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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. • 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.

Variables

• 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) [START_REF] Bosse | Developmental dyslexia: the visual a3en4on span deficit hypothesis[END_REF][START_REF] Lobier | The role of visual processing speed in reading speed development[END_REF].

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 resolv e the apparent contraction between im paired letter processing and implicit read ing in terms of t wo read ing system s.

The first system operates in the dam ag ed left hem isphere and is responsible for exp licit laboriou s identification of words. The second system operates in the right hem isphere and supports fast covert read ing .

The Present Study

To describe further the natu re of the read ing deficit that characteris es pure alexia, in the present stud y we inv estigated the read ing ability of a pure alexic patient within an exp erimental parad igm that has been sho wn to elicit an idiosyncratic pattern of read ing performance in normal read ers. This parad igm consists of measu ring recognition perform ance for briefly presented word s while the ey es are fixating d ifferent location s in the word (the experim ental techniqu e is illustrated in Fig . 1). Under such exp erim ental cond itions, a viewing position effect is obtained for norm al readers: Word recognition perform ance is best when the word is fixated slightly left of its centre and decreases as fixation position dev iates either left ward s or right wards from this "optimal view ing position ". Fig ure 2 

A Model to Account for the Viewing Position Effect

Given the strong acuity drop-off in parafov eal v ision, the num ber of letters that benefit from high resolution differs consid erably as a func- 

EXPERIMENT 2

To discern poten tial differences in CP's general capacity to process com plex visual stimuli in the right visual field and the left v isual field , CP was asked to m atch the identity of t wo simultaneou sly presented letters. The letters consisted of either physically identical pairs (BB), nom inally identical pairs (Bb), or nonid entical pairs (BJ). The stim uli were presented either in central vision or in the left or right v isual field . 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 [START_REF] Bessière | Bayesian Programming[END_REF]. Le3er iden4fica4on is a temporally dynamic process, building up a percept distribu4on by accumula4on of sensory evidence. It relies on a le3er confusion matrix [START_REF] Townsend | Alphabe4c confusion : A test of models for individuals[END_REF] 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 [START_REF] Pelli | Crowding and eccentricity determine reading rate[END_REF] (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 [START_REF] Townsend | Alphabe4c confusion : A test of models for individuals[END_REF]. 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(W T | W t-1 )

Represents transi4on of internal word ac4va4on from 4me t--1 to t. We implement a memory decay to the res4ng state.

P(I n t | S 1:N t ΔI n t ) Represent the crowding effect. We implement only direct neighbor interferences. The result is weighted by .

P(ΔI n t )

P(λ P n t | P n t I n t )

Guarantees and have the same value during the computa4on. Represents prior knowledge about sensory s4mulus. Typically, we use a uniform distribu4on.

P(P n t | P n t-1 C n t )

Represents transi4on of percept n from 4me t--1 to t. Decay here is controlled by a3en4on . Alloca4ng a3en4onal resources blocks decay.

P(C n t | A t )

P(λ L n t | L n t P n t )

Guarantees and have the same value during the computa4on. 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(L n t | W t )

Represents orthographic knowledge.

AIRE DIRE

  gives a characteris tic v iewing position curve obtained in a word identification task for sev en-letter word s. The viewing position effect is observ ed for short as well as for long words and generalises over different alp habetic lang uag es and read ing tasks (e.g . Brysbaert & d 'Ydewalle, 1988; Brysbaert, Vitu, & Schroyens, 1996; Farid & Graing er, 1996; N azir, 1993; N az ir, Heller, & Sussm an, 1992; N azir, Jacobs, & O'Reg an, in press; Naz ir et al., 1991; O'Reg an & Jacobs, 1992; O'Reg an, Lévy-Schoen, Pynte, & Brugaillère, 1984). A m athem atical m od el, which provid es a good description and quantification of the prototy pical shape of the viewing position curv e (N az ir et al., 1991), serv ed to interp ret the d ev iating read ing perform ance of the patient. The model is described next.

Fig. 1 .

 1 Fig. 1. The paradigm of the vari able 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 parti cipants from making eye movements. The word appears at different posi tions rel ati ve to the fixation poi nt, such that the directly fixat ed part of the string can systematically be manipulated from tri al to trial . Eye movements are not measured.

Fig. 6 .

 6 Fig. 6. Mean percentage of correct word ident ification for CP (left panel) and normal parti cipants (right panel) as a functi on 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.