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Peut-on optimizer l’apprentissage de la lecture en
prenant en compte la physiologie du système visuel ?

/d/

/d/ b ou d?



Reading acquisition: 

ممكن نصغي بالعيون
我们可以用眼睛听吗？
눈으로들을수있을까요?
կարո՞ղ ենք աչքերով լսել:
Can we listen with the eyes?
በዓይን ማዳመጥ እንችላለን?

நாம் கண்களால் ககட்க 
முடியுமா?

без күз белән тыңлый 
алабызмы?
เราฟังดว้ยตาไดไ้หม?

ငါတိ ို့မျကစ်နိ ို့နောားထ ောငလ်ိ ို့ရမလောား

Oral language

Visual words



A property of the primate visual system

Wallis & Rolls, Progr Neurobiol 1997
Freiwald & Tsao, Science 2010

invariant recognition

size: a =a
(Chauncey et al., 2008)

shape: a = a
(Han et al., 2020) 

case: a = A
(Dehaene et al., 2001)



“It deosn't mttaer in waht oredr the ltteers in a wrod are…”

words-in-sentences

Parallel processing of letters

Do like you this idea?

letters-in-words

Pegado & Grainger, JEP: LMC 2019
Pegado & Grainger, Acta Psych 2020

Pegado & Grainger, 2020 PBR
Pegado et al., 2021 Neuropsychologia

+ Mirault,.…, Pegado, Grainger, submitted

Ziegler et al., 2001, 2003



Mirror Invariance

Did you ever see these pictures before?



Mirror invariance in the visual system

Rollenhagen et al, Science, 2000

other primates

Neuronal 
responses

Beale & Corballis, 

Nature 1972

Shuterland et al., 

Nature 1960

other animals

=

Places
Dilks et al., 2011

=

Faces
Axelrod et al, 2012

=

Objects
Vuillemier et al, 2005

humains

Letters?



So what haqqens when children

learn to reab & write ?

They show mirror errors!

fMRI: Pegado et al, Neuroimage 2011

≠

Mirror discrimination for letters

=

Mirror invariance for pictures

c EEG: Pegado et al., PNAS, 2014

Behavior: Pegado et al., JEP:G 2014

Literacy induces…

Fast mirror discrimination



How does the visual system learn to distinguish
mirror-letters?

d ou b?



Pegado et al., Frontiers in Psychology 2014
(reproduced in Wikipedia page ‘Literacy’)

Multisystem mapping hypothesis

/d/

/d/
d or b ?



/d/

/d/
d

Pegado et al., Frontiers in Psychology 2014
(reproduced in Wikipedia page ‘Literacy’)

Multisystem mapping hypothesis



Hypothesis: 
Maximizing multisystem mappings to solve mirror confusion 

/b/

/b/

b+ memory
system



Randomized Controlled Trials (RCT)
at school

Multisystem mappings
(for mirror-letters discrimination)

+ Sleep consolidation

Torres, …, Pegado*, Ribeiro* (2021)  Current Biology

+ Pegado et al., (2021) STAR Protocols



Control
Active
Control Training

Training
+ Sleep

4-months later

Mirror discrimination
(Response Times in secs)

GroupsGroups

Baseline 3-weeks 
Intervention

….Mirror discrimination
(Response Times in secs)

Control Active
Control

Training Training
+ Sleep

Mirror discrimination Task
(for letters) 



4-months laterBaseline 3-weeks 
Intervention

….

Control Active
Control

Training Training
+ Sleep

Groups



Reading Fluency (stimuli/min)

Control Active
Control

Training

Training
+ Sleep

Mirror discrimination
(in the visual task)

Reading Fluency (stimuli/min)

Groups

4-months later
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Neurostories 2021





Pegado & Ribeiro, under review



Phylogenetic heritage (e.g., a visual mechanism)

Ontogenetic needs
(e.g., reading acquisition)

brain function and cognition

Pegado, under review



Oral language development

Phonological skills

Alphabetic 
principle

Mirror 
inhibition

Reading fluency

Reading 
comprehension

Building blocks for evidence-based education

Academic 
achievement

Pegado, in prep





New studies

+

smell

+ dyslexia; predictors of gains, all letters, etc.



Project
translation to real-life

1. From small group to 30 
children (small scale)

2. Impact of Formation 
(medium, then large 
scale)



From school to the lab and back 

school

lab

model

translation

societal impact

Pegado, under review

Neuroeducation


