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Overview

• Structural brain changes in dyslexia
• Imaging the reading brain
• Explaining dyslexia :

– Visual deficit
– Phonological deficit
– Modern theories

• Temporal processing deficit
• Cerebellar impairment

– Dyslexia as an information integration deficit

Structural brain changes

Norman Geschwind : 1926-1984

Planum temporale

Area de Wernicke

derechoizquierdo
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PT

NOT DYSLEXIC

Planumtemporale

DYSLEXIC

Planum
temporale

Lack of planum temporale asymmetry in the dyslexic brain
Galaburda et al., 1979; 1985

left right

Ectopias on the dyslexic cortex
 (Galaburda et al., 1979, 1985)

Teszner et al., 1972 :
Planum asymmetry already
present in pre-term fetuses

« Dyslexic » mice : genetically
determined ectopias

Jenner AR, Galaburda AM,
Sherman GF, 2000.

2 genetically deviant strains (NZB et
NXSM) produce spontaneous
ectopias and maze learning deficits

Robichon et al., 2000: Cortical asymmetry and dyslexia : no
difference in planum temporale, only in parietal operculum

controls

dyslexics

Leonard et al. (2001) : extreme leftward
asymmetry of temporal and parietal cortices
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Planum asymmetry is larger
in musicians with absolute
pitch (AP)

 GOTTFRIED SCHLAUG
     The Brain of Musicians: A Model for Functional and

Structural Adaptation
     Ann NY Acad Sci 2001 930: 281-299.

Broca’s
 area

cerebellum

control Dyslexic

increased size of corpus callosum

dyslexic (2136)                                control

Anterior part of the callosum is larger in
early-trained musicians

NON- MUSICIANMUSICIAN

corpus callosum

(Schlaug et al., 1995)

Neuroanatomical modifications in dyslexia :
Which reality? Which meaning?

• A brain cortex with atypical asymmetry
– But not where expected (parietal and frontal)
– Not always in the expected direction

• Interhemispheric connections also modified :
– Usually as an hypertrophy
– Hypotrophy in some cases
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Neuroanatomical modifications in dyslexia :
what do they mean?

• Observing an excess of neurons and connections : a
debated issue

• Excess of neurons not necessarily linked to genetic
factors (role of environmental factors, pre- or post-
natal)

• Observed differences
– Are not necessarily causal to anomalies at the behavioral

level
– Might only represent an indirect witness of  maturational

deviance

TESTOSTERONE

ANOMALOUS
DOMINANCE

LEARNING
DISORDERS

IMMUNE
DISORDERS

NON-RIGHTHANDEDNESS FAMILIAL INCIDENCE

LANGUAGE, DYSLEXIA, ETC.

“TRIADIC” REPRESENTATION OF 
GESCHWIND-BEHAN-GALABURDA THEORY

Atypical brain
 asymmetries

Imaging the reading brain

Functional imaging during reading and phonological tasks

The left hemisphere of the human brain and its reading-related cortical areas

Broca’s area
(speech articulation)

Posterior temporal zone
(speech sounds discrimination) 

Inferior temporo-
occipital zone (visual
form of written words)

Anatomical areas activated during oral
language tasks and that exhibit significant
differences from controls in studies
of dyslexia

Anatomical areas activated during written
language tasks and that exhibit significant
differences from controls in studies of
dyslexia
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Normal reading : strong and transient early activation of visual word form
area (VWFA)

WORD

Reading in dyslexia :
Delayed and decreased VWFA activation
Early and increased Broca’s area activation

WORD

Do the
letters
rhyme?

Phonological awareness task : non-dyslexic child

Activation of auditory and speech production
areas in left hemisphere

T         DG       H
Dyslexic child

G       H

Weaker and more anterior activation in Broca’s area
Lack of superior temporal activation

Dyslexic child after specific training (Fastforword®)
G       H

Re-activation of « shut down » areas
But also…

… new activation of previously unactvated regions (and unactivated in
controls) : compensation? Re-organization?
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Areas of reduced activation in dyslexics relative to controls reading aloud
words and non-words  (Brunswick et al., 1999)

Type II activation (sources location): 
Strongest for visible words

• ~ 150ms after stimulus onset
• left predominant occipito-temporal
• correlates with time for word-reading
• increases with string length
• = letter-string specific

100

150 400

Magnetoencephalography (MEG) during word reading (Salmelin et al., 2000) : intact
perceptual processing, decreased VWFA activation, delayed semantic- temporal activation

The main explanatory theories

Magnocellular theory Phonological theory

Dyslexia as a 
visual deficit

Dyslexia as a phonemic 
representation deficit

2 « classical »

automatisation deficit

Time processing
 deficit

Stimulus 
integration deficit

Cerebellar dysfunction 
theory

Temporal processing deficit theory

Multiple stimulus
integration theory

3 « modern »

Explaining dyslexia (1) : visual errors
and perceptual deficits

might dyslexia result from visual impairment?
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retina

parvo

magno

Striate cortex

Hypothesis: dyslexia results from a defect in the magno
cellular system

- impaired contrast sensitivity
- excess of visual persistence

Lateral
 geniculate

controls dyslexics

Dyslexics : failure to activate V5/MT  « motion area »
(Eden et al., 1996)

Wobbles, Warbles and Fish –
the Neural Basis of  Dyslexia

John Stein, University Laboratory of Physiology, Oxford, UK

• Why reading is difficult – visual and auditory requirements
depend on magnocellular neurones

• Dyslexia – diagnosis and incidence, overlap with other
neurodevelopmental conditions

• Impaired visual magnocellular development  unstable
binocular control  visual confusion

• Impaired auditory development  phonological confusion

• Impaired motor development  speech impediments,
clumsiness, poor handwriting

• Heredity – dyslexia genes on Chromosomes 1,2,6,15,18

• Environment – immune system, nutrition –fish oils

Retinal
motion, ‘slip’

Visual
stability

Identify letter
order

Orthographic
skill

Steady eye
fixation

The visual magnocellular
system stabilises the eyes

Feedback to
eye control

Conclusions 2
• Weak magnocellular function may

result from:
Genetic vulnerability
Immunological attack
HUFA deficiency

• However do not be downhearted!
These weaknesses can be remedied:
eye exercises, coloured filters,
phonological training, fish oil
supplements

BUT remember Einstein, Churchill, Rodin were 
   dyslexic!

Problems with the magnocellular
theory

• Nearly as much negative than positive evidence
• Does not explain easily phonological

impairment
• Magnocellular deficit found mainly in

phonological (not surface) dyslexia
• +++ lack of evidence for visual deficits before

learning to read (≠ phonlogy)

Visual problems might be consequences, not causes, of dyslexia
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Explaining dyslexia (2) : the dominant
phonological theory

Neurobiological level

Cognitive level

Behavioural level

E
N

V
IR

O
N

M
E

N
T

Phonological impairment

Grapheme phoneme conversion

Reading impairment

Impaired phonological representations

Phonological awareness

Verbal short-term
memory

Rapid automatized naming

Symptoms in dyslexia

linguistic Extra-linguistic

Written oral

• reading
• spelling

phonetic
Phonol

others
morpho-syntax
lexical access
pragmatics…

• dyscalculia
• dyschronia
•Automatisation,
procedural learn.
• spatial talents

Short term memory
Phonl awareness

Rapid autom naming

motor

cognitive
• dysgraphia
• dyspraxia

Production (articul)
Percept (discrimin)

visual perceptual
visuo-attentional

Any coherent model of dyslexia MUST take account of the possible occurrence
 of all associated symptoms

Conclusion : phonological theory of
dyslexia

• By far the most often referred to and the best
documented theory

• The highest level of correlation with reading
achivement

• Major practical interest for early diagnosis before
learning to read as well as remediation efficacy

• Deficit present the large majority of cases
• But major problem : only focuses on reading,

neglecting associated symptoms
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Reading impairment in dyslexia :
the iceberg’s visible part

reading

Language,
phonology

Sensorimotor
Temporal
Etc…

precursors

associated symptoms

Explaining dyslexia (3) :
automatisation and motor symptoms

Cerebellar dysfunction

Difference in activation between 6 dyslexics and 6
controls during learning of a motor sequence of the

fingers: underactivation of the right cerebellum

(Nicolson et al., 1999)

Finch et al., 2002

Total neuronal area (Purkinje) larger in
dyslexics in the posterior cerebellum (crus
II & paramedian lobule )
Higher proportion of large/small cells
Same tendency in olivary nucleus
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Finch et
al., 2002

• anterior lobe : non
difference in
large/small cells
proportion
• Dentate nucleus :
no change

duration of the closing 
phase (m2 – m1)

* duration of the release
phase (m4 – m3)

* duration of the full closure
phase (m3 – m2)

Articulatory aspects of developmental phonological dyslexia

Muriel LALAIN, Noël NGUYEN and Michel HABIB
Laboratoire Parole et Langage, CNRS, Université de Provence

29 av. Robert Schuman, 13621 Aix-en-Provence, France
{lalain,nguyen,habib}@lpl.univ-aix.fr
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rhyme judgm …

Significant  correlation between judges’ evaluation and
performance on phonological tasks

Suppression 1er phonème Jugement de rimes

Lalain et al., 2002

Training the audio-articulatory loop to
reduce phonological deficit

19  children : 7 to 11 y-old. Classical severe phonological dyslexia

• Example of plate used
in intensive articulatory
training
• Along with IBM
« Speech-viewer™ »
software

Modest overall improvement
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Conclusion : the motor (cerebellar)
theory of dyslexia

• Is coherent with associated motor and
coordination deficits

• May be integrated into a motor theory of speech
perception

• Does not explain visual symptoms
• Accounts for a limited number of cases
• Does not result in significant remediation

applications

Explaining dyslexia (4) : time
processing

Tallal’s temporal processing deficit
hypothesis

Tallal et al., 1973-76

Mody et al., 1997 : le déficit
de discrimination auditive
chez le dyslexique est
spécifique à la parole par
rapport à la « non-parole »
Pour la non-parole, les
mauvais lecteurs ne sont pas
significativement différents
des témoins

Autre argument : si au
lieu de ba/da on teste
sa/sha, la différence
témoins/dyslexiques
disparaît
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“ In this study, deficient order judgement on a nonverbal
auditory temporal order task (tone task) did not underlie
phonological awareness or reading difficulties. ”

Merzenich et al., 1996; Tallal et al., Science, 1996

”

“
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Magnitude of change in area 39 vs/
improvement in oral language

1- Il (Elle) se souvient difficilement des
jours / m ois / année que nous
sommes.

2- Il (Elle) confond les moments de la
journée matin / après-midi / soirée.

3- Un événement qui est survenu le
matin, il (elle) peut le placer la veille.

4- Pour un événement qui est survenu
il y a quelques jours, il (elle) peut dire :
“il y a très longtemps”.

5- Il lui est difficile de comprendre les
relations existantes entre les membres
de la famille : grands-parents, tantes,
neveux, beau-frère.

6- Il (Elle) a du mal à comprendre les
notions de hier, demain ou après-
demain.

7- Il (Elle) a des difficultés à li re
l’heure sur un cadran.

8- Il (Elle) se trompe lorsque il (e lle)
doit évaluer la durée d’un film, la
durée d’une activité, voire même la
durée d’une nuit de sommeil.

9- Vous avez besoin de lui donner des
indices pour qu’il (elle) se repère dans
une semaine (lundi : école ; mercredi :
activités extra-scolaires ; dimanche :
repos …).

Corrélation entre reproduction
de rythmes et questionnaire de
« temps social »

Figure 3 : corrélation ches 23 enfants dyslexiques et 20 témoins (appariés en âge de lecture : CP
ou selon l’âge chronologique : CE2) entre la performance à un test d’imitation de rythmes et le
résultats d’un questionnaire de « temps social » (Daffaure et al., 2002).

dyslexiques
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Dyslexics are poor at
maintaining a regular
pace in tapping task and
at following a changing
pace

Conclusion : the temporal
processing theory of dyslexia

• Is coherent with several unexplained features in
dyslexics

• Can account for auditory and visual symptoms
• Has led to remediation applications, variably

appreciated, however
• Not compatible with studies showing different results

according to the linguistic nature or not of the stimuli
• Generally no correlation between temporal processing

deficit and phonological deficit

Explaning dyslexia (5) : multiple
stimuli integration  deficit

Dyslexics fail to process integrated stimuli

Phonological impairment

Grapheme phoneme conversion

Reading impairment

Impaired phonological representations

Low level auditory defect

Phonological awareness
Verbal short-term

memory Rapid automatized naming

Clinical evidence

Experimental evid.

electrophysiological
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Categorical perception in dyslexia
 [ma/na] continuum

0

20

40

60

80

100

120

stimuli (steps [ma/na])

CONT normal
DYS normal

Sine-wave speech

Natural speech

6 month-old infants with familial risk of dyslexia, compared to
controls not at risk : decreased ERP activation by a rare deviant
stimulus (/ata/ vs /atta/)
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Intermodal training with « Play-on® » (Danon-Boileau & Barbier, 2000)

[ba] [da]

Danon-Boileau, L., & Barbier, D. (2000). Play-On: Un logiciel d’entraînement à la lecture. 
Paris: Audivi-Media.

auditory evoked potentials (AEP) following
perception of ba/pa contrasts

• /ba/ stimulus recorded from a female native French speaker ;
/pa/ stimulus created by extracting the initial low frequency
activity

• five 8-minute blocks of 450 trials of one of two stimuli,
followed by the same number of blocks and presentations of the
other stimulus.

• 14 male French-speaking adult dyslexics (23-49, mean 32.7)
and 10 adult male controls (20-38, mean 26,5)

• All dyslexics with a long history of difficulties in academic
achievement, needs for specific speech therapist intervention,
and persistent spelling difficulties

• Raven PM38 : normal intellectual function

100
260

240
370

100

/BA/ /PA/

Corrélats électrophysiologiques du déficit de discrimination dans la dyslexie
K. Giraud, C. Liégeois-Chauvel, et al. (In press)

14 dyslexic adults : reading, phonological, and spelling performances

“Moderate” Dyslexics
(N=7)

“Severe” Dyslexics
(N=7)

Subject R.A.
(yrs;mths)

Phono
Score (/20)

Spell.
(%)

Subject R.A. *
(yrs;mths)

Phono
Score(/20)

n.s.

Spell*.
(%)

HC 14;1 13 60 AB 9;11 15 54

ED 13;3 14 75 AS 9;8 9 33

JR 12;10 15 81 CG 9;5 15 54

DR 12;10 17 63 PH 8;11 10 44

NR 12;2 14 60 FL 8;8 13 67

MD 11;2 15 63 CM 8;6 16 56

HJ 10;2 12 69 SC 7;2 7 15



16

82

177 241

70

166/200

Témoins (N=10) K. Giraud, C. Liégeois-Chauvel, et al.  (In press)

64 électrodes RMS

/ba/

/pa/
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Categorical perception in adult dyslexics
(K. Giraud et al., In press)

Identification /ba/-/pa/

0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

Témoins

Bons Lecteurs

Mauvais Lecteurs

← 9.86 ; 9.909.46 →

Categorial perception /ba/-/pa/ (discrimination curves): severe
dyslexics score significantly below controls and moderate dyslexics

Hebb's synapse: if axon a fires
when neuron B is being
activated by c and d, then the
connection between A and B
will be increased

Hebbian learning : main principles

Learning voiced/unvoiced contrast :
segregation of relevant neuron clusters

Left A1 neurons

"voicing"
neurons

•An input synapse to a given neuron that is activated slightly
before the neuron fires is strengthened, whereas a synapse
activated slightly after is weakened
•This window of plasticity ranges from -40 to +40 msec
•This mechanism would cause multiple neurons in the primary
auditory cortex that fire nearly simultaneously to bind together

Conclusion : the multiple stimuli
integration deficit theory

• Explains both basic (low-level) auditory or visual
deficits and more high-level, including multimodal,
deficits

• Can account for auditory and visual symptoms
• Has led to remediation applications (recent, to be

confirmed)
• Explains different results according to the linguistic

nature or not of the stimuli
• Explains extra-linguistics deficits observed in

dyslexics (dyscalculia, dyspraxia…)
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Hebbian learning : further speculations

Visual word form (BA37)

Learning grapheme-phoneme conversion :
the fundamental defect in dyslexia

Learning numerical value of quantities :
the fundamental defect in dyscalculia

supratemporal region

Thank you for
your attention


