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BRAID Bayesian Reading with Attention, Interference and Dynamic 
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Mathema'cal	
  formula'on	
  of	
  the	
  joint	
  distribu'on	
  of	
  the	
  model	
  	
  

Distribu'on	
  defini'ons	
  

Internal	
  representa4on	
  for	
  
the	
  word	
  “GARNI”.	
  	
  

Percept	
  build	
  on	
  the	
  s4mulus	
  	
  
“GARNI”	
  aDer	
  10	
  itera4ons.	
  	
  

Recogni4on	
  of	
  s4mulus	
  “AIRE”.	
  Massive	
  effect	
  
of	
  frequency	
  due	
  to	
  compe44on	
  with	
  “DIRE”.	
  	
  

A3en4onal	
  profile	
  with	
  a	
  mean	
  =	
  2	
  and	
  	
  
standard	
  devia4on	
  =	
  1.	
  	
  

Variables	
  

Sn
t Le3er	
  at	
  posi4on	
  n	
  in	
  

the	
  s4mulus	
  at	
  4	
  me	
  t	
  

In
t

Interferences	
  at	
  
posi4on	
  n	
  and	
  4me	
  t	
  

Interference	
  weights	
  
at	
  posi4on	
  n	
  and	
  
4me	
  t	
  

ΔIn
t

Pn
t Dynamic	
  percept	
  at	
  

posi4on	
  n	
  and	
  4me	
  t	
  

A3en4on	
  over	
  
percepts	
  at	
  4me	
  t	
  At

A3en4on	
  control	
  of	
  
percept	
  n	
  at	
  4me	
  t	
  

Cn
t

Ln
t Le3er	
  of	
  internal	
  

word	
  at	
  posi4on	
  n	
  
and	
  4me	
  t	
  

Wt Internal	
  word	
  
representa4on	
  at	
  
4me	
  t	
  

λLn
t

Coherence	
  variable	
  
between	
  P	
  and	
  L	
  at	
  
posi4on	
  n	
  and	
  4me	
  t	
  

λPn
t

Coherence	
  variable	
  
between	
  I	
  and	
  P	
  at	
  
posi4on	
  n	
  and	
  4me	
  t	
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•  	
  Word	
  Recogni'on	
  is	
  the	
  cornerstone	
  of	
  reading.	
  It	
  is	
  a	
  dynamic	
  process	
  that	
  
emerges	
   from	
   the	
   interac4on	
   between	
   low-­‐level	
   visual	
   processing	
   of	
   input	
  
le3ers	
  and	
  the	
  ac4va4on	
  of	
  memorized	
  orthographic	
  knowledge.	
  	
  

	
  

•  	
  Visual	
  A<en'on	
  (VA)	
  is	
  cri4cal	
  to	
  process	
  mul4ple	
  elements	
  simultaneously.	
  
VA	
  capacity	
  constrains	
  VA	
  span	
   (max	
  number	
  of	
   items	
   iden4fied	
   in	
  parallel),	
  
thus	
   the	
   number	
   of	
   le3ers	
   that	
   can	
   be	
   simultaneously	
   processed	
   when	
  
reading.	
  This	
  capacity	
  is	
  highly	
  limited	
  (4-­‐5	
  items)	
  [1,2].	
  

Current	
   word	
   recogni'on	
   models	
  
do	
  not	
   include	
  visual	
   a<en'on	
  as	
  
a	
  key	
  mechanism.	
  	
  
How	
   to	
   model	
   the	
   role	
   of	
   Visual	
  
A<en'on	
  in	
  Word	
  Recogni'on?	
  

•  	
  BRAID	
  (Bayesian	
  word	
  Recogni4on	
  with	
  A3en4on,	
  Interference	
  and	
  Dynamics).	
  BRAID	
  is	
  
a	
  probabilis4c	
  word	
   recogni4on	
  model	
   that	
   incorporates	
   control	
  of	
   a3en4on	
   resources,	
  
lateral	
   interference	
   between	
   visual	
   inputs	
   (crowding	
   effect),	
   and	
   temporal	
   dynamics	
   of	
  
informa4on	
   processing,	
   in	
   addi4on	
   to	
   bo3om-­‐up	
   le3er	
   iden4fica4on	
   and	
   top-­‐down	
  
orthographic	
  knowledge.	
  

	
  

•  	
  OVP	
  Effect	
  (Op4mal	
  Viewing	
  Posi4on):	
  word	
  recogni4on	
  performance	
  varies	
  as	
  a	
  func4on	
  
of	
  fixa4on	
  loca4on	
  within	
  the	
  word.	
  Can	
  BRAID	
  simulate	
  the	
  OVP	
  func4on?	
  

propose to resolve the apparent contraction
between impaired letter processing and im-
plicit read ing in terms of two reading systems.
The first system operates in the dam aged left
hemisphere and is responsible for explicit la-
borious identification of words. The second
system operates in the right hemisphere and
supports fast covert read ing.

The Present Study

To describe further the nature of the read ing
deficit  that  characterises pure  alexia, in the
present study we investigated the read ing abil-
ity of a pure alexic patient within an experi-
mental paradigm that has been shown to elicit
an idiosyncratic pattern of read ing perform -
ance in normal read ers. This paradigm consists
of measuring recognition perform ance for
briefly presented words while the eyes are fix-
ating different locations in the word (the ex-
perim ental technique is illustrated in Fig. 1).
Under such experim ental conditions, a view-
ing position effect is obtained for norm al read-
ers: Word recognition performance is best
when the word is fixated slightly left of its
centre and decreases as fixation position dev i-
ates either leftwards or rightwards from this
“optimal viewing position”. Figure 2 gives a
characteristic v iewing position curve obtained
in a word identification task for seven-letter
words. The viewing position effect is observed
for short as well as for long words and gener-
alises over different alphabetic languages and
reading tasks  (e.g . Brysbaert & d’Ydewalle,
1988; Brysbaert, Vitu, & Schroyens, 1996; Farid
& Grainger, 1996; Nazir, 1993; Nazir, Heller, &

Sussman, 1992; Nazir, Jacobs, & O’Regan, in
press; Nazir et al., 1991; O’Regan & Jacobs,
1992; O’Regan, Lévy-Schoen, Pynte, &  Bru-
gaillère, 1984). A mathem atical model, which
provides a good description and quantifica-
tion of the prototypical shape of the viewing
position curve (Nazir et al., 1991), served to
interpret the deviating read ing perform ance of
the patient. The model is described next.

A Model to Account for the Viewing Position Effect

Given the strong acuity drop-off in parafoveal
v ision, the number of letters that benefit from
high resolution differs considerably as a func-

Fig. 1. The paradigm of the variable viewing position in

words. A fixation point appears at the centre of the

computer screen. After a short duration, the fixation

point is replaced by a word. A brief exposure duration of

the word is adopted to prevent participants from making

eye movements. The word appears at different posi tions

relative to the fixation point, such that the directly

fixated part of the string can systematically be

manipulated from trial to trial . Eye movements are not

measured.
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Behavioral	
  Experiment	
  (Montant,	
  Nazir	
  &	
  Poncet	
  1998)	
  [4]	
  

Computa'onal	
  simula'on	
  	
  

The present data clearly show that the read-
ing system of the patient is functioning at least
partially . CP exhibited a strong frequency ef-
fect  and  a clear  viewing  position effect, al-
though the shape of the viewing position curve
was not of the classic type. Like normal read-
ers, CP was able to process a string of letters
during one single fixation, provided that he
fixated towards the second half of the word.
According to the model, asymmetries in the
viewing position curve are caused by differ-
ences in the ability to identify letters in the
right and left visual field (Nazir et al., 1991). A
shift of the optimal viewing position to the
right of the centre of the word, as observed
with CP, indicates that letter processing is im-

paired in the right visual field . Given that
perim etric testing did not reveal major visual
anomalies in CP’s right v isual field , this im-
pairm ent cannot stem from a pure visual defi-
cit but must be related to difficulties in
processing complex visual forms.

EXPERIMENT 2

To discern potential differences in CP’s general
capacity to process complex visual stimuli in
the right visual field and the left v isual field ,
CP was asked to match the identity of two
simultaneou sly presented letters. The letters
consisted of either physically identical pairs
(BB), nominally identical pairs (Bb), or
nonidentical pairs (BJ). The stimuli were pre-
sented either in central vision or in the left or
right v isual field .

Fig. 6. Mean percentage of correct word ident ification for

CP (left panel) and normal participants (right panel) as a

function of word length (f ive- to nine-letter words) and

fixation posi tion in words (Experiment 1). For CP, each

data point corresponds to 50 measures.
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Word	
  recogni4on	
  task	
  with	
  variable	
  viewing	
  posi4on:	
  
ADer	
  looking	
  at	
  a	
  fixa4on	
  point	
  for	
  1	
  s,	
  a	
  word	
  is	
  presented	
  to	
  the	
  par4cipant	
  for	
  a	
  short	
  dura4on,	
  
avoiding	
  any	
  eye	
  movement,	
  and	
  shiDed	
  in	
  func4on	
  of	
  desired	
  viewing	
  posi4on.	
  	
  	
  

Word	
  length	
  factor:	
  	
  
Word	
  length	
  varies	
  between	
  5	
  
to	
  9	
  le3ers,	
  with	
  a	
  total	
  of	
  250	
  
words	
  (50	
  per	
  length).	
  

Viewing	
  Posi'on	
  factor:	
  	
  
Word	
  was	
  divided	
  into	
  5	
  equally	
  
wide	
  zones.	
  The	
  center	
  of	
  each	
  
zone	
  was	
  the	
  ini4al	
  fixa4on	
  
posi4on.	
  	
  

•  Viewing	
  posi4on	
  effect	
  was	
  
significant	
  for	
  all	
  lengths	
  (p<.001).	
  

	
  

•  Performance	
  was	
  op4mal	
  when	
  
words	
  were	
  fixated	
  slightly	
  leD	
  of	
  
their	
  center	
  (p<.001)	
  	
  	
  	
  

•  Performance	
  was	
  highly	
  sensi4ve	
  
to	
  word	
  frequency	
  [t(248)	
  =	
  5.27,	
  P	
  <	
  .
001	
  	
  

BRAID	
  is	
  the	
  first	
  word	
  recogni4on	
  model	
  designed	
  with	
  structured	
  probabilis4c	
  modeling	
  [3].	
  Le3er	
  iden4fica4on	
  is	
  a	
  temporally	
  dynamic	
  process,	
  building	
  up	
  a	
  percept	
  distribu4on	
  by	
  
accumula4on	
  of	
  sensory	
  evidence.	
  It	
  relies	
  on	
  a	
  le3er	
  confusion	
  matrix	
  [5]	
  and	
  a	
  temporal	
  decay	
  parameter.	
  The	
  weighted	
  fusion	
  of	
  le3er	
  neighbors’	
  distribu4ons	
  allows	
  flexibility	
  in	
  le3er	
  posi4on	
  
coding	
  and	
  further	
  accounts	
  for	
  crowding.	
  A3en4on	
  modulates	
  le3er	
  processing	
  and	
  enhances	
  le3er	
  iden4fica4on	
  under	
  a3en4onal	
  focus.	
  Acquired	
  orthographic	
  knowledge	
  (lexical	
  database	
  of	
  
36,000	
  words)	
  serves	
  as	
  a	
  top-­‐down	
  influence	
  during	
  le3er	
  iden4fica4on.	
  	
  
	
  
•  BRAID	
  integrates	
  noisy	
  posi4on	
  coding,	
  which	
  allows	
  recognizing	
  a	
  word	
  even	
  if	
  some	
  of	
  its	
  le3ers	
  are	
  transposed,	
  or	
  ineligible.	
  The	
  same	
  mechanism	
  accounts	
  for	
  crowding	
  effects	
  [6]	
  (outer	
  

le3ers	
  are	
  be3er	
  recognized	
  within	
  strings).	
  

•  BRAID	
  integrates	
  word	
  frequency	
  as	
  a	
  prior.	
  In	
  dynamic	
  point	
  of	
  view,	
  frequency	
  can	
  be	
  seen	
  as	
  a	
  res4ng	
  state	
  of	
  the	
  word	
  distribu4on:	
  it	
  is	
  the	
  star4ng	
  point	
  of	
  the	
  dynamic	
  process	
  of	
  
recogni4on,	
  but	
  also	
  the	
  value	
  to	
  which	
  the	
  distribu4on	
  will	
  go	
  if	
  we	
  remove	
  the	
  input	
  s4mulus.	
  

•  BRAID	
  integrates	
  an	
  A3en4onal	
  component	
  computed	
  as	
  a	
  distribu4on	
  over	
  the	
  percepts	
  that	
  controls	
  for	
  the	
  amount	
  of	
  a3en4on	
  allocated	
  to	
  every	
  single	
  percept.	
  In	
  the	
  dynamic	
  process,	
  
a3en4on	
  prevents	
  decay	
  of	
  informa4on	
  on	
  le3er	
  iden4ty.	
  Typically,	
  the	
  distribu4on	
  is	
  a	
  Normal.	
  Its	
  mean	
  corresponds	
  to	
  the	
  viewing	
  posi4on	
  and	
  its	
  standard	
  devia4on	
  delimits	
  the	
  VA	
  span.	
  	
  

Confusion	
  Matrix	
  (on	
  the	
  leZ):	
  
Le3er	
  iden4fica4on	
  is	
  based	
  on	
  a	
  confusion	
  matrix	
  from	
  
Townsend	
  [5].	
  But	
  this	
  matrix	
  is	
  the	
  result	
  of	
  around	
  50	
  ms	
  
of	
  exposi4on.	
  We	
  modified	
  the	
  matrix	
  using	
  a	
  Laplace	
  
succession	
  law	
  to	
  simulate	
  the	
  results	
  at	
  shorter	
  dura4on.	
  

Parameters	
  evalua'on	
  (on	
  the	
  right):	
  
Each	
  cube	
  represents	
  the	
  level	
  of	
  iden4fica4on	
  in	
  func4on	
  
of	
  decay	
  (leak),	
  crowding	
  and	
  Laplace	
  succession	
  law	
  
parameters.	
  Red	
  corresponds	
  to	
  at	
  least	
  95%	
  iden4fica4on.	
  	
  

Preliminary	
  results	
  

•  On	
  the	
  leD,	
  percentage	
  of	
  
recogni4on	
  as	
  a	
  func4on	
  of	
  
viewing	
  posi4on	
  (OVP	
  curve)	
  
for	
  the	
  word	
  “PLANETE”.	
  

	
  

•  On	
  the	
  right,	
  dynamics	
  of	
  
recogni4on	
  for	
  each	
  viewing	
  
posi4on.	
  The	
  OVP	
  curve	
  
should	
  vary	
  depending	
  on	
  the	
  
dura4on	
  we	
  consider.	
  	
  

	
  

•  A	
  more	
  systema4c	
  study	
  is	
  
underway.	
  

•  We	
  demonstrate	
  the	
  poten4al	
  of	
  BRAID	
  to	
  simulate	
  the	
  OVP	
  effect.	
  It	
  is	
  the	
  first	
  word	
  recogni4on	
  model	
  able	
  to	
  
do	
  so.	
  

	
  
•  Why	
  can	
  BRAID	
  simulate	
  OVP	
  effects?	
  	
  Because	
  	
  BRAID	
  is	
  the	
  first	
  	
  word	
  recogni4on	
  model	
  	
  that	
  incorporates	
  

a3en4on	
  as	
  a	
  key	
  component.	
  A3en4on	
  allows	
  focusing	
  on	
  different	
  le3er	
  posi4ons	
  within	
  the	
  le3er	
  string.	
  	
  
	
  
•  BRAID	
  provides	
  new	
  insights	
  on	
  OVP	
  effects,	
  by	
  simula4ng	
  the	
  temporal	
  dynamics	
  of	
  word	
  recogni4on.	
  BRAID	
  

predicts	
  varia4ons	
  of	
  OVP	
  effects	
  depending	
  on	
  the	
  dynamics	
  of	
  the	
  system,	
  with	
  poten4ally	
  different	
  effects	
  at	
  
different	
  temporal	
  loca4on.	
  

P(W 0 ) Represents	
  the	
  res4ng	
  state	
  of	
  the	
  internal	
  word	
  ac4va4on.	
  Typically,	
  it	
  is	
  
based	
  on	
  word	
  frequency.	
  	
  

P(WT |Wt−1) Represents	
  transi4on	
  of	
  internal	
  word	
  ac4va4on	
  from	
  4me	
  t-­‐1	
  to	
  t.	
  We	
  
implement	
  a	
  memory	
  decay	
  to	
  the	
  res4ng	
  state.	
  	
  

P(In
t | S1:N

t  ΔIn
t ) Represent	
  the	
  crowding	
  effect.	
  We	
  implement	
  only	
  direct	
  neighbor	
  

interferences.	
  The	
  result	
  is	
  weighted	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  	
  	
  P(ΔIn
t )

P(λPn
t | Pn

t  In
t ) Guarantees	
  	
  	
  	
  	
  	
  	
  	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  have	
  the	
  same	
  value	
  during	
  the	
  computa4on.	
  Pn

t In
t

P(Sn
t ) Represents	
  prior	
  knowledge	
  about	
  sensory	
  s4mulus.	
  Typically,	
  we	
  use	
  a	
  

uniform	
  distribu4on.	
  

P(Pn
t | Pn

t−1  Cn
t ) Represents	
  transi4on	
  of	
  percept	
  n	
  from	
  4me	
  t-­‐1	
  to	
  t.	
  Decay	
  here	
  is	
  controlled	
  

by	
  a3en4on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  Alloca4ng	
  a3en4onal	
  resources	
  blocks	
  decay.	
  P(Cn
t | At )

P(λLn
t | Ln

t  Pn
t ) Guarantees	
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  have	
  the	
  same	
  value	
  during	
  the	
  computa4on.	
  Pn

tLn
t

P(At )
Represents	
  the	
  distribu4on	
  of	
  a3en4on	
  over	
  percepts.	
  We	
  use	
  a	
  Gaussian	
  
distribu4on	
  centered	
  on	
  the	
  viewing	
  posi4on.	
  Its	
  standard	
  devia4on	
  models	
  
Visual	
  A3en4on	
  Span.	
  

P(Ln
t |Wt ) Represents	
  orthographic	
  knowledge.	
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