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Learning to read is a process that requires the mastering of a series of developmental stages in
response to environmental input, starting with language processing in utero and ending with

proficient reading years later (e.g., Chall, 1983).

Learning to read 1s N O I a natural process



Typical reading development

Learning to read q Reading to learn



Theoretical models suggest a dynamic interplay

between lower-level foundational and
cognitive-linguistic skills
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Every child has the right to learn to thf\\ABB

read well...

69% of all fourth-graders in the U.S. are
reading below grade level and
approximately 80% of fourth-graders
from low socio-economic backgrounds
are reading below grade level.

National Center for Education Statistics (2024)



Low reading skills are tied to

0 low self-esteem, feelings of shame, inadequacy, and
helplessness (e.g., valas, 1999).

[0 greater risk for developing internalizing or externalizing
symptoms (e.g., Hendren et al., 2018).

0 lower education levels, less income, increased health issues,
higher incarceration and poverty rates (e.g., Moody et al 2000).

The National Council for Adult Learning estimates that low
literacy skills cost the U.S. at least $225 billion each year.
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What is Developmental Dyslexia?

Affects 7-12% of children in English-speaking
countries (about 2-3 in each classroom)

 difficulties with accurate and/or
fluent word reading

* poor spelling and decoding abilities

Heritability estimates are 40-60%

(Grigorenko et al., 2020)
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What is Developmental Dyslexia?

Affects 7-12% of children in English-speaking
countries (about 2-3 in each classroom)

 difficulties with accurate and/or
fluent word reading

* poor spelling and decoding abilities

Heritability estimates are 40-60%

(Grigorenko et al., 2020)
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Recognizing Psychiatric
Comorbidity With Reading Disorders

Robert L. Hendren'?*, Stephanie L. Haft!, Jessica M. Black?® Nancy Cushen White?* and
Fumiko Hoeft!256.7

ASD

\ Does reading
N difficulty represent

How are processes
underlying subject
subskills similar vs.

CD /O DD distinct?

How much of this N
comorbidity is due to

co-occurrence with

ADHD?

FIGURE 1 | Current issucs, arcas cf investigation, and suggestiors for future rescarch in conditions ccmmonly occurring with RD in children. BD. reading disorder;
ADHD, attention deficit hyparactivity disorder; ASD, autism spectrum disorder; SLD, specific leamning disorder; CD, conduct disorder; ODD, oppositional defiant

disorder.




Factors contributing to reading

Genetics }

e L
disabilities e

Atypical Reading

Development
Perception &
Cognition

Environment
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Discovery of 42 genome-widesignificant loci
associated withdyslexia
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|™ Check for updates

Reading and writing are crucial life skills but roughly one inten children are
affected by dyslexia, which can persistinto adulthood. Family studies of
dyslexiasuggest heritability up to 70%, vet few convincing genetic markers
havebeen found. Here we performed a gecnome-wide association study of
51,800 adults self-reporting a dyslexia diagnosis and 1,087,070 controls and
identified 42 independent genome-wide significantloci: 15in geneslinked to
cognitive ability/educational attainment, and 27 new and potentially more
specificto dyslexia. We validated 23 [oci (13 new) inindependent cohorts

of Chinese and Curopean ancestry. Genetic etiology of dyslexia was similar
between sexes, and genetic covariance with many traits was found, including
ambidexterity, but not ncuroanatomical measures of language-rclated
circuitry. Dyslexia polygenic scores explained up to 6% of variance in
readingtraits, and might in future contribute to earlier identification and
remediation of dyslexia.
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Genome-wide analyses of individual differences in
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Environmental risk factors for poor
iteracy outcomes
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Brain studies in school-age children and adults have A
demonstrated critical mechanistic support for o
multifactorial models of reading

Sound-symbol

Reading fluency & connection

comprehension

Oral Language Print and Word
Processing recognition
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(Ozernov-Palchik & Gaab , 2016; Wiley Interdiscip Rev Cogn Sc)
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[Video: Showing brain activation while an adults is reading a word]

(Dale et al., 2000)



PNAS

Universal brain signature of proficient reading:
Evidence from four contrasting languages

Jay G. Rueckl®®, Pedro M. Paz-Alonso¢, Peter J. Molfese®?, Wen-Jui Kuo?, Atira Bick®, Stephen J. Frost®’,
Roeland Hancoc_k_f, Denise H. Wu?, William Einar Mencl?, Jon Andoni Dufiabeitia®, Jun-Ren Lee", Myriam Oliver<,
Jason D. Zevin®'i, Fumiko Hoeft*f, Manuel Carreiras“, Ovid J. L. Tzeng"™", Kenneth R. Pugh®"°, and Ram Frost®“¢

2015

. Metaanalyses
(reading-related)

O Alphabetic >
Logographic

O Logographic >

Alphabetic
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Structural and functional brain alterations AR
in individuals with dyslexia 3

(A) Gray matter (volumetric analyses) (B) Gray matter (functional analyses)

Dys < Control
Left Inferior Frontal Gyrus

= | eft Precuneus
B\ ™ Left Parieto-Temporal Area £ | § 4 " Left Inferior Frontal Gyrus
B = | eft Occipito-Temporal Area o I Left Parieto-Temporal Area
" m Left Planum Temporale : S m | eft Occipito-Temporal Area
m eft/Right Fusiform Gyrus

= Left Superior Longitudinal Fasciculus

Left Arcuate Fasciculus ~g Y ) b N\ |’ = Left Precentral Gyrus
‘ " q \ = Right Inferior Frontal Gyrus

m Left Inferior Frontal-Occipital Fasciculus
Left Inferior Longitudinal Fasciculus

m Corpus Callosum
(forceps minor - genu and major - splenium)
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Neural deficits in children with dyslexia ameliorated gty
(@

by behavioral remediation: Evidence from GL/)\ABB
functional MRI W

Elise Templet*, Gayle K. Deutsch5, Russell A. Poldracky, Steven L. Miller!, Paula Tallal'**, Michael M. Merzenichi**,
and John D. E. Gabrieli*s

n= 45
8 weeks intervention

Control

Frontal

AND Dyslexia

Temporo-pa

Frontal

but NOT
Temporo-pa
rietal

Example:
B D = Rhyme
B K = Do Not Rhyme

22

[Temple et al. (2003) PNAS, 100]



Neural effect of intervention @@

LABZ
, Yoy
Pre-Intervention
Frontal
but NOT .
Temporo-pa Post-Intervention
rietal
Increased
activity in
After training, metabolic brain Frontal AN
N . Temporo-par
activity in dyslexics more otal
closely resembles that of leta

typical readers.
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[Temple et al. (2003) PNAS, 100]



Cause or consequence?
An important question for practice and policy
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Some of the brain alterations in struggling readers predate
formal reading instruction

Wang,...Gaab, 2017, . .
Cerebral Cortex b

LTP ( X=-57, Y=-34, Z=26) LTP ( X=-57, Y=-34, Z=26) RLG ( X=46, Y=-29, Z=24)

ey N8
o
=

(¥
N

Q

—
- ‘y>
w9

S

J

@
oS

N\

RTP ( X<46, Y=-29, Z=24) LOT (X=43, Y=-66, Z=4: indicated by arrow)
LFG(X 45, Y=-60, Z=-14)

d ['c] path contribution map

Family history of dyslexia
eyes  ano

Rapid automatized naming
Rapid automatized naming

55555 85 70 80 .55 .60 85 70 75 .80 85
M volume indices fos Ml GM volume indices for left
temporoparietal (LTP) region of interest i iform (LTO/LFG) region of interest

FSM > VM Raschle, ...Gaab, 2010:; I — 12

Neuroimage
..Gaab, 2022;

JAMA Pediatrics

= A Left Arcuate FA Profile B
— FHD+
| g’
/"’ Z
o/

/(f ; / Langer, ...Gaab, 2016;
L/W Cerebral Cortex

FHD- > FHD+

. FOA vall;les N

Raschle, ... Gaab, 2012; PNAS

0 B 10 15 3 20 as 50
Frontal Lobe Temporal Lobe



Early Infancy: o

GAAB
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Rapid Period of Brain Development G
Change from 20 weeks gestation Change from birth
400 — Cortical grey matter Cortical thickness
Cortical white matter — Surface area
- FA
350

200

Change (%)

Gestation

(Gilmore, Knickmeyer, & Gao, 2018)
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Neuroimaging the rapidly developing brain e

(Turesky, ... & Gaab, 2021; Dev. Cog. Neur.)
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Examples of variability in brain structure e

1he
Subject 007 Ny 275

Subject 034
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White matter in infancy is prospectively associated with
language outcomes in kindergarten

Segmentation Skill in Kindergarten

(Zuk, ... & Gaab, 2021; Dev. Cog. Neur.)
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Vocabulary Skill in Kindergarten

01 0o a1 02 01 00 oh 540 007 0.00 908 0.10

Microstructure in left arc Microstructure in left arc Microstructure in left arc

Microstructure within the left arcuate fasciculus 1s prospectively associated
with phonological awareness and vocabulary skills
(controlling for age and the home language/literacy environment)

(c //(E;
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Longitudinal trajectories of brain development from infancy to
school age and their relationship to literacy development

n~= 137

with 441 observations
controlled for biological sex,
maternal education and cohort.

O Further assessed whether familial
risk or home literacy environment
show influences
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Home Language and Literacy
Environment (HLLE)
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Aspects of HLLE that are most predictive of future language and literacy skills

include (e.g., Hamilton, 2013; Payne, Whitehurst, & Angell, 1994; Bus et al., 1995;
Rodriguez et al., 2011):

« Age of onset of shared reading

* Frequency and quality of book reading

* Frequency of library visits

 Parental knowledge of storybook titles

» Parental mediating style during shared reading
 Parental language during shared reading

1 ...but there are large cultural differences....




Home language and literacy environment and its relationship @%?@
to socioeconomic status and white matter structure in infancy LAB

e
Ted K. Turesky'3® . Joseph Sanfilippo®* - Jennifer Zuk® - Banu Ahtam®® . Borjan Gagoski®® - Ally Lee'2 - .
Kathryn Garrisi'? - Jade Dunstan? - Clarisa Carruthers? - Jolijn Vanderauwera’® - Xi Yu® - Nadine Gaab'?

Received: 22 November 2021 / Accepted: 24 August 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022
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Developmental Cognitive Neuroscience

r[ Sr\ |E R journal homepage: www.elsevier.com/locate/den
Leveraging brain science for impactful advocacy and policymaking: The e

synergistic partnership between developmental cognitive neuroscientists
and a parent-led grassroots movement to drive dyslexia prevention policy
and legislation

Nadine Gaab™ , Nancy Duggan "

# Harvard Graduate School of Education, USA
® Decoding Dyslexia Massachusetts, USA
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For at least 25 years, our society has invested millions of dollars to
improve educational opportunities and outcomes
for struggling readers

: : The Individuals with Disabilities Education
National Reading Panel Act 2004 (IDEA) IDEA
e 3 200

2002 2015

2000 2004

Every Student Succeeds Act E S SA

Every Student Succeeds Act

No Child Left Behind Act

“GAAB
L,AB;
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As a society, we embrace
preventative medicine, but we
have not prioritized
preventative education
strategies to the same extent.

EAT HEALTHY 36



The dominant approach has been a
reactive, deficit-driven, “wait-to-fail” model

|dentification/
Diagnosis/Start of
intensive
Intervention

o—0 9 0 O—0 -
Pre-K K 1 2 3 4

As outlined in
(Ozernov-Palchik, ... & Gaab, 2016; Curr Opin Behav Sci)
(Ozernov-Palchik & Gaab , 2016; Wiley Interdiscip Rev Cogn Sci)
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The "Dyslexia Paradox”

A reading disability is generally identified after the most effective intervention window

W for most effective

Intervention

|dentification/
Diagnosis/Start of
intensive
Intervention

w

O >
4

As outlined in
(Ozernov-Palchik, ... & Gaab, 2016; Curr Opin Behav Sci)
(Ozernov-Palchik & Gaab , 2016; Wiley Interdiscip Rev Cogn Sci)
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Early versus late intervention

= A meta-analysis comparing intervention studies offering at least 100
sessions, reported larger effect sizes in kindergarten/1*" grade than

in 2" and 3™ grades (Wanzek & Vaughn, 2007; Wanzek et al., 2013; Wanzek
et al., 2016) .

= When “at risk” beginning readers receive intensive instruction, 56%
to 92% of at-risk children across six studies reached the range of
average reading ability (Torgesen, 2004).

= Overall, converging research points to the importance of early
interventions for at-risk students for improving the effectiveness of
remediation (Connor et al., 2013; Catts, et al., 2015; Denton & Vaughn, 2008;
Connor et al., 2009; Shaywitz, Morris, & Shaywitz, 2008, Torgesen, et al., 1999,

Flynn, Zheng, & Swanson, 2012; Vellutino et al., 1996; Morris, Lovett, Wolf et al.,
2012; Morris et al., 1997).




Replacing the wait-to-fail model with a preventative
support model

Birth

Lower rates of dyslexia
and improved reading
outcomes in children
with a diagnosis /
better mental health

N

w )

(M
/
4

R
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Z-Score Performance Across Measures

Latent profile analysis shows six distinct profiles of
early reading and long-term stability

2.00
—— Class 1: Average — = Class 2: Low-average —— Class 3: High

+— Class 4: DD risk Class 5: RAN risk » Class 6: PA risk
1.50 [n=1,215

121 , children]

1.00

0.50

0.00 0.0 —
i v M 0.05
(C e g 0.17 - €
0.24 e — ® 043 ba
B0 ", 70 I VO ODU. . - et S O e oI s o s I i e s
o438 il e
0.57 ~N
©
A _-0.84 0.76
-1.00 -
A -1.09
® 1.25 ® 124 -1.27
-1.50 1.55
CGengr.al Phonological Verbal Autifnpa:'(c:ilzed Letter-sound
-2.00 ognitive Processing short-term - knowledge
Ability memory haming

Variables Related to Reading
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(Ozernov-Palchik, ... & Gaab, 2017; Developmental Science)



Early behavioral predictors of reading

difficulties/dyslexia

Key childhood predictors of reading problems (e.g., Landerl, et al., 2013; Elbro et al., 1998;
Scarborough, 1998, O’Connor & Jenkins, 1999; Lyytinen et al., 2001; Catts et al., 2001,
2015; Schatschneider et al., 2004, Pennington et al., 2001; Compton et al., 2006; Stanley et

al., 2018):

* Phonological awareness

Pseudoword repetition

Rapid automatized naming

Expressive/receptive vocabulary

Letter (sound) knowledge

Oral listening comprehension

The Many Strands that are Woven into Skilled Reading
(Scarborough, 2001)

LANGUAGE COMPF THENSION
BACKCROUND KNOWLEDGE §

(facts, concepts, etc)

VOCABULARY \
(breadih. precision, links, etc.}

LANGUAGE STRUCTURES
(syntax, semantics, etc.)

SKILLED READING:
Fluent execution and
coordination of word
recognition and text
VERBAL REASONING

(inference, metaphor, etc.)

LITERACY KNOWLEDGE
{print concepts, genres, etc.)

WORD RECOGNITION
PHONOLOGICAL. AWARENESS ¢

(syllables, phonemes, etc.)

DECODING (alphabetic peinciple, ¢
pelting-sound

correspor
P

SIGHT RECOGNITION
(of famifiar words})

Familial risk of
dyslexia and
language delay




Do vision problems
cause dyslexia?

= E

No. Although vision is fundamental for reading, there

is no current evidence that suggests visual problems

cause dyslexia. Dyslexia is a specific learning disability that is

neurobiological in origin. Itis characterized by difficulties with

accurate and/or fluent word recognition and by poor spelling

and decoding abilities. These difficulties typically result from

adeficit in the phenological component of language that is often

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.?

W What about convergence issues?

L Convergence insufficiency, a reduced ability to turn the eyes

,/_,‘_i o towards each other, is uncommon in children. Incidences

] . typically peakin high school or college-aged individuals,
; or early middle-aged individuals.” According to the

N American Academy of Ophthalmology, treatment for

convergence i will not impr decoding or comprehension.!

Dyslexia and learning disabilities are complex problems without
simple solutions and there is no evidence to suggest that

visual interventions remediate them. However, through early
detection and language-based individualized instruction
that is systematic, explicit, and cumulative, children can
develop appropriate word reading skills.

'Arnerican Academy of Ophthalmelogy (20C€). Leaming
Disabilities, Dyslexia and Vision. San Francisco, CA:
Auther,

HE S ' T
THE SOUTHPORT F R “International Dys'exia Association (2002). Definition
0 A\ ™ consensus project. Retrieved from htips: //dyslexiaid
" XYSE 1o XY N 08 104 arg/definition consensus project/
“Mazow M. The Convergence Inzuffidency Syndrome. |
Pediatr Ophthalmal Strabismus. 1971; 8: 243 244 dai:
10.3928,/0191-3913-19711101-07
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Rethinking Leaming Disabilities

b EM e

mAmibies

Scientific Studies of Reading An Evidence-Based Argument for Early Identification, Prevention,
Sp—— and Early Intervention

Good readers understand how print represents the sounds of speech, can apply phonemic and
phonics skills in a rapid and fluent manner, and possess sufficient vocabularies and other
language abilities to actively connect what they are reading to their background knowledge and
experiences. Conversely, children who are most likely to have reading difficulties enter
kindergarten lacking sufficient phonological processing skills and fail to develop adequate word
ISSN: 1088-8438 (Print) 1532-799X (Online) Journal homepage: www.tandfonline.com/journals/hssr20 reading ability. This bottleneck in word recfjing skills limits their ability to learn how 1o read text
in a fluent fashien. Their text reading is typically slow and laborious, which impedes their
comprehension of what is read. Among these children, the effort exerted in reading is frequently
net rewarded by enjocyment and learning. Frustration on the part of the child and o decrease in

Preve ntion a nd Remed iation Of Seve re Read i ng reading behavior are often observed. Limited reading practice and experience result in weak

vocabulary development and difficulties in learning other academic subjects. And the cycle goes

Disabilities: Keeping the End In Mind

Given that the underlying causes of most early reading difficulties
. . are similar for children regardless of whether they are currentl
Joseph K. Torgesen, Richard K. Wagner & Carol A. Rashotte (1997) Special education served in special or compgnsorory education prog‘;rams, we ar;ue
professionals and that the most valid and efficient way to deliver this early
programs should intervention in reading is through regular education. This
become a source approach allows limited funds to be targeted at intervention
9 rather than expensive eligibility determination practices. Initially,
for preventative however, the specialized instructional approaches that will be
interventions. necessary for some children are typically not within the purview of
general education teachers. Thus, special education professionals
PI‘CVC[\“[\ and programs should become a source for preventative

- g interventions. Regardless of the approach to classification, we contend that it is critical to
provide this instruction as early as possible in a child’s school career to avoid the reading failure

NO’ﬁOﬂO' Rcad"‘g that will otherwise occur. That is the major message of this chapter.
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Readin Difficulties
P lg _ N YOLIng Lyon, G. R., Fletcher, J. M., Shaywitz, S. E., Shaywitz, B. A., Torgesen, J. K., Wood, F. B.,
ane | Children Schulte, A., & Olson, R. (2001). Rethinking Learning-Disabilities. In C. E. Finn Jr., A. J.
Rt 0 '1 Rotherham, & C. R. Hokanson Jr. (Eds.), Rethinking Special Education for a New Century (pp.

259-287). Washington DC: Thomas B. Fordham Foundation.
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National Research Council. 1998.
Preventing Reading Difficulties in Young Children.
Washington, DC: The National Academies Press
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Screening for Early Literacy Milestones
and Reading Disabilities

The Why, When, Whom, How, and Where

by Nadine Gaab and Yaacov Pelscher

International Dyslexia Association, 2022
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Identifying risk instead of failure
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EXECUTIVE SUMMARY

TO READ

Public inquiry into human rights
issues affecting students with
reading disabilities

-
4 Ontario
a, Human Rights
e Com ission

Commission ontarien;
= droits de la personne

ne des

Ontario Right to Read Inquiry Report, 2022



Core
Considerations

Decision Making

All of these components should be
considered in the decision-making

process



EarlyBird, an evidence-based, self-administered game —
engages students, saves teachers time

TESTEDAT | Boston
Computer adaptive screening to provide the most precise results in the least amount ® y Childrens

Incorporates Al voice technology and auto-scoring to save teachers time and to remove bias, training, fatigue, and
Inconsistencies in scoring

Easily administered in groups by any adult after only a brief training
Extensive end-to-end support to intuitively, efficiently and cost-effectively support educators in targeting instruction

www.earlybirdeducation.com
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Where else should we screen? GLF/\ABB
Snes

Pediatrician’s offices (e.g. at 4 or 5 year well visit)

Social Workers

Preschools/Day Cares

Libraries

Children’s Museum

Speech and Language Therapy/Occupational Therapy sessions

Children’s homes
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Embracing literacy as a community W
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Reintroducing Dyslexia: Early
[dentification and Implications for
Pediatric Practice

(Sanfilippo, ...Gaab, 2020; Pediatrics)
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Screening Pediatric Patients for Reading difficulties Test: Draft (SPRouT-D) @i@
Developed by Eric Q. Tridas, Yaacov Petscher, Christopher Stanley, Jospeh Sanfilippo, and Nadine Gaab %@Aﬁ@y

English: https://osf.io/hdxgt
Portuguese: https://ost.io/preprints/osf/4hscz
Spanish: https://osf.io/8kSde
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Families in Society: The Journal of LAB
° . o Contemporary Social Services UL
Dyslexia in the Context of Social e NS5
© The Author(s) 2021 OIS

WO I"k: SCI"ee n i ng an d Early Article reuse guidelines:

sagepub.com/journals-permissions

Intel‘vention DOI: 10.1177/10443894211042323

journals.sagepub.com/homef/fis

®SAGE

Lisa Schelbe'(?, Jessica Pryce?, Yaacov Petscher?, Hank Fien?,
Christopher Stanley®, Brian Gearin®, and Nadine Gaab’

Families in Society, 2022

Abstract

Dyslexia, the most common learning disability, is associated with poor academic, economic,
vocational, and health outcomes. Disproportionately, dyslexia is undiagnosed and untreated in
children who are Black, Indigenous, and people of color (BIPOC) or who live in poverty. Early
identification of and subsequent interventions for children at risk for dyslexia can effectively mitigate
poor outcomes. While screening and interventions largely occur in schools, social workers across
practice contexts have responsibilities to address dyslexia: identifying, referring, educating, and
advocating. Social workers should address dyslexia to promote equity and improve quality of life
and various outcomes across the life course. This article describes dyslexia, early screening, and
interventions; dyslexia as a social justice issue; and social workers’ roles in addressing dyslexia.
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The development of reading proficiency
is a public health 1ssue:

Literacy is a widely recognized determinant of health
outcomes and is associated with many indices of

academic, social, vocational, and economic success
(Irwin et al., 2007)

A

=3

National Academy of Medicine summary highlights
that duration of education, which is highly dependent
on reading proficiency, is a significant predictor of
health and longevity (Johnston, 2019)
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