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OVERVIEW

F as
treatment modality (how far on the
fringe) "

-+ Mec hamcs of Blofeedback
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Brain & Function

movement

vision



Brain & Music Functior

Sensory Cortex
Tactile feedback i
Motor Cortex from playing an instrument ~ Auditory Cortex
Movement, foot tapping, and dancing The first stages of

dancing, and playing
an instrument

listening to sounds,
the perception and
analysis of tones

Prefrontal Cortex
Creation of expectations;
violation and satisfaction

of expectations Visual Cortex

Cerebellum Reading music,

Movement such as looking i

foot tapping, dancing, at a performer’s
and playing an instrument. Rl o
Also involved in emotional (including one’s own)
reactions to music



Sensory Cortex
movement lactile feedback
Motor Cortex : /Ing an

Movement, ft:n:at
Dancing, and Slay

4%

* at a perforner’
5_'-- ments

Prefrontal Cortex
Creation of expectations;

violation of expectations Cerebenl A

Movement sl as foot tapping, dancing,
and playing an instrument.

Adapted from Also involved in emotional reactions to music.

Dan Levitan
Your Brain on Music
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a learning process which helps you gain contr
responses to stress, anxiety, physical strain and .
stimuli. E
is the use of instruments to reflect physiological c
this information, a person may be able to effect cf
body_areas prev1ously not under volitional control.

nonitor muscle tension, heart-rate, blood pres:

al blood flow (vasoconstrlctlon) and
: .G. bram waves and others. r

ient- centeredmet od of



Tension Headaches
Neck & Back Pain
Hypertension
Anxiety

seneral Stress




+

Raw EMG 0

Rectitied
EMG

Reciified * ] v b i
Filtered 0

EMG J i
4../' S
D> =
Audio Tone C)C;:/"‘ &
(Continuous s P \ﬂg%u _—
Tone) : -

FIGURE $-16. Progression from raw EMG to audio tone.




Muscles
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Migraine Headaches
. Raynaud's Disease/
Peri heral Vascular
| ' nce in psychotherapy
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o S tematlc Desensitization |

' d Imagery/ Exploratlo

Sweat glands respond to anxiety & perceived
danger. This fight/flight reaction 1s measured
by the Electrodermograph (EDG) Training
can assist with the following:




Phoenix &

Nominate your

Most Caring Coac
Movie survey: The
decade’s best flic

You're busy.

You're very busy.

You're overbooked, overstressed,
overburdened. You're on a schedule
that increasingly represents the baseline
tempo of American life—a harried, Lucy Ricardo-

in-the-candy-factory level of frenetic activity that’s impossible

for anyone to sustain except in a state of mental and physical overload.

Overloaded? Turn to Page 4.
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CONTEMPORARY THEORIE
OF ADHD

The DSM-1V offers three subtype of

¥ 314.01 Attention-Deficit/ @rau 1vity

l‘;.

Dlsorder Combined Type;

14 00 Attentlon—Deﬁmt/Hyp tivit
- Disorder, Predominantly
Inatt tentive T}ﬂ)u




CONTEMPORARY THEORIES OF ADH

The symptoms of ADD (ADHD - H) include six or more of t ollowmg
symptoms of inattention that have persisted for at least 6 months 1016
degree that 1s inconsistent with the developmenta iCV(I

1. Often fails to give close attention to details; m fcc careless mistakessiil
school or other activities k.

2. Often has difficulty sustaining attention in tasks or T play activities
3. Often does not seem to listen when spoken to dlre cﬂv

4. Often df’@es not follow through on instructions and aﬂs 10 fin1SINCHOTEs
or @1 ITETICS |

5. Often as diffi culty orgamzmg tasks and acti ﬁics

.,O~f en avoids, dislikes, or is reluctant to (nge ge in taskS titatreeuire
Sustained mm@aﬂ effort

7 @%@m loses cessary for tasks or activities

10

nec
ISyotten east ly tracte

™ S C

L for ertw’;ul 1n daily activities

(@,
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CONTEMPORARY THEORIES OF ADHE




CONTEMPORARY THEORIES OF ADHD




CONTEMPORARY THEORIES OF ADHD




CONTEMPORARY THEORIES OF ADHD




CONTEMPORARY THEORIES OF ADHD

0, G2, e relgiienships.




CONTEMPORARY THEORIES OF ADHD




+ ADHD is the most' eq
' diagnosed child
disorder in the Uni




and ADHD
FContinues into

¢+ “It is estimated that between 30% an:
children diagnosed with attention def;
hyperactivity disorder (ADHD) will cont
€; symptomatology that is disrupt

L 1 t lives” (Jackson & Farrugie

D
. -




ADHD Treatmen..

Most physicians prefer to admir
psycho-stimulants (NIMH, 19
agents include:

K Methylphenldate (Ritalin),
o etlmme/amphetamme ,‘

1 )ecoxvn

phetamme (Dexedrine),

)

Ritalin

&




Response to Medlca ion.

¢+ Approximately 70 - 80% of ADHID
children treated with medication respond
| frably to stimulants (Barkley, 1990;

Barkley & Loo 2005)




Response to Medlca ion

¢+ Patterns of excessive frontal slow an activity
occur in the brains of ADHD children and are
remedied when ADHD children take the stimulant
-methylphenidate (Loo, Teale & Reite, 1@9

| MF searchers demonstrate not only the abili L\/ to
wave states through training sessions, bult
1m deavn@ al i nmpf@V@m@mg n ADE
ns (Monastra, 2003; _/Jég tt, 200: “u




In 1992, the NIMH conducted th Ic:no mark
Multimodal Treatment of Attentlo 1-Deficit
Hyperactivity Disorder study (MTA A) that

4 l@@_ed at four types of treatments in 579

subjects (Jenson, et al, 2001).
Hm@ four groups included:
tine Cor iiuuw Care (CC ;
cation Ma MéUjj_( nt (V @d /5&)\,
ent (Beh) anc

om :iiduo n (L OB




MTA Study of 199

In 1992, the NIMH conducted the lan@hn

Multimodal Treatment of Attentlon—Deﬁ

Hyperactivity Disorder study (MTA) tha l@@l&c at
four types of treatments 1n 579 subjects J@mon

- 2001).

The four groups included:
¢ routine Com Tuumdty Care (CO),
Medication Management (MedMgp),

yviaral froeatiment (Ralh A
W% d cl Cd Clit \ r)rl“,) EVH']Q/‘)




MTA Study of 19‘9

The superior effects of Comb and MealM L groups,
diminished at a 24-month follow—up
by 50%, while the Beh and CC groups @lﬂd not

i regress

The subgroup that ceased medlcatlon tr@a
exhnbn the most deterioration.

% while m@@@@

, consumer p p:aL ent-t
| tment (INIF {




Ritalin Consplra
Multi-million dolla

T'exas, charging the
s artis

Pharr en and Adults

’ Wlth A\ Disorder

(CHAD B hiatric Association
- with fraud and conspiracy to p omote the diagnosis of
~ Attention Deficit Disorder within the context of a

successful effort to increase sales of the product
Ritalin.




Ritalin
in m1ll1

| U.S. thalm Sales

Inenions of geilass
% 4 '/.’, ""i'?
1392 192 136.2

$126.1
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Z BIOFEEDBACK |

Volume 26, Number 1 Spring 1998

Newsmagazine of the Associalion for Applied Psychophysiology and Biofeedback
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Special
Issue:

¢ Biological
Monitoring

¢ Applied
Psychophysiology

¢ Psychotherapy




¢ Can Neurofeedback helpiinprove cognitive
functioning and academic performance in ADHD
Children?

¢ Can better use of MUSIC and audio maximize the
effect of NF for kids?

¢ How much money can these strategies save
the school districts?
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. B]O Medical Par

Pre-frontal Cortex development
BIS: Behavioral Inhibition System
Low cortical arousal

Inability to modulate arousal levels
Deficits in organization

Non-verbal working memory




Deep sleep

saldalianon A A

e

1 eocond
Asleep
Mo, ¢ Delta —- 0 to 4 Hz
R N
* Theta — 4 to 8 Hz
Relaxed
* Alpha — 8to 12 Hz
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vty A A, e

* High Beta — 24+ Hz



" Anterior-Posterior
Lateral
+ Cortical/Subcortical

erior (Front
vern Expressive

“Posterior (Parietal,
Temporal and Occipital

Lobes) govern Receptive
Skills

- §.l'.

TABLE 16.1

Left-Hemisphere
Dominance

Words
Letters

Language
Sources

Complex
Movement

Speech
Reading
Writing

Arithmatie

Verbal Memory

3 Major Axes of Functio
ght }ain Functions

Abilities That Display Cerebral Laterization of Function

GENERAL
FUNCTION

Vision

Audition

Touch
Movement

Memory

Language

Spatial
Ability

Right-Hemisphere
Dominance

Geometric

pattterns

Faces

Emotional Expression

Non-language sounds
Music

Factual patterns
Braille
Movement in
spatial patterns

Nonverbal memory

Emotional content

Geometry
Direction
Distance
Mental rotation
of shapes



Cortical and Subcortical

he miap on the righ

Cortical activity
governs higher-
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function:
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ADHD & Biofead

(4-7Hz) bra
Increasing SMR (12.5-15 Hz)|
\DHD

ildren and adults (sterman, 1977; Lubar,
Tansey & Bruner, 1983; Tansey, 1984, 1985,
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EEG Training Scre

Theta SMR




Star Wars Neurofea
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- Star Wars Neurofeedback




Role of the " i
Music Therapist

¢ Creation of musical menu
¢ Der elop musical designs |
’ Lm)u&,@ of key, scale & mstrum

* Maintain integrity of musical
S‘j ‘onment




OUTCOME: Increase in self-esteem and belief
in ability to perform at a higher academic level
resulting in improved grades.




Toni Scores Pre and Post

i

PACS Neurofeedback Program

Toni Improvement
March - June

. 3R

Seriesl
—&— Series2
Series3
—— Series4
—¥— Series5
Series6

Toni 3 POST C-TONI

Series?
Series8
- Series9
Series10
Seriesll1
Series12
Series13
Series14
Series15
Series16
- Seriesl?7




Inclusion Criteria

8-14 years old & collateral dat
parents, teachers, healthcare p

Formally diagnosed with ADHI D
Ilcensed psychologist, psychlatrls
me . doctor with or without the

ot have other axis 1

o &
- AN D ]



The Conners’ CPT
Stroop, Nepsy exec sub-sc;
Quantitative electroencephal

polar EEG session dat

’ MNaYe ) _*

Measures



Potential Impedir

" + Reportingraceuracy



Potential Outc

+ Development of a more accessible and

affordable than
presently exists for ADHD by integrating an
active musical component into EEG treatment.

¢+ Over in savings to the
school districts over 3 years.
* Based on the Yonkers NY School program




EEG Map - Baseli

aseline eyes open




EEG Map
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EEG - Assessm o

Assessment Time i
| Baseline EYES OPEN 2 min 3
2 | Baseline EYES CLOSED 2 min !
) Listening I min /—\ "
4 | Reading 1 min |
5 | Training 2 min
6 im (Art) 1
° Class 1

]
", -
- - s " N s " " s " "
-2 TE—SZ2—18 oY TE—S2 8 64 © 16 32 48 64
( 4 - 8) ( 13 - 15)

MIN
Vivaldi




FEG/Music Assessmenth

K SR:256 HP:OFF CICI\VISINdata\aml001  START 11 END:18°  GAINT
AVERAGE/NAG

— | S—

16 32 48 64 %) 16 32 48 64 ©O 16 32 48 64

( 4 - 8) ¢ 8 --12) ( 13 - 15)




SOUNDS

+ Beyond Words| i
Hamadulas



Videos
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Brain Maps
P QEEG
PRE-Post

N

Mantage: LinkEars

Delta

Absolute Power

EEG ID: ASLOO

Z Scored FFT Summary Information

Theta Alpha Beta High Beta

-
3210123

04S, PRE NF/Music

Montage: LinkEars

Delta

Absolute Power

EEG ID: Z5L4001

Z Scored FFT Summary Information

Theta Alpha Beta High Beta

—————
321012 3

04S, POST NF/Music — from 2004 Pilot Study
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Brain Maps QEEG
BASELINE-"

Montage: LinkEars

Z Scored FFT Summary Information

Delta Theta Alpha Beta

Absolute Power

EEG ID: BJE12001

High Beta




Montage: LinkEars

Delta

Absolute Power

Z Scored FFT Summary Information

Theta Alpha Beta

e
2012 3

EEG ID: BJS12001

High Beta

Montage: LinkEars

Delta

Absolute Power

Z Scored FFT Summary Information

Theta Alpha Beta

_—_
F2 01z

EEG ID: BJE12011

High Beta




QEEG
BASE

\symmetr

& Coherence

Z Scored FFT Summary Information

‘ B ra] n Ma pS Delta Theta Alpha Beta High Beta

Amplitude Asymmetry
)




Montage: LinkEars EEG ID: BA10001

Z Scored FFT Summary Information

Delta Theta Alpha Beta High Beta
Absolute Power

Brain Maps

Relative Power

¢ This set of pre and
post brain-maps

SEOWS a Shlft from Montage: LmkEnarsi EEG ID: BEAI2001

Z Scored FFT Summary Information

low activation (blue)
mal (JINO@ 1) 1n

Delta Theta Alpha Beta High Beta




Discriminant
Analysis

Learning Disability Discriminant Analysis™

LD DISCRIMINANT SCORE = 1.46 LD PROBABILITY INDEX = 99.0%

The Learning Disability Probability Index is the subject's probability of merbership in the Learning
Disability (LD} population.

Montage: LinkEars EEG ID: AJS9001

RAW Z
F2 RATIO T/B 1.05 -0.85
FP3 AP Theta 10.62 -1.28
Cz-C4 b P Theta 34.31 -0.35
F7-TG bl P Alpha -110.42 0.28
T5-02 COH Theta 32.85 0.97
F3-Fz COH Alpha £81.00 -0.15
FFP1-TS FHA Beta 21.38
T4T6 PHA Delta 6.75 -0.03
F2-T3 FPHA Delta -30.37
T4-Pz FPHA Theta 7.10 -0.01
FP1-Pz FPHA Delta 75.18
F8-Fz FHA Beta 20.93
C3-02 FHA Alpha -6.87
FP1-F4 FHA Alpha -16.69

E Nomal M o

LD SEVERITY INDEX = 6.89
This severity score places the patient in the SEVERE range of severity.

10
MILD MODERATE SEVERE

The LD Severity Index is an estimate of the neurological severity of Learning Disability.

Pre vs. Post-Intervention

Montage: LinkEars EEG ID: BJS12001

Learning Disability Discriminant Analysis®

LD DISCRIMINANMNT SCORE = -0.158 LD PROBABILITY INDEX = 60.0%

The Learning Disability Probability Index is the subject's probability of membership in the Learning
Disahility (LD} population.

R Z
T F3 RATIO T/B 0.93 -1.11
P2 AP Theta 18.22 -0.492
CzCd i P Theta 16.29 0.4z
F7-T6 2 P Alpha -75.70 1.19
T5-02 COH Theta 49.18 1.81
F3-F= COH Alpha 54.88 -0.96
FP1-T5 FHA Beta -13.53
T4-T6 PHA Delta 5.51 -0.07
Fg-T2 FHA Delta 26.62
T4-P= PHA Theta 14.71
FP1-P= FPHA Delta -11.35
F&-FPz FHA Beta -32.30
C3-02 PHA Alpha 378
-2 FP1-F4 FHA Alpha 0.69 0.31

-a
B Normal M o

LD SEVERITY INDEX = 4.38
This severity score places the patient in the MODERATE range of severity.

MILD MODERATE SEVERE

The LD Severity Index is an estimate of the neurological severity of Learning Disability.



scriminant
Analysis

¢ AISO ° it iS intere Sting Montage: LinkEars EEG ID: AJS9007

Learning Disability Discriminant Analysis®

tO nOte that 1 J ’ S LD LD DISCRIMINANT SCORE = 0.05 LD PROBABILITY INDEX = £5.0%

The Learning Disability Probability Index is the subject's probability of membership in the Learning
Disability (LD} population

° G ) )
4 RAN z
index pre-intervention T
A F3 AP Theta 1353 a1
p ) CzC4 AMP Theta 2835 014
g s : F7-T6 AMP [ipha 1852 0.07
B 1502 |COH Theta 3880 135
& O Fa-Fz COH Alpha 8430 0.00
FFP1-15 _ |PHA Beta 10.37
0 1416 FHA Delta 22.17
e Fa-T3 PHA Delta 361
g T4z PHA Theta 023 076
-~ FF1-Fz__|FHA Delta 706
o e L] Fa-Pz PHA Beta 77.47
] C30z__ |PHA Alpha 122
Lﬂ i : W 1 ‘ A FPi-F4__ |PHA [Alpha 224

o . .
1) [ \ \ 7'\/7 ‘ 1 G ﬂ LD SEVERITY INDEX = 472
>’ A A A A A $ \ ) CLAN A This severity score places the patient in the MODERATE range of severity.

10
MILD MODERATE SEVERE

The LD Severity Index is an estimate of the neurological severity of Learning Disability.




Discriminant Analysit

+ During IMPROV music (
| drops to not significant” at P@&LD tervention

. 2

EEG ID: BJS12011

Montage: LinkEars

Learning Disability Discriminant Analysis™

LD DISCRIMINANT SCORE = -0.43 LD FROBABILITY INDEX = Mot Significant

The Learning Disability Probability Index is the subject’s probability of membership in the Learning
Disability (LD) population.

R z
Fa RATIO T/E 1.26 -0.53
P2 AP Theta 2203 -0.08
Cz-C4 MR Theta 409 0.0
F7-TG R Alpha 1.82 221
T5-0Z COH Theta 6152 735
Fa-Fz COH Alpha 8057 017
FF1-TS  |PHA Beta 17 48
T4TE FHA Delta .44 0.19
FE-T3 FHA Delta -7 55
T4Fz FHA Theta 16 .47
FF1-Fz  |PHA Delta .5 25
F&-Fz FHA Beta 1424
C3-02 FHA Alpha 13 59 0.06
-4 -2 o 2 4 FF1-F4 PHa Alpha .76 0.53

E Hormal
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TONI-3 Results Nr-mus grou

' JONI-3 Results
Name Date
1D 6-Oct

19-Dec
2A° 6-Oct
19-Dec
3J 6-Oct
19-Dec
5M 6-Oct
19-Dec

Raw

24
26
6
24
14
13
21
23

Percentages
Quotient Rank
110 74
115 84
72 3
108 70
81 10
80 9
102 65
105 63

All TONI-3 scores are at the 95% level of confidence +/-* 2SEM
*Statistically significant change in score

D.Q.
90-110
111-120

70-79
90-110

80-89

80-89
90-110
90-110

Average

Below Avg.
Below Avg.

Average
Average

(7]
m
=

g s B OO




TONI-3 Results NF-Mo ip

TONI Quotient Scores
pre & post
Neurofeedback with Music

140




TONI-3 Results NF-Mg

2
el

R
e

Toni-3 Percent Rank
Pre-Post NF/Music Group

| [110/6/2006 %Rank
, W12/19/2006 % Rank
1D 2A*

3]




NEPSY Results NF-M

5.

NEPSY Attention/Executive function
Core Domain Scores

NEPSY pre NEPSY POST
—— 1D 113 133
——2A 90 104
3] 92 100
5M 88 121
—— 6B 90 116

All scores improve
Following Neurofeedback + MUS




STROOP Results NF-M.

Stroop Word Scores
Neurofeedback with Music

70
60 3
k
Yo —X
Stroop Word PRE Stroop Word Post
51 57
53 58
41 47
41 42
42 43

All scores improve




STROOP Results NF-M.

60

Stroop Color

—
==

/

Stroop Color PRE

54

57

49

55

37

43

38

41

All scores improve

Stroop Color POST




STROOP Results NF-M.

2)
el

Stroop Color/Word Score

Stroop CW PRE Stroop CW POST
—e— 1D 60 59
——2A 55 61
44 46
44 44
2 Improve, 2 remain stable, 1 declines




CPT Results NF-mus

CPT ADHD Index Scores

15 :\

N
e

CPT-PRE CPT-POST

16.23 0
0 15.02
0 0
0 0
15.11 0

2 improved, 2 remained stable, 1 regressed




CPT Results NF-mus

CPT d' Attentiveness Index Scores

100
80 —
x——— .
60 ~—_

| .
Q
]
()]
2
]
9 .9
= = 20
cL 0
o* e
V0 m 0 : : :
'q-, gf' d' %-tile PRE d' %-tile POST
- ‘5:'; ——1] 61.28 24.84
E —u— 2D 73.75 70.1
Y 3A 64.81 8.01
N
4H 21.37 13.09
—— 5M 74.54 80.88

4 show percentile rank improvement, 1 shows
a minor decline



‘Trend toward improvement

PRE & POST NF+Mus Psych Test means

140

120

{1

TONI Stroop Stroop Stroop NEPSY
Color Word C/W

Trend toward improvement in all tests




" Between Group Differences

Between Group Differences Control vs. 3 NF G roups

Condition 0- Control |[1- NF1]2- NF2|3- NF+MUS

Dependent Variable

CONPOPP 1 60.67| 72.42| 68.67 62.75

CONPOPP 2 62.78| 70.75| 66.08 54|F Value| 0.71
P Value| 0.55

CONPCOG 1 66.63| 64.42] 56.42 67

CONPCOG 2 65.78| 59.42| 59.25 52.5|F Value| 3.05
P Value| 0.04

CONPHYP 1 73.78| 77.92| 72.42 68

CONPHYP 2 73.67| 71.33| 68.25 47.25|F Value| 2.46
P Value| 0.08

CONPADD 1 68.67| 68.75| 62.17 70.5

CONPADD 2 67.67 66 64 52.5|F Value| 4.03
P Value| 0.02

NEPAUD 1 8.22| 8.67| 7.75 11.8

NEPAUD 2 7.89] 8.42| 8.17 13.75|F Value 4.4
P Value| 0.01

NEPVIS 1 6.78] 9.82] 9.55 6.8

NEPVIS 2 7.67] 10.92] 11.08 12.25|F Value 2.7
P Value| 0.06




PRE-POST  T-TEST

hMontage: LinkEars ap 09302005 MEO.nga - AP 12192005 01 EO ar.nga
FFT Absolute Power Paired t-Test (P-Value)

Detta (1.0 - 3.5 Hz) Theta (4.0 - 7.5 Hz) Alpha (3.0 - 12.0 Hz) Beta (12.5 - 25.0 Hz)

High Beta (25.5 - 30.0 Hz) Beta 1 (12.0 - 15.0 Hz) Beta 2 (15.0 - 17 5 Hz) Beta 3 (18.0 - 25.0 Hz)




Montage: LinkEars
FFT Absolute Power Group Paired t-Test (P-Value)

Detta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz) Alpha (5.0 - 120 Hz) Bieta (12.0 - 25.0 Hz)

Beta 1 (12.0 - 15.0 Hz) Beta 2 (15.0 - 18.0 Hz) Bieta 3 (18.0 - 25.0 Hz)

Montage: LinkEars
FFT Absolute Power Difference (uv Sq)

Detta (1.0 - 4.0 Hz) Theta (4.0 - 5.0 Hz) Alpha (3.0 - 12.0 Hz)

baseline.ngy - improv. ngg

Bieta (12.0 - 25.0 Hz)

High Beta (250 - 30.0 Hz) Beta 1 (12.0 - 15.0 Hz) Bieta 2 (15.0 - 18.0 Hz)

Bieta 3 (15.0 - 25.0 Hz)




Future direction:
Brain-computer inte




Helping ADHD Childrenwit
Music Therapy &1
Neurofeedback:
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