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Nature vs. Nurture

* Relative importance of an
individual's innate qualities
versus personal experiences

* Music positively influences
executive functions,
language functions, and
even intelligence

* Carries over to all areas of
life
* Are people “naturally

gifted” or can you become
smarter with exposure?




BRAIN STRUCTURES INWVOLWED IM MUSIC PERCEFTION, PERFORMAMNCE, AMND COGRITION

The sound of music takes shape in our brains through the concerted activity of millions of NeumNs in the cersbral hemisphenss and branstem. These cen-
tral auditory neurons ame comnected directly or indirecty to perpheral auditony NEUMNS in the angan of Cortd, which resides in the cochlsa of the imer ear
(see the iiUstration on the next poge). The laterd suface of the AGHE hemisphers i shown below, the Colors Indicate brain regions that may perom the
music-related functions listed in boxes of the same colar.

I
I
! The popular notion that the rght hemisphere is
| the "rausical hemisphers " i overtated: both the
] I=Ft and right hemispheres are involved in rusic
perception, performance, =nd cognition.  Fitch
| perception (2., the ability to discem whether
¥ one note is sightly higher o lowsr than anothen)
is one music-related function that does depend
I heavily, if not entirsly, on the intsgrity of the
I
i
I
|

right-henders without absalute pitch ability.

1 in the suditory pathe |

This functonal magnetic resonance image
CFMRD shows whers neurons are consuming
large quantities of xygen in the cershral

Core tion are seen in the com areas nd adjacent
2 directly to the peit belt areas of Aght (R and Ioft (1) suimn:
S e md”pgr Belt cortex (J.R. Melcher, Suditany Neurolooy: Unit,

Eaton- Peabody Laboratory, Massachusetts
ol ernd ronmental sound iy .

s ronmental sound Parabelt General Hospital and s achusetts Eve &
arloss of pitch percen- .
otion Auditory cortex
Auditory analysis and representation Expectancy generation,
Tuning, melody, harmony, rhythm, dynamics, imbre, Voice, Iyrics. . violation, and satisfaction
octave equivalence, equivalence in transposition, Repetition, return, resolution, downbeats and offbeats,
scales, keys, modes, chords, meters, arrangement, “mix” cadence, key change, appoggiatura, tempo change
Kinetics and kinesthetics Personality and /
Foot tapping, dam:ng' humming, preference Emotions and
inging, whistiing, i
mstrumemal and vocal performance, SCMLEN L L, CHEENIL L, visceral concomitants

generation, collestive ego Excitement, heart rate, sex,

wvascular tone, endorphins,

hormones, “goose bumps™,
cl

ynkinesia, synesthesia

Visual perception Associations with people p ||;slnwersa|lsla.:;
Facial expression, body language, and past events Medial temporal lo!
dance expression, music Holidays, funerals, weddings, personal history = _basal forebrain, hypothalamus,

synesthesia (Medial temporal lobe — not shown) midbrain tegmentum — not shown)

L 4 4

Emaotion and meaning in music derive from ssveral different types of assodative brain fAnctions. Songwiiters and Composers use a rumber of music--spedfic

deviess (e.0., sppogiatura, key changes, cadences) that affect our emotional state ard effect Changes N Our auDnomIc state (2.0., a chenge in heart
e These music-induGsd Changes take shaps Wa Mmeous cornections betwesn the suditary cortsx (especally its parabelt anss) and
supramoda Gortes (pink, pUrpleS, brown, @y BN e MOYS TO MuSIC, e MOTr 2Nd SOMaTOSENsOry CoMioss (gresn) influsnos our smotiona and Buto-
h music videos, movies, ard musical theatre, information processed by the visual cortex (blue; =.9. fadd expressions, dance,

scens design, lighting) dso influsnces how music makes us fesl . Srather powerfl route for evoking emaotion is through associations with people and epi-
sodes in one's life. At some unknown level of interaction betwsen sensary systems and dal systems, p . Iruration, and

THentication with SiTiSrent CUTINSS, SUBCUTLIKSS, Srd Gemerstions IAUSrs how we fosl ShoUT the MUSKS we 86 stening th;  evdenss from neursiogiosl
PANENTS with reumdegenserative diSease (S0, TFONTOTEMpOrE Hementia) SUBESTS NOITONS Of the anterior Trontal Iohe (U MIE) M3y play & Important role
in deciding what music we like o listen to. Many of the STUCTUMES that generate emotions and ther Wisosral Concomitants (brown, gray) lie towards the
middle of the anteror hemispherss and Upper brainstem and cannot bie seen from this lsteral visw.

£030led l1am “MuTic al Lhe Hemizgneies", MU Trama, Sclence 2001; Val 231, pp. 54-36. Capyiant 2001 by Lhe Ameikcan Azmacklion 11 Lhe fdvancement al Sclnce.

Music and Cognition

* Positive correlations between musical training

and reading abilities
* Influence spatio-temporal abilities
* Improve speech prosody
* Increase verbal memory

e Contribute to second language phonological
proficiency

* Increase general intelligence
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Long-Term Observations

Protect cognition against normal decline in
older age as well as the onset of dementia

Has been shown to enhance writing
performances in children with developmental
dyslexia and non-dyslexic children

Contribute to regeneration of brain function
after neuro-devastating illness such as stroke
via Melodic Intonation Therapy

Mechanism of Effect

Brain plasticity
Neurons communicate
with each other

Change with time and
experience

The brain is not static

Music as a model for
brain plasticity
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Studies and Music

* Cross sectional: musicians and non-musicians
are studied at the same point in time—>
anatomical or functional brain measurements
are taken

e Short-term longitudinal studies: subjects have
undergone a specific training intervention- last
several weeks-months

* Long-term longitudinal studies: subjects have
undergone longer training (years)

Structural Brain Plasticity

* 6 year old children received instrumental
musical training for 15 months (compared to
children receiving non-musical training):

— learned to play their musical instrument

— exhibited changed anatomical features in brain
areas known to be involved in the control of
playing a musical instrument
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Musicians vs. Non-Musicians

fMRI

Over time...
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More practice = more neurons

Volume of grey matter (neurons) in the motor,
auditory, and visual-spatial brain regions of
professional musicians was larger when
compared with a matched group of amateur
musicians and non-musicians

Strong association between structural
differences, musician status, and practice
intensity
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Keyboard Player String Player

Music at the Molecular Level-Animal
Studies

* Infant rats exposed to music as early as 14
days after birth:

— Measured the expression of the protein NR2B in
the auditory cortex in music-exposed rats and in
those that did not hear music

— Found that more proteins were made in the rats
that heard the music> performed better when
given a task (learned)
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Learned behavior

* Intra-cellular proteins in rats
exposed to music:

— Brain-derived neurotrophic
factor (BDNF) and its
receptor, Tyrosine kinase
receptor receptor B (TrkB),

PDK1, and mitogen-activated
protein kinase (MAPK) Synaptic proteins @
Msurotransmitter rlelat?se
— Increased levels of these Neuranal excitabillty E
proteins Synaplic plasticity

— Completed a maze learning
task with fewer errors that
the white-noise exposed mice
who had lower levels of these
proteins
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Human Studies

* Quantitative protein MR
spectroscopy (MR Spect)

* Measured N-acetyl
aspartate concentrations

between musicians and

non-musicians

A

— Higher NAA concentrations
in the musicians correlated
with the total duration of
musical training and
activity
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Language and Music

» Several groups have seen changes in children
via EEG after just 20 minutes of piano training

* Activations in the language areas of the brain

 Strong cross-modal link between motor
commands and the representation of auditory
information
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Amplitude

Compared to nonmusicians, musicians’ speech processing is more resist
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Core neural mechanisms that are deficient in poor readers are enhanced in musicians

Word recognition

* After musical training
children were able to
differentiate similar
words more effectively
compared to children
who were trained in
painting

* Studied for 30 weeks

* Brain waves were
recorded via EEG
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Anatomical differences in
Broca’s area between
musicians and non-
musicians

— More neurons in this area
in musicians than in non-
musicians

— Authors concluded that as
non-musicians age there
are age-related volume
reductions in certain parts
of the brain but not in
musicians

Executive Function

TARLE 1
Nean Sample Characteristics of the Four Groups of Children

Extended musical
experience enhances
executive control on a
non-verbal spatial task
and auditory tasks

B Music
O Control

Greater IQ increase in
children enrolled in
music classes

Mean Increase in Full-Scale 1Q

Fig. 1.
Childre
the study. Er:
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Future directions

* |s there transfer from musical to non-musical
skills?

* Practice attention, planning functions,
memory, self-discipline

* Musical performance demands high levels of:

— control though the need for selective attention
and inhibition

— switching

— updating and monitoring

Integrating science into music
education

1) Accept that most
people don’t understand
the WHYs and HOWs of
music education

2) Our job is to educate:

— Other individual music
educators

— Students

— Administrators/Decision-
makers

— Parents/Communty

2/13/2013
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Individual Music Educators

Be informed (ignorance is not bliss)

Know the research!

— The data concerning cognitive and other benefits of
music education is impressive

— Be able and willing to clearly and concisely articulate
a realistic rationale for teaching music

— cite the benefits of what we do and why we do it
— Engage in critical thinking and meaningful problem
solving

— Don’t argue your points based on feelings and
emotions- those above you will “tune” you out

Teamwork

United we stand, divided we fall — become a
musical unit, establish partnerships,
collaborations and interdisciplinary links that
corroborate what we know about the benefits of
music education.
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Students

Do you truly believe that a music education offers cognitive
benefits?

— Add academic rigor and comprehensive musicianship to
rehearsals in order to build musicians rather than just teaching
pieces of music / songs

— Explain how you’re adding difficult lessons- parents and
administrators respond well to this (especially in competitive
districts)

Evaluate: What are you teaching? What are they learning?

How do these skills relate to the students’ real world —
school, work, life? Inform them.

Are your students passing their other courses? This goes
beyond being eligible for your next contest or performance.

Administrators/Decision Makers

“State of the Program”

— Compile and provide an annual report to communicate the goals and
accomplishments of your music program

— This should be more than just ratings and all-staters

— Include student academic accomplishments, leadership accomplishments,
community involvement, ACT/SAT results, college acceptances, etc

— Again...facts will speak for themselves

— Use standardized test results to help tell your story. Are band, choir and
orchestra students scoring better than the general student population? Have
your testing department help you do the research

— Present your data in an organized form- spread sheet/word document

Know the people, know the processes, know the environment and know
what is happening

Be ready to respond quickly with knowledgeable and accurate information

2/13/2013
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Parents/Community

Provide opportunities for people to see and learn about the
process of music making

Be creative

Engage people in the process. Anyone can be a potential
constituent

Remember: It’s about the students and their music
education

HOW music will make them smarter, more compassionate,
help with grades, etc=> you need to be ready to articulate
this

Become a public relations / advertising specialist

Tell your positive music education story at every
opportunity
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