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Reading



“A CULTURAL INVENTION
LIKE READING IS ONLY
ONE EXPRESSION OF THE
BRAIN’'S PHENOMENAL
POTENTIAL”

Maryanne Wolf, PHD

Proust and The Squid



Scarborough's
Reading
Rope

Scarborough, H. S. (2001). Connecting early
language and literacy to later reading
abilities: Evidence, theory, and practice. In S.
Neuman & D. Dickinson (Eds.), Handbook for
research in early literacy (pp. 97-110). New
York, NY: Guilford Press.

THE MANY STRANDS THAT ARE WOVEN INTO SKILLED READING

LANGUAGE COMPREHENSION

BACKGROUND KNOWLEDGE ¢
(facts, concepts, etc.)

VOCABULARY
(breadth, precision, links, etc.)

LANGUAGE STRUCTURES
(syntax, semantics, etc.)

VERBAL REASONING
(inference, metaphor, etc.)

LITERACY KNOWLEDGE
(print concepts, genres, etc.)

WORD RECOGNITION

PHONOLOGICAL AWARENESS
(syllables, phonemes, etc.)

DECODING (alphabetic principle,
spelling-sound correspondences)

SIGHT RECOGNITION
(of familiar words)

SKILLED READING:\'
Fluent execution and
coordination of word
recognition and text
comprehension,
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Dyslexia



Dyslexia is Dyslexia is NOT

e A brain-processing difference e Avisual problem

e Geneticorigin e Untreatable

e Inefficienciesin e An indicator of low I1Q
o Phonological processing e An indicator of overall learning problems
o Rapid automatic naming e Something to hide or be ashamed of

e Impedes the efficiency of reading



Dyslexia is primarily a language-network problem -

not a visual problem.

e Dyslexia does not reflect an overall language deficit, rather a localized

weakness within a specific component of the language system: the
phonological module

e Phonology = Semantics = Syntax = Discourse

Shaywitz 2003 in Overcoming Dyslexia



A Word About Intelligence

There is no correlation between
1Q and dyslexia.
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Neuroscience



Basic Components of Reading

Phonology

Sou.n.ds: str.uctu re of the Dyslexia:
codified written language

limited efficiency of the
sound-symbol connection

Orthography

Symbols: Written form of
language



Brain Imaging Techniques

A. Post-mortem Dissection: Anatomy
B. Magnetic Resonance Imaging (MRI): Anatomy
C. Functional MRI (fMRI): Activation during a task

D. Diffusion Tensor Imaging (DTI): White matter tract integrity/connectivity



Neuroanatomical Differences
in Dyslexia

Dr. Albert Galaburda 1979 at
Harvard (Norm Geschwind’s
student) conducted post-mortem
anatomical dissection of brains of
people with dyslexia

mMeasured differences in the left
planum temporale - an area
well-known to be associated with
auditory and language-based
cognitive processes.




word analysis

The Left
Lateralized
Reading
Network

visual word
letter-speech sound recognition
integration

Neural correlates of (dys)fluent reading acquisition in typically reading and dyslexic children, Gojko Zaric, Feb 2016



ortical areas
Motor and premotor
Parietal cortex
Occipital cortex
Angular gyrus
Ventro-temporal
Medio-temporal
Superior-temporal
Temporal-pole

Pars Opercularis /
Triangularis

White matter tracts

Superior Lateral Fas.
Arcuate Fasciculus
Inferior Longitud. Fas.
| Inferior Fronto-occipital
ncinate Fasciculu

Human white matter and knowledge representation, Franco Pestilli, PLOS Biology April 2018
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Functional Neuroanatomical Evidence for the Double-Deficit
Hypothesis of Developmental Dyslexia
Elizabeth S. Norton, Ph.D.!, Jessica M. Black, Ph.D.23, Leanne M. Stanley, Ph.D.%-°, Hiroko

Tanaka, Ph.D.#5, John D. E. Gabrieli, Ph.D."-6, Carolyn Sawyer, B.S.”, and Fumiko Hoeft,
M.D. Ph.D.34
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fMRI evidence supporting the
Double deficit hypothesis:
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Both Rapid Naming and Phonological
Processing can cause reading
impairments. Those who have both
deficits show greater reading impairments
than those with single deficit
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Figure 1. Brain activation differences between groups
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Letter Reversals

irror Images
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Orthographic Mapping:
Why Guessing Hinders Reading
Visual word form area (VWFA)
Left occipital
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Stanislas Dehaene, PhD mage from Keys to Literacy



https://keystoliteracy.com/blog/the-role-of-orthographic-mapping-in-learning-to-read/

Heritability & Genetics



O

Heritability

When a parent has dyslexia,
the odds of an offspring
having dyslexia are about
50%, and vice versa

3-10 fold increase in relative
risk for a sibling (about 40%)

289

Genetics of dyslexia: the evolving landscape
Johannes Schumacher, Per Hoffmann, Christine Schmdl, Gerd Schulte-Korne, Markus M Nothen

J Med Genet 2007;44:289-297. doi: 10.1136/jmg.2006.046516

Dyslexia is among the most common neurodevelopmental
disorders, with a prevalence of 5-12%. At the phenotypic level,
various cognitive components that enable reading and spelling
and that are disturbed in affected individuals can be
distinguished. Depending on the phenotype dimension
investigated, inherited factors are estimated to account for up to
80%. Linkage findings in dyslexia are relatively consistent
across studies in comparison to findings for other
neuropsychiatric disorders. This is particularly true for
chromosome regions 1p34-p36, 6p21-p22, 1521 and
18q11. Four candidate genes have recently been identified
through systematic linkage disequilibrium studies in linkage
region 6p21-p22, and through cloning approaches at
chromosomal breakpoints. Results indicate that a disturbance in
neuronal migration is a pathological correlate of dyslexia at the
functional level. This review presents a summary of the latest
insights info the genetics of dyslexia and an overview of
anticipated future developments.

Familial clustering in dyslexia was recognised a
few years after the first description of the disorder
by Hinshelwood in 1895."* A child with an
affected parent has a risk of 40-60% of developing
dyslexia. This risk is increased when other family
members are also affected.”** There is an
estimated 3-10-fold increase in the relative risk
for a sibling (), with an increase in A, observed
when strict criteria are applied.” Twin studies have
confirmed that genetic factors are substantially
responsible for the familial clustering of dys-
lexia.'” * The proportion of inherited factors
involved in the development of dyslexia is between
40% and 80%, the highest estimates being reported
for the phenotype dimensions word reading (up to
58%) and spelling (70%)."” ** * Twin studies have
allowed for the estimation of heritabilities and also
the impact of shared and non-shared environ-
mental factors. Although shared environmental
effects are low for word reading, they are
substantially higher (at about 14%) for reading
and spelling correlated traits—for example, pho-
nological awareness.”’

Whether or not sex has an influence on

heritahilitv ic rantravercial Althanoh the recnlte



How Genes Shape the Reading Brain

Genes direct neuronal migration.

Where neurons go and how they travel in
groups ends up Mmaking collections of
neurons that are

o Big or small

o Have rich or sparse connections

Depending how neurons migrate, there is
stronger or weaker organization.
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The bigger the grouping, richer the
connection, the stronger the organization,
the “better” that area functions.
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Frontal lobe neuronal migration

DCX GAD67 DAPI

()

DCX GABA

Paredes MF, et al. "Extensive migration of young
neurons into the infant human frontal lobe." Science
354, aaf7073 (2016). DOI: 10.1126/science.aaf7073




Brain differences present in infants

Bundle of white matter fibers connecting anterior
(frontal/Broca’s) and posterior (temporal/Wernicke's)
aspects of the language processing network in both the
left and right hemispheres.

Cerebral Cortex, February 2017;27: 1027-1036

dof:10.1093/cercor/bhv281
Advance Access Publication Date: 7 December 2015

OXEORD Original Article

ORIGINAL ARTICLE

White Matter Alterations in Infants at Risk
for Developmental Dyslexia

Nicolas Langer’3f, Barbara Peysakhovich1, Jennifer Zuk'3, Marie Drottar?,
Danielle D. Sliva'?, Sara Smith!, Bryce L. C. Becker!, P. Ellen Grant?3
and Nadine Gaab®3#

!Laboratories of Cognitive Neuroscience, Division of Developmental Medicine, Department of Medicine,
Children’s Hospital Boston, Boston, MA, USA, 2Fetal Neonatal Neuroimaging and Developmental Science Center,
Boston Children’s Hospital, Boston, MA 02115, USA, *Harvard Medical School, Boston, MA 02115, USA and
“*Harvard Graduate School of Education, Cambridge, MA 02138, USA

Address correspondence to Nicolas Langer, Department of Medicine/Division of Develop | Medicine, Lat ies of Cognitive Neuroscience,
Boston Children’s Hospital, 1 Autumn Street (Office 643), Boston, MA 02115, USA. Email: nicolas.langer@childrens.harvard.edu

'N.L. and B.P. contributed equally to this work.



DTI Images: arcuate fasciculus in brains of infants with and without

family history of dyslexia (FHD)
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White Matter Alterations in Infants at Risk for Developmental Dyslexia - Langer..Gaab et al Cerebral Cortex 2017



fMRI:
Pre-Reading Dyslexia

Functional characteristics of developmental dyslexia in left-hemispheric
posterior brain regions predate reading onset.

The present study provides neuroimaging evidence for
the disruption of left hemispheric posterior neural

networks during phonological processing in preliterate
children with a familial risk for developmental
dyslexia..prereading children with FHD+ already show
reduced activation within a left hemispheric network,
iIncluding occipitotemporal and temporoparietal areas
when compared with controls (FHD-)

FHD- > FHD+

Nora Maria Raschlea, Jennifer Zuka , and Nadine Gaalb, PNAS, May 2011




Support




How to Talk to Your Child
About Their New Dyslexia
Diagnosis

1. | see that reading is hard for you.

2. | know that you are doing your best.

3. We have learned that your brain is wired in a way that means we need to
teach you reading a different way.

4. Soon, reading will be a lot easier for you.



Intervention
Accommodation
Adjusted Expectations

Enrichment



Intervention

e 50-90% of people with dyslexia can become
proficient readers

o 3 key factors for effective intervention:
systematic, explicit, and direct

e Most commonly used intervention approaches:

o Orton Gillingham

o Barton
o Wilson
o Sonday

e [ocus on building automaticity using
scaffolding and multisensory techniques




The Psychology of Learning

Instruction should target the learner’s
growth zone

e Vygotsky's Zone of Proximal
Development

e Ensure mastery, then challenge just
beyond current skill, with explicit support




How Effective Intervention
Builds Reading Circuits

Why it works:
e Repeated successful practice » overlearned mastery
e Hebbian learning:
“Neurons that fire together wire together.”

e Stronger practice builds more efficient neural circuits for
reading

Timing matters, but it's never too late

e Early intervention » faster progress

e Brain change remains possible at any age —— S e \oos




Accommodations

Alternative access to content




Adjusted
Expectations

Temporary Downshift




Reading at Home:
Three “Buckets” of Reading

Decoding Fluency Content
e A separate endeavor o 'Errorlesslearning” o |evel
e Structured Literacy e Like scales practice, e “Bridge”
e Systematic, explicit, drills, or strength e Activate imagination,
direct exXercises getting lost in a story

e May require a small

external incentive
Should they follow along?



Five Things to Remember

If you take nothing else home tonight

A language problem, not a vision problem

The sound-symbol connection is inefficient. Not IQ. Not laziness. Not the mirror letters.

Wired in before the first book

Genetic and visible on brain scans in infancy. No one caused this.

The brain rewires with the right instruction

Systematic, explicit, direct teaching builds new reading circuits at any age.

Support runs in four lanes

Intervention, accommodation, adjusted expectations, enrichment.

The same brain carries real strengths

Big-picture thinking, spatial reasoning, curiosity. Look for them.




THANK YOU!

Stay In Touch

Liz Adams, PhD, LP, ABPP
Board Certified Neuropsychologist

WWW.MN-NP.com
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