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Bayesian Modelling Of Visual Attention in Word Recognition:
”P”f simulating Optimal Viewing Position il

Fondation
o [

. is the cornerstone of reading. It is a dynamic process that
emerges from the interaction between low-level visual processing of input
letters and the activation of memorized orthographic knowledge.

. (VA) is critical to process multiple elements simultaneously.
VA capacity constrains VA span (max number of items identified in parallel),

Current word recognition models
do not include visual attention as
a key mechanism.

How to model the role of

. (Bayesian word Recognition with Attention, Interference and Dynamics). iS
a probabilistic word recognition model that incorporates control of resources,
lateral between visual inputs (crowding effect), and temporal of

information processing, in addition to bottom-up letter identification and top-down
orthographic knowledge.

thus the number of letters that can be simultaneously processed when . > . (Optimal Viewing Position): word recognition performance varies as a function
reading. This capacity is highly limited (4-5 items) [1,2]. n : of fixation location within the word. Can simulate the OVP function?
Variables Mathematical formulation of the joint distribution of the model Behavioral Experiment (Montant, Nazir & Poncet 1998) [4]
T +1:T 1: T AT pOT o1: T 1T ol Word recognition task with variable viewing position:
Internal word 0:T 71.T H1:T 1.T ~1:T p0:T §1:T T y1iT ¢1:Ty _ .
R niation at go P(W™ Ly /lLI:N A" Ciy Piy /lPI:N Al Iin S1n) After looking at a fixation point for 1 s, a word is presented to the participant for a short duration,
. P - i;J N avoiding any eye movement, and shifted in function of desired viewing position. 100
me 4 t—1 4 4 4 4 4 Normal Participants
: pow' | wh || [Pa, 1 whpy, | L P o
- n=1 80—
Letter of internal ® N T N ) :
o 5 PO ([ | PP pay [ [[pc,1aYPP, | P CHPAL | P Word length vaies between | ISHINE POSIHO SHIEC WS o
word at position r : W[ [Ped|[ || [Pad] ||y iane@ 1 Pt copas, 1P, 1)) ord length vares between sgnificant or all engths oo, IS
and time t =1 =1 =1 * to 9 letters, with a total of 250 o
N . words (50 per length). e Performance was optimal when ~
Coherence variable 1—[ [P(S P(AL)PL | S ’i: N AI,Z)] TABRLF words were fixated slightly left of o 5
@ between P and | at L | n=1 TARLE Viewing Position factor: their center (p<.001) 20 o 6
. : Word was divided into 5 equally * Performance was highly sensitive 7
position /7 and time ¢ S TABLE wide zones. The center of each df M ;
5 Distribution definitions TARLE S to word frequency [1248) =5.27, P <. 1
= Represents the resting state of the internal word activation. Typically, it is TABLE zone was the initial fixation - Fl 2p ; 4h w5 d
s p -t 0 . , ca ixation Position in the Wor
‘ Dyn'a.mlc percept at < P(W?) SR i Ba ) position.
position n and time t 5 POWT 1w Represents transition of internal word activation from time t-1 to t. We
-§ ( ) implement a memory decay to the resting state. Computational simulation
Attention over P(L 1W") Represents orthographic knowledge.
percepts at time t P()inn IL, P))  Guarantees L and P/ have the same value during the computation. Sontusion matrix Confusion Matrix (on the left):
P(P' P C) Represen.ts transittiontof percep.t n from t!me t-1 to t. Decay here is controlled Letter identification is based on a confusion matrix from
= Attention control of C n " el by attention P(C, | A”). Allocating attentional resources blocks decay. Townsend [5]. But this matrix is the result of around 50 ms
perceptnattime t 2 t Represents the distribution of attention over percepts. We use a Gaussian of exposition. We modified the matrix using a Laplace
e =~ ESE T R o < 1
@ P(A") distribution centered on the viewing position. Its standard deviation models i succession law to simulate the results at shorter duration.
S Visual Attention Span. s
Coherence variable % P(A, |P/ 1))  Guarantees P, and I, have the same value during the computation. 09l %'.if{i’.?é’»'?i":??:'.:".. Parameters evaluation (on the right):
= P(I' IS’ A]'y Representthe crowding effect. We implement only direct neighbor Each cube represents the level of identification in function
between / and P at S (1, 15,y AL) interferences. The result is weighted by P(AI). of decay (leak), crowding and Laplace succession law
position n and time t P(S) Represents prior knowledge about sensory stimulus. Typically, we use a parameters. Red corresponds to at least 95% identification.
n uniform distribution.
Preliminary results
Inte.rferences at. }jP(Lf,[W’zGARNI]) ﬁP(PﬁlPﬂ”AA“ASl’N) 1.0 Atentional Profie 5 On the left f word plenete
@ position n and time t AIRE 1 ULE GG [DEEENEE e
o ps recognition as a function of
, | oS viewing position (OVP curve) 07
Interference weights . for the word “PLANETE”.
AI'| at position n and u _ , . .
: On the right, dynamics of s (oo n
time t : recognition for each viewing o 5
Letter at position n in ’ DeETel. Ve Ol eumE Y
Ll , should vary depending on the .
the stimulus at time t ) , duration we consider.
Internal representation for Percept build on the stimulus Attentional profile with a mean = 2 and Recognition of stimulus “AIRE”. Massive effect A more systematic study is " 5 3 : ;’ ‘; ;
the word “GARNI”. “GARNI” after 10 iterations. standard deviation = 1. of frequency due to competition with “DIRE”. underway.
is the first word recognition model [3]. Letter identification is a temporally dynamic process, building up a percept distribution by
accumulation of sensory evidence. It relies on a letter confusion matrix [5] and a temporal decay parameter. The weighted fusion of letter neighbors’ distributions allows flexibility in letter position - We demonstrate the potential of BRAID to It is the first word recognition model able to

coding and further accounts for crowding. Attention modulates letter processing and enhances letter identification under attentional focus. Acquired orthographic knowledge (lexical database of

36,000 words) serves as a top-down influence during letter identification.

 BRAID integrates noisy position coding, which allows recognizing a word even if some of its letters are transposed, or ineligible. The same mechanism accounts for

letters are better recognized within strings).

 BRAID integrates word as a prior. In dynamic point of view, frequency can be seen as a resting state of the word distribution: it is the starting point of the dynamic process of

recognition, but also the value to which the distribution will go if we remove the input stimulus.

 BRAID integrates an component computed as a distribution over the percepts that controls for the amount of attention allocated to every single percept. In the dynamic process,

attention on letter identity. Typically, the distribution is a Normal. Its mean corresponds to the

and its standard deviation

effects [6] (outer

do so.

 Why can BRAID simulate OVP effects? Because BRAID is the first word recognition model that incorporates
. Attention allows focusing on different letter positions within the letter string.

* BRAID provides new insights on OVP effects, of word recognition. BRAID
predicts variations of OVP effects depending on the dynamics of the system, with potentially different effects at
different temporal location.
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