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Poten>al	
  Contribu>ons	
  of	
  Neuroscience	
  

Defini>on	
   Iden>fica>on	
  

Predic>on	
   Interven>on	
  

Neuro	
  
How do we find it?  What is it?  

What will it take?  Can it get better?  
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Diagnos>c	
  Labels	
  

•  Educa>on	
  Context:	
  Specific	
  learning	
  disability	
  	
  
–  Individuals	
  with	
  Disabili>es	
  Educa>on	
  Act	
  (IDEA)	
  

	
  
•  Clinical	
  Context:	
  Specific	
  learning	
  disorder	
  

– Diagnos>c	
  and	
  Sta>s>cal	
  Manual	
  of	
  Mental	
  
Disorders	
  (DSM-­‐V)	
  

–  Interna>onal	
  Classifica>on	
  of	
  Diseases	
  (ICD-­‐10)	
  

•  Research	
  Context	
  (and	
  other	
  2):	
  Dyslexia	
  

IDEA	
  defini>on	
  
Specific	
  learning	
  disability:	
  Defini>on	
  
	
  

a	
  disorder	
  in	
  one	
  or	
  more	
  of	
  the	
  basic	
  psychological	
  
processes	
  involved	
  in	
  understanding	
  or	
  in	
  using	
  
language,	
  spoken	
  or	
  wri$en,	
  which	
  disorder	
  may	
  
manifest	
  itself	
  in	
  the	
  imperfect	
  ability	
  to	
  listen,	
  think,	
  
speak,	
  read,	
  write,	
  spell,	
  or	
  do	
  mathema9cal	
  
calcula9ons.	
  	
  
	
  

(20	
  U.S.C.	
  §	
  1401	
  (30))	
  
	
  

Neuroscience	
  data	
  not	
  admissible	
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IDEA	
  Fall	
  2015	
  Update	
  

•  U.S.	
  Department	
  of	
  Educa>on	
  released	
  a	
  
guidance	
  le`er	
  in	
  October,	
  2015	
  

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

•  Countered	
  misconcep>on	
  that	
  these	
  terms	
  
were	
  not	
  recognized	
  

Clinical	
  Resources	
  

•  Diagnos>c	
  and	
  Sta>s>cal	
  Manual	
  of	
  Mental	
  
Disorders	
  (DSM-­‐V)	
  
– American	
  Psychiatric	
  Associa>on	
  
– Provides	
  criteria	
  for	
  diagnosing	
  mental	
  disorders	
  

•  Interna>onal	
  Classifica>on	
  of	
  Diseases	
  
(ICD-­‐10)	
  
– World	
  Health	
  Organiza>on	
  
– Provides	
  clinical	
  codes	
  for	
  a	
  par>cular	
  diagnosis	
  
– No	
  diagnos>c	
  criteria	
  or	
  other	
  informa>on	
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DSM-V 
•  Specific	
  Learning	
  Disorder	
  
A.	
  Difficul>es	
  learning	
  and	
  using	
  academic	
  skills	
  based	
  on	
  
the	
  presence	
  of	
  at	
  least	
  1	
  of	
  the	
  following	
  for	
  at	
  least	
  6	
  
months	
  despite	
  provision	
  of	
  interven>ons	
  to	
  target	
  those	
  
difficul>es:	
  
1.  Inaccurate	
  or	
  slow	
  and	
  efforhul	
  word	
  reading	
  
2.  Difficulty	
  understanding	
  the	
  meaning	
  of	
  what	
  is	
  read	
  
3.  Difficul>es	
  with	
  spelling	
  
4.  Difficul>es	
  with	
  wri`en	
  expression	
  
5.  Difficul>es	
  mastering	
  number	
  sense,	
  number	
  facts,	
  or	
  

calcula>on	
  
6.  Difficul>es	
  with	
  mathema>cal	
  reasoning	
  

Neuroscience	
  data	
  not	
  admissible	
  

Proposed	
  defini>on	
  of	
  dyslexia	
  for	
  DSM-­‐V	
  

1.	
  Difficul>es	
  inaccuracy	
  or	
  fluency	
  of	
  reading	
  
that	
  are	
  not	
  consistent	
  with	
  the	
  person’s	
  
chronological	
  age,	
  educa>onal	
  opportuni>es	
  or	
  
intellectual	
  abili>es.	
  
2.	
  The	
  disturbance	
  in	
  criterion	
  1,	
  without	
  
accommoda>ons,	
  significantly	
  interferes	
  with	
  
academic	
  achievement	
  or	
  ac>vi>es	
  of	
  daily	
  
living	
  that	
  require	
  these	
  reading	
  skills.	
  	
  
(DSM-­‐5,	
  2010)	
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Many	
  Paths	
  to	
  Reading	
  Difficulty	
  
•  Decoding	
  
•  Fluency	
  
•  Strategies	
  for	
  
comprehension	
  

•  Background	
  
knowledge	
  

•  Mul>-­‐Language	
  
Learners	
  

•  Task	
  demands	
  

Goal	
  +	
  Learner	
  +	
  Context	
  

How	
  would	
  you	
  define	
  dyslexia?	
  

Letter Reversals Visual 
problems 

Impairments with linking 
letters & sounds 

“It doesn’t 
exist...kids  
can be lazy 
or stupid” 

Speed of 
Processing  

Seeing 
words 

Reading Comprehension 
Issues 

Problems planning, 
organizing, executing 

Motor Coordination Issues 
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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	
  opera>onally	
  define	
  “difficul>es”?	
  

	
  
	
  

Learning	
  Disabili>es	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  

Reading	
  Disabili>es	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Dyslexia	
  
	
  
	
  
	
  
	
  

Contextualizing	
  Reading	
  Difficul>es	
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Learning	
  Disabili>es	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  

Reading	
  Disabili>es	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
Dyslexia	
  

	
  

Contextualizing	
  Reading	
  Difficul>es	
  

Reading	
  
Comprehension	
  
Impairment	
  

Simple	
  View	
  of	
  Reading	
  

•  Decoding	
  x	
  Listening	
  Comprehension	
  =	
  Reading	
  
Comprehension	
  

•  Link	
  between	
  reading	
  comprehension	
  and	
  
decoding	
  decrease	
  over	
  >me	
  

•  Link	
  between	
  reading	
  comprehension	
  and	
  
listening	
  comprehension	
  increase	
  over	
  >me	
  

•  Why?	
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Label	
  Comparisons	
  
•  Dyslexia	
  

–  Common	
  parlance	
  
–  Research	
  term	
  
–  Specific	
  to	
  word	
  level	
  difficul>es	
  

•  Specific	
  Learning	
  Disability	
  
–  Na>onal	
  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?	
  

h`p://bit.ly/1LaN0N0	
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Labels	
  

•  Value	
  
– Educa>onal	
  services	
  
– Insurance	
  and	
  legal	
  issues	
  
– Social	
  community	
  
– Cultural	
  relevance	
  	
  

Standardized	
  Assessments	
  

               2%        13.5%                       68%                      13.5%        2%         

      -3SD    -2SD        -1SD             Mean             +1SD     +2SD    +3SD 

 55      70          85             100             115       130    145 Standard 
   Score 

Standard 
Deviation 

%ile Rank          <2nd       16th            50th             84th     >98 
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Func>onal	
  Magne>c	
  Resonance	
  Imaging	
  

•  High	
  quality	
  images	
  
•  Radio	
  waves	
  &	
  
magne>c	
  field	
  

•  No	
  radia>on	
  

How	
  does	
  fMRI	
  work?	
  

1.  Ask	
  a	
  ques>on	
  suitable	
  for	
  fMRI	
  use	
  
–  What	
  are	
  the	
  neural	
  correlates	
  of	
  reading?	
  

2.  Isolate	
  the	
  area	
  of	
  interest	
  
–  Must	
  be	
  opera>onally	
  defined	
  

3.  Design	
  an	
  fMRI	
  paradigm	
  
–  Intermix	
  experimental	
  and	
  control	
  trials	
  of	
  the	
  

paradigm	
  

4.  Iden>fy	
  ac>va>ons	
  unique	
  to	
  the	
  
experimental	
  trials	
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Interpreta>on	
  of	
  fMRI	
  images	
  
	
  What	
  do	
  the	
  colored	
  areas	
  of	
  brain	
  images	
  show?	
  
	
  

1.  Brain	
  ac>va>ons	
  
2.  Blood	
  flow	
  
3.  Ac>va>on	
  of	
  neurons	
  
4.  Radioac>vity	
  in	
  the	
  brain	
  
5.  Sta>s>cal	
  map	
  
6.  My	
  confusion	
  

Common	
  fMRI	
  Index	
  of	
  Reading	
  

>	
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Unit	
  of	
  Measurement	
  

•  The	
  brain	
  is	
  not	
  the	
  unit	
  of	
  measurement	
  in	
  
fMRI	
  

•  Meet	
  the	
  Voxel	
  

•  Blood	
  Oxygen	
  Level	
  Dependent	
  

•  Decrease	
  of	
  oxygenated	
  blood	
  
	
  for	
  ac>ve	
  brain	
  areas	
  

•  Compensated	
  by	
  increase	
  in	
  
oxygenated	
  blood	
  flow	
  to	
  those	
  
same	
  brain	
  regions	
  

•  BOLD	
  

•  Task	
  

•  Blood	
  flow	
  changes	
  

•  Measured	
  in	
  each	
  
“voxel”	
  

How	
  does	
  fMRI	
  work?	
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>	


How	
  similar	
  are	
  brains	
  across	
  people?	
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Normaliza>on	
  

Avants, Epstein, Grossman, Gee, 2008 

fMRI	
  Images	
  

•  Sta>s>cal	
  map	
  
•  Group	
  average	
  
•  Comparison:	
  Experimental	
  vs.	
  Control	
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Interpreta>on	
  of	
  fMRI	
  images	
  
	
  What	
  do	
  the	
  colored	
  areas	
  of	
  brain	
  images	
  show?	
  
	
  

1.  Brain	
  ac>va>ons	
  
2.  Blood	
  flow	
  
3.  Ac>va>on	
  of	
  neurons	
  
4.  Radioac>vity	
  in	
  the	
  brain	
  
5.  Sta>s>cal	
  map	
  
6.  My	
  confusion	
  

Poten>al	
  Contribu>ons	
  of	
  Neuroscience	
  

Defini>on	
   Iden>fica>on	
  

Predic>on	
   Interven>on	
  

Neuro	
  
How do we find it?  What is it?  

What will it take?  Can it get better?  
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The Reading Brain 

(Wolf, 2007) 

Cor;cal	
  Networks	
  for	
  Reading	
  

2 
 

common, yet irregularly  spelled  words  (e.g.,  “YACHT”). Regardless of the disparity of ordering 

and timing of cognitive processes in the two routes, there nevertheless exists a substantial 

amount of overlap between them regarding the brain areas recruited for word reading. Figure 1.1 

illustrates a modern view of the cortical regions involved in reading, showing clearly that reading 

recruits wide-spread and diffuse networks, predominantly in the left hemisphere.  

  

Figure 1.1. A contemporary view of the cortical networks involved in reading. The arrows in this 

model indicate inferred inter- and intra-network relations. Adapted from “Reading in the brain: 

the science and evolution  of  a  human  invention,”  by  S.  Dehaene, 2009, p. 4. Copyright 2008 by 

Viking. Adapted with permission.  

 Over the past few decades, cognitive neuroscience research has focused on identifying 

these individual regions of interest in the brain that correspond to the many stages of word 

reading. Although many regions have been uncovered, however, one region in particular seems 

especially suited for the task of processing orthographic stimuli. 

 

(Dehaene,	
  2009)	
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Reading	
  Recruits	
  Distributed	
  Networks	
  

(Halgren & Dale) 

sand	
  

3	
  Core	
  Reading	
  Brain	
  Networks	
  

Posterior:	
  
Ventral	
  Network	
  

Anterior	
  
Network	
  

Posterior:	
  
Dorsal	
  Network	
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Reading	
  Brain	
  Networks	
  
•  Anterior	
  

– Motor	
  produc>on	
  	
  
–  Processing	
  of	
  low-­‐frequency	
  excep>on	
  words	
  and	
  nonwords	
  

•  Posterior	
  –	
  Dorsal	
  
–  Efficient	
  word	
  reading	
  &	
  phonological	
  processing	
  

•  Posterior	
  –	
  Ventral	
  
– Automa9c	
  recogni>on	
  of	
  printed	
  words	
  

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

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

Posterior:	
  
Ventral	
  Network	
  

Anterior	
  
Network	
  

Posterior:	
  
Dorsal	
  Network	
  

•  Anterior	
  hyperac;va;on	
  
•  (Shaywitz	
  et	
  al.,	
  2002)	
  

•  Posterior	
  hypoac;va;ons	
  
•  Right	
  >	
  lew	
  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)	
  

	
  

Compensatory	
  Systems	
  in	
  Dyslexia	
  

•  Lew	
  and	
  right	
  hemisphere	
  anterior	
  regions	
  	
  
•  Right	
  hemisphere	
  posterior	
  regions	
  	
  

•  Ac>va>ons	
  in	
  right	
  hemisphere	
  nega>vely	
  
correlated	
  with	
  reading	
  skills	
  

•  Accurate,	
  but	
  not	
  automa;c,	
  word	
  reading	
  

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

Visual Recognition 

Word-Specific Activation 

Phonological Processing 

Semantic Processing 

Wolf, M. (2007). Proust and the Squid.  

Differences	
  in	
  Emerging	
  Reading	
  Systems	
  

•  Typically	
  Developing	
  Readers	
  	
  
–  ini>al	
  recruitment	
  and	
  
subsequent	
  disengagement	
  of	
  
right	
  hemisphere	
  

•  At-­‐Risk	
  Developing	
  Readers	
  	
  
–  compensatory	
  recruitment	
  of	
  
frontal	
  regions	
  

Adults 

Typically Developing Kindergarteners 

At-Risk Kindergarteners 

(Yamada et al., 2011) 



Dr.	
  Joanna	
  Christodoulou	
  
jac765@mail.harvard.edu	
  

2/11/16	
  

23	
  

Differences	
  in	
  Emerging	
  Reading	
  Systems	
  

Typically	
  Developing	
  Kindergarten	
  Readers	
  awer	
  3	
  months	
  

(Yamada et al., 2011) 

At-­‐Risk	
  Kindergarten	
  Readers	
  awer	
  3	
  months	
  
	
  

Developmental	
  Differences	
  

• 	
  Shiw	
  from:	
  
• 	
  Bilateral	
  to	
  Lew	
  
• 	
  Dorsal	
  to	
  Ventral	
  
• 	
  Reliance	
  on	
  
phonological	
  
processing	
  
networks	
  to	
  
automa>c	
  
recogni>on	
  

Red: areas that increase with age 
Blue: areas that decrease with age 
(Schlaggar & Church, 2009) 

Increase	
  in	
  frontal	
  
ac>va>ons	
  
• 	
  Greater	
  access	
  to	
  
metalinguis>c	
  abili>es	
  

(Church et al., 2008; Schlaggar & Church, 2009) 
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Dyslexia:	
  	
  
Specific	
  Ac>va>ons	
  vs.	
  Developmental	
  Differences	
  

•  Posterior	
  network	
  ac>va>ons	
  specific	
  to	
  
dyslexia	
  
–  Dyslexic	
  Group	
  <	
  Typical	
  Age-­‐Matched	
  Readers	
  
–  Dyslexic	
  Group	
  <	
  Typical	
  Reading-­‐Matched	
  Readers	
  

•  Frontal	
  network	
  ac>va>ons	
  not	
  unique	
  
to	
  dyslexia	
  
–  Dyslexic	
  Group	
  =	
  Typical	
  Reading-­‐Matched	
  Readers	
  
–  Dyslexic	
  Group	
  >	
  Typical	
  Age-­‐Matched	
  Readers	
  

L	
  IPL	
  

L	
  FG/LG	
  

L	
  MFG	
  

L	
  IFG/Insula	
  

(Hoew	
  et	
  al.	
  2007)	
  

Dyslexia	
  and	
  IQ	
  

Regardless	
  of	
  IQ,	
  
poor	
  readers	
  have	
  
similar	
  kinds	
  of	
  
reading	
  difficul>es	
  in	
  
rela>on	
  to	
  
phonological	
  
processing	
  

(Tanaka	
  et	
  al.,	
  2011)	
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Major	
  Languages	
  Used	
  Interna>onally	
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Literacy	
  Rates	
  Worldwide	
  

Pragma>cs	
   Orthographic	
  
Processing	
  

Phonological	
  
Processing	
  

Seman>c	
  
Processing	
  

Syntac>c	
  
Processing	
  

Morphological	
  
Processing	
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(Lupyan	
  &	
  Dale,	
  2010)	
  Log	
  Popula;on	
  

La
ng
ua

ge
	
  C
om

pl
ex
ity

	
  	
  S
co
re
	
  

Less	
  language	
  complexity	
  is	
  associated	
  with	
  	
  
more	
  language	
  users	
  

English French, Greek Spanish, Italian 

Language structure matters for reading demands 

Spectrum of orthographic structures in alphabetic scripts 

Orthographic	
  Transparency	
  

Transparent	
   	
   	
   	
   	
  Opaque	
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Longitudinal	
  stability	
  
in	
  typical	
  reading	
  development	
  across	
  languages	
  

(Caravolas	
  et	
  al.,	
  2013)	
  

Consistent	
  predictors	
  
across	
  alphabe>c	
  
scripts:	
  	
  
•  Phoneme	
  awareness	
  
•  Le`er	
  knowledge	
  
•  RAN	
  

Cross-­‐Linguis>c	
  Convergence	
  	
  

� Strong	
  similarity	
  
across	
  French,	
  
Italian,	
  and	
  English	
  
readers	
  

� Universal	
  features:	
  
lower	
  ac>va>ons	
  in	
  
posterior	
  networks	
  

	
  

A. Control Group 
B. Dyslexic Group 
C. Control>Dyslexic Activations 
 
(Paulesu, Démonet, Fazio, McCrory, Chanoine, Brunswick, et al., 2001) 
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Chinese	
  Characters	
  

•  Morphosyllabic	
  	
  

•  3,000-­‐4,000	
  
minimum	
  
requirement	
  for	
  
literacy	
  

•  >10,000’s	
  

Li`le	
  person	
  

Language	
  Specific	
  Features:	
  
Chinese	
  &	
  Dyslexia	
  

� Demands	
  of	
  the	
  language:	
  	
  
◦  Chinese	
  logographic	
  system	
  maps	
  graphic	
  forms	
  
(characters)	
  onto	
  morphemes	
  (meanings)	
  

� Lew	
  Middle	
  Frontal	
  Gyrus	
  	
  
◦  Integrates	
  visual-­‐orthographic	
  and	
  seman>c	
  (and	
  
phonological)	
  processes	
  in	
  verbal	
  and	
  spa>al	
  working	
  
memory	
  

� Right	
  mid-­‐inferior	
  frontal	
  regions	
  
◦  Fluent	
  Chinese	
  reading	
  

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

•  Orthography-­‐to-­‐phonology	
  
mapping	
  task	
  
–  Judge	
  whether	
  2	
  synchronously	
  
exposed	
  Chinese	
  characters	
  
had	
  an	
  iden>cal	
  pronuncia>on	
  
vs	
  form	
  

•  Frontal	
  regions	
  serve	
  as	
  a	
  
unique	
  neuroanatomical	
  
marker	
  of	
  Chinese	
  reading	
  
difficulty	
  

(Siok et al., 2008) 

Poten>al	
  Contribu>ons	
  of	
  Neuroscience	
  

Defini>on	
   Iden>fica>on	
  

Predic>on	
   Interven>on	
  

Neuro	
  
How do we find it?  What is it?  

What will it take?  Can it get better?  
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Cunha	
  et	
  al.,	
  2005;	
  	
  James	
  Heckman	
  

Earliest	
  remedia>on	
  yields	
  greatest	
  impact	
  

Interven>on	
  
•  Iden>fica>on	
  es>mates	
  imprecise	
  

– Current	
  prac>ces	
  over-­‐	
  and	
  under-­‐	
  es>mate	
  who	
  
struggles	
  to	
  read	
  (Gabrieli,	
  2009;	
  Torgesen,	
  2000)	
  	
  

•  Prospects	
  for	
  struggling	
  readers	
  vary	
  
–  (88%	
  remained	
  poor	
  readers	
  from	
  grade	
  1	
  to	
  4,	
  Juel,	
  1988;	
  50%	
  from	
  

Kin	
  were	
  dysfluent	
  in	
  grade	
  3,	
  Simmons	
  et	
  al.,	
  2008)	
  

•  Es>mates	
  of	
  interven>on	
  efficacy	
  vary	
  
(Snow	
  et	
  al.,	
  1998;	
  Torgesen,	
  2000)	
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Interven>on:	
  
Brain	
  &	
  Behavior	
  Changes	
  

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

•  Plas>city	
  of	
  the	
  reading	
  brain	
  across	
  reader	
  ages	
  

•  Next	
  steps	
  
–  Compensa>on	
  vs	
  remedia>on	
  
– Differen>ate	
  by	
  interven>on	
  type	
  
– Determine	
  dosage	
  needed	
  per	
  case	
  

Interven>on	
  Meta-­‐Analysis	
  

(Barquero,	
  Davis,	
  Cu{ng,	
  2014)	
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Control 
Frontal 
AND 

Temporo-
parietal 

Frontal 
but NOT 
Temporo-
parietal 

Dyslexic 

Temple et al. (2003) PNAS 

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

Phonologically-­‐Based	
  Interven>on	
  

Frontal 
but NOT 
Temporo-
parietal 

Pre-Intervention 

Increased 
activity in 

Frontal AND 
Temporo-
parietal 

Post-Intervention 

Awer	
  training,	
  metabolic	
  brain	
  
ac>vity	
  in	
  dyslexics	
  more	
  closely	
  
resembles	
  that	
  of	
  normal	
  
readers.	
  

Neural	
  effects	
  of	
  interven>on	
  	
  
in	
  dyslexic	
  children	
  

Temple et al. (2003) PNAS 



Dr.	
  Joanna	
  Christodoulou	
  
jac765@mail.harvard.edu	
  

2/11/16	
  

34	
  

Mul>sensory	
  Reading	
  Interven>on	
  	
  
Targe>ng	
  Reading	
  via	
  Phonological	
  Processing	
  

•  fMRI	
  
interven>on	
  
study	
  

•  Lindamood	
  
program	
  

•  Children	
  	
  

(Eden et al., 2004) 

Task: Word 
repetition or 
sound 
deletion  

Increased 
activation in 
parietal and 
phonological 
regions 
 
Increased frontal 
regions 
 
Decreased 
activation in left 
of the 
occipitotemporal 
cortex (shift from 
visual to 
phonological 
strategies) 

(Eden et al., 2004) 

Dyslexic	
  Interven>on	
  Group	
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Interven>on	
  Changes	
  Brain	
  Connec>ons	
  

•  Diffusion	
  tensor	
  imaging	
  (DTI)	
  
•  8-­‐	
  to	
  10-­‐year-­‐old	
  poor	
  

readers	
  
•  Change	
  in	
  white	
  ma`er,	
  

sugges>ng	
  an	
  increase	
  in	
  
myelina>on	
  

•  Correlated	
  with	
  improvement	
  
in	
  phonological	
  decoding	
  
ability	
  

•  (Keller	
  &	
  Just,	
  2009)	
  

Can	
  neuropredic>on	
  be	
  informa>ve?	
  
•  Life-­‐Style	
  

– Predict	
  posi>ve	
  affect	
  with	
  reac>vity	
  to	
  reward	
  and	
  
recent	
  life	
  stress	
  (Nikolova	
  et	
  al.,	
  2012)	
  	
  

– Predict	
  weight	
  loss	
  program	
  outcomes	
  with	
  fMRI	
  
reac>vity	
  to	
  food	
  images	
  (Murdaugh	
  et	
  al.,	
  2012)	
  

•  Aging	
  
– Predict	
  cogni>ve	
  func>oning	
  in	
  older	
  adults	
  based	
  on	
  
white	
  ma`er	
  structure	
  (Meier	
  et	
  al.	
  2012)	
  	
  

•  Treatments	
  
– Predict	
  treatment	
  response	
  for	
  depression	
  and	
  anxiety	
  	
  

(Hernández-­‐Ribas,	
  2012;	
  Doehrmann	
  et	
  al.,	
  2013)	
  	
  

– Predict	
  outcomes	
  following	
  head	
  trauma	
  (Bernick	
  et	
  al,	
  2012)	
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Predic>ng	
  Reading	
  Outcomes	
  with	
  Neuroimaging	
  

•  25	
  children	
  with	
  dyslexia	
  
•  20	
  typical	
  readers	
  
	
  

•  Predict	
  reading	
  over	
  >me:	
  age	
  14à16.5	
  

•  fMRI	
  Rhyme	
  task	
  

(Hoeft et al., 2010, PNAS) 

bait	
  
gate	
  

price	
  
miss	
  

Predic>ng	
  Reading	
  Outcomes	
  with	
  Neuroimaging	
  

•  Neuroimaging	
  (70-­‐90%)	
  vs.	
  Behavioral	
  (@	
  chance,	
  50%)	
  
– Greater	
  ac>va>on	
  at	
  >me	
  1	
  in	
  the	
  right	
  frontal	
  region	
  predicted	
  
reading	
  improvement	
  2.5	
  years	
  later	
  

• More	
  ac>va>on	
  of	
  Right	
  IFG	
  at	
  >me	
  1	
  predicted	
  be`er	
  
reading	
  outcomes	
  

(Hoeft et al., 2010, PNAS) 



Dr.	
  Joanna	
  Christodoulou	
  
jac765@mail.harvard.edu	
  

2/11/16	
  

37	
  

Summer	
  Time	
  Adventures	
  in	
  	
  
Reading	
  &	
  Teaching	
  (START	
  Study)	
  

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

•  Major	
  Goal	
  	
  
–  Can	
  we	
  use	
  neuroimaging	
  tools	
  
to	
  improve	
  our	
  ability	
  to	
  predict	
  
which	
  children	
  will	
  benefit	
  from	
  
which	
  interven;on?	
  

•  Current	
  Approach	
  
–  Choose	
  1	
  program	
  
–  Evaluate	
  brain-­‐behavior	
  links	
  for	
  
individuals	
  

(Christodoulou	
  et	
  al.,	
  2016)	
  

Summer	
  Time	
  Adventures	
  in	
  Reading	
  &	
  
Teaching	
  (START	
  Study)	
  

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

fMRI Experiment: Does the sentence make sense? 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Condi;ons:	
  	
  
Fast	
  (100ms/word)	
  
Medium	
  (250ms/word)	
  
Slow	
  (400ms/word)	
  

ns=not significant  
p <.05*, <.01**, <.001*** 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

Matched for: 
Average # syllables/sentence 
Word length (5 words/sentence) 
Verbs Written Frequency 
Verbs Age of Acquisition  
Nouns Written Frequency  
Nouns Age of Acquisition 

•  71	
  Students,	
  ages	
  6-­‐9	
  
•  4	
  hours	
  of	
  instruc>on/	
  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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80	
  

85	
  

90	
  

95	
  

100	
  

105	
  

110	
  

115	
  

120	
  

125	
  

Lindamood-­‐Bell	
  Symbol	
  
Imagery	
  Test	
  

Un;med	
  Word	
  Reading	
  
(WRMT	
  Word	
  
Iden;fica;on)	
  

Un;med	
  Pseudoword	
  
Reading	
  (WRMT	
  Word	
  

A[ack)	
  

St
an

da
rd
	
  S
co
re
	
  

Performance	
  Comparison	
  of	
  Typical	
  and	
  Dyslexic	
  Par;cipant	
  Groups	
  

Typical	
  Readers	
  

Treatment	
  Dyslexic-­‐Pre	
  

No-­‐Treatment	
  Dyslexic-­‐Pre	
  

75	
  

80	
  

85	
  

90	
  

95	
  

100	
  

105	
  

Lindamood-­‐Bell	
  Symbol	
  Imagery	
  
Test	
  

Un>med	
  Word	
  Reading	
  (WRMT	
  
Word	
  Iden>fica>on)	
  

Un>med	
  Pseudoword	
  Reading	
  
(WRMT	
  Word	
  A`ack)	
  

St
an

da
rd
	
  S
co
re
	
  

Pre	
  and	
  Post	
  Comparison	
  of	
  Treatment	
  and	
  No	
  Treatment	
  Groups	
  

Treatment	
  Dyslexic-­‐Pre	
  

Treatment	
  Dyslexic-­‐Post	
  

No-­‐Treatment	
  Dyslexic-­‐Pre	
  

No-­‐Treatment	
  Dyslexic-­‐Post	
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-­‐10	
  

-­‐8	
  

-­‐6	
  

-­‐4	
  

-­‐2	
  

0	
  

2	
  

4	
  

6	
  

8	
  

10	
  

12	
  

Lindamood-­‐Bell	
  Symbol	
  
Imagery	
  Test	
  

Un>med	
  Word	
  Reading	
  
(WRMT	
  Word	
  
Iden>fica>on)	
  

Un>med	
  Pseudoword	
  
Reading	
  (WRMT	
  Word	
  

A`ack)	
  

St
an

da
rd
	
  S
co
re
	
  D
iff
er
en

ce
	
  (P

os
t	
  -­‐
	
  P
re
)	
  

Post	
  Score	
  -­‐	
  Pre	
  Score	
  for	
  Treatment	
  and	
  No	
  Treatment	
  Groups	
  

Treatment	
  Dyslexic	
  Difference	
  

No-­‐Treatment	
  Dyslexic	
  Difference	
  

Evalua>ng	
  Interven>on:	
  Summer	
  	
  

Alexander,	
  Entwisle,	
  &	
  Olson,	
  2007	
  

•  Comparable	
  gains	
  during	
  the	
  school	
  year	
  for	
  
students	
  of	
  diverse	
  SES	
  backgrounds	
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Evalua>ng	
  Interven>on:	
  Summer	
  	
  

Alexander,	
  Entwisle,	
  &	
  Olson,	
  2007	
  

•  Significant	
  differences	
  during	
  the	
  summer	
  for	
  
students	
  of	
  diverse	
  SES	
  backgrounds	
  

Effects	
  of	
  Reading	
  Interven>on	
  

•  Inform	
  our	
  defini>on	
  of	
  a	
  successful	
  interven>on	
  
•  Preven>on	
  of	
  academic	
  summer	
  regression	
  	
  
•  Improvement	
  of	
  outcomes	
  	
  



Dr.	
  Joanna	
  Christodoulou	
  
jac765@mail.harvard.edu	
  

2/11/16	
  

41	
  

Reading	
  Development	
  &	
  Disabili>es	
  	
  

Defini>ons	
  &	
  Labels	
   Iden>fica>on	
   Interven>on	
  

Classroom	
  

Clinic	
   Lab	
  

Contribu>ons	
  of	
  Neuroscience	
  
•  Brain	
  imaging	
  can	
  currently:	
  	
  

– Con>nue	
  to	
  inform	
  our	
  understanding	
  of	
  brain	
  
plas>city	
  in	
  response	
  to	
  interven>on	
  

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

•  Brain	
  imaging	
  has	
  the	
  poten>al	
  to:	
  	
  
– An>cipate	
  who	
  will	
  benefit	
  from	
  which	
  interven>on	
  
–  Iden>fy	
  behavioral	
  and	
  brain	
  characteris>cs	
  predic>ng	
  
response	
  to	
  interven>on	
  


