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Abstract. Automatic multimodal spatial attention was studied in 12 dyslexic

children (SRD), 18 chronological age matched (CA) and 9 reading level

matched (RL) normally reading children by measuring reaction times (RTs) to

lateralized visual and auditory stimuli in cued detection tasks. The results

show a slower time course of focused multimodal attention (FMA) in SRD

children than in both CA and RL controls. Specifically, no cueing effect (i.e.,

RTs difference between cued–uncued) was found in SRD children at 100 ms

cue-target delay, while it was present at 250 ms cue-target delay. In contrast,

in both CA and RL controls, a cueing effect was found at the shorter

cue-target delay but it disappeared at the longer cue-target delay, as predicted

by theories of automatic capture of attention. Our results suggest that FMA

may be crucial for learning to read, and we propose a possible causal

explanation of how a FMA deficit leads to specific reading disability,

suggesting that sluggish FMA in dyslexic children could be caused by a

specific parietal dysfunction.
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INTRODUCTION

Dyslexia or specific reading disability (SRD) is often

defined as a deficit in reading and spelling despite ade-

quate intelligence and access to conventional instruc-

tion (American Psychiatric Association 1994).

Although there are a wide variety of theories which at-

tempt to account for SRD, two general approaches have

received particular interest.

The first approach posits that SRD as well as specific

language impairment (SLI) arise from deficits in sys-

tems that are linguistic in nature. Specifically, the pho-

nological deficit theory suggests that SRD arises from

deficits in phonological processing and memory (e.g.,

Goswami 2000, Ramus 2003, Snowling 2000, for a re-

view of normal language neuroimaging see Heim 2005,

this issue).

On the other hand, a second theory claims that defi-

cits in underlying non-linguistic sensory mechanisms

are the real core deficits in SRD (e.g., Stein and Walsh

1997 for visual deficits; Wright et al. 2000 for auditory

deficit). This theory, known as the magnocellular (M)

theory of dyslexia, is an exhaustive, albeit controversial

(e.g., Skottun 2000) account, starting from the observa-

tion that many reading disabled children are impaired in

the specific visual abilities that utilize the M pathway

(e.g., Stein and Walsh 1997). The multimodal (i.e., vi-

sual and auditory) version of the M theory, called the

“temporal processing hypothesis”, suggests that chil-

dren with SRD (and also children with SLI) have spe-

cific deficits in processing rapidly presented or brief

sensory stimuli within the visual and auditory domains

(for a review see Farmer and Klein 1995). Of course,

linguistic and sensory deficits are not mutually exclu-

sive. More importantly, the M hypothesis explicitly

claims that phonological deficits in SRD children arise

from visual and auditory impairments, which in turn

lead to the language disorder.

However, a recent study by Amitay and coauthors

(2002), investigating both visual and auditory M func-

tions (i.e., flicker detection, detection of drifting grat-

ings at low spatial frequencies, speed discrimination

and detection of coherent dot motion), showed that

“pure” M deficits were present only in six out of 30 SRD

adults. In addition, disabled readers showed “impaired

performance in both visual and auditory non-M tasks re-

quiring fine frequency discriminations. The stimuli

used in these tasks were neither modulated in time nor

briefly presented” (Amitay et al. 2002, p. 2272). Thus,

the authors concluded that dyslexics have a generally

inefficient multimodal processing of perceptual stimuli.

To explain the multimodal perceptual deficit in SRD

(and SLI) children, Hartley and Moore (2002) presented

a model based on processing efficiency. The model sug-

gests that masking effects (i.e., spatial and temporal sig-

nal interference induced by “near” noise) can be better

explained by a “processing efficiency hypothesis”

rather than a temporal processing hypothesis. Process-

ing efficiency refers to all factors, aside from temporal

and spectral resolution, that affect the ability to detect

visual and acoustic signals in noise (i.e., threshold sig-

nal-to-noise ratio).

We suggest that focused spatial attention (FSA) is

one crucial factor affecting multimodal perceptual pro-

cessing efficiency. Despite the great amount of informa-

tion flooding the scenes, we are able to focus attention

on one spatial location (or/and object) and to process the

relevant information. The major effect on perceptual

functions is that FSA appears to enhance the neural rep-

resentation of the attended stimuli. This signal enhance-

ment manifests itself in a variety of ways, including

faster reaction times (RTs), improved sensitivity

(thresholds), as well as reduced interactions with flank-

ing stimuli. FSA allows decisions to be based on the se-

lected stimulus alone and thus any distracting stimuli

which may be present can be disregarded (e.g., Braun

2002, Carrasco and McElree 2001). On the basis of

these perceptual effects, FSA influences the contents of

all the post-perceptual processes such as short-term

memory, perceptual decisions and voluntary responses.

In fact, sluggish FSA (i.e., prolongation of input

chunks) appears to be crucial not only for a variety of

subtle sensory and motor deficits but also for specifi-

cally impaired reading skills in dyslexic subjects. “Slug-

gish attentional shifting” (SAS) in SRD children and

adults can account for the generally inefficient

multimodal processing of perceptual stimuli (Hari and

Renvall 2001, Facoetti et al. 2003b). Accordingly, sev-

eral studies have shown deficits in both visual and audi-

tory shifting and focusing of attention in SRD subjects.

Brannan and Williams (1987) demonstrated that,

compared to subjects reading normally, poor readers

were not able to rapidly focus visual attention. A series

of studies conducted by our group has shown sluggish

and asymmetric focusing in dyslexic children, which af-

fects automatic control of visual attention (e.g., Facoetti

et al. 2000b, 2001, 2003a). In addition, the visual

attentional blink (i.e., transient blindness to the second
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target in a dual task consisting of two targets) was longer

in dyslexic than in normally reading adults (Hari et al.

1999). Both a temporal order judgment between visual

hemifields and a line motion illusion task were applied

to test whether dyslexics have difficulties in their auto-

matic attentional capture. Dyslexics showed slower pro-

cessing in the left than in the right visual hemifield (i.e.,

asymmetric distribution of attention); moreover, their

attentional capture was sluggish in both hemifields

(Hari et al. 2001). Despite this evidence, the issue of

whether visual attention deficits are causally linked to

reading disorders in dyslexic children is still hotly

debated (for a recent review see Ramus 2003).

Evidence for an auditory spatial attentional deficit in

SRD subjects was initially provided by Asbjornsen and

Bryden (1998). Deficits in dyslexia often manifest

themselves in the auditory modality with problems in

speech-sound perception (phoneme discrimination) in

the presence of background noise (e.g., Cunningham et

al. 2001). SRD children also have difficulties in dis-

criminating between acoustically similar sounds (e.g.,

Tallal 1980) and in processing rapid sound sequences

(e.g., Helenius et al. 1999). These auditory perception

deficits are likely related to an inability to rapidly shift

and focus auditory attention in order to properly dis-

criminate the features of the sound (Renvall and Hari

2002). In fact, several studies conducted on non-im-

paired individuals demonstrated that phoneme identifi-

cation may be substantially increased when auditory

spatial attention is focused (e.g., Mondor and Bryden

1991) providing strong evidence that selective spatial

attention may act to facilitate auditory perception.

Thus the generally inefficient multimodal perceptual

processing in SRD subjects could be due to a loss in the

temporal resolution of spatial attention to transient

events (Facoetti et al. 2003b).

Nonetheless, direct evidence of both visual and audi-

tory (i.e., multimodal) SAS in the same sample of SRD

subjects has not yet been reported in the literature.

In a previous study we investigated the automatic fo-

cusing of visual and auditory attention in the same SRD

children. The results showed both visual and auditory

deficits in the automatic focusing of spatial attention in

the SRD children (Facoetti et al. 2003b). However, the

two different cue-target delays used in the visual (i.e.,

250 and 400 ms) and auditory (i.e., 100 and 250 ms)

attentional tasks could not allow a direct comparison of

the time course of spatial attentional capture in the two

modalities.

Thus, the aim of the present study was to precisely es-

tablish the time course of visual and auditory spatial at-

tention in control and SRD children by using the same

cue-target delays (i.e., 100 and 250 ms) for both the vi-

sual and auditory modalities.

In order to complete the experimental design (as cor-

rectly recommended by Goswami 2003, for develop-

mental studies), a further control group matched on

reading level (RL) was added. RL controls are typically

normally reading children 2–3 years younger than the

SRD children. The RL control group (which was also

matched with SRD children on IQ level) enables causal

hypotheses to be generated (Goswami 2003). Thus, if

SRD children show deficits (i.e., sluggish attentional

capture) in spatial attention compared to both chrono-

logical age (CA) controls and to RL controls, these defi-

cits cannot be interpreted as a consequence of the

reading deficits, and a causal link between spatial atten-

tion deficit and dyslexia may be suggested. Further sup-

port for the causal hypothesis can be found in a

rehabilitation study showing that SRD children’s ability

to read improves following a specific training program

that also improves their visual attentional focusing

(Facoetti et al. 2003c).

In the present study, we measured the covert (i.e.,

without eye movements) automatic capture (e.g.,

Posner 1980) of both visual and auditory attention in 12

children diagnosed with SRD, 18 control children with

normal IQ and reading skills, who were matched for

chronological age (CA controls), and 9 younger read-

ing-level (RL) control children with normal IQ and

reading skills.

In Experiment 1, we measured the time course of fo-

cused visual spatial attention. Participants fixated the

central point of a display. A non-informative peripheral

visual cue preceded the onset of a subsequent target in

the left or right visual field. In Experiment 2 the same

children fixated the central point of a visual display, and

a non-informative peripheral auditory cue, delivered by

headphones, preceded the onset of a subsequent target

tone in the left or right ear. After variable intervals (100

and 250 ms) from the onset of the spatial cue a target

stimulus was presented at the cued or uncued location.

Faster responding to cued targets at the shorter inter-

val (about 100 ms) reflects the facilitatory effect of auto-

matic focusing of attention towards the cue (attentional

facilitation). During the automatic capture of spatial at-

tention (i.e., peripheral and non-predictive spatial

cueing) this early facilitatory effect of attentional focus-
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ing is no longer observed and it is replaced by a later in-

hibitory effect. Indeed, at longer cue-target intervals

(about 250–350 ms), slower responding to the target at

the cued location could reflect inhibition of return

(IOR). This inhibitory effect is attributed to the with-

drawal of attention and favors focusing towards novel

locations (for a recent review see Klein 2000).

MATERIALS AND METHODS

Participants

Twelve children with SRD, ranging in age between

10 and 13 years, were selected from a sample of children

referred to the Scientific Institute “E. Medea” because

of learning difficulties. The children (mean age 11.9

years old; full scale IQ 97; verbal IQ 93; performance IQ

102) had been diagnosed as SRD based on standard cri-

teria (American Psychiatric Association 1994). Their

performance in reading aloud a text and/or single words

and/or single non-words was 2 SDs below the mean on

age-standardized Italian tests (Cornoldi et al. 1981,

Sartori et al. 1995). SRD participants were 10 males and

2 females selected on the basis of: (i) a full-scale IQ

greater than 85 as measured by the Wechsler Intelli-

gence Scale for Children – Revised (WISC-R) (Wechs-

ler 1974); (ii) normal or corrected-to-normal vision and

hearing; (iii) the absence of attention deficit disorders

with hyperactivity (ADHD) (American Psychiatric

Association 1994); and (iv) right handedness.

Eighteen CA matched control children (mean age

11.7 years old) were selected. They had been recom-

mended as normal readers by their teachers. They were

at or above the norm with z scores of +0.44 (accuracy)

and +0.46 (speed) on Italian Age-Standardized Single

Word Reading Tests (Sartori et al. 1995). CA controls

were of at least average intelligence, as measured by two

WISC-R (Wechsler 1974) sub-tests (Vocabulary 12.3

standard score and Block Design 13.1 standard score).

In addition, 9 RL matched control children were se-

lected (mean age 8.8 years old). RL controls were youn-

ger than SRD (3.1 years, P<0.05) and they were not

different than SRD in both speed and accuracy

(Ps>0.05) of word reading (Sartori et al. 1995). They

were also of at least average intelligence, as measured

by two WISC-R (Wechsler 1974) sub-tests (Vocabulary

12.1 standard score and Block Design 11.7 standard

score). Table I shows descriptive data for the three

groups of participants. All participants’ parents gave

informed consent.

Apparatus and stimuli

Tests were carried out in a dimly lit (luminance of 1.5

cd/m
2
) and quiet room (approximately 50 dB SPL). Par-

ticipants sat in front of a monitor screen (15 inches and

Table I

Descriptive data (means and SDs) of the three groups of participants

Dyslexics CA Controls RL Controls

(n=12) (n=18) (n=9)

Age (years) 11.9 (± 0.9) 11.7 (± 1.1) 8.8 (± 0.7)

Full IQ 97 (± 7) / /

Verbal IQ 93 (± 10) 12.3# (0.9) 12.1# (1.1)

Performance IQ 102 (± 11) 13.1§ (1.2) 11.7§ (0.8)

Word speed (z score) -3.8 (± 2.5) +0.5 (± 0.7) +0.4 (± 0.8)

Word accuracy (z score) -3.0 (± 2.8) +0.4 (± 0.5) -0.1 (± 0.7)

Word accuracy (number of errors) 7.5 (5) / 6.2 (2)

Word speed (seconds) 183.7 (74.5) / 131.5 (36.1)

Non-word speed (z score) -3.1 (± 1.7) / /

Word accuracy (z score) -2.3 (± 1.6) / /

Text speed (z score) -3.6 (± 2.7) / /

Text accuracy (z score) -2.6 (± 2.9) / /

(#)Vocabulary sub-test of the WISC-R, standard score; (§) Block Design sub-test of the WISC-R (Wechsler 1986), standard score
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with a background luminance of 0.5 cd/m
2
), with their

head positioned on a headrest so that the eye-screen dis-

tance was 40 cm. The fixation point consisted of a cross

(1° of visual angle) appearing at the center of the screen.

EXPERIMENT 1: VISUAL FOCUSED ATTENTION

Two circles (2.5°) were presented peripherally (8° of

eccentricity), one to the left and one to the right of the

fixation point. The peripheral cue consisted of the offset

(40 ms in duration) and then the onset of one of the cir-

cles. A dot (0.5°) in the center of one of the two circles

was the target stimulus (40 ms in duration). Stimuli were

white and had a luminance of 24 cd/m
2

(see Fig. 1).

EXPERIMENT 2: AUDITORY FOCUSED ATTENTION

The sounds were presented over Sennheiser HD270

headphones. A single pure tone of 1 000 Hz was used as

auditory cue and a single pure tone of 800 Hz was used

as the target. The cue and target sounds were presented

for 40 ms at approximately 65 dB SPL (see Fig. 2).

Procedure

Participants were instructed to keep their eyes on the

fixation point throughout the duration of the trial. Eye

movements were monitored by means of a video-cam-

era system. Any eye movement larger than 1° was de-

tected by the system and the corresponding trial was

discarded but not replaced. Each trial started with the

onset of the fixation point. In the auditory focused atten-

tion task, the cue was presented after 500 ms. In the vi-

sual focused attention task, after 500 ms, the two circles

were displayed peripherally, and 500 ms later the cue

was shown. The target was presented after one of two

cue-target delays or stimulus onset asynchronies (SOA,

100 or 250 ms).

On each response trial a location cue presented in ei-

ther the left or the right location was followed by a target

presented in either the left or the right location. In con-

trast, on catch trials the target was not presented and par-

ticipants did not have to respond. Catch trials were

intermingled with response trials. On response trials,

the probability that the target would appear in the same

Fig.1. Schematic representation of the display used in the visual cued detection task (Experiment 1)
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location as (a valid trial) or in a different location from

(an invalid trial) the cue was 50% (i.e., there were an

equal number of valid and invalid trials: cue location

was non-predictive of target location).

Participants were instructed to react as quickly as

possible to the onset of the target by pressing the

spacebar on the computer keyboard. Both simple RTs

and error rates were recorded by the computer. The

maximum time allowed to respond was 1 500 ms. The

inter-trial interval was 1 000 ms. The experimental ses-

sion consisted of 160 trials divided into two blocks of 80

trials each. Trials were distributed as follows: 32 valid

trials (16 for each cue-target delay), 32 invalid trials (16

for each cue-target delay), and 16 catch trials (20% of

total trials). The administration sequence of the two

Experiments was counterbalanced across subjects.

RESULTS

Errors in Experiment 1 (Visual Focused Attention), that

is responses on catch trials and missed responses, were less

than 3% and were not analyzed. Outliers were defined as

RTs faster than 150 ms or more than 2.5 standard deviations

above the mean and were excluded from the data sets before

theanalyseswerecarried out.This resulted in the removalof

approximately 2% of all observations. Trials discarded be-

cause of eye movements were about 4% of total trials.

Errors in Experiment 2 (Auditory Focused Attention)

were less than 2% and were not analyzed. Outliers were

excluded from the data before the analyses were carried

out. This resulted in the removal of approximately 2%

of all observations. Trials discarded because of eye

movements were about 1% of total trials.

Mean correct RTs were analyzed with a mixed

ANOVA in which the three within-subject factors were

stimulus mode (visual and auditory), cue condition

(valid and invalid) and SOA (100 and 250 ms). The be-

tween-subject factor was group (CA controls, RL con-

trols and SRD).

The main effect of SOA was significant, F1,36=37.73,

P<0.0001; RTs were faster at 250 ms (404 ms) than at

100 ms SOA (425 ms). The cue condition main effect

Fig. 2. Schematic representation of the display used in the auditory cued detection task (Experiment 2)
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was also significant, F1,36=18.5, P<0.0002; RTs were

faster for the valid cue condition (408 ms) than for the

invalid cue condition (421 ms).

The stimulus mode × SOA interaction was significant,

F1,36=14.57, P<0.001, indicating that the SOA-warning

effect varied across stimulus modalities. In the visual

mode the SOA-warning effect was 10 ms (100 ms SOA =

422 ms; 250 ms SOA = 412 ms) whereas in the auditory

mode the SOA-warning effect was 32 ms (100 ms SOA =

428 ms; 250 ms SOA = 396 ms). The stimulus mode ×

SOA × cue condition interaction was also significant,

F1,36=6.67, P<0.02, indicating that the time course of

attentional capture varied across stimulus modalities.

Specifically, at an SOA of 250 ms, in the visual mode the

cue condition effect (i.e., attentional focusing) was sig-

nificant (16 ms; invalid = 420 and valid = 404) whereas in

the auditory mode it was not significant (3 ms; invalid =

397 and valid = 394), suggesting a faster withdrawal of

attention in the auditory mode than in the visual mode.

More crucially, the group × SOA × cue condition inter-

action was also significant, F2,36=6.88, P<0.005 (see Fig. 3),

indicating that the time course of attentional capture varied

across groups. Indeed, at the 100 ms SOA, both CA and

RL controls showed a significant effect of attentional fo-

cusing (CA 15 ms, invalid = 423 and valid = 408; RL 26

ms, invalid = 437 and valid = 411) whereas the effect for

SRD children was non-significant (6 ms, invalid = 439 and

valid = 433). In contrast, at the 250 ms SOA, SRD children

showed a significant effect of attentional focusing (21 ms,

invalid = 422 and valid = 401) whereas for both CA and

RL controls the effect was non-significant (CA 0 ms, in-

valid=392 and valid = 392; RL 9 ms, invalid = 413 and

valid = 404). Since the group × stimulus mode × SOA × cue

condition interaction was not significant (F<1), it can be

suggested that the time course of attentional capture was

not significantly different between different groups across

the visual and auditory modalities.

To further study the SAS hypothesis, attentional fo-

cusing (i.e., invalid – valid cue conditions) was ana-

lyzed by means of a mixed ANOVA in which the two

within-subject factors were stimulus mode (visual and

auditory) and SOA (100 and 250 ms). The between-sub-

ject factor was group (CA controls, RL controls and

SRD). Importantly, the group × SOA interaction was

significant, F2,36=6.87, P<0.005 (see Fig. 4), clearly in-

dicating that attentional focusing at the two different

SOAs varied across groups. Specifically, planned com-

parisons showed that attentional focusing significantly

decreased from 100 to 250 ms of cue-target delays both

in CA (from 14 to -1 ms; P<0.05) and in RL (from 26 to

9 ms; P<0.05) controls. In contrast, attentional focusing

significantly increased from 100 to 250 ms SOA in SRD

children (from 7 to 21 ms; P<0.05).

DISCUSSION

Dual-route (DR) models propose that skilled readers

use two interactive procedures for converting print into

Fig. 3. Mean reaction times (RTs) as a function of group (SRD

children, chronological age – CA controls, and reading level –

RL controls), cue condition (valid and invalid) and cue-target

delay (100 and 250 ms). Bar error represent ± one standard error.

Fig. 4. Multimodal focused attention (MFA, i.e., visual and

auditory mean of invalid-valid difference) as a function of

cue-target delay (100 and 250 ms) and group (SRD children,

chronological age – CA controls, and reading level – RL con-

trols). Bar error represent ± one standard error.
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speech (for a recent review, see Coltheart et al. 2001):

the sub-lexical route (i.e., phonological procedure) that

involves a letter-to-sound mapping of the most frequent

relationships between graphemes and phonemes in a

given language allowing readers to read unfamiliar

words and non-words, and the lexical route (i.e., ortho-

graphic procedure) that relies on whole-word recogni-

tion and retrieval of stored phonological codes and

produces fast and efficient reading of familiar words.

It is crucial to note that for a beginning reader all real

words are at first non-words because the lexical route is

still to be developed. Accordingly, most developmental

models based on the DR account assume that the two

procedures are acquired serially, with beginning readers

initially relying on the phonological route and only later

shifting to the lexical route (e.g., Frith 1986). Other de-

velopmental models propose that a single phonological

route is involved for learning to read both non-words

and irregular words (e.g., Perfetti 1992, Share 1995). In-

deed, most longitudinal studies have shown that begin-

ning readers use primarily the phonological route for

both reading aloud and silent reading (for a recent re-

view see Sprenger-Charolles et al. 2003). This suggests

that phonological processing may be gradually replaced

by lexical processing.

One of the two major competing views of dyslexia

maintains that dyslexics have normal auditory percep-

tion but have a specific deficit in coding linguistic input

into phonological information. Indeed, there is much

evidence that phonological processing deficits are

linked to difficulties in learning to read: (i) phonological

performances predict later reading skills; (ii) phonolog-

ical processing deficits markedly distinguish children

with dyslexia from children with normal reading skills;

and (iii) phonological training has been shown to im-

prove reading ability (e.g., Snowling 2000, Goswami

2000, for recent reviews see Goswami 2003, and Ramus

2003). Nevertheless, no study has provided unequivo-

cal evidence, controlling for existing literacy skills in

their participants, that there is a causal link from compe-

tence in phonological processing to success in reading

and spelling acquisition (Castles and Coltheart 2004).

The competing view (i.e., the temporal processing

deficit hypothesis) maintains that a more general audi-

tory processing deficit characterizes dyslexia. Specifi-

cally, the difficulties in processing brief and rapid

auditory cues impair the ability to perceive accurately

crucial features in the speech stream, degrading the de-

velopment of phonological codes (e.g., Farmer and

Klein 1995, for a recent review see Wittman and Fink

2004). However, recent evidence suggests that the basic

deficit is not specific to auditory stimuli modulated in

time or briefly presented (e.g., Amitay et al. 2002). In-

stead, auditory “processing efficiency theory” suggests

that SRD individuals have problems in the ability to de-

tect acoustic signals in noise (Hartley and Moore 2002).

In fact, nonlinguistic auditory perceptual deficits in dys-

lexia involve: (i) difficulties in discrimination between

acoustically similar sounds; (ii) impaired ability to hear

differences in sound frequency; (iii) problems in

speech–sound perception (i.e., phoneme discrimina-

tion) in the presence of background noise; and (iv) defi-

cits in processing rapid sound sequences (for a recent

review see Wright et al. 2000). It has been suggested

that all these nonlinguistic auditory perception deficits

are likely to be related to an inability to focus auditory

attention in order to discriminate properly and rapidly

the features of the relevant signal sound (e.g.,

Vidyasagar 1999, Hari and Renvall 2001). Direct evi-

dence for an auditory focused attention deficit in

dyslexics is now provided by several studies (e.g.,

Asbjornsen and Bryden 1998, Facoetti et al. 2003b,

Renvall and Hari 2002).

Hari and Renvall (2001) proposed that the causal link

between reading deficits and phonological problems in-

volves the capture of auditory and visual automatic at-

tention. It has been suggested that the automatic capture

of auditory attention could be directly linked to phone-

mic perception. Indeed, auditory focused attention may

act to facilitate phoneme discrimination (e.g., Mondor

and Bryden 1991). Phoneme discrimination is also re-

lated to pure phonological processes involved in the

sub-lexical route (i.e., grapheme-to-phoneme corre-

spondences and phonological short-term memory).

SRD children have also been shown to be impaired in

perceiving the rhythmic timing of speech, a deficit that

is likely to affect the detection of “perceptual-centers”

and therefore the segmentation of syllables into onsets

and rhymes (e.g., Goswami 2003). Thus, we suggest

that auditory attention might be crucial not only for

phonemic but also for syllabic segmentation of the

speech signal.

For decades researchers have been approaching read-

ing and dyslexia from the standpoint not only of audi-

tory and phonological contributions but also of visual

contributions. In fact, many studies have shown a spe-

cific deficit of the magnocellular (M) visual system in

dyslexia (e.g., Eden et al. 1996, Galaburda and Living-
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stone 1993, for a review see Stein and Walsh 1997).

However, the role of M deficit in dyslexia is hotly de-

bated, mainly because of the lack of a clear causal link

between M processing and impaired reading of isolated

words and non-words. To complicate the picture, im-

paired performance on M-processing tasks appears to be

associated mostly with the phonological subtype of dys-

lexia (e.g., Borsting et al. 1996, Cestnick and Coltheart

1999, Talcott et al. 1998).

It is widely assumed that the phonological route re-

quires a primary graphemic parsing process, that is the

segmentation of a grapheme string into its constituent

graphemes (e.g., Cestnick and Colthart 1999, Colthart

et al. 2001). Thus, it is clear that phonological assembly

via the phonological route involves not only appropriate

phonological skills (i.e., grapheme-to-phoneme corre-

spondences and phonological short-term memory) but

also visual spatial processing. Focused visuo-spatial at-

tention is likely to be extremely important for letter

parsing and segmentation. It is well known that focused

spatial attention enhances visual processing not only in

terms of processing speed but also of improved sensitiv-

ity (i.e., spatial resolution), and reduced interactions

with “near” stimuli (spatial and temporal masking)

(e.g., Braun 2002, Carrasco and McElree 2001). There-

fore, we argue that a multimodal deficit in dyslexia is a

much more plausible scenario than a single deficit in the

visual or auditory processing domain (e.g., Cestnick

2001). Accordingly, the main result of the present study

is that dyslexic children show a slower time course of

both visual and auditory (i.e., multimodal) attentional

capture than both CA and RL normally reading chil-

dren. This result supports the multimodal SAS theory

(Hari and Renvall 2001). It could be suggested that at-

tention in SRD individuals tends to be distributed (e.g.,

Facoetti et al. 2000a), and thus to be affected by interfer-

ing spatial (e.g., Geiger and Lettvin 1999) and temporal

stimuli (e.g., Di Lollo et al. 1983), because of this spe-

cific deficit (i.e., slowing down) of multimodal

attentional focusing. This “distributed perception”, in-

volving both visual and auditory (and also tactile, see

Grant et al. 1999) modalities, could cause a general

inefficient processing of stimuli in any task requiring

“vision with scrutiny” (i.e., focused spatial attention).

Since the time course of multimodal attention has

been shown to be sluggish in SRD children in compari-

son with RL normally reading children, a possible

causal link between spatial attentional deficits and read-

ing disability can be suggested. In order to confirm this

possible causal link, it would be necessary to show that a

specific treatment of visual and auditory attention en-

hances SRD children’s reading skills. Some support for

this hypothesis can indeed be found in rehabilitation

studies of dyslexia (e.g., Facoetti et al. 2003c, Geiger

and Lettvin 1999, Kujala et al. 2001).

In conclusion, it is suggested that sluggish

multimodal attentional focusing in dyslexic children

may distort the development of phonological and

orthographic representations that are crucial for

learning to read.

What is the neurobiological substrate

of multimodal sluggish attentional focusing?

The information processed by the M system ends in

the posterior parietal cortex (PPC), which is the basic

area controlling multimodal spatial attention (e.g.,

Downar et al. 2000). There is evidence of a supramodal

spatial representation in the PPC with convergence of

both auditory and visual inputs (e.g., Farah et al. 1989),

and the existence of crossmodal cells has been docu-

mented in the PPC (e.g., Anderson et al. 1995). The PPC

may be involved in spatial selection independently of

modality through a multimodal map that would be used

for orienting-focusing attention in both the auditory and

visual modalities (e.g., Vidyasagar 1999).

A decreased M input to the dorsal visual stream

would result in a bilateral dysfunction of the PPC. Al-

though Skottun (2000), in a review of the studies of con-

trast sensitivity in dyslexia, found evidence both for and

against the M theory, the M deficit could still influence

higher visual processing stages through the dorsal path-

way and therefore lead to reading difficulties via

attentional mechanisms (e.g., Facoetti et al. 2003a, Hari

and Renvall 2001, Vidyasagar 1999, for a recent review

se Jaœkowski and Rusiak 2005, this issue).

Note that sluggish attention focusing is compatible

with another possible interpretation. A mild dysfunction

of the right parietal lobe might also underlie the sluggish

focusing shown by dyslexic children and adults (e.g.,

Facoetti et al. 2000b, Hari et al. 2001). Schulte-Korne and

coauthors (1999), using event-related potential record-

ings, revealed a decreased P200 response in the right pos-

terior region in dyslexics, consistent with a right PPC

impairment. In addition, Mazzotta and Gallai (1992)

found a decreased P300 response in the right hemisphere

of phonological dyslexics. Finally, poor readers showed

lower N100 amplitudes in response to non-words, but not
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in response to words at central sites of the right hemi-

sphere (Wimmer et al. 2002).

In addition, patients with right parietal damage also

show a severe loss in the perception of apparent motion

in their “good” RVF (Battelli et al. 2001). This deficit is

probably due to a bilateral loss in the “temporal resolu-

tion of spatial attention” to transient events that drive the

apparent motion percept (e.g., Yantis and Gibson 1994).

It is interesting to note that this motion perception defi-

cit is similar to that shown in phonological dyslexics

children (e.g., Cestnick and Coltheart 1999).

CONCLUSIONS

In summary, at the beginning of reading acquisition, the

orthographic lexicon is not yet operating, so children learn

to read via the phonological route. Among the processes

that are necessary to the phonological route, graphemic

parsing may be linked to visuo-spatial attention. In con-

trast, auditory spatial attention could be linked to phone-

mic perceptual processing, that is a basic skill essential for

grapheme-to-phoneme correspondences, as well as for

phonological short-term memory. In the present study, a

slower multimodal focusing of attention was shown in

SRD children as compared to both CA and RL controls.

Finally, it is suggested that this sluggish attentional focus-

ing could be interpreted as a parietal dysfunction.
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