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Introduction

This presentation will describe the arc of my research into the reading brain
and dyslexia and its implications for many important questions which we face
in this historical “hinge moment”, when our culture moves ineluctably from a
print-based culture to a digital one. As both a scholar of the reading brain and
an advocate for children and individuals with dyslexia, I hope to show how
this research helps us to understand how most children learn to read and why
some cannot, whether for neurobiological reasons and/or environmental ones.
In the process, I hope to demonstrate that knowledge about dyslexia helps
many children learn to read and helps to provide teachers with more refined
information on how to assess, predict, instruct, and intervene with all their
children.
My ultimate goal in the presentation may be a surprising one: it is to underscore
literacy’s contributions to the intellectual development of the species and
the necessity to conceptualize literacy as one of our most important and
basic human rights. Towards these ends, knowledge and insights from many
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Address
disciplines will be integrated: from cognitive neuroscience,
developmental psychology, and psycholinguistics to
literature, philosophy, and
education---all in the pursuit of understanding how the
acquisition of literacy has changed the cognitive, socialemotional, and ethical development of human beings.
The structure of the talk will be to present research
that spans three decades in three major areas: 1) an
understanding of the reading brain circuit and the
multiple component processes that are necessary for its
basic acquisition in children and its fruition in what I have
called deep reading processes; 2) a conceptualization
of dyslexia which emphasizes multiple sources of
possible impediments---with radical implications for
early prediction, more refined assessment, and targeted
interventions for different learners; and 3) an examination
of the positive and negative effects of digital culture for
deep reading in individuals and for global literacy in a
connected world.

led to some of our most recent, and most important RANbased research. With MIT neuroscientists John Gabrieli and
my former PhD student Ola Ozernov-Palchik, we conducted
the largest pre-reading, prediction study of Kindergarten
children and demonstrated the capacity to predict dyslexia
subtypes before children ever develop the destructive
emotional sequelae of reading failure. What is critical
about these results is that they provide the basis for early
targeted intervention for various subtypes of children.
Indeed, intervention is the goal of much of the research I
will describe. For example, with funding from the National
Institute for Child Health and Human Development, my
colleagues and I created a form of intervention (RAVE-O)
based on addressing key components of the reading circuit,
which, in turn, helps us target diverse dyslexia profiles,
not just the more typical ones that are based largely on
phonological challenges. Recent randomized, treatmentcontrol studies of this intervention with colleagues Robin

Because my recent work on deep reading processes
represents an area less known by researchers in dyslexia,
I will provide a more elaborated description of how
the expert reading brain activates some of the most
sophisticated cognitive, linguistic, and affective processes
we possess: from drawing analogies with our background
knowledge; to eliciting empathy and compassion from
perspective-taking; to using inference and induction
to make critical analytical judgments when we read. A
very important emphasis will be placed on the role of
the “contemplative function” that lies at the heart of the
deepest forms of reading and that is the basis for insight,
novel thought, and generativity.
The integration of theoretical and applied research in these
various areas has led to a series of major contributions
including: 1) the expanded, early diagnosis of dyslexia
across multiple languages through what is called the RAN/
RAS naming speed tests and the resulting research into
specific profiles of dyslexia; 2) the creation of new forms
of multi-component interventions for dyslexia based on
the reading brain circuit; and 3) the expanded study of the
effects of digital culture on both deep reading processes
and on efforts towards the amelioration of global illiteracy.
For example, I will highlight some of my originating
research with neurologist Martha Bridge Denckla, with
whom I published the RAN/RAS naming speed tests, one
of the two best predictors of dyslexia in every language
tested. I will discuss how the use of RAN has expanded our
understanding of the heterogeneity within dyslexia, which
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Morris and Maureen Lovett will be described, in order
to demonstrate both the critical importance of early
assessment of children and also the significant advances
possible with early, multi-componential interventions for
struggling readers.
One of the least expected areas of research on reading
emerged for me after I finished my first book for the
public, Proust and the Squid: The Story and Science of the
Reading Brain. After working seven years on this book on
reading, I looked up while writing the last chapter, only
to discover--- not unlike Rip Van Winkle--- that reading
had changed under all our collective fingertips. I realized
that digital culture was changing the reading brain, but
I did not know how. Over the last ten years, therefore, I
sought to understand both the positive and pernicious
effects of digital culture on children. For example, with
colleagues at MIT and Georgia State University, I began to
explore a digital approach to global literacy, called Curious
adults. Perhaps the most worrisome finding, less robust
comprehension for young adults when screen reading,
will prove a wake-up call for the need for more in-depth
research into this game-changing set of findings.

Learning. In this initiative, digital tablets based on mapping
the reading brain circuit have been deployed in Ethiopia,
Uganda, South Africa, India, Australia, and rural United
States for non-literate children who have either no schools
or inadequate instruction.
Although I am convinced of the great contributions
that can be made through digital mediums, particularly
for non-literate and struggling readers, I am equally
concerned about the unforeseen changes in cognition
and affect that accompany continuous digital use in both
children and adults. My two last books, Tales of Literacy
for the 21st Century (2016,) and Reader, Come Home: The
Reading Brain in a Digital World (August, 2018), chronicle
the knowledge we now possess about the cognitive and
linguistic changes noted in very young children (from
infancy to age five), school-aged children, and young
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The thrust of this aspect of my presentation is to highlight
both the knowledge and the societal will needed to
preserve the extraordinary contributions of the deep
reading brain, most especially critical analysis and
empathy, for the future of reading, and indeed the future
of our society. For, the centrality of these processes to
the future development of our next generation must be
of ultimate concern to a democratic society. That said,
my goal in bringing a critical eye to the threats of digital
culture and screen reading is not to suggest that we
simply return to print. Rather, my goal in this presentation
and in my professional life is to propel research that will
help forge a foundation of deep reading that can be used
across mediums for all readers in our next generation.
For those of us working with individuals with dyslexia,
digital technology can sometimes be the best and most
important tool we possess in building skills like fluency and
engagement. There are no tidy binaries here.
I end my presentation, much as I ended Reader, Come
Home, by proposing a developmental approach to the
building of a biliterate brain for those who follow. By
creating a pathway that will expand the present reading
brain with newly acquired technological skills, while
preserving the deep reading processes developed over the
last centuries, I believe we will meet the challenges of this
“hinge moment”. It is this hope that I wish to share with all
the members of PATOSS. For, we are all stewards of the next
generation.

Details

Professor Maryanne Wolf is Director, Center for Dyslexia,
Diverse Learners, and Social Justice at the UCLA Graduate
School of Education and Information Studies
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The Reading Brain and
Dyslexia in a Digital Age
The Reading Brain and Dyslexia in a Digital Age
Maryanne Wolf
PATOSS, April, 2020

Center for Dyslexia, Diverse Learners, and Social Justice

THE MISSION
Literacy is a basic
human right.
Across all learners,
all ages, all
backgrounds.

Reading as the ‘Canary in the Mind’
• Literacy changes the brain,
which changes the individual,
which changes society,
which changes the future of the
species.
• This has all begun to change.
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The Reading Brain and
Dyslexia in a Digital Age
The HINGE MOMENT:
From Print Culture to Digital World

My Research Journey: Connecting Research
on the Reading Brain and Dyslexia
Across Ages and Cultures
How does the study of the reading
brain and dyslexia help all
individuals learn to read?
What connotes dyslexia?
Can we predict its forms before
children fail and intervene earlier
in more targeted ways?
What will change in digital culture?

Gene
Cognitive
Behaviors

Brain
Areas

Classrooms

THE WORK:
Connecting
Neuroscience with
Education and Vice
Versa
Neural
Circuits

6 / PATOSS CONFERENCE PROGRAMME 2020

© Patoss

Cell /
Neuron

Slides 4-9

Why Neuroscience and Education?
“Parents and educators must have a better understanding
of what reading changes in a child’s brain.
I am convinced that increased knowledge of these circuits
will greatly simplify the teacher’s task.”
Stanislas Dehaene

The Reading Circuit:
The Basis of Reading Development,
Differential Diagnosis, and Instruction

The human brain was
never born to read.

Each reader creates a
new, plastic reading
circuit from older
cognitive and
linguistic structures.

PLASTICITY: Multiple Circuits Possible

English

Chinese &
Kanji
Japanese
Kana

Brain can rearrange
itself in multiple
ways to read,
depending on
writing system,
educational
methods, and
medium.
Bolger, Perfetti, & Schneider
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The Reading Brain and
Dyslexia in a Digital Age
How does the Young Brain Learn to Read?
Each new reader must
create a new reading
circuit by developing older
cognitive and linguistic
structures and later
connecting them.

Phonemes
Orthography
Semantics
Syntax
Morphology

Phoneme
Awareness
Explicit
emphasis on
sounds’
representations
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Semantic
Development in
Every Book and
Story

30 Million Word Gap DOES NOT END

Best to Start Early…Heckman Curve: Highest Rate
of Return for Investment in Early Childhood

Source: Dr. Jacques Vandergaag, University of Amsterdam, 2004
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The Reading Brain and
Dyslexia in a Digital Age
REACH OUT AND‘ READ & BRING ME A BOOK

Shared reading “stimulates optimal
patterns of brain development at a
critical time in child development,
which, in turn, builds language,
literacy, and social-emotional skills
that last a lifetime.”
American Academy of Pediatrics
High, P. C. and P. Klass (2014). "Literacy promotion: an essential component of primary care pediatric practice.”

Effects of Parents Reading to Young

John Hutton et al, Cincinnati Hospital for Children
Left Hemisphere

o Semantic Processing
(Understanding)
o Visual Imagery
o Controlled for household
income

Greater home literacy is associated with a stronger response in
children with family history of dyslexia (FHD)
Home Literacy
High
Medium
Low

Norton et al., in prep
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The First Circuit: A Decoding
Brain
Connected in Milliseconds

Dehaene, 2015

How Does the Circuit Move
from Decoding to Deep Reading ? With TIME

Deep Reading
Background Knowledge
Analogical Thinking
Inference, Deduction/Induction
Perspective Taking/Empathy
Critical Analysis
Insight, Reflection, and Novel
Thought
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The Reading Brain and
Dyslexia in a Digital Age
Background Knowledge:
Basis of Analogical Thought
Reading is cumulative and
proceeds with geometric
progression: each new
reading builds upon what
the read has read before.

“

“

Alberto Manguel
A History of Reading

Empathy and Perspective-Taking :
Our Moral Laboratory

“Here is the Golden Key. It is the
capacity to pass over to others
and come back to ourselves. We
all have the capacity, but we do
not all discover it, come to use
it, learn to pass over. “
John S. Dunne

Inference, Deduction, Empathy, and Critical Analysis

Our deep reading brain favors Miss
Marple more than Holmes.
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Deep Reading Brain: Basis of Insight & Novel Thought

The Deep Reading Brain
….requires both milliseconds
during the reading act and
years of formation to
connect critical thought and
empathy to insight.
Never a given in typical
readers, it is critical to
connect to noted strengths
for novel thought in dyslexia
.

Connecting
Reading Brain to
Cerebrodiversity
&
Dyslexia
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The Reading Brain and
Dyslexia in a Digital Age
Dyslexia Brain
Organization: Testimony
to Species’ Diversity
Entrepreneurs

Arts & Science
Alexander Graham Bell
Lewis Caroll
Leonardo Da Vinci
Antoni Gaudi
Pablo Picasso
Robert Rauschenberg
Auguste Rodin
Steven Spielberg
Nikola Tesla
Ben Wolf Noam

Richard Branson
John Chambers
Stephen Cloobeck
Walt Disney
Sharon Hewitt
William Hewlett
David Hornik
Steve Jobs
Ingvar Kamprad
Craig McCaw
Jamie Oliver
Anita Roddick
Charles Schwab

Was Leonardo da Vinci Dyslexic?
Extraordinary Mix of Strengths and Weaknesses

•
•
•
•
•
•
•
•
•
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Artist and Architect and Designer
Problem -Solving Genius
Brilliant Pattern- Analysis and
Analogical Thinking
Thinking Beyond any Box
Could not learn Latin
Strengths in Geometry, but not
simple algebra
Unusual mirror writing
Classical Education not possible
Vasari’s Descriptions of Ideal Life

Slides 28-33

Strengths: Pattern- Analysis & Analogical Thought

da Vinci’s rule:
“All the branches of a tree at every stage of its height
when put together are equal in thickness to the trunk
below them.”
“All the branches of a river at every stage of its
course, if they are of equal rapidity, are equal to the
body of the main stream”

Strengths: Designs with
Thinking Outside ANY Box

Weaknesses in Latin & Word-Retrieval
Differences in Handwriting
da Vinci’s
Unique/Secret
Writing
(Atlantis Codex)
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The Reading Brain and
Dyslexia in a Digital Age
Strengths: Geometry vs. Weakness: Algebra
Would have
excelled in
Impossible
“Figures Tasks
(von Karolyi,
Winner,
Sherman)

Vasari’s Description of da Vinci’s SelfDescription and Favorite Wish
Self-description: “An Unlettered Man”
Leonardo da Vinci’s wish:
“To have someone always beside him to
read to him.”

Was Leonardo da Vinci Dyslexic?
Extraordinary Mix of Strengths and Weaknesses

•
•
•
•
•
•
•
•
•
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Artist and Architect and Designer
Problem -Solving Genius
Brilliant Pattern- Analysis and
Analogical Thinking
Thinking Beyond any Box
Could not learn Latin
Strengths in Geometry, but not
simple algebra
Unusual mirror writing
Classical Education not possible
Vasari’s Descriptions of Ideal Life
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Observations of Entrepreneurs with
Dyslexia (Kaufman Foundation Summit)
Perceived Strengths

Perceived Weaknesses

• Ability to visualize factors
while problem solving
• Capacity for making
unexpected connections
and analogies
• Spatial strength
• Thinking outside the box
• Resilience

• Slower, dysfluent reading
and lack of enjoyment in
reading
• Word-retrieval issues and
foreign language learning
• Short-term memory
• Misperceptions from
others about dyslexia

Current Neuroscience of Dyslexia
Extraordinary Mix of Strengths, Weaknesses, Protective Factors
& Resilience (from Hoeft at UCSF)
RELATIVE STRENGTHS

RELATIVE WEAKNESSES

phonological
processing

visuo-spatial/ threedimensional &
pattern analysis

selective
attention

cognitive

Implicit procedural learning
short-term memory

explicit memory
comprehension

IQ, reasoning, oral
language
comprehension …

Grit, Resilience, Mindset,
Empathy

Naming speed &
Word-retrieval
character traits,
socio-emotional

Fumiko Hoeft
UCSF

Integrative, Life-Span Approach to Dyslexia Research:
UCSF with Gorno-Tempini, Hoeft, et al.
Brain structure & function

Brain electrical activity
EEG

fMRI
MEG

DTI

NIRS
MRI

EEG / MEG

Genetics

Brain stimulation

TMS / tDCS
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The Reading Brain and
Dyslexia in a Digital Age
.

Dyslexia
Paradox

Identification in Grade 2
or 3 is the norm.

Nadine Gaab

Early intervention is best

Lovett, Wolf, Morris, et al., in press

Can we predict before reading
begins?

Best Known Predictors:
Phonological Processes and Naming Speed
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• The Unexpected Beauty of Naming Speed’s Ability to
Foreshadow the Reading Brain Circuit and its Fluency
Estimation of the brain’s ability to recognize a visual
symbol and name it accurately.

How quickly can the brain
integrate visual and language
processes?

Typical
Readers
Visual
Recognition
0-100 MSEC

Dyslexic
Readers
Delay

Word Speciﬁc
Activation
150 MSEC

Delay

Phonological
Processing
180-300 MSEC

Delay

Semantic
Processing
200-500 MSEC

Delay

Activation for RAN
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The Reading Brain and
Dyslexia in a Digital Age
• From RAN and RAS and the Double-Deficit Hypothesis
to its Expansion in Multi-Deficit Profiles in Dyslexia

Six Distinct Profiles of Early
Reading

Ozernov-Palchik et al., 2016

Stability of Early Reading Profiles
1st grade
• 100% of children remained in the same groups

Ozernov-Palchik et al., 2016
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Phonics emphases
on explicit decoding
principles and
phoneme awareness

AFTER READING
BEGINS: WHERE ARE
WE?
The Great, Unnecessary
Debate

Whole Language
emphases on implicit
learning from words
and texts

Two Decades of
Intervention Studies
Robin Morris, Maureen Lovett,
Maryanne Wolf

Reverse Engineering of Reading Brain
Components

Explicit
emphases on
circuit parts and
how
words work

”Deep reading”
comprehension
processes

Their
millisecond
connections
Dehaene, 2015
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The Reading Brain and
Dyslexia in a Digital Age
One Example of Multi-Component
Intervention: RAVE-O and its Characters

Metacognitive
Strategies Embodied
in Characters for
each Component of
a Reading Circuit

Multi-component Intervention

Effect Sizes
avg .99 over
14 measures

Early v. Later Intervention Effects

Test of Word
Reading
Efficiency sight
words
(raw scores)
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All children with dyslexia are struggling readers,
but not all struggling readers are dyslexic
• Kindergarteners from Low-SES families significantly more likely to become
poor readers than children from High-SES
High SES

Low SES
44
%

16
%

SES modulates risk

OO4

reading outcomes
No
Risk

Risk

No
Risk

Risk

Three Areas of Systemic Change to

Transform the Entire Concept of Dyslexia
Campaign to
increase
language and
concept
development
from 0 to 5
years

Assessment
for dyslexia
and literacy
at 5 with
teachers
trained to
give targeted
intervention
in Primary
grades

Fluent
comprehension
by grade 4 with
professional
development for
all teachers

Dehaene, 2015
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The Reading Brain and
Dyslexia in a Digital Age
New Conceptualization of Dyslexia

“ The stone that the
builders rejected has
become the chief
cornerstone….”
Psalm 118

Understanding Changes to the Reading Brain Circuit
in a Digital World

No Binaries
• Past vs. Future
• Traditional vs. Innovative
• Print vs. Digital

“We

transgress not because we try to build the new, but
because we do not allow ourselves to consider what it
disrupts or diminishes.”
- Sherry Turkle, Alone Together
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The Reading Circuit Reflects the Medium

“Every medium has its costs and weaknesses; every
medium develops some cognitive skills at the expense
of others…the Internet may develop impressive visual
intelligence, the cost seems to be to deep processing:
mindful knowledge acquisition, inductive analysis,
critical thinking, imagination and reflection.”

-Patricia Greenfield, 2009

Deep Reading:
Is It Endangered?
Background Knowledge
Perspective Taking/Empathy
Critical Analysis

Inference,
Deduction/Induction,
Analogical Thinking
Imagery

Novel Thought

Insight & Reflection

“The real question is whether the
affordances of reading on screen lead us
to a new normal, one in which length and
complexity … and memory and especially
concentration are proving more
challenging.”
Baron, 2015
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The Reading Brain and
Dyslexia in a Digital Age
What It Diminishes from Infancy to Five:
Early Language Development

Hirsh-Pasek et al. 2014
Zuckerman & Radesky, 2017

Evidence in Youth: Attention Changes

Continuous partial attention and
multi-tasking and Distraction
Requires high levels of
stimulation
Low-level threshold for boredom

Evidence in Young Adults: Comprehension Changes
(E-Read Network)
Over 50 studies from
2000 to 2017
171,055 Participants
Print superior to
screen for
comprehension
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“Skimming is the New Normal in Adults”
EVIDENCE
Less time on
concentrated
reading; more
distractions
(27/hr)

Information
increases along
with skimming,
browsing,
keyword spotting;
F or Z pattern of
reading.

Decreased
sustained
attention and
memory.
(Baron, 2014)

(Liu, 2005, 2009, 2014)

Digital Chain Hypothesis

How
MUCH
we read

HOW we
read

WHAT
we read

What is
WRITTEN

WHY we
read…

Implications for Reader
and Society
•

less time to understand complexity
and to learn empathy;
more susceptibility to false information
false fears, false hopes,
and demagoguery:
all threaten a democratic society
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The Reading Brain and
Dyslexia in a Digital Age
Proposal for a ‘Biliterate Brain’

• Parallel Paths for Print and Digital Modes
• Early Childhood Emphases on Print for Reading
• Early Emphases on Digital Mediums for Coding and
Programming
• Development of Deep Reading Skills with Print
• Explicit Teaching of Deep Reading Skills with Screens

Vygotsky’s Model of Thought and Language

Biliterate Brain
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GOAL: Deep Reading across Mediums

Deep reading across any
medium is our antidote
against false information,
demagoguery, and antipathy
towards “other”

Stewards of the Next Generation

“It would be catastrophic to become a nation of technically competent
people who have lost the ability to think critically, to examine
themselves, and to respect the humanity and diversity of others.”
Martha Nussbaum
Let us work together, PATOSS colleagues, to build a new deep
reading brain for ALL our children. We are the Stewards and this
is our “hinge moment”.
Thank you each!
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