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Dedication

William Safire
1929-2009

William Safire died while this publication was in production. But, in true Safire-style, he met the deadline for
his prolegomenon just a week or so before his death. “Deadline, deadline, deadline” was his mantra and he
kept to it.

Safire, always the first to realize what would be significant and push for it, believed in the importance of arts
education, brain research, and neuroeducation. In 2004, with the approval of the Dana Board of Directors,
the Foundation established the Dana Arts and Cognition Consortium. The Consortium, researchers at seven
major institutions, was charged with studying the effects of arts training on other learning domains. The
results of that study, which showed strong correlative links, but not causal ones, were released in a report
in 2008.

Earlier this year, Safire gave his approval for the Foundation to support The Johns Hopkins Neuro-
Education Initiative, which planned to hold a summit for scientists, educators, and policy makers on the
results of that study and subsequent research. Safire was convinced that this emerging field of neuroeduca-
tion, with its strong ties to cognitive research, would ultimately make a difference in teaching and would
emphasize the importance of bringing arts back into the classroom.

Safire decided that the Foundation, working with the Neuro-Education Initiative, would publish a book
of the highlights of the summit meeting. He told me to “get on it,” and get this book out. The time frame
was never stated, but certainly implied. Safire hated old news. Enough said.

So, despite the sadness following his death we “got on it.” I asked, “What would Bill say?” And I knew
the answer would be, “Keep the faith, kiddo.” And we will, Bill.

This one’s for you.

Barbara Rich, Ed.D.
Editor
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Section 1

The Circuits of Neuroeducation

A Prolegomenon’

By William Safire, Chairman, the Dana Foundation

When they get around to remaking the 1974
movie The Graduate, the key word whispered into
the young man’s ear as the secret to success in the
coming generation won’t be “plastics!” The word
in the updated version will be “circuits!”

An ecarly user of that word in its scientific
sense was Benjamin Franklin. Franklin described
his experiments in electricity in several letters to
Peter Collinson, a friend and Fellow of the Royal
Society who lived in London. Collinson and others
in London thought Franklin’s letters contained
valuable information, so in 1751 they published
them in a book, Experiments and Observations on
Electricity.

Today, neuroscientists—having used the recent
leaps in imaging technology to discover and map
the regions of the brain dedicated to perceiving,
reacting, remembering, thinking, and judging—
are delving into the connectivity among the brain’s
universe of neurons. In cognitive neuroscience—the
study of how the brain learns, stores, and then uses

" A prolegomenon is a highfalutin word for a brief preface to a
lengthy tract. Neuroeducators avoid such words.

the information it acquires—circuitry has become
an ever more exciting challenge.

Because cognition is rooted in the Latin word
for knowledge, educators also have a great stake
in the idea of circuits. In great universities and in
elementary classrooms, the constricted “stovepipe”
departments of the past have given way to interdis-
ciplinary approaches. Such connectivity in teaching
gives memorable context to learning; equally
important, it spurs student creativity. Subjects cross
over each other, transferring skills and knowledge,
figuratively as they do in the brain.

Let’s now apply the metaphor of circuitry to
the book in your hand. A circuit has been forming
over the past two decades, relatively unremarked,
between cognitive neuroscience—the science of
learning—and the practitioners of education. What
was needed to close the knowledge circuit—to give
a jolt of energy to the trend toward neuroeduca-
tion—was a field of experimentation familiar and
accessible to both disciplines, one that would dispel
a sometimes inbuilt mutual wariness.

One connection that presented itself was an
area of controversy: the impact of training in
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the arts—music, dance, drama, painting—on
the brains of children. Did intensive study of the
piano or violin at an early age have an effect on

=
=
=
=
5]
ksl
I
o)
=
z
[0}
o]
o]
)
5
1
o
o)
2
>
h
I
S)
7]
g
=
o
m
7]

the brain that would near transfer to motor skills,
or even far transfer to the ability to solve math-
ematical problems? Did dance training increase
an aptitude for geometric patterns, ultimately
leading to high marks in architecture or interior
design? Beyond such specific effects on related
academic areas, did rigorous arts training enable
the student to better concentrate on any subject?
Of course, correlations between, say, music and
mathematics talents have long been apparent, but
as skeptical scientists rightly pointed out, correla-
tion is not causation.

The neuroeducation circuit has gradually been
forming across the country, including the University
of California, Santa Barbara; the University of
California, Irvine; Harvard; and several smaller
colleges. Nowhere has it been more impressive than
the explosive start made at The Johns Hopkins
School of Education, under the leadership of
Mariale Hardiman, Ed.D., Susan Magsamen, and
Guy McKhann, M.D. In the coming decade we
shall see how further scientific findings strengthen
and reaffirm the new science of learning.



Section 2

Executive Summary

On May 6, 2009, the Neuro-Education Initiative of
The Johns Hopkins University School of Education,
with support from The Dana Foundation, hosted
its inaugural national Learning, Arts, and the Brain
Summit to explore the intersection of cognitive
neuroscience, the arts, and learning. More than 300
educators, scientists, school administrators, and policy
makers shared their perspectives on advancing the
science of learning through the lens of arts training
and its effects on cognition.

The emerging field of neuroeducation explores
how children learn and what practices promote and
sustain the learning process. Neuroeducation is an
interdisciplinary field that combines neuroscience,
psychology, and education to help create improved
teaching methods and curricula.

Summit presentations expanded on the results
of studies included in the Dana Arts and Cognition
Consortium report, released in March 2008. The
report, based on multiple three-year studies from
seven universities, examined whether early arts
training can cause changes in the brain that enhance
other aspects of cognition. Consortium researchers
found “tight correlations” between arts training and
improvements in cognition, attention, and learning.

Through this summit, the research and educa-
tion communities came together to discuss what
neuroscience research has demonstrated to date
concerning the effects of arts training on cogni-
tion and to explore future research priorities and
opportunities. The summit’s purpose was not to
debate whether children need the arts, but rather to
explore how studying and practicing the arts might
enhance creativity, cognition, and learning.

Three questions guided the proceedings: (1) What
do we know from cognitive-neuroscience research
concerning the effects of arts training on the brain
that could and should be accessible to teachers? (2)
What new research is relevant and possibly related to
how studying an art form helps students learn better?
and (3) How does the process of learning with and
through the arts improve academic performance?

Summit Structure

Hosted at the American Visionary Art Museum
in Baltimore, the summit provided a full day of
proceedings that began with introductory remarks
by the summit hosts and university officials.
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As articulated by summit hosts Mariale Hardiman,
Ed.D., and Susan Magsamen, both of The Johns
Hopkins University School of Education, the agenda
for the Learning, Arts, and the Brain Summit was
organized around a premise and an invitation:

The premise

The empirical classroom experience of arts integra-
tion subjectively suggests that carefully structured
arts-based pedagogy can improve students’ learning
and academic experiences, resulting in demonstrably
positive outcomes that include deeper engagement
in subject matter and better retention of content;
greater emotional involvement in the learning
process and deeper social awareness; and the ability
to apply principles across disciplines.

Arts integration is also important from a national,
macroeconomic perspective: graduates are entering
the workforce without critical skills that arts-based
learning is known to promote—collaboration, creative
problem-solving, and the ability to apply learning
across different disciplines. Further, exposure to the
arts as a participant or observer has the potential
to have profound effects on learning and memory,
context, and comprehensive creative thinking.

The invitation

Unite the domains of education and neuroscience to
identify and design classroom strategies that research
suggests may promote the desired outcomes; test
whether outcomes improved; and refine the strate-
gies accordingly. What are the mechanisms at work
between arts-based learning and improved cognition?

From Classroom to Lab,
and Lab to Classroom

To open the day-long program, neuroscientists Guy
McKhann, M.D., The Johns Hopkins University,

and Kenneth Kosik, M.D., University of California,
Santa Barbara, provided insights into the emerging
field of neuroeducation. Ellen Galinsky, president
of the Family and Work Institute, made opening
remarks and introduced a short video from Michael
Gazzaniga, Ph.D.; University of California, Santa
Barbara. Dr. Gazzaniga provided an overview and
summary of the findings from the Dana consortium
report (see chapter three).

McKhann called for research that tracks one
test group over time. When one introduces arts-
integrated methodologies into the classroom and
observes the resulting learning, he asked, which
outcomes are attributable to the new methodolo-
gies and which might be ascribed to the intrinsic
capabilities of the participating students?

Kosik, a founder of the Learning and the Brain
Conference, now in its 12th year, reported some of
the lessons learned about marrying the domains of
neuroscience and education: “Educators are seri-
ously interested in research; they are hungry for
information. Neuroscientists are typically less inter-
ested in education; they haven’t gotten into the
trenches with educators. Conference participants
want to know what they can do when they get back
to their classrooms.” He noted that the scientific
community now is beginning to have answers, and
is prepared to begin addressing teachers’ needs
and questions.

Galinsky commented on her research into what
happens when students are not engaged and not
learning the skills they need. Her studies began
with “not learning,” that is, when students reported
that they were just learning “stuft” to get a job,
go to college, and do better in life. In contrast,
when students said they were truly learning, they
described the experience as “feeling bigger than
usual, finding a sense of purpose, and knowing who
they were.”

Galinsky also noted that the Dana Foundation
research suggests arts training can be a jump-starter
for students. For example, students who have
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theater training in high school often score higher in
social aptitude. How then does the larger commu-
nity make this belief in the arts more credible in
teachers” minds? If educators see a substantive
body of work affirming the benefits of arts training,
they’ll be more likely to include and integrate the
arts into schools and classrooms, she said.

Scientific presentations were then offered by
a panel of researchers. The panel, moderated by
William Safire, chairman of the Dana Foundation,
was asked to present recent findings on the influ-
ence of the arts on learning and to provide direction
for future research. The presenters were: Michael
Posner, Ph.D., University of Oregon; Elizabeth
Spelke, Ph.D.; Harvard University; Brian Wandell,
Ph.D., Stanford University; Ellen Winner, Ph.D.,
Boston University; and Gottfried Schlaug, M.D.,
Ph.D., Harvard University (see section three for
edited excerpts of the panel discussion).

There were significant findings to report. Winner
and Schlaug discussed recent results from the first 15
months of a four-year study of children who received
regular music instruction compared to those who
did not. The controlled study was designed to deter-
mine whether music training affected near-transfer
domains—those skills closely related to the training,
such as fine motor control. They also tested for far
transfer, that is, transfer to learning in other domains.
Analysis of data based on 15 months of training
showed that students who were given music instruc-
tion performed better in near-transter domains.
Equally important, imaging showed that changes
occurred in certain brain structures compared to the
non-trained students. This is the first study to show
brain plasticity in young children as a function of
musical instruction. At this 15-month period, they
found no differences between the music and non-
music groups in far transfer; the final determina-
tion awaits analysis of data from the full four years of
the study.

Posner presented research that focuses on the
executive attention network, which is involved

Art from a third grade student at Roland Park
Elementary/Middle School, Baltimore

in self-control. He explained that each art form
engages a neural network. In children who are
open to, interested in, and motivated to practice
a specific art form, training focuses their attention
and strengthens the executive attention network.
Posner found that controlled training on atten-
tion-related tasks in young children increased
the efficiency of the executive attention network
improved other learning domains.
When children were given training specifically

and also
designed to improve attention, not only did atten-
tion improve, but the generalized parts of intel-
ligence related to fluid intelligence increased as
well. “Years of neuroimaging have now given us a
plausible mechanism by which arts training could
now influence cognition and 1Q,” he said. Posner
is also studying candidate genes that may explain
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individual differences in interest in the arts, and he
is researching the interactions between genes and
environment involved in strengthening the efficien-
cies of attention networks.

Spelke, whose earlier research showed a strong
correlation between intense music practice and
geometrical representation skills, described her
latest research with infants, which explores the
possible brain basis of this correlation. She was
able to create sounds in different timbres, which
were paired with objects of different heights. In
some trials, a baby would hear a rising sequence
of notes, in others, a falling sequence. But, in
both cases the height of the object related to the
pitch of the note. (When the notes fell so did the
object.) With a second set of infants, the same
sounds and objects were shown, but the pairing
was reversed. The results showed that the infants
learned the pairing of tone and object height when
it was congruent, but not when it was incon-
gruent. Spelke said that as early as four months,
babies seem to be “sensitive to relationships
between the two key properties of a melody and
positions in space.”

Wandell spoke of his research demonstrating
that music training is tightly correlated with

Art from a third grade student at Roland Park
Elementary/Middle School, Baltimore
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phonological awareness—the ability to differen-
tiate and manipulate speech sounds—which is the
major predictor of reading fluency. He described
how diffusion tensor imaging shows how specific
nerve fibers pass through the corpus callosum and
connect the two hemispheres. He explained that
determining brain connections by seeing how water
diffuses in and around those fibers is quite predictive
of how well children or young adults learn to read.
Properties of these specific nerve fibers are highly
correlated with phonological awareness and there-
fore with reading capabilities. He and colleagues
are now looking at research related to correlations
between visual arts and math. Wandell made a point
of encouraging educators to explore research ques-
tions that would be useful to them.

The afternoon session began with a keynote
address by Jerome Kagan, Ph.D., Harvard
University, who spoke on the topic “Why the Arts
Matter: Six Good Reasons for Advocating the
Importance of Arts in School.” Kagan outlined the
need for children to develop personal agency and
tools to acquire, store, and communicate knowl-
edge. He said, “In sum, arts and music have an
important role to play in American schools. I
suspect that if American teachers devoted one hour
each day to art or music, or even one hour two days
a week, the proportion of youth who dropped out
of high school might be reduced. Moreover, the
child’s products would provide parents of failing
children with an opportunity to praise children
rather than criticize them for laziness.” (See chapter
four for a full transcript.)

A panel of educators and arts advocates focused
on the implications of the research for policy and
practice. Moderated by Dick Deasy, former director
of the Arts Education Partnership, the panel
included Sarah Cunningham, Ph.D., director of arts
education at the National Endowment for the Arts;
Janet FEilber, director of arts education at the Dana
Foundation; Mariale Hardiman, Ed.D., assistant
dean and department chair at The Johns Hopkins
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University School of Education and a former prin-
cipal; Mary Ann Mears, artist and founder of Arts
Education in Maryland Schools; and Betty Morgan,
Ph.D., superintendent of schools of Washington
County, Maryland.

Deasy discussed the morning science presenta-
tions as well as a current movement in education,
“action research,” through which teachers develop
questions and pursue them within the contexts of
their lives. The publication, Critical Links, edited
by Deasy, was referenced throughout the summit
as a guidepost for educators and arts organizations
throughout the country.

In response to Deasy’s queries, Mears noted
the work of James Catterall as having signifi-
cant influence on her way of thinking about arts
and education. Catterall’s analysis of data from
NELS [National Educational Longitudinal Study]
addresses the issue of equity by drawing a rela-
tionship between correlations, indicating that chil-
dren from low socioeconomic backgrounds benefit
significantly from the arts. “Equity is where the
rubber meets the road in this work” Mears said.

Commenting on another Catterall study, Mears
explained that the researchers gave two groups of
children a prompt about Ancient Egypt. One group
drew and then wrote in response to the prompt; the
other group just wrote. The students who drew and
then wrote had better organized and more detailed
written responses. This was particularly true of
students with limited English proficiency.

Morgan discussed how important research has
been in helping her and others bolster arts in the
community. Morgan noted that “the research has
strengthened arts-education programs not only in
Maryland, but everywhere.” She added that she
was grateful to those engaged in research because
it is critical for “those of us on the front lines ... to
justify the arts in our programs and the expendi-
tures arts incur.”

Cunningham discussed the importance of
the research in terms of policy issues, saying that

research makes a difference to a funder when you
have organizations “that are aware of what in
detail is happening to the children.” She added
that “this conversation with the scientific commu-
nity demonstrates the richness of the moment. We
have an opportunity as a federal agency to take this
conversation to the press, the White House ... This
conversation on the arts expands beyond artistic
practice out into our moral eftectiveness.”

Eilber spoke about how the arts can engage
students by providing a different context for
learning. She noted a study, “The Power of Art,”
that looked at the elements of after-school programs
that bring art to California youth. Eilber said that the
most striking and revelatory point about the study
was what these particular after-school programs in
the arts offered that other programs, such as sports,
did not. “It came down to one thing: responsibility
for self expression,” she said.

Hardiman described her experience as a school
principal: for 11 of her 12 years at one school, she
witnessed consistent improvements in students’
reading and math scores. But she began to realize
that “we were so focused on accountability and
scores that there was something that was not as
holistic as it should have been.” Hardiman devel-
oped the Brain-Targeted Teaching Model, which
relies heavily on arts integration. “We started to
look at how to get children to master key concepts
and do repetition through arts-integration so that
they didn’t think that they were repeating and
repeating content, but manipulating it in different
ways through the arts,” Hardiman explained.

The core of the summit was the roundtable
discussion groups. Each roundtable included ten
participants who represented the research commu-
nity, classroom teachers, educational leaders,
teacher educators, and policy makers. A facili-
tator helped shape the discussions and a recorder
captured the dialogue. Discussions focused on what
teachers want to know about the influence of arts
integration on learning and development. They
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were charged with generating research questions
and determining the best methods for high-quality
neuroeducation research. Discussions also focused
on how potential findings could shape educational
policy and practice. (See section six for roundtable
discussion summaries. )

Among the more salient issues that emerged
from the discussions were:

e (Can the United States afford to abandon
the training of creative ways of thinking and
learning in the hope that these skills will
come from some source other than specific
training in the arts?

e What does an arts-integrated curriculum
really look like? Teachers said that there
needs to be a fully developed pedagogical
model that could be applied to multiple
subject areas. They asked how the appli-
cation of such a model would change the
teaching profession.

e Are we asking too much too early from
the neurosciences? Educators and scien-
tists argued that a conservative approach
was needed. Neuroscientists need time to
conduct studies and disseminate results.

e (Can we study a school model where scien-
tists and teachers collaborate to conduct
research based on the needs of the class-
room:? Can we establish research schools
where the teacher could be a co-principal
investigator with the scientist?

e How can we bring parents into the
conversation, and give them ways to use
arts-integration strategies in the home?
Families have a tremendous opportunity to
support, enhance, and promote the arts at
school, at home, and in the community.

¢ Is it possible to follow students who had arts
integration in the early grades throughout
high school? Is there a certain age or age
group when exposure to music and other

art forms produces the best outcomes with
regards to learning development?

e What is the role of the arts beyond
improving academic performance:?
How can the arts support social and
emotional learning?

e How can the arts help students with
special needs?

Implications for Policy and Practice:
A View from Science, Education,
and the Arts

In this final chapter, the authors look to the future
and assess how best the fields of neuroscience,
education, and the arts can collaborate to bring
change to education policy and practice.

In his essay, McKhann states that the rela-
tionship between neuroscience and education
historically has been edgy. But this relationship is
beginning to change, thanks to interdisciplinary
approaches by several groups bringing educators
and neuroscientists together, including the summit.
From these discussions and the arts and cognition
research, several concepts have emerged, including
the need for educators to have a central place where
they can ask questions. These questions, in turn,
may stimulate further studies. McKhann points to
research that suggests that there may be genetic
factors that influence a child’s reception to a partic-
ular type of art—music, dance, etc. He also empha-
sizes the work being done in enhancing attention
mechanisms. He states that there is much yet to
be learned.

In her piece on the education community,
Hardiman says that the purpose of collaboration
between the neuroscience and education commu-
nities is not to justify having arts in the schools.
Educators who have already seen that the arts make
students more creative learners do not need research
explaining why. But neuroscience does add a level
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of confirmation. Scientific evidence on the influ-
ence of arts-based learning will add new dimensions
to educational practices and policies.
Understanding what makes students better
learners, said Hardiman, may remain disconnected
from substantive changes in educational policy.
Educators will make incremental improvements
in curricula, but real policy change has to do
with repairing the disconnect between what chil-
dren can do and our expectations of them, along
with the disconnect between official account-
ability and the clamor for more creative skills.
readers a Neuro-Education
Interdisciplinary Research Model that she and
Susan Magsamen developed in order to begin

Hardiman offers

answering these questions.

In her commentary, Eilber says that arts-educa-
tion advocates have always believed intuitively that
the arts are a highly effective vehicle for improved
learning; scientists support this intuition through
a growing body of serious research. The field is
deeply involved in translating research findings
into teaching practice. Eilber emphasizes that arts
education offers a network of partners, working
with school systems and building a reputation for
alternative learning processes. A growing body
of arts-based curricula is accountable to states’
learning standards, supported by findings emerging
from neuroscience, which can provide models for
new brain-based pedagogy.

Summit Outcomes

Several key outcomes emerged from the summit.
Educators are largely unaware of new scientific
research; scientists typically do not conduct research
with educators in mind as end users; and advocates
are convinced of the efficacy of arts integration but
need hard evidence to promote it. Communication
among these constituencies is almost nonexistent;
when information is shared it often is synthesized

into headlines or neuro-myths. Ongoing discussion
and collaboration has yet to evolve.

And vyet, the sense was that education, the arts,
and brain sciences might give impetus to the new
field of neuroeducation, bringing together diverse
thinking, invigorating pedagogical practice, and
promoting research with relevant applications.

The cautionary message was that one should
not confuse the artifacts of brain research (e.g.,
imaging) with its larger, not-yet developed poten-
tial, which is to create a guide for improving
teaching strategies based on research about how
children think and learn.

The benefits of harnessing these domains are to:

® create new processes to integrate basic
and cognitive-science knowledge through
translational strategies

e promote flexibility and innovation in
instruction design

* explore more precisely the nature of
creativity and apply it to encourage the
transfer of knowledge and skills

e enhance cognitive development at all ages

e support advocacy with new evidence

® address particular learning ditferences.

What did we learn at this summit?

Four points clearly emerged from the panels and
the roundtable discussions:

1. Educators and researchers must
communicate and collaborate.

Meaningful collaboration will require educators
and brain researchers to understand one another’s
language, processes, and outcomes.

Educators want cognitive and brain scientists to
work with them to create and conduct research that
sheds light on how children learn in forms that can
be applied to the classroom.
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Art from a third grade student at Roland Park
Elementary/Middle School, Baltimore

Researchers need to understand how teachers
teach and which measurements are most useful.
Teachers need to understand what research can deliver
and how to frame the demands they make on it. Arts
educators and proponents of arts-based instruction
need to codify the meaning of arts learning so that
teachers in other disciplines can understand how it
benefits students, making them more prepared and
willing to integrate the arts. Universities that train
new teachers and provide professional development
for experienced ones need to promote research and
integrate findings into revised curricula.

Underlying all these conditions is a need for
broader communication to engage parents, fami-
lies, school boards, community-service providers,
legislators, and other constituents who determine
educational policy.

2. Translation of research must occur in
different forms.

should
researchers working hand-in-hand with educators

At a basic level, translation involve
in the classroom to understand and address specific
needs and questions. As methodologies emerge and

are tested, effective strategies should be published in
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the form of tool kits for dissemination to teachers.
For broader availability and consumption, tool kits
and other resources should be posted in central
Web-based repositories for interested professionals
to consult. Educators should provide this informa-
tion to parents as much as possible in order to allow
parents to be strong educational partners with
schools on behalf of their children.

3. Lab schools should be cultivated as authentic
settings for research and the development of
integrated pedagogical models.

Schools can become laboratories that cultivate rela-
tionships between the research and educational
communities, with researchers and teachers working
side by side in classroom settings. The schools may be
organized within a university that trains teachers or
may operate with less formal arrangements between
higher-education institutions and local schools.
However they are organized, lab schools should
bring together scientists and educators in a joint
effort to design, perform, and test applications of
translational research in the classroom. The involve-
ment of teachers from many different disciplines is
critical, as is a focus on topics and problems rather
than specific subjects. Of note, The International
Mind, Brain, and Education Society (IMBES) has
begun to develop standards for the creation of lab
schools. This process should continue to build inte-
grated research in academic settings at all age levels.

4. Arts learning must be better understood
before we can successfully integrate the arts
across the curriculum.

Teachers of music, theater, dance, creative writing,
and the fine arts—with the support of researchers—
must define what they do in terms of improving
students’ cognitive development. Educators expe-
successful arts should

rienced in integration

contribute to the development of tool Kkits.
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It is not enough to say that the arts enrich the
school experience; individual art forms should be
analyzed separately with a view toward the partic-
ular outcomes they best support. Which outcomes
are measurable, and how are they measured? Do
the arts demonstrably improve scores on standard-
ized achievement tests? Can we keep separate the
effects of the arts-learning process from the evalu-
ation of the finished product? How much time is
required for arts learning and arts integration to
show an effect, and does this effect last?

In the end, the summit clearly illustrated the
need to bring educators, researchers, and key poli-
cymakers together to talk to one another about
the importance of the arts in education. The

summit brought to light key issues, from simple
terminology disconnects to larger policy and
implementation challenges. It also demonstrated
that when you bring passionate, diverse thinkers
together to solve essential learning and social
problems, they do so with insight and thought-
fulness, resulting in new directions and potentially
transformative outcomes.

Throughout this report there are examples of
many new directions and ideas for future research
that need further elaboration. Our hope is that the
summit, its participants, and ongoing conversation
about critical concepts will continue to be revisited,
leading to new knowledge, practices, and success
for our children.






Section 3

Summary of Neuroscience Research

In 2004, the Dana Foundation began exploring
whether training in the arts changed the brain in
ways that transferred the benefits of arts training
to other cognitive abilities. Dana established the
Arts and Cognition Consortium—made up of nine
investigators at seven major universities—to take
largely anecdotal and correlative observations about
the potential role of the arts in enhancing a child’s
overall cognitive ability and subject these to rigor-
ously designed neuroscientific studies.

Over the next three years, the researchers studied
the brain’s response to early training in dance, drama,
and music. In 2008, the consortium published its
results: Learning Arts, and the Brain: The Dana
Consortinm Report on Arts and Cognition.

In the report’s opening remarks, Consortium
Director Michael Gazzaniga, Ph.D., offered a
measured, but ultimately optimistic, introduction:

Is it simply that smart people are drawn
to ‘do’ art—to study and perform music,
dance, drama—or does ecarly arts training
cause changes in the brain that enhance other

important aspects of cognition?

The consortium can now report findings
that allow for a deeper understanding of how to
define and evaluate the possible causal relation-
ships between arts training and the ability of the

brain to learn in other cognitive domains.

Gazzaniga, director of the Sage Center for the
Study of Mind at the University of California, Santa
Barbara, summarized eight key highlights of the
consortium’s findings:

1. Aninterest in a performing art leads to a high
state of motivation that produces the sustained
attention necessary to improve performance
and the training of attention that leads to
improvement in other domains of cognition.

2. Genetic studies have begun to yield candi-
date genes that may help explain individual
differences in interest in the arts.

3. Specific links exist between high levels of
music training and the ability to manipu-
late information in both working and long-
term memory; these links extend beyond the
domain of music training.

13
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4. In children, there appear to be specific links
between the practice of music and skills in
geometrical representation, though not in
other forms of numerical representation.

5. Correlations exist between music training
and both reading acquisition and sequence
learning. One of the central predictors of
early literacy, phonological awareness, is
correlated with both music training and the
development of a specific brain pathway.

6. Training in acting appears to lead to
memory improvement through the
learning of general skills for manipulating
semantic information.

7. Adult self-reported interest in aesthetics
is related to a temperamental factor of
openness, which in turn is influenced by
dopamine-related genes.

8. Learning to dance by effective observation is
closely related to learning by physical prac-
tice, both in the level of achievement and
also the neural substrates that support the
organization of complex actions. Effective
observational learning may transfer to other
cognitive skills.

While studies that measure cognitive changes
before and after arts training can help determine
whether the two are correlated, only through
randomly assigning students to receive arts training
or some other intervention can studies prove causa-
tion. Pragmatism, therefore, is the watchword of
consortium researchers, who caution readers to
avoid being carried away by the initial promise
of the report’s findings. “These advances consti-
tute a first round of a neuroscientific attack,”
observes Gazzaniga, “on the question of whether
arts training changes the brain to enhance general
cognitive capacities. The question is of such wide
interest that, as with some organic diseases, insup-
portable answers gain fast traction and then
ultimately boomerang.”

The report has gained considerable notice since
its debut in early 2008. In a year’s time, eight
new scholarly articles cited research published in
Learning, Arts, and the Brain, including A Federal
Arts Agency at the Center of Reading Research: How
We Got Here.! From the April 2008 Neuroscience
and Music conference (sponsored every three years
by the Pierfranco and Luisa Mariani Foundation)
to the Neuroscience Research in Education
Summit at the Center for Learning and Memory at
the University of California, Irvine in June 2009,
consortium contributors met audiences eager for
more information about their findings. Consortium
and other researchers in the field gathered in May,
following the summit, at the Learning and Brain
Conference in Washington, DC, where the theme
was “The Reactive Brain: Using Brain Research in
Creativity and the Arts to Improve Learning.”

At the Hopkins summit, Dana Foundation
Chairman William Safire declared the report’s
essential findings now beyond dispute: practice
in art forms changes cognition; genes and envi-
ronment determine the efficiency of the neural
networks involved in attention; and advances in
neuroimaging allow an ever clearer view of these
processes. His address underscored the relevance
and timeliness of the consortium findings, calling
for continued and concentrated research critical to
identifying the causal relationships so eagerly antici-
pated by educators and scientists alike.

Consortium researchers Drs. Posner, Spelke,
and Wandell, along with Drs. Winner and Schlaug,
whose research had also been supported by the
Dana Foundation, discussed their current work
along with research that was published after
Learning, Arts, and the Brain.

'Tyengar, S. (2008). Arts Education Policy Review, 110 (1),
23-26.
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Edited Excerpts from the
Research Presentations

Panelists

e Michael Posner, Ph.D.
University of Oregon
e Elizabeth Spelke, Ph.D.
Harvard University
e Brian Wandell, Ph.D.
Stanford University
e Ellen Winner, Ph.D.
Boston College
Harvard Graduate School of Education
e Gottfried Schlaug, M.D., Ph.D.
Beth Israel Deaconess Medical Center
Harvard Medical School

Dr. Michael Posner

Neuroimaging has provided an analysis of many
of the cognitive and emotional tasks that people
perform. Using various types of imaging, researchers
have been able to identify brain areas that are active
as a person performs a specific task.

Today we’re especially interested in the brain
networks involved in various forms of the arts. My
Oregon undergraduates show interest in a partic-
ular art form more than in the arts as a whole. One
may be interested in music, another in dance or
theater. And their performance and observation of
that art are highly correlated. If you’re interested in
drawing, you’ll also be interested in observing fine
arts and other people drawing.

Art distinct
including, of course, sensory networks. For example,

forms involve brain circuits,
music engages the auditory system and the visual
arts engage the visual system. Studies have provided
a detailed analysis of the many brain areas involved in
each of the art forms; these areas are quite distinct,

although they may overlap in some cases.

Music (Hear, Play)

Visual Arts
2

Write, See Plays
3

The practice of various art forms involves
different sensory and motor areas in the brain.
This drawing approximates such areas.

Dr. Daniel Levitin’s research identifies various
parts of the experience of music (such as emotional,
auditory, and so on) and then maps them onto
particular areas of the brain. Levitin finds, rather
surprisingly, that an area in the cerebellum is
involved in some of the emotional aspects of music,
probably because listening to and composing music
involves movements, which are made precise by
the cerebellum.

Research suggests that each art form involves
some neural network, although this assertion is not
without dispute and requires further study. But it’s
more or less generally agreed that performance or
practice of any art form strengthens the network
involved in that art form. So on the question of
whether the brain is plastic—can it change with
experience—yes, it certainly can.

We know this from neuroimaging, which shows
that the connections and activations within various
parts of networks involved in specific art forms
are changed with experience, with practice. Brain
imaging has revealed a plausible process by which
practicing an art influences cognition in general.

H3INSOJ T3VHOIN 'Ha 40 AS3LHNOD
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The image shows the games that each experi-
mental subject participated in during five days of
training. On days one and seven, performance

on the Attention Network Test was measured and
128 channels of EEG were collected.

We found that our Oregon undergraduates were
not only interested in particular art forms, but that
their interest was related to a more general propen-
sity to creativity and imagination. Interest in an art
form is correlated with the degree to which that
person feels interested in imaginative or creative
acts. I think this openness to creativity in an art
form is important in understanding how practicing
an art actually produces changes in cognition.

So, these elements lead to a kind of theory of
how the arts might be related to cognitive processes.
First, there are neural networks for each specific art
form. Second, there is a general factor of interest in
the arts due to creativity, openness to that art form.
If you choose an art form that a child is interested
in and open to through a general factor of creativity,
the child will be engaged when he practices that
art form. Earlier today, Ellen Galinsky told us that
when a child is engaged in the learning process,
that’s when his or her attention is fully focused.

We now know that training preschool children
and adults to focus their attention can produce
improvements

in general cognitive processes.

H3ANSO T13VHOIW "da 40 AS31HNOO

The network of neural areas involved in executive
control or executive attention get exercised and
strengthened such that the training will produce
improvements in a large number of other cognitive
tasks, including general intelligence.

Each neural network is associated with a specific
neural transmitter—in the case of the executive
attention network, the transmitter is dopamine—
and therefore with particular genes involved
in producing that transmitter and building the
network of brain cells it uses to communicate.

We all have an executive attention network, but
some of us have more efficient ones than others.
These differences in efficiency are partly related to
genetic factors and also to individual experience.
We all have the same genes that build these neural
networks, but there are alternative forms of these
genes, termed different alleles.

In our longitudinal study of children who are
followed from seven-months to four-years old, we
have seen powerful interactions between their genes
and experiences. In this particular case, the experi-
ence is the quality of parenting, which influences both
a child’s behavior and how efficiently his executive
attention network functions. For example, in chil-
dren with one type of variation of a gene, parenting
makes a huge difference in the child’s impulsivity and
risk-taking. This is not the case in children without
this specific allele, or gene variation.

In two-year olds with a particular allele, parenting
makes a large difference in the child’s ability to attend
to different visual locations. No such difference occurs
in children without this gene variation. As these
examples show, genes and environments interact to
build the neural networks involved in attention.

There is a great amount of newly published
research findings concerning various ways to train
people to pay better attention. For example, we
have trained children aged four to six over a period
of five days by engaging them in tasks that exercise
their executive attention network. Now, five days is
not very long, but it’s crucial.
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To establish that the training caused changes
in the executive attention network, we randomly
assigned the children to a group that underwent
systematic attention training or to one that received
another kind of training. At the end of those five
days we found, by recording from small electrodes
that are placed on the children’s scalps, that those
who received the attention training showed changes
in the underlying executive attention network.
These changes not only produced better execu-
tive attention and executive attention tasks, but
the improvements generalized to intelligence and
therefore, we think, to other cognitive skills.

Another interesting finding has just come out
from Dr. Ellen Bialystok. For a number of years,
she has shown that children and adults who have
learned multiple languages perform better on
executive attention tasks. As state legislatures
advocate that lessons be taught solely in English,
research is showing that bilingualism leads to
better overall executive attention and therefore
increased intelligence.

In her most recent study, Bialystok demonstrates
that, in addition to bilingualism, vocal and instru-
mental training also are correlated with improve-
ments in executive attention. Because this is a corre-
lational rather than a random assignment study, we
cannot infer causation. But the research nonethe-
less shows us that changes in executive attention
can occur with experiences that one is likely to have
in the real world.

We have a plausible way of seeing how the arts
may be able to influence cognition, including intel-
ligence. If we are able to engage children in an art
form that they are open to and for which their brain
is prepared, then we can use it to train their atten-
tion, which seems to improve cognition in general.

Dr. Elizabeth Spelke

The first thing we’re apt to think of when we ask
the question, “What’s special about the human

mind?” is our extraordinary capacity to understand
the world by developing formal systems, technolo-
gies, and also mathematics and sciences, activities
that archeological and historical records show go
back a long way.

But of course, those same archeological and
historical records show that our propensities for
artistic creation go back just as far. When we look
around the world today, I think we see two things.
First, that these kinds of activities are ubiquitous.
Formal science may be a rather specialized thing,
but the tendency to think systematically about the
world, to transform it through technology, the
visual arts, music, and so forth are characteristics of
all living human groups, so in some way they come
naturally to us.

The other thing that we see as we look around
the world is great variety, both over space as we look
from one human group to another and over time
as we look within our own cultures. For example,
we see enormous change in the technologies and
art forms that our children are enjoying relative
to those we found joy in as children. That change
tells us that although the predisposition may exist
for both science and art to be innate within us in
some way—part of our human nature is to engage
in these activities—the particular activities that we
engage in are highly transformed by learning. The
particular arts and sciences that we learn depend on
the specific places we live and the activities of the
people around us. In that context, it’s not surprising
that education throughout the world has focused
on mathematics and science but also on literature
and reading and visual arts and dance and music
and so forth.

Educators need to take diverse sets of human
endeavors and present them to varied groups of
students in a way that engages them, enables them
to teach themselves, and allows their interest and
knowledge to grow. The kind of work that I do,
research in human cognitive development, will
never give a direct answer to the question, “How



18

Learning, Arts and the Brain

can teachers better teach children?” But I do hope
that as researchers, we can provide some insights
that could become ideas for new directions in
teaching that then could be pursued through
further research, engaging researchers and teachers
more directly.

One set of efforts, which might be useful to
teachers, attempts to take all of the complex things
that humans do, like formal mathematics or visual
arts, and break them down into simpler component
systems that emerge very early in the human mind
and that children bring together as they start to
master the complex products of our culture.

There have been three lines of research that have
been useful in efforts to break down complex cogni-
tive abilities. One compares the cognitive capacities
of human infants to those of other animals, both
those relatively close to us, like baby chimpanzees,
and some more distantly related, like monkeys,
other vertebrates, and even a few invertebrates.

This research asks two kinds of questions.
First: What basic, evolutionarily ancient cogni-
tive capacities are shared across broad ranges of
animals, including humans? And second: What
cognitive capacities are unique to us? What sets us
apart from other animals on our distinctive paths
of development?

That leads to the second line of research,
comparing the cognitive capacities of infants to
those of children from preschool throughout
formal education, and to adults. Questions I think
that are most useful to ask are: What are the basic
cognitive capacities shared by people across all of
these ages? And, what are the capacities that emerge
later in development, and which processes lead to
their emergence?

I began my research with a third set of compar-
isons, looking at mature forms of art and science
across cultures, asking what’s universal and what’s
variable from one place to another.

Much of my work has focused on developing
knowledge of numbers and geometry, and has used

these three research approaches to try to distin-
guish the basic cognitive systems that underlie these
complex activities. We’ve found evidence for three
systems that emerge at the beginning of human life,
appearing in young infants, that appear to be foun-
dational for the development of numbers, symbolic
mathematics, and geometry.

One is a system for representing and reasoning
small numbers of objects, for example, the differ-
ence between one object and two or three. The
second is a system for representing and reasoning
numerical magnitudes, a system that might let you,
without counting, estimate that there are maybe 50
beads in a jar, with approximately equal numbers
of reds and blues, and so forth. The third is a set of
systems for representing and reasoning the shape of
the surrounding environment, of forms, objects, and
the large-scale spatial layout. Our capacities within
each of these systems are limited, such as the number
of objects that infants can keep track of at once, and
the precision of numerical discrimination.

These limits allow us to track these systems over
the course of human development. If we devise
tasks for older children or adults that require them
to make estimates about number or geometry
without drawing on their high-level knowledge
of mathematics, we find that they have the same
abilities with roughly the same limits that we find
in infants.

What’s more, research shows that schoolchil-
dren draw on these systems when they learn further
formal mathematics. We see this in two ways. First,
as every mathematics teacher knows, some kinds
of problems or principles are easy for kids to see
while others are hard. Recent research, some from
my lab, and some from the lab of Justin Halberda
and Lisa Feigenson at Johns Hopkins, shows that
there’s a tight relationship between one of these
core systems, a system for representing approxi-
mate numerical magnitudes, and school achieve-
ment. If you separately assess children’s sensitivi-
ties to approximate numbers and then look at their
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symbolic mathematics achievement in school, you
find relationships between these two abilities.
Finally, there’s a broad array of evidence showing
that when adults engage in purely symbolic math-
ematical reasoning—for example, multiplying
two-digit numbers in our heads—we engage
these core cognitive processes that we share with
human infants. Research involving special popula-
tions—for example, patients with brain conditions
that damage the core systems—shows that they
have corresponding impairments in the symbolic
mathematical systems.
children they

bringing core systems together to master some of

Before begin school, start
our culture-specific skills. There are three skills in
particular that most children in our culture master
somewhere between the ages of three and six.
They bring together their representations of small
numbers of objects and of large but approximate
numerical magnitudes to construct representations
of exact number, the system of natural number
concepts. Children become highly skilled in the
system when they master the mechanics and espe-
cially the logic of counting.

Before they get to school, children also begin
to develop intuitions about measurement—the
idea that numbers can be thought of as positions in
space, points on a line. Clearly, most measurement
skill is learned by children after they have started
school. But intuitions about relations between
numbers and space go back to infancy. Evidence
suggests that this ability demonstrates that children
spontaneously relate their intuitions about number
to their intuitions about space.

Finally, we and other investigators find that
preschool children are able to bring together their
core understanding of space with that of objects to
develop early symbolic abilities to use things like
simple geometrical maps. In such maps, geomet-
rical relationships among points on a page specify
spatial relationships between objects in a real, three-
dimensional environment.

I’'ve taken you through this whirlwind tour
of some of our work on mathematical develop-
ment because this was about where we were in
our research when Michael Gazzaniga and William
Safire approached me with the form of the chal-
lenge: Do you really think mathematical develop-
ment is only a matter of learning about numbers and
points and lines? And what’s more, do you really
think that if you understand mathematical develop-
ment, or maybe the development of math in rela-
tion to science, that that will be enough to give you
a real picture of the uniqueness of human nature
and human cognition? What about all of those arts
subjects that also characterize us as humans? How
do they fit into the picture of the organization of
cognitive systems in the mind?

I was, of course, struck by the longstanding
suggestion that there’s a special tie between math-
ematics and music. Our research had shown that
mathematical ability isn’t just a single special-
purpose system in the human brain, but a process
that comes together from multiple systems. What
might this relationship between music and math-
ematics actually come down to? That’s the ques-
tion my lab set out to answer as part of the
Dana consortium.

We did three different studies aimed at three
distinct populations of children: those in elemen-
tary, middle, and high school. All three studies
asked whether children who received music training
showed any associated advantage on the particular
abilities underlying mathematics performance. In
different studies, we looked at musical training at
different levels of intensity, from extremely weak
in the first study, to moderate in the second, and
intense in the third. The third study focused on high-
school students in a school for the arts; a particular
art form was their primary academic interest.

We first assessed the functioning of children in all
three groups on each of the three core systems that
I described earlier. The first thing we found was that
mild amounts of arts training had no effect at all. I
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think that’s probably because our measures weren’t
sensitive enough. I wouldn’t draw any conclusions,
positive or negative, from those findings.

But the children who received moderate or
intensive music training showed significantly higher
performance on tasks that tapped into just one of
the three core abilities: there was a reliable differ-
ence in their representations of geometrical proper-
ties and relations.

Here’s the test that we used in this study: on any
given problem, children were shown six different
geometrical forms, five of which shared a partic-
ular geometrical property that the sixth did not.
Across different problems, the particular geomet-
rical property varied from one display to the next,
as did the subtlety of the geometrical relationship.
This task was hard enough that even the Harvard
undergraduates, who were at one end of the age
spectrum, were still making errors on some of these
problems, but the difficulty was variable enough
that three-year-old children were getting some of
the problems right.

When we compared students who received
music training to a matched group of students who
received no special training in any art form, we
saw a small but reliable association between music
training and sensitivity to geometry.

At the high school for the arts, we compared
performance sensitivity to geometry among
students specializing in different arts disciplines.
We found that intense training in visual arts, music,
and dance was associated with better geometric
sensitivity performance. Music and dance results
looked indistinguishable from each other. Next,
we looked at associations between music training
and the core skills of counting, using number lines,
and reading maps, and found associations between
music training and the latter two skills, which tap
spatial abilities. Children receiving moderate music
training showed a small but reliable effect on the
part of a map-reading task that relied purely on
geometric skills. Students in the music and dance

programs outperformed others on this geometric
map task.

We’ve seen a consistent relationship between
music training and three different measures of
spatial performance. Many things could produce
this relationship; all we have so far is a tight corre-
lation. When you control for a number of other
things, like motivation and verbal 1Q, you still see
this correlation. But the correlation doesn’t tell us
what the source of this relationship is, which is what
we’re trying to look at now.

To do that, I’'m going back to my roots as
an infant psychologist. The hypothesis that I’m
exploring is the following: we know that, from
birth, infants love to listen to melodies. A melody
is a patterning of tones in time. There may be an
inherent relationship between a melody’s temporal
and tonal structures and representation of space.

Our hypothesis is that from infancy, when a
child hears a long temporal interval between two
notes, for example, they may spontaneously evoke
a perception of a long spatial interval. When they
hear notes going from low to high, they may spon-
taneously evoke a representation of a change in
spatial position from low to high.

The first test that there’s a relationship between
time, musical time, and space comes from a recently
completed study from my colleague Susan Carey
and her student Mahesh Srinivasan involving nine-
or ten-month-old infants. They presented babies
with worms to look at that were either short or
long, accompanied by corresponding tones that
were short or long in duration. In that situation,
children learned the relationship between short
objects and tones and long ones. To see whether
this was a special relationship, they also tested a
second group of infants, who saw exactly the same
worms and heard exactly the same tones, but they
were reverse-paired. The infants never learned
that relationship, suggesting that there’s some-
thing special about visual length and auditory dura-
tion that could underlie a relationship between the
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experience of hearing sounds and the representa-
tion of space.

In our work with four-month-old infants, we
were able to create sounds in different timbres.
They were paired with objects of different heights.
In some trials, a baby would hear a rising sequence
of notes, while in other trials they would hear a
falling sequence. But always, as in the case of the
study I just described, the height of the object
related to the height of the note: when the notes
fell, so did the object.

In the second situation, we showed the infants
the same objects and we presented the same
sounds, but we reversed the pairing. Our findings
were similar to those of Srinivasan. Four-month-old
infants learned the pairing between tone and object
heights when it was congruent but not when it
was incongruent. As early as four months of age,
babies seem to be sensitive to relationships between
the two key properties of a melody and positions
in space.

This finding motivates the following hypoth-
esis, for which we do not yet have evidence: from
the beginning of life, when an infant hears music,
that music not only encourages melodic, but also
spatial, processing. It may be that spontaneous
spatial processing that gives rise to the relationships
found later in life between music and mathematics.

We don’t know if that’s going to turn out to
be the case, but I think it’s already enough of an
active possibility that it gives us an additional reason
tfor a flourishing arts curriculum in our schools.
Connections across the arts and the sciences are
rich and varied not only for adults, but also for
young children.

Dr. Brian Wandell

I’m fascinated these days by our new ability to
measure the connections in the developing human
brain through imaging. It’s something that couldn’t
have been done a decade ago.

The white matter of the human brain (bundles
of brain cell axons that carry messages) connects
different regions of cortex, a thin layer of gray
matter (brain cells) that covers the surface of
the brain where functional activity is measured.
Connections between the parts of the cortex are
just as important as the cortex itself. Some of
these pathways, these white-matter connections,
are essential if kids are going to learn how to
read, and they’re also essential for learning certain
mathematical skills.

It has been hard to get data about the white
matter in the human brain to determine what is
connected to what. You can’t pull apart bundles
of white matter post-mortem without breaking
the whole brain. But now with the development
of magnetic resonance imaging techniques, we can
measure how water moves around inside the brain
in different directions. From these measurements,
we estimate (using algorithms developed first by
Tom Conturo at Wash. U., Susumu Mori at JHU,
and Peter Basser at the NIH) where those major
fiber bundles are headed to in the human brain. In
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The properties of certain fibers are correlated
with specific cognitive abilities. For example,
certain fibers in the corpus callosum are corre-
lated with phonological decoding.
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Music provided the strongest correlation between
arts training and reading. The music training
explains 16% of the variance in children’s scores.
The horizontal axis shows lifetime hours of music
training; the vertical axis shows the improvement
in reading fluency between years one and three.

diffusion tensor imaging, also called diffusion spec-
trum imaging, the goal is to learn where the white-
matter connections are in the brain.

There are certain fibers that pass through the
corpus callosum, the part of the brain connecting
the two hemispheres. Looking at how effectively
water diffuses in and around those fibers is quite
predictive of how well children or young adults
learn to read. Their reading capabilities and phono-
logical awareness (the ability to manipulate speech
sounds, which is predictive of reading fluency) are
very highly correlated wi