laboratory and the classroom.The suggestion that neuroscience may
inform the work of mathematics educators often elicits raised eyebrows from colleagues,
who respond by asking whether it involves installing a fMRI machine in schools and
scanning children to determine the state of their brains. More seriously, replicating the
group-based characteristics of pedagogy in a platform designed for individual investiga-
tion is non-trivial. Although the efficacy of pedagogy can be investigated on a one-to-one
basis, what works in an individual setting may not be effective in a classroom setting. A
closely related concern relates to the context in which learning occurs. What works in a
controlled laboratory environment may not do so in a classroom environment. Research
in education has also emphasised the importance of discourse amongst community of
learners (Brown & Campione, 1994); again something that is difficult to implement
within the confines of a scanner.

Although these observations may portray a negative view of future progress, this is
not our intention. Some of the identified problems are technical in nature. Recent
developments in near-infrared spectroscopy and electroencephalography promise both
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portability and higher tolerance for movement, both of which may allow for more
naturalistic examination of pedagogical strategies.

Note

Correspondence regarding this chapter should be sent to the first author at Kerry.Lee@nie.edu.sg.
Readers interested in the Algebar programme should contact the second author at SweeFong.Ng@
nie.edu.sg.
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Paradigm for Educational Neuroscience
and Neuropedagogy_712 86..96

Kathryn E. Patten

Introduction

The birth of educational neuroscience is long overdue. The transmogrification of brain
research into brain-based teaching must meet its metaphorical demise. Neuromyths
(Hall, 2005; Goswami, 2004; Geake, 2008) that have crept into pedagogy must be
replaced by an applied neuroscience, primarily concerned with educational practice both
informed by educational neuroscience and informing research in neuroscience and
neuropsychology. This applied neuroscience may be termed neuropedagogy.

Education is still, by and large, stuck in the Hellenistic tradition of the Western world
that regards the intellect as supreme and emotion as a detractor, by-product or, more
recently, as a type of intelligence.While Aristotle, Descartes, and Spinoza contributed to
the metamorphosis of the relationship between intellect and affect to reveal emotion as
more than an irrational renegade in need of rational control; modern neuroscientists,
especially the likes of Damasio, Ledoux, and Davidson, portray emotion as the phylo-
genetic director of embodied brain function that is distinct from cognition, and assign
primacy of brain-body function to emotion.

Educational neuroscience must reflect the newly assigned importance of emotion
and the concomitant role of cognition. Neuroscience and neuropsychology assert the
primacy of emotion function, and do not regard emotion as subservient to cognition, nor
as a type of intelligence. They present emotion as a function of brain-body interaction,
a vital part of a multi-tiered phylogenetic set of neural mechanisms, evoked by both
instinctive processes and learned appraisal systems. In light of neuroscientific findings,
what is needed is a re-conceptualization of emotion in relation to intellect. Primarily
based on Damasio’s somatic marker hypothesis, but also incorporating elements of
appraisal theory, this chapter presents a neuropedagogical paradigm of emotion, the
Somatic Appraisal Model of Affect (SAMA).

Primacy of Emotion Function

While emotions and cognition are inter-relational, they constitute separate subsystems of
the brain/body function (Davis, Hitchcock & Rosen, 1991; Gray, 1999; Panksepp, 1990,
1994). There are several arguments that support the primacy of emotion’s function.
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Firstly, emotions perform the first level of appraisal for incoming stimulus in brain
function, thus affecting subsequent cognitive appraisals. Secondly, emotions have the
capability of easily influencing bodily functions and responses; and thirdly, emotions,
specifically through the functions of the amygdalae, have the ability to influence and
override cognition. In addition, emotions involve many more brain systems than
thoughts (Ledoux, 1986, 1996). Emotions, writes Ledoux, ‘cause a mobilization and
synchronization of the brain’s activities’ (1996, p. 300) that is functionally dissimilar to
thinking that does not have significant emotional content.

As well, Gray (1991) argues that there is evidence that the limbic system constitutes a
‘separable subsystem of the brain’ (p. 274), and that different parts of the limbic system
share a common antigen that is not present in other brain regions. He also cites a ‘unity
of response’ in the limbic system, even though the whole system contains diverse and
distinct components (Gray, 1991, p. 276).

Others avow the primacy of emotion because of its role in human behaviour. Kagan
(1984) promotes the primacy of emotions when he writes that ‘feelings can dominate
consciousness in a way that thoughts cannot’ (p. 69). Izard (1984) argues that emotion
is not only primal in human development, but serves as a fundamental core of human
existence that is the motivation for both cognition and behaviour. Damasio has long been
an advocate of emotions as capable of influencing and enhancing decisions (1994, 2003;
see also Bechara, 2004; Davidson, Jackson & Kalin, 2000). Goleman (1995) states that
the intensity of emotion enhances memory and Parkinson, Totterdall, Briner, and
Reynolds (1996) argue that the valence of underlying emotions or mood influences the
style of thinking, the encoding of material (Ledoux, 2000; Parrott & Spackman, 2000;
Phelps, 2006), as well as the storage processes. Davidson, Jackson, and Kalin (2000) state
that emotion ‘provides the motivation for critical action in the face of environmental
incentives’ (p. 890). Silvia’s study notes that self-awareness of emotional experiences
‘reduces egocentrism and enhances perspective taking’ (2002, p. 21) and speculates that
this emotion-salience can influence appraisal and regulation variables. Indubitably,
emotion plays a vital role in brain/body function and influences aspects of cognition.

Need for an Educational Paradigm of Emotion

The findings of affective neuroscience reveal that understanding the neurobiology and
neuropsychology of emotion and how it applies to human behaviour is not only essential
to human flourishing; it is essential to overhauling pedagogy (Patten, 2004). However,
while much work has been done in identifying the biological and neurological brain/body
processes of emotion and the role of emotion in human behaviour, a conceptual or
theoretical model of emotion that is both rigorously grounded in this work and suitable
for educational researchers and practitioners is lacking. I propose a model of emotion
suitable for neuropedagogy, that is, for a neuroscientifically informed and grounded
pedagogy.

The Somatic Appraisal Model of Affect

Based primarily on the work of Damasio (2003), Ledoux (1996), and others (e.g.
Dalgleish, 2004; Davidson, 1999; Davidson et al., 2000; Forgas, 1999; Gray, 1991; Izard,
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1984; Panksepp, 1994), along with elements of appraisal theory (Beedie, Terry & Lane,
2005; Kagan, 1984; Lazarus, 1999; Sabini & Silver, 2005; Scherer, 2000), I propose the
Somatic Appraisal Model of Affect as a new educational model for emotion.

SAMA has its roots in Damasio’s somatic marker hypothesis (2003), which asserts the
phylogenetic primacy of affect and presents emotion as deriving from bodily or somatic
states, such as heart rate, homeostatic condition, and neuronal arousal. Provoked by
incoming stimuli, bodily states are then appraised, and behaviours are evoked or inhib-
ited based on this evaluation (Damasio et al., 2000; Hinson, Jameson & Whitney, 2002).
These bodily states which are prompted by signals, both neuronal and chemical
(Damasio,Tranel & Damasio, 1991), from the amygdalae and other limbic regions, allow
the affective brain to ascribe valences to information that, in turn, influence attention,
memory, information processing, and well-being in ways that cognition does not (Maier,
1991; Meinhardt & Pekrun, 2003; Moore, Underwood & Rosenhan, 1984; Tugade &
Fredrickson, 2004).

SAMA embraces an embodied philosophy of mind wherein observable behaviours and
brain/body functions are objective manifestations of lived experience (Campbell, 2005a,
2005b; Ferrari, 2003). SAMA has integral elements, including clarification of the ter-
minology of emotion necessary to articulating the body/brain process and function of
emotion, and delineation of the components and facets of emotion inherent in the
phylogenetic phenomena of affect (see Figure 1).

Definitions of Affect

In order to avoid disparate discourse and the resultant confusion related to what are
commonly termed emotions (e.g. Cole, Martin & Dennis, 2004; Damasio, 2001;
Leventhal, 1982), SAMA seeks to provide clarity regarding distinctions among the
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Figure 1: Somatic appraisal model of affect
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various types of what I shall hereafter refer to collectively as affect. SAMA presents three
categories of affect in phylogenetic order: dispositions; basic emotions; and feelings, of
which there are two types, namely conscious feelings and secondary feelings.

Dispositions, variously referred to as ‘background feelings’ (Damasio, 2003, p. 45),
tonal emotions, internal tone (Kagan, 1984), or more generally mood, are states of being
composed in the basal ganglia and limbic regions reflecting composite mind/body
expressions of regulatory status in regard to homeostasis. Dispositions are largely uncon-
scious; they register a fusion of underlying somatic states, including both chemical and
visceral conditions over time, contributing to their vague nature and generalized essence.
Because of their representation of the body/mind’s state relative to homeostasis and basic
existence, dispositions are by nature primitive and basic to survival.

The second level of affect, basic emotions, is also referred to as primary emotions
(Damasio, 2003). SAMA defines basic emotions as specific and relatively consistent
representations of physiological, chemical, and neural responses evoked by certain brain
systems when a person perceives or recalls objects or situations. Basic emotions are
prototypic and characterized by autonomic and simple judgments, positive/negative,
approach/withdraw, which primarily involve the limbic system, and occur in the ‘low
road’ (Ledoux, 1996, p. 164) of stimuli processing.This unconscious appraisal is ‘quick
and dirty’ (Ledoux, 1996, p. 163); it evaluates incoming stimuli from the external
environment in relation to survival or life preservation. Basic emotions are elemental
affects in that they are largely innate (Damasio, 1999, 2003; Ledoux, 1996; Panksepp,
1990) and somewhat instinctive. Basic emotions are generally accepted to include
happiness, sadness, fear, anger, disgust (Ekman, 1993), and sometimes surprise
(Damasio, 2003, Porges, 2001). The essence of these emotions is present at birth, is
cross-cultural (Ekman, 1993), and also exists in primates (Damasio, 2003; Ledoux,
1996). Basic emotions are ‘not dependent on cognitive development for emergence nor
on cognitive appraisal for their activation’ (Dougherty, Abe & Izard, 1996, p. 29).

SAMA’s third level of affect shall be termed feelings. Also referred to as secondary
emotions, social emotions, and conscious emotions, feelings are mental recognitions of
the pattern of physiological, chemical, and neural responses evoked by certain brain
systems when a person perceives or recalls objects or situations. Feelings involve cortical
appraisal systems and therefore have a cognitive component; they take place in the ‘high
road’ (Ledoux, 1996, p. 164) of the brain. These cortical appraisals involve detailed
analysis of incoming stimuli in relation to memory, knowledge, and a sense of self.
Feelings involve two types of cognitive analysis: 1) recognition of somatic patterns or
maps of body/brain conditions; and 2) the pairing of somatic maps with detailed analysis
of object/event stimuli in regards to learned knowledge and experience, which include
cultural norms, personal goals, and the constructed self.When the first type of appraisal
occurs, when somatic maps are recognized, consciousness accompanies this recognition
of somatic patterning, and these I refer to as conscious feelings.When the second type of
appraisal occurs, when stimuli are evaluated in regards to the stored essence of self and
prior experience, basic emotions may be transformed into what I refer to as secondary
feelings. These secondary feelings are evolved basic emotions; they are cognitive in
nature, they are learned, and their causal emergence may differ from person to person.
Secondary feelings include such affects as shame, guilt, jealousy, and pride. Secondary
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feelings require analysis of stimuli in regards to personal goals, social and cultural norms,
family values, a sense of self, as well as context. For example, shame may be regarded as
a type of sadness combined with a touch of disgust arising from a cognitive analysis of
personal performance in regards to evaluation of social and cultural norms, values, and
the context in which the event occurred.

The various types of affect differ by virtue of the regions of the brain activations, levels
of consciousness, and roles in influencing human function, including evoked behaviours,
(Ledoux, 1996; Ohman, 1999), yet their phylogenetic composition ensures that they are
interconnected physiologically, chemically, and functionally. Common sensory input,
shared neuronal pathways, and interaction of neurotransmitters or chemicals that evoke
or inhibit brain/body behaviour both promote and accommodate an ever-changing
brain/body system. Because of the many levels of interconnection, each level of affect is
capable of influencing those levels with which it has efferent and afferent communica-
tion, those levels for which it is a contributing determinant. In real life terms, a person’s
disposition can influence cognitive analysis and interpretations of objects and events,
and ultimately, all types of affect have the ability to influence behaviour because they
influence brain/body function. Because many aspects of affective responses are observ-
able by the naked eye or through neurophysiological and psychological measurements,
affect can be investigated objectively (Damasio, 1999).

Clarification of the different types is essential to a working model of affect for
education.While there is not room here to address the debate between those who argue
that all types of affect involve cognition, suffice it to say that for the purposes of this
model, cognition in the function of affect is taken to imply that the neocortex is the most
influential or evocative appraiser of stimuli. In the cognition versus affect debate, there is
overwhelming support that the systems that comprise affect function primarily but not
limited to the limbic region, and are distinct and capable of operating without cognitive
regions of the brain (e.g. Braeutigm, Bailey & Swithenby, 2001; Damasio, 2003; Davis,
Hitchcock & Rosen, 1991; Geary, 1996; Gray, 1999; Izard, 1984; Lang, Davis & Ohman,
2000; Ledoux, 1996; Panksepp, 1994; Zajonc, 1980; Zajonc, Pietromonaco & Bargh,
1982), especially for primal levels of affect, such as fear. In other words, early appraisal
of incoming stimuli need not involve higher order cortical processing or conscious
appraisal in order to evoke basic emotions and produce bodily responses such as changes
in heart rate, sweating, muscular tension, eye blinking, chemical responses, and neuronal
activation of other brain regions.The ability of the amygdalae to assess incoming stimuli
for affective content and then activate other regions of the brain more rapidly and
dramatically than the thinking part of the brain, the neocortex, lends credence to
evidence that the amygdalae is capable of overriding the cognitive brain (Damasio, 2003;
Goleman, 1995; Ledoux, 1996).

Components and Facets of SAMA

While SAMA incorporates the neuroscience or brain/body mechanisms of affect with the
neuropsychology or brain/body behaviour resulting from affect, it also proposes the
components and facets of affect. While there is not space here to delineate these,
clarification of components and facets is essential to both researchers and practitioners;
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coherence of what we are identifying, quantifying, and modifying is paramount to
effectively creating and monitoring changes in pedagogy. The components of affect
include elicitors, receptors, emotional states, expressions, and the emotional experience
itself (Patten, 2008), and facets of affect include tone, valence, intensity, duration,
context, integrity, intentionality, cognitivity, and physiology. Delineating both compo-
nents and facets of affect is vital when determining the theoretical basis for a hypothesis,
what entity is being examined, and how that entity will be observed and measured.
Education researchers must be clear as to what it is they are hypothesizing about, what
components and facets are critical to their experiments, and, ultimately, how their
interpretations of affect may be applied to pedagogy.

Arenas of Cognitive Appraisal

While Damasio’s SMH serves as the essential neuroscientific foundation of SAMA, his
hypothesis focuses on the largely unconscious evaluation of stimuli that occurs primarily
in the limbic system but utilizes other brain areas, and what is known about the
processing of secondary feelings. While his hypothesis is critical to understanding the
science of dispositions, basic emotions, and the emergence of feelings, it does not yet
elucidate in any detail the higher behavioural levels of appraisal associated with the
function of secondary feelings (see Figure 2).

It is here that appraisal theory, especially that of Lazarus’ Motivational-Relational
Theory of Emotions (MRTE) may have application (1994, 1999). Like the SMH,
SAMA proposes the neurobiological functions of dispositions (i.e. background emo-
tions: Damasio, 2003) and basic emotions (primary emotions: Damasio, 2003) as lower
level affect where the amygdalae serve as the hub for triggering activation and coordi-
nation of other brain regions essential to affect. Basic emotions become conscious
feelings when the somatic representations, or facsimiles produced by mirror neurons, are
recognized by regions in the neocortex. Not only do conscious feelings involve cognition,

Figure 2: SAMA: Arenas of appraisal for secondary feelings
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so too do secondary feelings (secondary or social emotions: Damasio, 2003), which are
phylogenetically more evolved brain functions than basic emotions. While dispositions
involve primitive judgments regarding homeostasis; and basic emotions involve simplistic
judgments regarding external and environmental aspects of survival; feelings, both
conscious and secondary, involve higher levels of detailed analysis relating to emotional
well-being.

It is secondary feelings where appraisal theory may be cautiously applied. I say
cautiously, since neuroscience has yet to specify the neurobiological workings of second-
ary feelings. Secondary feelings, more sophisticated versions of basic emotions, both
evolve and mature with neural, social, and emotional development, demanding delinea-
tion to help unravel their complex nature. SAMA proposes the appraisal of secondary
feelings as three interacting arenas that are collectively both cognitive and conscious. In
the first appraisal arena, Phase A, the object or event is examined in relation to present
context and past experience. This phase corresponds to Lazarus’ primary appraisal. In
the second appraisal arena, Phase B, the possible actions/reactions to the object or event
and corresponding possible outcomes in relation to motives and present and future goals,
are examined. This phase is similar to what Lazarus (1999) terms secondary appraisal,
and can be seen to include Lazarus’ action tendencies. In Phase B, possible outcomes are
considered and then initiated and directed. In the third appraisal arena, Phase C, coping
strategies and future avoidance strategies are formulated and considered in relation to
the enacted or realized outcomes of response(s) to the stimulus.

It is in these appraisal arenas that the educationally relevant constructs of meta-
emotion, consciousness of emotional contagion, and emotion regulation show promise.
While there is not room here to define these constructs, the types of emotion regulation
that are possible in each arena or phase have been explored (i.e. Gottman & Katz, 2002;
Gross & John, 2003; Lewis & Steiben, 2004; Shipman, Zeman & Stegall, 2001; Silk,
2002).

Since the emergence of dispositions and basic emotions are to a large degree auto-
nomic and unconscious, they cannot be recognized nor stopped until they become
conscious feelings. However, they can be attenuated and avoided in the future through
emotion regulation by recognizing their emergence triggers and enacting preventive
measures related to specific objects and situations.

The critical point regarding these arenas of appraisal is that they, like brain regions and
brain-body interactions, function, not as distinct units, but rather as various instruments
of an orchestra playing a fugue, with a combined conscious effort to produce the best
possible result, which in our case is to promote present and future emotional well-being.
This complex emotive-cognitive living being that we call a human remains much of an
enigma, but it is the intent of SAMA to combine what is now known from the research
and theorizing of neuroscientists and neuropsychologists into a tentative whole for
educators, as a foundation for neuropedagogy.

Conclusions and Educational Implications

Educational neuroscience is seen as a bridge to connect the significant differences
between knowledge of neuronal function and how these functions operate and actuate in

92 Kathryn E. Patten



teacher/learners. As such, prescriptions of neuropedagogy both warrant and are in need
of substantiation through educational neuroscience (Campbell, 2005b).

The neuroscientific body of literature that serves as a foundation for this chapter
presents affect as having primacy over cognition, and having the capability of influencing,
attenuating, and even subjugating cognition. Affect is revealed as paramount in signifi-
cance to human mental processes such as learning, and crucial to survival, social
functioning, and human well-being. Neuroscientific evidence of brain/body interaction,
the primacy of emotion in human functioning, and neuropsychological data of behav-
ioural influence elicited by affect requires the attention of educational researchers,
especially educational neuroscientists, and is quite likely to eventuate in some profound
changes and shifts in educational theory and practice.

To this end, SAMA is formulated and proposed as a preliminary composite framework
of the basic function and facets of affect in relation to cognition within an embodied
paradigm on which to build a transdisciplinary model of affect. This model identifies
quintessential functions, components, and facets of affect necessary to provide a new
research domain, namely educational neuroscience, with a basis on which to build a
dynamic model of affect serving to challenge current pedagogy and inform and build a
new praxis, called neuropedagogy.

Some quintessential questions related to the primacy of emotions in our daily, lived
experiences as lifelong teacher/learners persist.We must identify and address the affective
needs of teachers/learners and seek to understand how these needs impact teaching,
learning, and social functioning. Many issues and avenues of research remain to be
further explored in regard to affect in order to establish and legitimate neuropedagogy.
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14
Implications of Affective and Social
Neuroscience for Educational Theory
Mary Helen Immordino-Yang

Advances in Social and Affective Neuroscience: Bringing Neuroscientific
Evidence to Inform Educational Theory

Anyone involved in raising and educating children, from parents to teachers to
coaches, mentors and beyond, knows that social learning is a major force in children’s
development. Typical children watch and engage with other people, imitate these other
people’s actions (including mental actions and beliefs), and look to trusted adults and
peers for emotional and other feedback on their behavior. They imagine how other
people feel and think, and those thoughts in turn influence how they feel and think.

Interestingly, evidence from social and affective neuroscience is shedding new light on
the neural underpinnings of such social processing, affective responses and their relation
to learning.These new discoveries link body and mind, self and other, in ways that only
poets have described in the past (Casebeer & Churchland, 2003). They dissolve tradi-
tional boundaries between nature and nurture in development (Immordino-Yang &
Fischer, 2010), and underscore the importance of emotion in ‘rational’ learning and
decision-making (Damasio, 2005; Haidt, 2001; Immordino-Yang & Damasio, 2007).
The challenge now for educators is to reconcile the new neuroscientific findings with
established educational theories, to discover how this new information can be used to
improve teaching and learning.

Our Bodies, Our Minds; Our Cultures, Our Selves

Traditional Western views of the mind and body, such as that of Descartes, divorced
high-level, rational thought from what were thought of as the basal, emotional, instinc-
tual processes of the body (Damasio, 2005 [1994]). By contrast, recent work in affec-
tive and social neuroscience has revealed a new view of the mind. Far from divorcing
emotions from thinking, this research collectively suggests that emotions, such as
anger, fear, happiness and sadness, are cognitive and physiological processes that
involve both the body and mind (Damasio et al., 2000). As such, they utilize brain
systems for body regulation (e.g. for blood pressure, heart rate, respiration, digestion)
and sensation (e.g. for physical pain or pleasure, for stomach ache). They also influ-
ence brain systems for cognition, changing thought in characteristic ways—from the
desire to seek revenge in anger, to the search for escape in fear, to the receptive
openness to others in happiness, to the ruminating on lost people or objects in
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sadness. In each case, the emotion can be played out on the face and body, a process
that can be felt via neural systems for sensing and regulating the body, or the emotion
can sometimes involve simulations of the body that do not leave the brain. And in each
case, these feelings interact with other thoughts to change the mind in characteristic
ways, and to help people learn from their experiences. Put simply, what affective neu-
roscience is revealing is that the mind is influenced by an interdependency of the body
and brain; both the body and brain are involved, therefore, in learning (Immordino-
Yang & Damasio, 2007).

Further, educators have long known that thinking and learning, as simultaneously
cognitive and emotional processes, are not carried out in a vacuum, but in social and
cultural contexts (Fischer & Bidell, 2006). A major part of how people make decisions
has to do with their past social experiences, reputation and cultural history. Now, social
neuroscience is revealing some of the basic biological mechanisms by which social
learning takes place (Frith & Frith, 2007; Mitchell, 2008). According to current evi-
dence, social processing and learning generally involve internalizing one’s own subjective
interpretations of other people’s feelings and actions (Uddin et al., 2007). We perceive
and understand other people’s feelings and actions in relation to our own beliefs and
goals, and vicariously experience these feelings and actions as if they were our own
(Immordino-Yang, 2008). Just as affective neuroscientific evidence links our bodies and
minds in processes of emotion, social neuroscientific evidence links our own selves to the
understanding of other people.

For example, how do we know that the atrocities committed on 9/11/2001 are wrong?
And why do most Americans have such a difficult time understanding how the terrorists
were able to carry out these actions?We automatically, albeit many times nonconsciously,
imagine how the passengers on those planes must have felt, empathically experiencing
both what they were thinking about and their emotions around these thoughts. For
many, just thinking of the images of planes hitting buildings induces a fearful mindset
with all its physiological manifestations, like a racing heart and anxious thoughts.
Similarly, we have difficulty empathizing with the terrorists who brought down the
planes, because the values, morals and emotions that motivated these men are so
different from our own.

Human Nature, Human Nurture

From the perspective of affective neuroscience, the social emotions that motivated the
terrorists, as well as those we experience when empathizing with the passengers, rep-
resent a uniquely human achievement, and one that is relevant to education: the ability
to feel emotions and engage in actions about the vicariously experienced beliefs of
another person. Social emotions and their associated thoughts and actions are bio-
logically built but culturally shaped; they reflect our neuropsychological propensity to
internalize the actions of others, but are interpreted in light of our own social, emo-
tional and cognitive experiences. Put another way, human nature is to nurture and be
nurtured. We act on our own accord but interpret and understand our choices by
comparing them against the norms of our culture, learned through social, emotional
and cognitive experiences.
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As is the case for basic emotions, the neural processes for experiencing and interpret-
ing these various choices are not independent from our bodies. Instead social emotions,
though arguably a pinnacle human achievement, remain biologically grounded in our
most basic physiological life-regulatory processing.The feeling of these emotions appears
to modulate the neural systems that sense stomach ache and regulate blood chemistry,
for example. Especially intriguing, these emotions also involve systems associated with
visceral self-awareness that are related to consciousness. Quite literally, it appears that the
ability to treat others as we would be treated relies on feeling the empathic welling in our
throat or ‘punch’ in our gut—feeling these on the substrate of our own psychological and
bodily selves and interpreting them in light of personal experience and cultural knowl-
edge, including that provided by education.

For example, let us take an educationally relevant problem—why does a student solve
a physics problem? The reasons are fundamentally emotional, and range from pleasing
his parents, to the intrinsic reward of finding the solution, to avoiding punishment or the
teacher’s disapproval, to the desire to attend a good college. Each of these reasons involve
an implicit or explicit social or emotional value judgment, as the student imagines how
others would react to his behavior, or how it would feel to solve the problem. And how
does the student solve the problem? To apply problem-solving skills usefully in physics,
the student must first motivate and engage himself sufficiently, must recognize the type
of problem that is before him, and must call up information and strategies that will steer
him toward a correct solution. Emotion plays a critical role in all of these stages of
problem solving, helping the student to evaluate, either consciously or non-consciously,
which knowledge and skills are likely relevant, and which will lead to a correct solution,
based on his past learning. As he begins thinking through the solution, he is emotionally
evaluating whether each cognitive step is likely to bring him closer to a useful solution,
or whether it seems to be leading him astray. From a neuropsychological perspective,
the brain systems for emotion form the ‘rudder’ that steers his thinking toward the
development and recruitment of an effective skill (Immordino-Yang & Damasio, 2007),
in this case for the solving of physics problems.Through regulating and inciting attention
(Posner & Rothbart, 2005), motivation, and evaluation of possible social and cognitive
outcomes, emotion serves to facilitate the student’s recruitment of brain networks that
support the skills he is developing. Here we use the example of solving a hypothetical
physics problem, but the same mechanisms would be at play in the solving of other sorts
of problems too, such as in deciding how to help one’s friend or how to vote in a
presidential election.

Emotion (Body and Mind) in Educational Context

Schools are social contexts. Each school is a community that functions inside a broader
culture, and the social and emotional experiences that children have as members of a
school’s culture will shape their cognitive learning (Rueda, 2006). Children’s bodies,
brains and minds are meaningful partners in learning. Each child builds on his or her
biological predispositions, his or her ‘nature’, grappling with his or her own biological
and psychological ‘self ’ as a platform on which to understand the thoughts and actions
of other people, both peers and teachers.
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When understood in this way, we can appreciate that even the driest, most logical
academic learning cannot be processed in a purely rational way. Instead, the student’s
body, brain and mind come together to produce cognition and emotion, which are
subjectively intertwined as the student constructs culturally relevant knowledge and
makes decisions about how to act and think.

Taken together, the neuroscientific evidence linking emotion, social processing, and
self, suggests a new approach to understanding how children engage in academic
skills, like reading and math. While skills like reading and math certainly have cognitive
aspects, the reason why we engage in them, the importance we assign to them, the
anxiety we feel around them, and the learning that we do about them, are driven by
the neurological systems for emotion, social processing and self. Neuroscientific evi-
dence suggests that we can no longer justify learning theories that dissociate the mind
from the body, the self from social context. To learn, students empathically recognize
the teacher’s actions, thoughts and goals, a process that reflects each student’s own
social and cognitive experiences and preferences. For example, to learn how to do a
math problem, the students in the class must understand the goal of the exercise, and
be able to relate that goal to the teachers’ actions and thoughts, as well as to their own
skills and memories. Using their own experience as a platform, the students struggle
to discern and reconstruct the teacher’s oftentimes invisible mental actions in their
own mind. This process is subjective, emotional, and grounded in each student’s
predispositions and personal history.

Affective and Social Neuroscience and Educational Theory:
A Plan for the Future

Despite their obvious relevance to educational environments, for the findings described
above to have their full impact, educators and neuroscientists need to debate the general
principles that the findings reveal, in order to derive testable hypotheses for education. In
bringing neuroscience to inform education, this updating of educational theory is often
neglected. Many times, educators and neuroscientists alike, caught up in their zeal for
new and exciting information and seeing the desperate need to improve education,
overlook the importance of theory building. Take, for example, the Mozart Effect—a
sound scientific finding relating spatial ability to music listening that was vastly misrep-
resented and misapplied as a learning tool (see Rauscher, Shaw & Ky, 1993). Attempting
to directly move from brain research to educational innovation without passing through
a theory-building stage limits the generalizability of the new tool, and is sometimes even
dangerous for children (Hirsh-Pasek & Bruer, 2007).

For education to truly benefit from these neuroscientific findings in a durable, deep
way, for the full implications to become apparent, educators must examine closely the
theory on which good practice is built, to reconcile the new and exciting evidence with
established educational models and philosophies. For example, affective and social
aspects of development are generally considered in examining curricula intended for
young children. Affective and social neuroscience findings suggest, however, that
emotion and cognition, body and mind, work together in students of all ages. Future
research and theory in education should attempt to understand how best to characterize
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and capitalize on the emotional and social dimensions of learning in older students,
including adults, keeping in mind what is known of the biological underpinnings of these
processes.

In conclusion, there is a revolution imminent in education. The past decade has seen
unprecedented advances in scientists’ understanding of the brain and mind, and new
information about the brain is expanding the influence of cognitive neuroscience into the
classroom. The neuroscientific findings from affective and social neuroscience in par-
ticular could have profound implications for education, eventually leading to innovations
in practice and policy. To discover these, we must lay the findings on the table for
theoretical and philosophical debate. Irrespective of their scientific value, the individual
brain findings are powerful for education only insofar as they suggest changes to our
general knowledge of how learning and development happen.This is the next frontier for
educational neuroscience. Neuroscientists and educators must work together to produce
the Holy Grail: new ways of understanding development that have practical implications
for the design of learning environments.
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