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Abstract The control of attentional orienting was stud-
ied in children with specific reading disorder (SRD) or
dyslexia, and it was compared with that of normal read-
ers. We used the covert orienting paradigm to measure
subjects’ reaction times for target detection both in valid
and invalid cue conditions, either in the left or in the
right visual fields. In experiment 1, we investigated ex-
ogenous orienting. The cue consisted of a periphera
abrupt onset and the cue-target delay was 350 ms. As
compared with normal readers, in dyslexics the cue ef-
fect was absent in the right visua field, whereas in the
left visual field a greater cue effect was observed. No vi-
sual field asymmetry was found in normal readers. In ex-
periment 2, we investigated endogenous orienting. The
cue was shown centrally and the cue-target delay was
750 ms. In dyslexics and normal readers, orienting of at-
tention was present in both visual fields. However, in the
invalid condition, dyslexic children showed significantly
slower reaction times in the left visual field than in the
right visual field. These results were interpreted as being
due to an asymmetric control of visual spatia attention,
possibly related with a posterior attention mechanism
deficit in the right parietal cortex and/or an interhemi-
spheric dysfunction and/or an impairment of cerebellar
functions.
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Introduction

Learning to read requires appropriate visual and phono-
logical skills. It is well accepted that there are two
routes, lexical and nonlexical, which can be used for
reading (Coltheart et al. 1993). To read an unknown
word, a sequence of visual symbols must be recognized
and transformed into a sequence of sounds via the non-
lexical route. At the same time, to be read correctly, afa-
miliar word must be isolated from the others in the text
(lexical route). In both cases, however, what is crucial is
the ability to select the relevant information while ex-
cluding the irrelevant one. This filter mechanism is gen-
erally defined as the operation which facilitates process-
ing in a particular area of the visual field. Although sev-
eral studies have provided evidence for a phonological
deficit in developmental dyslexia (e.g., Bradley and
Bryant 1983), many dyslexic children aso show visuo-
perceptual deficits: they tend to displace letters within a
word and invert them, causing words to appear distorted,
overlapping, and moving. These deficits may be attribut-
ed to defective visual information processing.

In addition, other studies have shown an involvement
of visual attention in reading. For example, the crowding
effect may impair letter and word recognition (Atkinson
1991). Serial visual search and perceptual grouping are
related to reading performance (Casco et al. 1998;
Williams and Bologna 1985). There is evidence suggest-
ing that the analysis of strings of letters or words re-
quires sustained focused attention (LaBerge and Brown
1989) and fast and precise control of visua orienting
(Inhoff et al. 1989). Finally, reading presupposes an ac-
curate planning and control of ocular saccades and fixa-
tions (Morris and Rayner 1991; Pavlidis 1981). In are-
cent study, Facoetti et al. (2000a) suggested that visual
disorders, often associated with dyslexia, might be deter-
mined by a deficit of spatial attention, that is, a deficit of
the mechanisms inhibiting laterally distracting informa-
tion (attentional focusing deficit). This empirical evi-
dence suggests a crucia involvement of visual spatial at-
tention in dyslexia.



Other evidence suggests that the magnocellular (M)
system, which plays a crucial role in shifting of attention
(Steinman et al. 1996), is defective in such areading dis-
order (for a review, see Stein and Walsh 1997). The M
system, which processes information about location and
movement of visual stimuli, may affect reading by ham-
pering focusing of attention (which requires precise cod-
ing of stimulus location). Therefore, there are reasons to
suspect that orienting of attention can be compromised in
dyslexic children (Vidyasagar 1999).

Orienting of attention is typically investigated by
means of the covert orienting paradigm, in which atten-
tion is shifted from one point to another without move-
ments of the eyes (Posner 1980; Posner et al. 1980). The
method consists of presenting a spatial cue followed by
the target. The cue can be valid (when the target appears
in the cued position) or invalid (when the target appears
in an uncued position). In the valid condition, reaction
times (RTs) are generally faster than in the invalid condi-
tion. Thisis called the cue effect. It has been pointed out
that abnormal patterns of orienting response across the
different cueing conditions may highlight specific neuro-
cognitive deficits. Specifically, neuropsychological stud-
ies have shown that unilateral damage of the posterior
parietal cortex selectively affects contralateral target de-
tection in the invalid cue condition (Petersen et al. 1989;
Posner et a. 1984, 1987). Orienting is thought to occur
either in an exogenous or endogenous fashion, given
three main features of the cue: position of the cue (pe-
ripheral or centra), cue validity, and cue-target delay. A
peripheral cue, with a short cue-target delay (about
100 ms), would €licit an automatic shift of attention re-
gardless of its validity. By contrast, an informative-cen-
tral cue and a longer cue-target delay (for example, lon-
ger than 500 ms) alow voluntary control of orienting
(Jonides 1981; Miiller and Rabbitt 1989; Warner et al.
1990).

Brannan and Williams (1987) demonstrated that,
compared with normally reading subjects, poor readers
were not able to use the information provided by a pe-
ripheral cue. Jonkman et al. (1992) investigated volun-
tary shifting of attention in dyslexic and normally read-
ing children using a paradigm with a central spatial cue,
but they did not detect any difference between the two
groups of subjects. Lastly, Facoetti et al. (2000b) showed
that the deficit in spatial orienting found in dyslexic chil-
dren seems to selectively involve the automatic exoge-
nous control, but not the voluntary endogenous one.

Nevertheless, other studies have found visual-field
asymmetric performances in dyslexic subjects in visual
search tasks (Eden et al. 1993; Fowler et a. 1991). Hari
and Koivikko (1999) suggested that, compared with the
right visual field (RVF), dyslexics suffer from “mini-ne-
glect” in the left visual field (LVF). This left-side deficit
appears to be linked to a right-side enhancement in the
processing of visual information, as demonstrated by an
increased ability of dyslexics in letter recognition in the
RVF (Geiger et a. 1994). Indeed, dyslexics exhibited a
reduced interference effect in the LVF (mild left inatten-
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tion), concomitant with a strong interference effect in the
RVF (right over-distractibility) (Facoetti and Turatto
2000). Lastly, Facoetti and Molteni (2001) investigated
the gradient of visual attention in children with dyslexia
and with normal reading skills. Normally reading chil-
dren showed a norma symmetric distribution of atten-
tion. Indeed, RTs were directly proportional to the eccen-
tricity of the target and no visua field effect was observ-
able. In contrast, children with dyslexia showed an anom-
alous and asymmetric distribution. The effect of target ec-
centricity influenced RTs only when the stimulus was
projected in the LVF, whereas no effect was observable
when the stimulus was projected in the RVF. The hypoth-
esis was made of a selective disorder of spatial attention
(left inattention and right over-distractibility).

Therefore, because dyslexic children seem to exhibit
a visual-field asymmetry in the gradient of spatial atten-
tion (Facoetti and Molteni 2001; Facoetti and Turatto
2000), the aim of the present study was to verify whether
children with specific reading disorder also show an
asymmetric hemispheric control of attentional orienting.
In particular, we were interested in covert orienting be-
cause its underlying neural mechanisms are involved
both in the selection of competing visual stimuli and in
related activities such as reading (Inhoff et a. 1989;
Posner and Rafal 1987).

In the present study, we carried out two experiments
designed to assess whether dyslexics show a visual-field
asymmetry in the control of covert orienting when atten-
tion is either directed voluntarily or summoned by a pe-
ripheral abrupt visual onset. In both experiments, two
different groups of children (normal readers and dys-
lexics) matched for age, sex, and 1Q were selected.

Given that in dyslexics greater attentional resources
are available in the right visual field than in the left visu-
al field (Facoetti and Turatto 2000; Hari and Koivikko
1999) and that such resources are concentrated (narrow
focus) in the left visual field (mild left inattention),
whereas they are excessively diffuse (wide focus) in the
right visual field (right over-distractibility) (Facoetti and
Molteni 2001), it could be assumed that also orienting of
the attentional focus is asymmetrically controlled in the
two visual fields. Specifically, it could be hypothesized
that the invalid cue has a greater effect when the target is
projected in the LVF, wheress this effect is reduced or
absent when the target is presented in the RVF. Further,
if the deficit in orienting of visual attention exclusively
involves automatic control (Brannan and Williams 1987)
and not voluntary control (Facoetti et al. 2000b), this at-
tentional asymmetry should be reduced when the endog-
enous modality is investigated (experiment 2) vs. the ex-
ogenous modality (experiment 1).

Experiment 1

In this experiment, exogenous orienting of attention was studied in
dyslexic and normally reading children. The cue was presented pe-
ripherally and consisted in an abrupt visual onset. The cue-target
delay was 350 ms, and the cue-set validity was 80%. The choice
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Table 1 Descriptive data on the two groupsin experiment 1

Age (years) Full 1Q (WISC-R) Reading test
Accuracy errors/ Speed time for
200 syllables syllable %
Mean Range Mean Range Mean Range Mean Range
Normal readers 114 8-15 108 95-118 2.8 1-7 23 16-35
Dyslexics 121 8-15 102 91-114 12.7 821 115 75-193

of this stimulus-onset asynchrony (SOA) was motivated by the
fact that, in a previous study with dyslexic children, Facoetti et al.
(2000b) found that with shorter SOAs (150 and 250 ms) the cue
was not able to produce a shift of attention. It follows that, be-
cause we used a long cue-target delay (350-ms), we also had to
adopt an informative cue to avoid a possible inhibition of return
(IOR; Berlucchi et al. 1989).

Therefore, given this experimental setting, a caveat on auto-
matic orienting here investigated should be considered. In fact, in
the present conditions, we were able to elicit an involuntary shift
of attention towards the cue, but subjects maintained their atten-
tion voluntarily on the cued position. Therefore, we studied possi-
ble orienting deficits in dyslexics when attention is triggered by
peripheral onsets rather than the automatic orienting process per-
se, as these events have a peculiarity in summoning attention in-
voluntarily (Yantis and Jonides 1984).

Materials and methods
Participants

Participants were 20 children (14 males and 6 females) selected
by: (1) absence of a spoken language impairment (for crucial im-
plications, see McArthur et a. 2000); (2) a full scale 1Q >85 as
measured by the Wechsler Intelligence Scale for Children-Revised
(Wechsler 1986); (3) no known gross behavioral or emotional
problems; (4) norma or corrected-to-normal vision and hearing;
(5) normal visua field; (6) absence of Attention Deficit Disorder
with Hyperactivity (ADHD) (American Psychiatric Association
1994); and (7) right manual preference (Briggs and Nebes 1975).
Ten children (7 males and 3 females), mean age 12.1 years
(SD=1.74), were classified as dyslexic as their performances in
oral reading of atext, words, and nonwords were 2 SDs below the
norm on age-standardized Italian tests. Variables considered were
speed and accuracy. The group of children with dyslexia showed
both “visual” and “phonological” symptoms (mixed-type dyslex-
ia). The remaining ten children (7 males and 3 females), mean age
11.4 years (SD=1.76), were normal readers. Children of the two
groups were individually matched for age, sex, and 1Q. Table 1
shows descriptive data of the two groups.

Apparatus and procedure

Tests were carried out in a dimly lit room (luminance of
1.5 cd/m?). Participants sat in front of a monitor screen (15 inches
and with a background luminance of 0.5 cd/m?), with their head
positioned on a headrest so that the eye-screen distance was
40 cm. The fixation point consisted of a cross (1.4° of visual an-
gle) appearing at the center of the screen. Two circles (3°) were
presented peripherally (10° of eccentricity), one to the left and one
to the right of the fixation point. A vertical arrow (1.5°) shown
above the circles was used as cue. A dot (0.5°) in the center of one
of the two circles was the target stimulus. Stimuli were white and
had a luminance of 24 cd/m2. Participants were instructed to keep
their eyes fixed on the fixation point throughout the duration of
the trial. Eye movements were monitored by means of a system

composed of infrared-ray spectacles connected with an amplifier,
an analog-digital converter, and a computer. Any eye movement
larger than 1° was detected by the system, and the corresponding
trial was discarded but not replaced.

Each trial started with the onset of the fixation point accompa-
nied by a 1000 Hz warning signal tone. After 500 ms, the two cir-
cles were displayed peripherally, and 500 ms later the cue was
shown for 100 ms. Then, after the 350-ms SOA, the target ap-
peared for 100 msinside one of the two circles. On valid trials, the
target was presented inside the circle indicated by the cue, where-
ason invalid trials the target appeared in the circle on the side op-
posite to that indicated by the cue. At the target onset, participants
were instructed to react as quickly as possible by pressing the
spacebar on the computer keyboard, and RTs were recorded by the
computer. The maximum time allowed to respond was 1s. The in-
ter-trial interval was 1 s. Catch trials, in which the target was not
presented and participants did not have to respond, were intermin-
gled with normal trials. The experimental session consisted of 104
trials divided into two blocks of 52 trials each. Trials were distrib-
uted as follows: 32 valid trials (16 for each side), 8 invalid trias
(4 for each side), and 12 catch trials.

Results

Errors, that is responses on catch trials and missed responses, were
less than 1.8% and were not analyzed. In both experiments, out-
liers were excluded from the data sets before the analyses were
carried out. Outliers were defined as RTs faster than 150 ms or
more than 2.5 standard deviations above the mean. In the present
experiment, this resulted in the removal of approximately 2% of
al observations. Eye movements were about 3% of total trials.
Mean correct RTs were analyzed with athree-way analysis of vari-
ance (ANOVA), in which the two within-subjects factors were cue
condition (valid and invalid) and target position (right visual field
and left visual field), and the between-subjects factor was group
(dyslexic and normally reading children).

The group main effect was close to significance: F(1,18)=
4.261, P=0.054; RTs were faster in normal readers (430 ms) than
in dyslexics (533 ms). The main effect of cue condition was sig-
nificant: F(1,18)=28.745, P<0.001; RTs were faster in valid trias
(443 ms) than in invalid ones (520 ms). The main effect of visual
field was also significant: F(1,18)=5.189, P<0.05. RTs were faster
in the RVF (462 ms) than in the LVF (501 ms).

The cue condition x visual field interaction was significant:
F(1,18)=7.946, P<0.02. The cue effect was greater in the LVF
(115 ms) than in the RVF (41 ms). The cue condition x group in-
teraction was not significant (P>0.8). In contrast, the group x visu-
a field interaction was significant: F(1,18)=6.715, P<0.02, indi-
cating that RTs varied across groups according to the visual fields.
In normal readers, the RT difference between LVF (427 ms) and
RVF (433 ms) was 6 ms; in dyslexics, the RT difference between
LVF (574 ms) and RVF (492 ms) was 82 ms. However, these find-
ings should be interpreted in light of the three-way cue condition x
group x visua field interaction, which was also significant:
F(1,18)=5.451, P<0.05. Planned comparisons showed that on in-
valid trials normally reading children showed slower RTs than on
valid ones in both visual fields (RVF 69 ms, LVF 81 ms, al Ps
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Fig. 1 The cue effect for dyslexics and normal readers in experi-
ment 1. RVF (right visual field) and LVF (left visual field) refer to
the target position

<0.05). Also, in the two conditions, RTs were similar across the
visual fields (all Ps >0.6). Dyslexic children showed a different
RT pattern, in that in the RVF the cue effect was absent (P>0.5),
whereas in the LVF it was highly reliable (149 ms, P<0.001). Fig-
ure 1 shows the effect of the cue condition for target detection in
both visual fieldsin dyslexic and normally reading children.

Discussion

Our results indicate that the peripheral cue was generally able to
elicit an exogenous orienting of attention (e.g., Posner 1980). In
addition, compared with normal readers, dyslexic children were
generally slower in responding to target onset (e.g., Jonkman et al.
1992). Dyslexics also showed an asymmetry between the two vi-
sual fields, with faster RTs in the RVF than in the LVF. Normal
readers did not show such difference. The cue effect in the visual
fields was different in the two groups. In dyslexics, the cue effect
was present in the LVF, but it was absent in the RVF, whereas in
normal readers the cue effect was present in both the LVF and the
RVF.

Spatial attention is generally defined as the cognitive operation
that allows the selection of a particular area where information
processing is facilitated. It has also been suggested that the act of
shifting attention to one side of the visual field facilitates the se-
lection and detection of information on that side, meanwhile caus-
ing inhibition of information processing in the contralateral visual
field (Facoetti 2001; Posner and Rafal 1987). A similar conclusion
was also reached by Cohen et al. (1994), who stated that cueing of
a spatial position results in the activation of the corresponding vi-
sua field and in the active inhibition of the contralateral visual
field.

The pattern found in dyslexics might be interpreted as follows.
Valid trials were similar in both fields because when the cue pro-
vided correct information, the facilitation mechanism was activat-
ed for the corresponding visua field, either to the right or to the

Table 2 Descriptive data on the two groups in experiment 2
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left. On the other hand, the inhibition mechanism of the contralat-
eral visual field occurred only in the LVF. There was no inhibition
in the RVF because invalid trials did not differ from valid ones.
Therefore, responses seemed to be facilitated in the RVF.

In conclusion, it appeared that in dyslexic children suppression
of information in the RVF was absent when a cue was presented in
the opposite visua field. In addition, planned comparisons re-
vealed a close to significance (P=0.08) differential cue effect be-
tween dyslexics and normally reading children in the LVF (see
Fig. 1). This seems to indicate that, in the invalid cue condition,
not only dyslexics show a lack of inhibition in the RVF, but they
also exhibit a stronger inhibition in the LVF. The next experiment
was aimed at investigating whether such differences were present
in the endogenous attention mechanism too. However, given pre-
vious evidence of normal functioning of voluntary orienting in
children with dyslexia (Facoetti et al. 2000b; Jonkman et al.
1992), it is assumed that, in the next experiment, asymmetric
hemispheric control of visual attention is absent or reduced.

Experiment 2

The aim of the present experiment was to explore orienting in dys-
lexic and normally reading children when attention is controlled
endogenously. Given the results of experiment 1, our am was to
verify whether, given a cognitive cue, the two groups of subjects
differed in the ability to orient their attention. This experiment dif-
fered from experiment 1 under two main aspects. First, the cue
was presented on the center of the visual field; second, a 750-ms
SOA was used. It is known that voluntary control of attention
seems to produce a peak of facilitation after 500 ms from cue pre-
sentation (M Uller and Rabbitt 1989; Warner et al. 1990).

Materials and methods
Participants

Participants were 23 children (16 males and 7 females). Inclusion
criteria were the same as in experiment 1. Ten children (7 males
and 3 females, mean age 11.5 years (SD=1.87), were classified as
dyslexic as their performancesin oral reading of atext, words, and
nonwords were 2 SDs below the norm on age-standardized Italian
tests. The group of children with dyslexia showed both “visual”
and “phonological” symptoms (mixed-type dyslexia). The other
13 children (9 males and 4 females, mean age 11.1 years
(SD=1.6), were classified as normal readers. Children of the two
groups were individually matched for age and 1Q. Table 2 reports
descriptive data of the two groups. None of the subjects had par-
ticipated in experiment 1.

Apparatus and procedure

They were the same as in experiment 1, but on valid and invalid
trials the cue was a unidirectional arrow presented centrally
(above the fixation point), pointing to the right or to the left side.
A 750-ms SOA was used.

Age (years) Full IQ (WISC-R) Reading test
Accuracy errors/ Speed time for
200 syllables syllable %
Mean Range Mean Range Mean Range Mean Range
Normal readers 111 8-15 110 94-120 31 1-6 24 16-35
Dyslexics 115 8-15 104 86-112 134 8-23 109 75-193
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Fig. 2 The cue effect for dyslexics and normal readers in experi-
ment 2. RVF (right visual field) and LVF (left visual field) refer to
the target position

Results

Errors, that is responses on catch trials and missed responses, were
less than 2.6% and were not analyzed. The outliers-latency criteri-
on removed less than 1.5% of the data. Eye movements were
about 2% of total trials. Mean correct RTs were analyzed with a
threeeway ANOVA, in which the between-subjects factor was
group (dyslexic children and normally reading children), and the
within-subjects factors were cue condition (valid and invalid) and
target visual field (RVF and LVF).

The group main effect was not significant: F(1,21)=1.774,
P>0.20. The main effect of cue-condition was significant,
F(1,21)=71.318, P<0.001. RTs were faster on valid trials (440 ms)
and slower on invalid ones (500 ms). The main effect of visual
field was not significant: F(1,21)=1.907, P>0.1. The following in-
teractions, cue condition x visua field [F(1,21)=2.867, P>0.1],
cue condition x group [F(2,21)=2.382, P>0.1], and group X visual
field [F(1,21)=2.117, P>0.1], were not significant. However, the
cue condition x group x visual field interaction was significant:
F(2,21)=8.376, P<0.01. Data were further explored by planned
comparisons. As shown in Fig. 2, the cue effect was present in
both groups in both visual fields (all Ps <0.01). However, whereas
in normally reading children valid and invalid trials were similar
in the two visual fields (all Ps >0.6), dyslexics showed a different
RT pattern depending on the cue condition and the visua field.
There was no difference between the LVF and the RVF on valid
trials (P>0.6), whereas on invalid trials RTs were slower in the
LVF than in the RVF (RT difference 42 ms, P<0.001). In addition,
planned comparisons showed that, in the dyslexic children, the cue
effect was significantly greater in the LVF (95 ms) than in the
RVF (49 ms) (P<0.01).

Discussion

As already found in previous studies (e.g., Posner 1980), a central
cognitive cue was effective in eliciting correct orienting of atten-
tion. The effect of the cue in dyslexic children was different in the
two visual fields, whereas normal readers did not show any differ-
ence between the two fields. On invalid trials dyslexics showed
slower RTs in the LVF (550 ms) than in the RVF (508 ms). As
suggested in the discussion of experiment 1, this might indicate a
stronger inhibitory effect in the LVF than in the RVF in the in-
valid-cue condition. In accordance with that, planned comparisons
showed that, in the LVF, the cue effect was significantly greater
for dyslexics (95 ms) than for normal readers (46 ms) (P<0.01).
However, unlike experiment 1, in the RVF endogenous orienting
seemed to be effective in dyslexics, as indicated by the presence of
the cue effect. Like in experiment 1, normally reading children

showed a reliable cue effect in both visual fields, thus providing
evidence for a correct endogenous orienting of attention and no vi-
sual field asymmetry.

General discussion

In the present study, the behaviora correlates (simple
RTs) of the ability to shift attention to both visua fields
were investigated in dyslexic and normally reading chil-
dren. Subjects with normal reading skills showed a sym-
metric visual field ability to orient the focus of attention,
either exogenously or endogenously. On the other hand,
dyslexic children shaved an asymmetric visual-field con-
trol of orienting, which would impair exogenous capture
to agreater extent than endogenous orienting.

An interesting finding is the lack of the cue effect in
the RVF when attention is triggered by a peripheral cue
(experiment 1). We speculated that, when a stimulus was
presented in the LVF, the right brain hemisphere did not
inhibit stimulus processing in the left hemisphere, name-
ly the processing of stimuli presented to the RVF. In fact,
we found no RT differences between valid and invalid
trials in the RVF. By contrast, when the left hemisphere
processed visual information coming from the RVF, it
sent an inhibitory signal to the right hemisphere, as hy-
pothesized on the basis of the cue effect observed in the
LVF. It should be noted that the size of the cue effect in
the LVF of dyslexics was greater than that of normal
readers. This may suggest that dyslexics suppressed in-
formation coming from the LVF to a greater extent than
normal readers. In addition, this increased suppression
could be related to lack of inhibition in the RVF. Usually,
the two brain hemispheres compete by mutual inhibition
to take control of visual information processing in the vi-
sual field (Cohen et al. 1994; Nakamura and Gazzaniga
1978; Seyal et a. 1995). However, a parietal cortex defi-
cit may lead to a decreased inhibitory influence on the
contralateral hemisphere (Ro et a. 1998; Smania et al.
1998). Therefore, when the cue was presented in the
LVF, the left hemisphere was not suppressed by the right
one, causing lack of inhibition for the following target
stimuli presented in the RVF. Likewise, this lack of inhi-
bition from the right hemisphere would fail to compen-
sate the inhibition exerted by the left hemisphere. It fol-
lows that, when the cue was shown in the RVF, the left
hemisphere suppressed the right hemisphere, determin-
ing slower RTsfor the stimuli presented in the LVF.

The results of experiment 2 confirmed the hypothe-
sized right posterior parietal cortex (PPC) dysfunction,
showing slower RTs on invalid trials in the LVF than in
the RVF (Posner et al. 1984, 1987). On the other hand,
the difference between the two visua fields was reduced
when orienting was driven endogenously, as indicated by
the fact that the cue effect was present in the RVF, and it
was comparable to that of normal readers (see Fig. 2).

The main reading problem of dyslexic children ap-
pears to be caused by poor phonological skills (Bradley
and Bryant 1983), but also by frequent visual-perceptual
problems. A promising line of research revealed the



presence of a selective deficit in the processing of visual
information caused by a dysfunction of the M-system
(Stein and Walsh 1997), which, as suggested by Living-
stone and Hubel (1988), encodes the visual information
about location and movement of stimuli. Recent studies
on visual attention pointed out that visual-spatial atten-
tion is dominated by M-system inputs (e.g., Steinman et
al. 1996), which culminate on the PPC (Ungerleider and
Haxby 1994). The PPC is thought to play an important
role in the reading process, since it seems to regulate the
normal control of ocular movements and fixations
(Anderson et al. 1994), the perception of spatial position,
the movement of stimuli (Sagi and Julesz 1985), and the
distribution of visual-spatial attention (Townsend and
Courchesne 1994). Accordingly, damage to this region
determines an acquired reading disorder (Kinsbourne
and Warrington 1962; Shallice and Warrington 1977). In
addition, deficits due to an anomalous functioning of the
PPC are similar to those observed in dyslexia: incorrect
recognition of letter position, reversal of letters, “cock-
tail party” problems, as well as impairment in both
visuo-motor coordination and visuo-verbal association
(Stein and Walsh 1997). Electroencephal ographic and re-
gional cerebral blood flow studies revealed an unusual
pattern of activation in the PPC, which is consistent with
the abnormal activity observed in the parietal cortex of
dyslexic subjects (Duffy et al. 1980; Wood et al. 1991).
To investigate the pathophysiology of dyslexia, Eden et
al. (1996) used functional magnetic resonance imaging
(fMRI) to study visual motion processing in normal and
dyslexic male subjects. In al dyslexics, presentation of
moving stimuli failed to produce the same task-related
functional activation in area V5/MT, which is part of the
M-system localizable to the parietal lobe. In addition to
evidence showing the role of PPC in reading disorders, a
selective attention deficit has long been known to be as-
sociated with reading-disabled individuals. A visual
search task requires a rapid and precise control of atten-
tion to single out a target among many distracters
(Treisman and Souther 1985), and in subjects with dys-
lexia searching for relevant stimuli among distracters it
seems to be particularly defective (Ruddock 1991;
Vidyasagar and Pammer 1999; Williams et al. 1987). A
possible explanation for this deficit might be that dys-
lexics present an altered functioning of the focused at-
tention modality (Facoetti et a. 2000a; Geiger et al.
1994; Williams and Bologna 1985).

The task used in the present experiments is a typical
task engaging orienting functions, which are known to
be mainly controlled by the dorsal stream or M-system,
whose end station is the PPC (Vidyasagar 1999). Specifi-
caly, recent studies have shown that the right parietal
lobe is dominant for selective spatial attention (e.g.,
Chelazzi 1999; Kim et al. 1999). The present results and
our speculations about a right PPC dysfunction are con-
sistent with recent psychophysical evidence suggesting
that dyslexics would suffer from a left-side “mini-ne-
glect” (Hari and Koivikko 1999). Fowler et al. (1991)
and Eden et al. (1993) demonstrated that dyslexic chil-
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dren show poorer visual search performancesin the LVF
than in the RVF. A weakness of the right parietal lobe in
dyslexics has also been suggested by Hari et al. (1999),
who showed a prolonged attentional dwell time in dys-
lexic subjects. Dyslexic children showed an asymmetri-
cal distribution of visual spatial attention using both in-
terference tasks of irrelevant lateral stimuli (Facoetti and
Turatto 2000) and detection stimuli that appeared outside
the attentional focus (Facoetti and Molteni 2001). Also,
Eden et al. (1994) recently proposed that the presence of
oculomotor control abnormalities in dyslexic children
could be due to a dysfunction of the right parietal cortex.
A strong inhibition in the LVF could also hamper rapid
and exact planning of regression saccades (backward
movements from right to left), that is deemed as funda-
mental for fluent and correct reading and which is
known to be altered in children with dyslexia (Morris
and Rayner 1991). Lastly, a study of Schulte-Kérne et al.
(1999; also see Mazzotta and Gallai 1992), with visual
evoked potentials, revealed a visual information process-
ing deficit in the right brain hemisphere (posterior re-
gion).

It is worth noting, however, that experiment 2 showed
a reduction in the orienting deficit, which could be at-
tributed to two main factors. First, in experiment 2 atten-
tion was allocated using a “central” cue and, secondly, in
comparison with experiment 1, subjects had more time
for orienting (350 vs. 750 ms cue-target delays). Al-
though both factors (cue location and SOA) might have
produced different RT patterns between experiments 1
and 2, it should also be mentioned that there is evidence
for different neuroanatomical structures underlying ex-
ogenous and endogenous mechanisms. The former seems
to be mainly controlled by the parietal lobe, whereas the
latter seems to be mainly controlled by the frontal Iobe
(Posner and Petersen 1990). However, a recent study by
Corbetta et al. (2000) suggests that the intra-parietal sul-
cus (IPS) was activated before presentation of the target
stimulus. In fact, IPS was the only region to show sus-
tained activation after the cue presentation, presumably
forcing the subject to attend to the cued location. On the
other hand, it was shown that the temporo-parietal junc-
tion (TPJ) showed no activation during the cue presenta-
tion, whilst activation of the right TPJ was greater during
the target presentation in invalid than during valid trials.

It is interesting to note that findings of the present
study are, however, in line with two other etiological hy-
potheses of developmental dyslexia. The former reflects a
deficit in interhemispheric processing that bears a causal
connection to the reading disorder. Therefore, the present
results provide converging evidence for the interhemi-
spheric dysfunction hypothesis of dyslexia that was first
advanced by Hynd et al. (1979). A magnetic resonance
imaging (MRI) study which revealed a significantly
smaller corpus callosum in agroup of dyslexic childrenis
consistent with this conclusion (Hynd et a. 1995). In ad-
dition, the RTs of the callosotomized subject showed a
left-right gradient for both cue and target locations, being
longest for the leftmost location and shortest for the right
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locations. The rightward bias could be attributed to the
callosal interhemispheric disconnection rather than to the
right parietal dysfunction (Berlucchi et al. 1997).

In contrast, the other hypothesis refers to the cerebel-
lar deficit hypothesis, which is now held to be one of the
main causal theories of developmental dyslexia. The cer-
ebellum may be specially designed for accurate timing of
events, concerning not only movements, but also certain
cognitive tasks. Recent evidence suggests that the cere-
bellum isinvolved in learning of the automaticity, not on-
ly in motor skills, but aso in language and cognitive
skills via the rich interconnections in the brain (for a re-
view, see Nicolson and Fawcett 1999). Indeed, Townsend
et a. (1999) present evidence of slowed covert orienting
of visual spatial attention in patients with developmental
and acquired cerebellar abnormality. Patients with cere-
bellar dysfunction showed little evidence of having ori-
ented the attentional focus within 100 ms, but did show
the effects of attention orienting after 800-1200 ms.
These data suggest that damage to the cerebellum dis-
rupts the spatial encoding of a location for an attentional
shift. Consistent with the cerebellar deficit hypothesis,
Facoetti et a. (2000b) showed that dyslexic children have
a specific disability in the shifting of visual attention
caused by a spatial cue at shorter cue-target delays. In ad-
dition, the cerebellum is biochemically asymmetric in
dyslexic men, indicating altered development of this or-
gan (Rae et al. 1998). Other results provided direct evi-
dence that, in dyslexic adults, the behavioral signs of cer-
ebellar abnormality reflect underlying abnormalities most
inright cerebellar activation (Nicolson et al. 1999).

What is the relation between our findings
and developmental dyslexia?

Detection of a letter within a word or a word within a
text seems to require a precise control of the size of the
attentional focus to exclude irrelevant information
(LaBerge and Brown 1989). An excessive inhibition of
LVF stimuli (Ieft inattention), concomitant with alack of
inhibition of RVF stimuli (right over-distractibility) may
influence the decoding process of words either by an
anomalous suppression of letters in the left side of a
string, or by a difficulty in the inhibition of distracting
peripheral stimuli coming from the RVF, which corre-
sponds to the direction of reading. The present study
might suggest some explanations for the frequent visuo-
perceptual problems found in developmental dyslexia
like, for instance, anticipation of letters, frequent errors
in word endings, wrong position of letters within aword,
hesitations, pauses, and slowness during reading. An in-
creased distractibility in the RVF together with mild inat-
tention for stimuli in the LVF may indirectly explain, via
the oculomotor control system, movement, deformation,
and overlapping phenomena of letters and/or words re-
ported by children with dyslexia. The involvement of vi-
sual spatial attention in reading disorders has been clear-
ly pointed out by Stein and Walsh (1997).
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