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Special Education Students: 2011

By Disability Category

7% 42%
Autism Learning
570 Disabilities O
All Others

million
American public
school students
are identified
with LD

o

6%
Emotional

Disturbance

%
Intellectual
Disability o
— o 5%
Other Health (RUERGIEY
|mpairments American
public school
enrollment
19% identified with
Speech/Language LD in 2011
Impairments

Source: IDEA Part B Child Count, Ages 6—21. Does not include Developmental Delay
category (allowable to age 9).

Percentage of People Who
Attributed LD to Inaccurate Causes

220/ think LD is caused by too much
© time spent watching television

31 % believe LD is caused by poor diet

attributed LD
to causes

that were 2 4° believe LD is caused by

inaccurate childhood vaccination

more than 1 I3 think a lack of early childhood parent/teacher
involvement can cause LD

Source: 2012 Survey of Public Percaptions of LD, NCLD
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Mental
Retardation*

Blindness

Deafness

Autism

80%

Il General Public
W Parents

Teachers

A [ Administrators
[ 34%

“Now known as Intellectual Disability

Percentage Who Think Each of the Following Are

Associated With Learning Disabilities

91%

of the public thinks
that |earning
disabilties are the
result of |laziness

95%

of the public and
parents believe
learning disabilities
are a product of
the home
environment

Source: Tremaine Foundation, 2010

Potential Contributions of Neuroscience
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Prediction

Neuro

|dentification
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Diagnostic Labels

* Education Context: Specific learning disability
— Individuals with Disabilities Education Act (IDEA)

* Clinical Context: Specific learning disorder

— Diagnostic and Statistical Manual of Mental
Disorders (DSM-V)

— International Classification of Diseases (ICD-10)

* Research Context (and other 2): Dyslexia

IDEA definition

Specific learning disability: Definition

a disorder in one or more of the basic psychological
processes involved in understanding or in using
language, spoken or written, which disorder may
manifest itself in the imperfect ability to listen, think,
speak, read, write, spell, or do mathematical
calculations.

(20 U.s.C. § 1401 (30))

Neuroscience data not admissible
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IDEA Fall 2015 Update

e U.S. Department of Education released a
guidance letter in October, 2015

* Confirmed that schools can use and recognize
the terms dyslexia, dysgraphia and dyscalculia

e Countered misconception that these terms
were not recognized

Clinical Resources

* Diagnostic and Statistical Manual of Mental
Disorders (DSM-V)

— American Psychiatric Association
— Provides criteria for diagnosing mental disorders

* International Classification of Diseases
(ICD-10)
— World Health Organization
— Provides clinical codes for a particular diagnosis
— No diagnostic criteria or other information
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DSM-V

 Specific Learning Disorder

A. Difficulties learning and using academic skills based on
the presence of at least 1 of the following for at least 6
months despite provision of interventions to target those
difficulties: Neuroscience data not admissible

Inaccurate or slow and effortful word reading
Difficulty understanding the meaning of what is read
Difficulties with spelling

Difficulties with written expression

Difficulties mastering number sense, number facts, or
calculation

Difficulties with mathematical reasoning

Proposed definition of dyslexia for DSM-V

1. Difficult
that are not ¢
chronological age;educational op
intellectual abilities.

s inaccuracy or fluency of readi
sistent with the perso
tunities or

2. The disturbance in cri n 1, without
accommodations, sigrfificantly interferes with
academic achieyement or activitiesef daily
living that require these reading skills.

(DSM-5,2010)
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Many Paths to Reading Difficulty

* Decoding
* Fluency

 Strategies for
comprehension

e Background
knowledge

* Multi-Language
Learners

* Task demands

Goal + Learner + Context

How would you define dyslexia?

Letter Reversals .
Visual

r’ﬂ problems Problems planning, w
] o %

9 s EE organizing, executing

Reading Comprehension Speed of
Issues @ Processing
\’ Seeing
. S “It doesn’ t

Impairments with linking exist...kids
letters & sounds 0 can be lazy

£) \‘k: or stupid”

= S Motor Coordination Issues

S
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Defining Dyslexia

Neurobiological in origin

Difficulties in accurate and/or fluent word recognition and by
poor spelling and decoding abilities
+ Deficit in the phonological component of language
* Unexpected in relation to other cognitive abilities and the
provision of effective classroom instruction
» Secondary consequences may include problems in reading

comprehension and reduced reading experience that can
impede growth of vocabulary and background knowledge

» Exclusion of cultural, educational, environmental, or other
disabilities

* NOT ADMISSIBLE: brain data

(Lyon et al., 2003)

How do we operationally define “difficulties”?

Contextualizing Reading Difficulties

Reading Disabiliti
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Contextualizing Reading Difficulties

Reading Disabilities

Y Reading

Dyslexia \ Comprehension
Impairment

Simple View of Reading

* Decoding x Listening Comprehension = Reading
Comprehension

* Link between reading comprehension and
decoding decrease over time

* Link between reading comprehension and
listening comprehension increase over time

* Why?




Dr. Joanna Christodoulou
jac765@mail.harvard.edu

Label Comparisons

* Dyslexia
— Common parlance
— Research term
— Specific to word level difficulties
* Specific Learning Disability
— National and state level in US (IDEA)
— Legally defined and acknowledged
— Not specific to type of reading issue
— Includes the term ‘dyslexia’ as a type of SLD

* Specific Learning Disorder

— Clinically-based DSM-V/ICD-10
— Not specific to type of reading issue

Role of Neuroscience?

Dyslexia Laws in the U.S.A.

- States with Enacted Laws

S . States with Laws Pending

States with a Dyslexia Handbook

http://bit.ly/1LaNONO

2/11/16
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* Value

—Educational services

—Insurance and legal issues

—Social community

—Cultural relevance (', |

Standardized Assessments

/

— 2% 1315% 68% 13.5% 2%
Standard
Deviation -3SD -2SD -1SD Mean +1SD +2SD +3SD
Sandard 5570 85 100 115 130 145
Score
%ile Rank <2nd 16lh SOlh 841I1 >98
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unctional Vlagnetic Fesonance /maging

* High quality images
* Radio waves &
magnetic field

* No radiation

How does fMRI work?

1. Ask a question suitable for fMRI use
— What are the neural correlates of reading?
2. Isolate the area of interest
— Must be operationally defined
3. Design an fMRI paradigm
— Intermix experimental and control trials of the
paradigm
4. |dentify activations unique to the
experimental trials

12
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Interpretation of fMRI images

Wh

o u A wWwNRE

at do the colored areas of brain images show?

Brain activations

Blood flow

Activation of neurons
Radioactivity in the brain
Statistical map

My confusion

Common fMRI Index of Reading

2/11/16
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Unit of Measurement

* The brain is not the unit of measurement in
fMRI

* Meet the Voxel

CUBE

How does fMRI work?

 BOLD * Blood Oxygen Level Dependent

e Task

* Measured in each
“voxel” I

14
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How similar are brains across people?

Individual Image

15
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Normalization
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Avants, Epstein, Grossman, Gee, 2008

fMRI Images

* Statistical map
* Group average

» Comparison: Experimental vs. Control

2/11/16
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Interpretation of fMRI images

What do the colored areas of brain images show?

Brain activations

Blood flow

Activation of neurons
Radioactivity in the brain
Statistical map

My confusion

ok wnNeE

Potential Contributions of Neuroscience

Definition |dentification

Neuro

Prediction Intervention
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The Reading Brain

EXECUTIVE

LANGUALGE
FUNCTION -

LAMMGL &R
.~ VISUAL
MTEGRATION
SFEECH VisUaL
AUDITORY .
“CERERELLUS

Figure 7.3 Cunsglastve Dilaxis Hypothesis

(Wolf, 2007)

Cortical Networks for Reading

Superior temporal
Precentral regions
Anterior region
insula

N\

Access to pronunciation
and articulation

Supramarginal
gyrus

Top-down attention
and serial reading

Posterior parietal
region

Angular gyrus

Middle temporal
region

Occipital
regions

Ventral occipito- Visual mpuls

Anterior fusiform temporal region
region

Anterior temporal Visual word form area
Tegian (« the brain’s letterbox »)

Inferior frontal
region

Access to meaning

(Dehaene, 2009)
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Reading Recruits Distributed Networks

(Halaren & Dale)

3 Core Reading Brain Networks

Inferior =~ v 21N _
Frontal .~ ' \/ Parieto-
Gyrus <\ J ) temporal
/' ~
!( ; - \
\ W 4 _{ Ventral Network | '/
\ 3 e _‘ .,:;/” ~ ¥ L.
e A L Occipito-
: . temporal
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Inferior Z T ' 1\'\\‘ arieto-
Reading Brain Networks [IEEES e
7 > """ Occipito-
I = temporal

* Anterior
— Motor production

— Processing of low-frequency exception words and nonwords
* Posterior — Dorsal
— Efficient word reading & phonological processing

* Posterior — Ventral
— Automatic recognition of printed words

(Cohen et al., 2000; Fiez et al., 1998; Shaywitz et al., 2002)

Vi % FEATURE EXECUTIVE AND
v ﬂ:,.,ﬁ 3,“ ATTENTION PROLESSES
e — T T
P LN T p IR “
v f NYyE OO i ) ) =
# I \)_ B . A f.»-—:‘_/,. VJ 5
o (NSl <+ S PV A
a - < A { - ) w
< P z e P 3
o - N
2 £ \ g
3 sd |\ 3
4 1 1 . i
200 %W
//_'\ . 2 ,.R\_
A AN SEMANTIC AND COMPREHENSION
(>N ) “\ PROLESSES
- SR 1
\‘“1& > _."“"I ) ‘/(
e
-
N -
\ \ LN
15UA L YISuAL WIRD UEMANTIL AND
Y FORM AREA(BAZ])  PHONOLOGICAL PROCESSES

Figure 6.3: A Time Line of Reading

Wolf, M. (2007). Proust and the Squid. pp.145
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Characteristics of Developmental Dyslexia

* Anterior hyperactivation

* (Shaywitz et al., 2002)

* Posterior hypoactivations
* Right > left hemisphere

* (Brunswick, 1999, Paulesu et al. 2001; Rumsey et al., 1992, 1997; Shaywitz et al., 1998, 2002; Simos, Breier,
Fletcher, Bergman, & Papanicolaou, 2000; Simos, Papanicolaou, et al., 2000)

Inferior =~ v 21\

Frontal .7 \.7 Parieto-

temporal
: % g _ - \ ‘\
s | Posterior: \1
\ \_— 1 Ventral Network | '/
\ =) ~— > ..
— /S N~ Occipito-
k — temporal

Compensatory Systems in Dyslexia

Left and right hemisphere anterior regions

Right hemisphere posterior regions

Activations in right hemisphere negatively
correlated with reading skills

Accurate, but not automatic, word reading

(Shaywitz et al., 2002)
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Typical Readers Readers with Dyslexia

SEMANTIC PROCESSING 208-500 MSEC Wolf, M. (2007). Proust and the Squid.

+—respond

* Typically Developing Readers

— initial recruitment and
subsequent disengagement of ©
right hemisphere

* At-Risk Developing Readers

— compensatory recruitment of
frontal regions (Yamada et al., 2011)

22
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Differences in Emerging Reading Systems

Typically Developing Kindergarten Readers after 3 months

(Yamada et al., 2011)

 Shift from:
* Bilateral to Left
* Dorsal to Ventral

Red: areas that increase with age i Re“a nce on

Blue: areas that decrease with age

(Schlaggar & Church, 2009) ph0n0|0glca|
Increase in frontal processing
activations networks to
* Greater access to automatic
metalinguistic abilities recognition

(Church et al., 2008; Schlaggar & Church, 2009)
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Dyslexia:

Specific Activations vs. Developmental Differences

* Posterior network activations specific to
dyslexia
— Dyslexic Group < Typical Age-Matched Readers
— Dyslexic Group < Typical Reading-Matched Readers

L FG/LG

* Frontal network activations not unique
to dyslexia

— Dyslexic Group = Typical Reading-Matched Readers

— Dyslexic Group > Typical Age-Matched Readers
L IFG/Insula

(Hoeft et al. 2007)

Dyslexia and IQ

Rega rdless of 1Q, 0.8 1 [0 Nondiscrepant Poor Readers
d h [l Discrepant Poor Readers
poor readers have 6 5 Typical Readers
similar kinds of s
reading difficulties in &
. <
relation to <
phonological @
processing

LtiPL LtFG LtIPL LtFG

CMU Stanford
Sample Sample
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€he New ork Times January 3, 2010

Tllustration by Post Typography

Major Languages Used Internationally

MAJOR
LANGUAGES 1

,‘ W CHINESE
l B ENGLISH

I SPANISH

Il ARABIC
B HINDI
B RUSSIAN ,
% PORTUGUESE

wnwctheodora.comimaps - — | me FRENCH
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W -97%
[]90-97%
[ 80-90%
[ ]70-80%
[60-70%
Il 50-60%
B <50%

Literacy Rates Worldwide

Literacy Rates

Source: UN Hurman Development Report 2007/2008

Orthographic
Processing

Semantic
Processing

2/11/16
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Less language complexity is associated with

more language users
Indo-European

Icelandic_,, \

Language Complexity Score
(<]

Spanish ol
English

i 2 3 4 5 6 7 8 9
Log Population

(Lupyan & Dale, 2010)

Orthographic Transparency

Spectrum of orthographic structures in alphabetic scripts

Spanish, Italian French, Greek English

Language structure matters for reading demands

2/11/16
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Longitudinal stability

in typical reading development across languages

Consistent predictors
across alphabetic
scripts:

* Phoneme awareness
* Letter knowledge

* RAN

Picture-Word-Matching Score

=3 -—h n N
o oo o O
L L 1 L i

W W
(=T
L )

——=—— English Group
——=—— Spanish Group
——0—— Czech Group

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Month

(Caravolas et al., 2013)

® Strong similarity
across French,
Italian, and English
readers

® Universal features:
lower activations in
posterior networks

A. Control Group
B. Dyslexic Group
C. Control>Dyslexic Activations

(Paulesu, Démonet, Fazio, McCrory, Chanoine, Brunswick, et al., 2001)

2/11/16
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Chinese Characters

 Morphosyllabic J\ .
ren

person / human man, person, people

* 3,000-4,000

minimum @J\ .

. ai ren
requirement for N

literacy

+ >10,000’s % A C
al ren

Language Specific Features:

Chinese & Dyslexia

® Demands of the language:

o Chinese logographic system maps graphic forms
(characters) onto morphemes (meanings)

® Left Middle Frontal Gyrus

o Integrates visual-orthographic and semantic (and
phonological) processes in verbal and spatial working
memory

® Right mid-inferior frontal regions

° Fluent Chinese reading

(Siok et al., 2004)
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Language Specific Features:

Chinese & Dyslexia

a Normal reader

* Orthography-to-phonology
mapping task
— Judge whether 2 synchronously
exposed Chinese characters
had an identical pronunciation
vs form
* Frontal regions serve as a
unigue neuroanatomical
marker of Chinese reading
difficulty

(Siok et al., 2008)

Potential Contributions of Neuroscience

Definition |dentification

Neuro

Prediction Intervention
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Earliest remediation yields greatest impact

Return on Investment Over Time

RATE OF RETURN TO INVESTMENT
IN HUMAN CAPITAL

-

pre-school programs

e

N Opportunity Cost of Funds

/schooling

/job training

pre-school school post-school

AGE

Rates of return to investment in human capital as function of age when the investment was
initiated. The data were derived from a life cycle model of dynamic human capital accumulation
with multiple periods and credit constraints. Investments were initially set to be equal across all
ages. ‘1" represents the cost of the funds. Data are from Cunha et al (2005).

Source: Knudsen, et al*

* |dentification estimates imprecise

— Current practices over- and under- estimate who
struggles to read

* Prospects for struggling readers vary

 Estimates of intervention efficacy vary

2/11/16
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Intervention:

Brain & Behavior Changes

* Brain networks recruited for reading are
adaptable during development and modifiable in
struggling readers

* Plasticity of the reading brain across reader ages

* Next steps
— Compensation vs remediation
— Differentiate by intervention type
— Determine dosage needed per case

Intervention Meta-Analysis

Table 3. Contrasts Used in fMRI Analyses of Studies Included in ALE.

Study n # foci Group or Session Contrast Task Contrast

Temple, 2003 32 14 Post > Pre for RD > CT (masked out CT clusters) Rhyme Letters > Match Letters
Eden, 2004 38 14 Post > Pre for Intervention > No Intervention Sound Deletion > Word Repetition
Shaywitz, 2004 25 6 Follow-up > Pre in RD Letter/Sound Match > Tone/Symbol
Richards, 2006 8 5 Post > Pre in Orthographic group Real Words > Letter Strings
Odegard, 2008 18 1 Post, Responder > Nonresponder & Control Phoneme/Grapheme > Tone/Symbol
Meyler, 2008 35 3 Post, RD > CT Sentences > Baseline Fixation
Yamada, 2011 7 40 Post > Pre in RD Letter > False Font

Gebauer, 2012 10 7 Post > Pre in Training Group Pseudoword >Baseline Fixation
Total 173 90

doi:10.1371/journal.pone.0083668.t003

(Barguero, Davis, Cutting, 2014)

2/11/16
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Phonologically-Based Intervention

Dyslexic

Control
Frontal
AND
Temporo-
= parietal
Frontal
but NOT
Temporo-
Example: parietal
B D = Rhyme
B K = Do Not Rhyme

Temple et al. (2003) PNAS

Neural effects of intervention
in dyslexic children

Pre-Intervention

—

- » Frontal
but NOT

Temporo-
parietal

After training, metabolic brain
activity in dyslexics more closely
resembles that of normal
readers.

Increased
activity in =
Frontal AND
Temporo- _
parietal

Post-Intervention

Temple et al. (2003) PNAS

2/11/16
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Multisensory Reading Intervention

Targeting Reading via Phonological Processing

A Phonological Processing B single Word Decoding

- fMRI

intervention}"
study E}’

o LiNdamood © me

program .

Percent Changes
o =3 g

C Secondary Reading Skills

° C h . Id En Non-Intervention Group
| re n 2 o ® Intervention Group
.
z 1
. i
b A
2 | *p<.05
R FERl " p <.005
Reading Accuracy Raading Rute Reading
(GORT) {GORT) Comprohension
(GORT)

(Eden et al., 2004)

Task: Word

A . : repetition or

Controls - i 4\' LY y \ ZO:JI’;d
eletion

Increased
activation in
parietal and
phonological
regions

Increased frontal
regions

Decreased
activation in left
of the
occipitotemporal
Controls> ¥/ 4 3 cortex (shift from
Dyslexics ~a Y, - visual to
phonological
strategies)

(Eden et al., 2004)
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Intervention Changes Brain Connections

* Diffusion tensor imaging (DTI)

* 8-to 10-year-old poor
readers

* Change in white matter,
suggesting an increase in
myelination

* Correlated with improvement
in phonological decoding
ability

Can neuroprediction be informative?

 Life-Style
— Predict positive affect with reactivity to reward and
recent life stress
— Predict weight loss program outcomes with fMRI
reactivity to food images
* Aging
— Predict cognitive functioning in older adults based on
white matter structure
* Treatments
— Predict treatment response for depression and anxiety

— Predict outcomes following head trauma

35
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Predicting Reading Outcomes with Neuroimaging

* 25 children with dyslexia
* 20 typical readers

* Predict reading over time: age 14->16.5

* fMRI Rhyme task

bait price
gate miss

(Hoeft et al., 2010, PNAS)

Predicting Reading Outcomes with Neuroimaging

* Neuroimaging (70-90%) vs. Behavioral (@ chance, 50%)

— Greater activation at time 1 in the right frontal region predicted

reading improvement 2.5 years later
* More activation of Right IFG at time 1 predicted better

reading outcomes

=) o -
=) kS ® o

Rt IFG fMRI Activation
[contrast estimate]

s
=

-0.8

6 -4 -2 0 2 4 6 8
Reading Gain (WID[ss}/Yr)
(Hoeft et al., 2010, PNAS)
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Summer Time Adventures in

Reading & Teaching (START Study)

* Major Goal

— Can we use neuroimaging tools
to improve our ability to predict
which children will benefit from
which intervention?

* Current Approach
— Choose 1 program

— Evaluate brain-behavior links for
individuals

(Christodoulou et al., 2016)

Summer Time Adventures in Reading &
Teaching (START Study)

* 71 Students, ages 6-9

* 4 hours of instruction/ 5 days/
6 weeks
— Minimum of 100 hours

— Academic summer months
— Groups of 3-5 children

* Lindamood-Bell Curriculum:
Seeing Stars Symbol Imagery
for Phonemic Awareness, Sight
Words and Spelling Program

(Christodoulou et al., 2016)
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125

120

115

110

105

100

Standard Score

Xe)
(93]

90

85

80

Performance Comparison of Typical and Dyslexic Participant Groups

M Typical Readers

B Treatment Dyslexic-Pre

B No-Treatment Dyslexic-Pre

Untimed Pseudoword
Reading (WRMT Word
Identification) Attack)

Lindamood-Bell Symbol  Untimed Word Reading
Imagery Test (WRMT Word

105 1

100

95

90

Standard Score

85

80

75

Pre and Post Comparison of Treatment and No Treatment Groups

B Treatment Dyslexic-Pre

B Treatment Dyslexic-Post

B No-Treatment Dyslexic-Pre
B No-Treatment Dyslexic-Post
—

Lindamood-Bell Symbol Imagery Untimed Word Reading (WRMT Untimed Pseudoword Reading
Test Word Identification) (WRMT Word Attack)

2/11/16
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Post Score - Pre Score for Treatment and No Treatment Groups
12 -

10 -

0 ® Treatment Dyslexic Difference

B No-Treatment Dyslexic Difference

Standard Score Difference (Post - Pre)

-10 -

Lindamood-Bell Symbol Untimed Word Reading Untimed Pseudoword

Imagery Test (WRMT Word Reading (WRMT Word
Identification) Attack)

Evaluating Intervention: Summer

* Comparable gains during the school year for
students of diverse SES backgrounds
School Year Cumulative Gains
190 190
140 140
90 920
-10 -10
1 2 3 4 5 1 2 3 4 5
Disadvantaged, by Year Better-Off, by Year

2/11/16
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Evaluating Intervention: Summer

* Significant differences during the summer for

students of diverse SES backgrounds
Summer Cumulative Gains

190 190
140 140

90 90

lIIIIIIIIIIIIIII||||||||I||||II
-10 -10
1 2 3 4

Effects of Reading Intervention

* Inform our definition of a successful intervention
* Prevention of academic summer regression

* Improvement of outcomes
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Reading Development & Disabilities

Definitions & Labels Identification Intervention
il | |
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Contributions of Neuroscience

* Brain imaging can currently:

— Continue to inform our understanding of brain
plasticity in response to intervention

— Reveal mechanisms underlying behavioral trajectories
— Demonstrate brain correlates for behavioral changes

* Brain imaging has the potential to:

— Anticipate who will benefit from which intervention

— Identify behavioral and brain characteristics predicting
response to intervention
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