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Emerging evidence suggests that visuospatial attention
plays an important role in reading among Chinese
children with dyslexia. Additionally, numerous studies
have shown that Chinese children with dyslexia have
deficits in their visuospatial attention orienting;
however, the visual attention engagement deficits in
Chinese children with dyslexia remain unclear.
Therefore, we used a visual attention masking (AM)
paradigm to characterize the spatiotemporal distribution
of visual attention engagement in Chinese children with
dyslexia. AM refers to impaired identification of the first
(S1) of two rapidly sequentially presented mask objects.
In the present study, S1 was always centrally displayed,
whereas the spatial position of S2 (left, middle, or right)
and the S1–S2 interval were manipulated. The results
revealed a specific temporal deficit of visual attentional
masking in Chinese children with dyslexia. The mean
accuracy rate for developmental dyslexia (DD) in the
middle spatial position was significantly lower than that
in the left spatial position at a stimulus onset asynchrony

(SOA) of 140 ms, compared with chronological age (CA).
Moreover, we further observed spatial deficits of visual
attentional masking in the three different spatial
positions. Specifically, in the middle spatial position, the
AM effect of DD was significantly larger for the 140-ms
SOA than for the 250-ms and 600-ms SOA compared
with CA. Our results suggest that Chinese children with
dyslexia are significantly impaired in visual attentional
engagement and that spatiotemporal visual attentional
engagement may play a special role in Chinese reading.

Introduction
Developmental dyslexia (DD), which is characterized

by difficulties with accurate or fluent word recognition
and spelling despite adequate instruction intelligence
and sensory abilities, is considered the most common
neurodevelopmental disorder (Gori & Facoetti, 2015;
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Lyon, Shaywitz, & Shaywitz, 2003; Shaywitz &
Shaywitz, 2005). In recent years, a large number of
studies have suggested that a visuospatial attention
deficit may be a more basic cognitive factor leading
to dyslexia (Brannan & Williams, 1987; Facoetti,
Paganoni, Turatto, Marzola, & Mascetti, 2000; Fu,
Zhao, Ding, & Wang, 2019; Krause, 2015; Vidyasagar
& Pammer, 2010). As compared to alphabetic writing
systems, numerous studies have indicated impairment
of visuospatial attention for reading among Chinese
children with dyslexia (Ding et al., 2016; Liu, Liu, Pan,
& Xu, 2018; Liu, Xu, & Liu, 2023; McBride-Chang,
Chow, Zhong, Burgess, & Hayward, 2005). However,
the visual engagement deficit in Chinese children with
dyslexia remains unclear. Therefore, this study aimed to
verify whether there is a deficit in the spatiotemporal
distribution of attentional engagement in Chinese
children with dyslexia.

Numerous studies have shown that visual attentional
shifting deficits have been repeatedly described in DD
(Facoetti et al., 2000; Hari, Renvall, & Tanskanen,
2001; Vidyasagar & Pammer, 2010). It has also been
shown that attentional shifting improves perception
in several visual tasks by intensifying the signal and
enhancing spatial resolution, as well as diminishing
the noise effect outside the focus of attention (Boyer
& Ro, 2007; Carrasco, Williams, & Yeshurum, 2002;
Dosher & Lu, 2000). Therefore, attentional shifting
can be considered to be the result of a processing
resource engagement mechanism on the relevant object
and a subsequent disengagement mechanism from
the processing object to the next one. Additionally,
children with DD are specifically impaired with regard
to rapid engagement of their attention, indicating
that both abnormal temporal attention (Ruffino et al.,
2010) and spatial attention are probably supported by
common attentional mechanisms (Enns & Di Lollo,
2000). Spatiotemporal visual attentional shifting has a
significant impact on Chinese reading.

In comparison with alphabetic orthographies,
visuospatial attention shifting may be particularly
important for reading among Chinese children (Li
& Bi, 2022; Liu, Chen, & Chung, 2015; Liu, Chen,
& Wang, 2016; McBride-Chang et al., 2011). The
basic units of Chinese characters are comprised of
multiple strokes, radicals, components, and structures
situated within a two-dimensional space (Yeh & Li,
2002), such that reading these Chinese characters is a
highly complex process. Moreover, individual words
in Chinese are comprised of one or more characters,
with approximately 70% consisting of two characters,
20% consisting of a single character, and the remainder
consisting of three or four characters (Yu, Zhang,
Priest, Reichle, & Sheridan, 2018). The process of
reading Chinese involves both accurate and rapid
visual engagement and subsequent disengagement
of attention on each character and requires that

children identify and predict word-initial segments and
spatiotemporal shifts of visual attention. This inefficient
spatiotemporal distribution of attention engagement
might selectively impair the word-initial segments
and character decoding. Therefore, visual attention
engagement might play an important role in the
mechanism of the visual import of word segmentation
in the reading of logographic writing systems. However,
the primary interest in the present study was to examine
spatiotemporal shifts of visual attention in Chinese
children with dyslexia.

An increasing number of studies have indicated
that children with dyslexia exhibit dysfunction in
the processing of visuospatial attention (Facoetti,
Lorusso, Cattaneo, Galli, & Molteni, 2005; Facoetti
et al., 2000; Facoetti et al., 2003b; Facoetti, Lorusso,
Paganoni, Umiltà, & Mascetti, 2003c; Franceschini
et al., 2022; Ruffino, Gori, Boccardi, Molteni, &
Facoetti, 2014), suggesting that children with dyslexia
have a specific disability in the disengagement of
visuospatial attention. Moreover, evidence from
longitudinal studies and training intervention has
further confirmed the causal relationship between
visuospatial attention deficits and reading acquisition
(Bertoni et al., 2021; Franceschini, Gori, Ruffino,
Pedrolli, & Facoetti, 2012; Franceschini et al., 2013).
This attentional impairment may be a consequence
of general magnocellular deficits (Stein & Walsh,
1997; Vidyasagar, & Pammer, 2010). Recently, Bertoni,
Franceschini, Campana, and Facoetti (2023) showed
a direct neural connectivity between the posterior
parietal cortex, controlling visuospatial attention,
and the ventral stream for visual word recognition.
Additionally, subsequent studies have also found
deficits in attention engagement in children with
dyslexia. For example, a number of behavioral studies
have used attentional masking (AM) and attentional
blink (AB) to examine the visual engagement and
disengagement of non–spatial attention, revealing a
specific temporal deficit of AM and AB in children
with dyslexia. This attentional engagement deficit
might also be a contributing factor in children’s
language impairments (Dispaldr et al., 2013; Facoetti,
Ruffino, Peru, Paganoni, & Chelazzi, 2008). Further
research using the same paradigms to examine the
spatiotemporal distribution of attentional engagement
in children with dyslexia showed greater AM at the
shortest S1–S2 interval (where S1 is a rapidly presented,
centrally displayed mask object and S2 is a rapidly
presented mask object displayed left, middle, or right)
and a sluggish AM recovery at the longest S1–S2
interval, as well as an abnormal lateral AM (Ruffino
et al., 2010). Recently, Bertoni et al. (2024) indicated
that multisensory attentional training positively affects
how phonemic awareness develops in pre-readers at risk
for DD. In the above studies, the result clearly suggests
sluggish disengagement and engagement of visuospatial
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and visuotemporal attention in children with alphabetic
dyslexia.

Similar to reading in alphabetic writing systems,
emerging evidence supports an association between
visuospatial attention and reading in Chinese children
with dyslexia (Liu & Liu, 2020; Liu et al., 2016; Liu
et al., 2018; Liu et al., 2023). Several behavioral studies
have adopted the cue–target paradigm and indicated
that Chinese individuals with dyslexia exhibit inhibition
of return (IOR) in overt but not covert attentional
tasks (Ding et al., 2016; Fu et al., 2019). Additionally,
Chinese individuals with dyslexia exhibited no cuing
effect in cue–target tasks when the stimulus onset
synchronies (SOAs) were set to 100 ms. Also, compared
with the children’s chronological age (CA), the DD
group presented an impaired facilitation effect similar
to the same reading level (RL) group controls when
the SOAs were 100 and 350 ms, suggesting that the
impaired facilitation effect in Chinese children with
dyslexia is due to development delay (Duan, Wang, Li,
Ma, & Zhou, 2023). More recently, some researchers
have found that poor readers show impairment in the
endogenous orienting of visuospatial attention, and
Chinese reading is associated with goal-directed but
not stimulus-driven visuospatial attention (Liu et al.,
2018). An event-related potential study reported that
Chinese children with dyslexia showed a low amplitude
and long latency of P1 in the high temporal frequency
and low spatial frequency conditions compared with
age-matched children, suggesting that Chinese children
with dyslexia have difficulties with both temporal and
spatial processing in the M pathway (Meng, Liu, &
Bi, 2022). In a functional magnetic resonance imaging
(fMRI) study, Liu, Qian, and Bi (2022) investigated
the brain activation of Chinese children with dyslexia
and their CA when they observed coherent motion
stimuli. They found that the children were deficient
in activation of the left V5/MT, and the activity
of the magnocellular–dorsal pathway was closely
related to orthographic awareness in Chinese students
(Liu et al., 2022). However, such studies have not
examined the attentional engagement deficits in visual
attentional orienting in Chinese children with dyslexia.
Additionally, it has been reported that children with
dyslexia are impaired in the detection of brief visual
signals rapidly followed by noise (Di Lollo, Hanson,
& McIntyre, 1983; Visser, Boden, & Giaschi, 2004).
Both temporal and spatial visual attention processing
windows in which noise interferes with the signal,
appear to be broader in children with dyslexia (Facoetti
et al., 2008; Ruffino et al., 2010). Subsequent studies
have indicated that the noise exclusion hypothesis is
relevant to Chinese children with dyslexia (Ji & Bi,
2020). Therefore, it is necessary to investigate the
temporal and spatial attention processing abilities
of Chinese children with dyslexia using the same
paradigm.

The present study aimed to investigate visual
attentional engagement deficits in Chinese children
with and without dyslexia. To this end, we adopted an
AM task in which a target that requires a detection
response to be completed before identifying the first of
two sequentially presented masked objects (S1 and S2).
In the experiment, S1 was always centrally displayed,
whereas the locations of the S2 and the S1–S2 intervals
were manipulated. Regarding the spatiotemporal
distribution of visual attentional engagement, we
hypothesized that there would be differences in the
visual attention masking effects between DD and CA at
different SOAs and spatial positions in Chinese children
with dyslexia.

Methods

Participants

A total of 22 children were recruited from among
332 fourth-grade students in a local elementary school.
To screen the children for dyslexia, we employed the
Raven’s Standard Progressive Matrices (Raven, Raven,
& Court, 1998) with local norms established by Zhang
and Wang (1985) and the Character Recognition
Measure and Assessment Scale for Primary School
Children, which has been widely used for screening
Mandarin-speaking Chinese children for dyslexia (Ding
et al., 2016; Meng et al., 2022; Shu, McBride-Chang,
Wu, & Liu, 2006; Yang, Cai, Liu, & Liu, 2023).
The screening for DD in Chinese children included
the following criteria: (1) children with dyslexia
demonstrated reading achievement scores of at least
1.5 years below their corresponding age; (2) children
with dyslexia had normal intelligence performance;
and (3) children with dyslexia had reading scores
below the 25th percentile of all children in the same
class, as assessed by school-based Chinese language
examinations (Liu & Liu, 2020; Liu et al., 2018;
Meng et al., 2022). A total of 11 Chinese children
with DD and 11 normally developing children of
the same CA were included in the final sample. All
participants were native Chinese speakers with normal
or corrected-to-normal vision. None of the participants
had attention-deficit/hyperactivity disorder. Our
study was approved by the local ethics committee of
Northwest Normal University, and written informed
consent was obtained from the parents or teachers of
each participant prior to the child’s participation in the
study.

An analysis revealed that the two groups differed
significantly in their Chinese character recognition
measures, t(20) = 16.52, p < 0.05, Cohen’s d = 7.04, as
that the DD group scored significantly lower than the
CA group. However, there was no significant difference
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Figure 1. Schematic representation of the display used in the spatiotemporal distribution of visual attentional engagement (Dispaldro
et al., 2013). (A) Schematic description of a trial that measured visual attention engagement in a single-task condition. Each trial
started with a fixation point. The mask was presented for variable and randomized time intervals (175 ms or 225 ms) followed by the
target (duration, 100 ms) and post-mask (duration, 500 ms), which were then replaced by a blank screen (duration, 400 ms). Subjects
were instructed to identify the object stimuli displayed on the screen. (B) Schematic description of a trial for measuring the visual
attention engagement in a dual-task condition. Each trial started with onset of the fixation point, followed by a variable and
randomized time interval mask. S1 was presented at the central location and replaced by the post-mask. Then, S2 was displayed for
100 ms after a variable time interval, followed by the post-mask displayed for 500 ms. Subjects were instructed to identify the object
S1 by choosing among the four possible object stimuli.

in performance on the age and non-verbal intelligence
test, t(20) = −0.132, p > 0.05, Cohen’s d = 0.06; t(20)
=1.71, p > 0.05, Cohen’s d = 0.73, indicating that
there were no differences in the age and non-verbal
intelligence test between the DD and CA groups.

Apparatus and stimuli

This study adopted the AM task (Dispaldro et al.,
2013; Facoetti et al., 2008; Ruffino et al., 2010) to
examine visual attention engagement. The fixation
mark was a cross presented at the center of the screen
(1° visual angle). Three black rectangular blocks (1.6° ×
2.7°), which served as a pre-mask, were first displayed
centrally and laterally to the fixation mark (a distance of
1° visual angle). Two successive non-verbal objects (S1
and S2) were obtained by removing three line segments
from a figure-eight shape (1.6° × 2.7°) comprised of
seven line segments, each followed by a post-mark. Four
objects were used (Dispaldro et al., 2013). Participants

viewed the sequence of stimuli binocularly. E-Prime 2.0
software was used to present the stimuli (displayed on a
17-inch monitor, 1024 × 768 at 60 Hz) and record the
responses.

Procedures

The experiment was conducted in a quiet room, and
the experimental tasks were completed independently.
All experimental stimuli were presented 40 cm from the
computer screen on a gray background. Participants
were instructed to keep their eyes on the fixation mark
throughout the entire duration of the trial.

In order to control the visual perception of a single
object (S1) in the single task condition, the mask was
presented at variable and randomized time intervals
(175 ms and 225 ms), followed by the target (duration,
100 ms) and the post-mask (duration, 500 ms), and was
replaced by a blank (duration, 400 ms). Participants
had to identify the object and choose from among four
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possible object stimuli displayed on the screen. They
were instructed to respond as accurately as possible
to the onset of the object by pressing a spacebar on
a computer keyboard. No feedback was provided.
The experimental session consisted of 16 trials (four
trials for each figure-eight). Participants underwent
eight practice trials followed by formal experiments
(Figure 1A).

To measure the time course of temporal attention,
we recorded the children’s accuracy in identifying the
first object of two sequentially masked objects. In the
dual-task condition, each trial began with the onset
of the fixation point. After 1000 ms, the mask was
presented for a variable and randomized time interval
(175 ms or 225 ms) to maintain the participants’
alertness. S1 was presented for a duration of 100 ms at
the central location and was replaced by a post-mask.
S2 was then displayed for 100 ms after a variable time
interval (i.e., 40, 150, or 500 ms) and was immediately
replaced by the post-mask displayed for 500 ms. S1
and S2 were randomly selected (with replacements)
from among the four possible symbols. At the end
of the trial, participants were required to identify the
object (S1) by choosing among the four possible object
stimuli displayed on the screen. These four objects
then appeared on the screen immediately after the
blank (duration, 400 ms). AM refers to an impaired
identification of the first (S1) of two sequentially
presented mask objects. In order to conveniently
record the mean accuracy rate of the first objects for
participants, each participant was instructed to use
the spacebar on a computer keyboard at all times and
to identify the object as accurately as possible at its
onset. No feedback was provided. The experimental
session consisted of 63 trials divided into three blocks
of 21 trials each, including seven middle-, seven left-,
and seven right-location trials. Participants underwent
12 practice trials followed by the formal experiments
(Figure 1B).

Results

Outliers were excluded from the datasets before
analyses were carried out. In the present experiment, the
mean response times of four subjects were regarded as
outliers because they did not complete all experimental
tasks carefully according to the instruction. This study
examined the ability to recognize a figure-eight shape
under single-task conditions for the DD and CA groups
using a single task as the baseline condition. The mean
accuracy rate of SI identification under the single-task
condition was computed using an independent-sample
t-test. The results showed that the differences were
statistically significant for the DD and CA groups; the
accuracy rate of the DD group was significantly lower

than that of the CA group, t(16) = −2.27, p < 0.05,
Cohen’s d = 1.02. This was due to differences in the
mean accuracy rates of SI identification between the
DD and CA groups under the single-task condition.
Based on prior research (Dispaldro et al., 2013), to
obtain a general index of the attentional engagement
deficit and to control for any effects attributed to
perceptual masking, the S2I (S2I refers to the masked
effect was removed by subtracting the AM effect
from the accuracy scores in the single-task condition)
was calculated under the dual-task condition. Table
1 presents the group differences in the single- and
dual-task conditions.

We adopted a repeated-measures analysis of variance
(ANOVA) on the mean accuracy rate of S2I with
SOAs (140 and 250 ms vs. 600 ms) and spatial position
(left, middle, or right) as within-subject variables and
group (DD vs. CA) as a between-subject variable. The
results showed that the SOA main effect was significant,
F(1, 32) = 5.05, p < 0.05, η2 = 0.24; that is, the mean
accuracy rate for 140 ms was significantly lower than
that for 250 ms and 600 ms. The main effect of spatial
position was significant, F(1, 32) = 7.94, p < 0.05, η2 =
0.33, and the mean accuracy rate in the middle position
was significantly smaller than in the left position, but
there was no significant difference between the middle
and right positions. In addition, the group main effect
was not significant, F(1, 16) = 0.55, p > 0.05, η2 =
0.03. More importantly, the interaction between SOA
and spatial position was significant, F(4, 64) = 2.87,
p < 0.05, η2 = 0.15, indicating a significant difference
in spatial position for the SOA of 140 ms, F(2, 34) =
7.32, p < 0.05, but there was no significant difference in
spatial position for the SOAs of 250 ms or 600 ms (p >
0.05). It is noteworthy that the interaction among SOA,
spatial position, and group was significant, F(4, 64) =
2.57, p < 0.05, η2 = 0.14.

For DD, there was a significant difference in the mean
accuracy rate of the spatial position variable only for
the SOA of 140 ms, F(2, 18) = 6.70, p < 0.05. Further
analysis indicated that the mean accuracy rate of DD in
the middle position was significantly lower than that in
the left position, but there was no significant difference
compared to the right position. Figure 2A presents the
results. For CA, there was no significant difference in
the mean accuracy rate of the spatial position variables
for the SOAs of 140, 250, and 600 ms (p > 0.05)
(Figure 2B). The research results indicate differences in
the visual attention masking effects between DD and
CA at different SOAs and spatial positions.

To comprehensively analyze the effects of the three
different spatial positions on the visual attention
engagement of the CA and DD, we adopted a
repeated-measures ANOVA with SOA (140 and 250 ms
vs. 600 ms) as the within-subject variable and group
(DD and CA) as the between-subject variable. In the
left position, the main effect of SOA was not significant,
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Figure 2. (A) Mean accuracy rate interference (S2I) for the
different spatiotemporal distributions of visual attentional
engagement for the DD group. S2I is plotted as a function of
different temporal interval and spatial position conditions for
Chinese children with dyslexia. Error bars depict standard errors
of the means. (B) S2I in the different spatiotemporal
distributions of visual attentional engagement for the CA group.
S2I is plotted as a function of different temporal interval and
spatial position conditions for CA. Error bars depict standard
errors of the means.

F(2, 32) = 0.29, p > 0.05, η2 = 0.018, nor was the main
effect of group, F(1, 16) = 1.67, p > 0.05, η2 = 0.095.
Moreover, the interaction between SOA and group was
not significant, F(2, 32) = 0.58, p > 0.05, η2 = 0.035.
Meanwhile, in the right position, the main effect of
SOA and group was not significant, F(2, 32) = 1.64, p
> 0.05, η2 = 0.093; F(1, 16) = 0.189, p > 0.05, η2 =
0.012, and the interaction between SOA and group was
not significant, F(2, 32) = 2.778, p > 0.05, η2 = 0.148.

More importantly, in the middle position, there
was a significant main effect of SOA, F(2, 32)
=10.63, p < 0.05, η2 = 0.399, reflecting larger AM
effects for the 140-ms condition than the 250-ms and
600-ms conditions. The main effect of group was not
significant, F(1,16) = 0.096, p > 0.05, η2 = 0.006, but
the interaction between SOA and group was significant,
F(2, 32) = 4.68, p < 0.05, η2 = 0.227, reflecting that the
AM effect for the three different SOAs varied across
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Figure 3. Mean accuracy rates for the different spatiotemporal distributions of visual attentional engagement for the DD and CA
groups. The mean accuracy rates are plotted as a function of the different temporal interval and spatial position conditions for the
different groups. Error bars depict standard errors of the means

groups. Specifically, for the DD group, SOA showed a
significant effect on the AM effect, F(2, 32) = 16.37, p
< 0.05, indicating that the AM effect was significantly
larger for the 140-ms SOA than the 250-ms and 600-ms
SOAs. In contrast, for the CA group, SOA had no
significant effect on the AM effect, F(2, 32) = 0.69,
p > 0.05 (Figure 3).

Discussion

The present study adopted the AM paradigm to
investigate visual attentional engagement in Chinese
children with dyslexia with a particular focus on the
spatiotemporal distribution of attentional engagement
deficits. In the baseline condition, the results showed
that the differences were statistically significant for
the DD and CA groups and that the mean accuracy
rate of DD group was significantly lower than the CA
group. More importantly, in the dual-task condition,
there was a significant difference in the mean accuracy
rate only for the 40-ms SOA. Specifically, the mean
accuracy rate of the DD group in the middle position
was significantly lower than that in the left position,
but there was no significant difference compared to
the right position. For the CA group, there was no
significant difference in the mean accuracy rate of the
spatial position among the different SOAs. Moreover,
for the DD group, compared with the left and right
positions, the AM effect was significantly larger in the
140-ms SOA than the 250-ms and 600 ms SOAs in

the middle position. However, SOA had no significant
effect on the effect of AM for the CA group. These
results suggest that Chinese children with dyslexia are
significantly impaired in visual attentional engagement
and that spatiotemporal visual attentional engagement
plays a special role in Chinese reading.

In the present study, we found that there were
differences in visual attention masking effects
between the DD and CA groups at different SOAs
and spatial positions. This suggests that Chinese
children with dyslexia might have a deficit in visual
attentional engagement, especially in the spatiotemporal
distribution of visual attentional engagement. As
a logographic language, Chinese requires high
visuospatial attentional engagement. This may be
because Chinese characters are composed of multiple
strokes or radicals within a two-dimensional space.
Moreover, there are no word boundaries in Chinese
texts, and effective temporal attention may help Chinese
readers identify words or sentences in passage reading
(Liu et al., 2015; Liu et al., 2016). Researchers have
found a higher correlation between pure visual skills
and word recognition in Chinese as compared with
alphabetic orthographies (Ho & Bryant, 1999; Huang &
Hanley, 1997; Mann, 1985). For Chinese reading, word
recognition requires abstracting away from variations
in size, font, and style. Doing so may be more difficult
if visual processing is hampered by deficits in noise
exclusion (Ji & Bi, 2020). Previous studies have found
that children with dyslexia show larger AM at the
shortest S1–S2 interval. In addition, specific language
impairments lead to sluggish engagement in temporal
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attention (Dispaldro et al., 2013). Consistent with
previous findings, the visual attention engagement
deficits found in this study are particularly important
with regard to reading by Chinese children with dyslexia
compared with CA.

More importantly, we observed that the mean
accuracy rate of the DD group in the middle position
was significantly lower than that in the left position,
but there was no significant difference between the
middle and right positions, suggesting that Chinese
children with dyslexia might have a deficit in attentional
engagement of visual processing, particularly in
spatiovisual attentional engagement. This finding
is consistent with those of the related research
results (Dispaldro et al., 2013; Ruffino et al., 2010).
Moreover, converging evidence indicates an asymmetric
distribution of visual attention between the left and
right visual fields in children with dyslexia. For example,
Hari et al. (2001) provided evidence that adults with
dyslexia have a left visual field “mini-neglect” for stimuli.
Facoetti and Turatto (2000) used a flanker task and
found that individuals with dyslexia exhibit a reduced
flanker effect in the left visual field. These results
provide further support for the hypothesis of left-sided
mini-neglect in individuals with dyslexia (Facoetti &
Turatto, 2000). A large body of neuropsychological
research indicates that the ventral regions of the
right frontoparietal circuit are the cortical regions
controlling multisensory attentional engagement in
humans (Battelli, Pascual-Leone, & Cavanagh, 2007;
Corbetta & Shulman, 2011). Several fMRI studies have
shown predominantly right frontoparietal activation
associated with the engagement of temporal attention
(Giesbrecht & Kingstone, 2004; Marois, Chun, &
Gore, 2000). Impaired processing of spatiotemporal
multisensory attention engagement in children with
dyslexia could be closely related with a dysfunction
of the right inferior parietal cortex. In the present
study, we also provide evidence of impaired attentional
engagement of the left visual field in Chinese children
with dyslexia.

Based on a comprehensive analysis, we also observed
that Chinese children with dyslexia had larger AM than
CA at the shortest S1–S2 interval, suggesting that their
temporal selection of visual attentional engagement is
inefficient. These results are in agreement with those
of previous studies demonstrating that children with
dyslexia have a specific impairment in visual attentional
disengagement at shorter SOAs, but no significant cue
effect in the cue–target paradigm compared to CA
and adults (Facoetti et al., 2000; Facoetti et al., 2003a;
Facoetti et al., 2005; Ruffino et al., 2014). This attention
shifting can be considered to be the result of both
engagement of processing resources onto the currently
relevant target and disengagement of processing
resources from the previously relevant target. When two
visual stimuli are successively presented, they compete

for the processing of attentional resources (Keysers
& Perrett, 2002). Specifically, when the SOA between
targets is short, S2 is often the first to be identified, but,
as the SOAs increase, S1 is increasingly likely to be the
first to be identified (Potter, Staub, & O’Connor, 2002).
Therefore, S2 rapidly attracts the attentional processing
resources, but, in the first perceptual stage, attentional
engagement is labile.

At present, few studies have been conducted on
visuospatial attention orienting in Chinese children
with dyslexia. Duan et al. (2023) used the cue–target
paradigm and reported that the impaired facilitation
effect in Chinese children with dyslexia was due to
developmental delay. Thus, it was suggested that
Chinese children with dyslexia cannot shift and orient
their attentional resources effectively at shorter SOAs
over the time course of visual attentional engagement.
A number of empirical studies have indicated that
Chinese individuals with dyslexia have deficits in visual
magnocellular pathway processing (Meng et al., 2022;
Qian & Bi, 2014). Further studies have indicated that
functioning of the magnocellular–dorsal pathway and
the phonological awareness of children with dyslexia
were improved to normal levels after intervention,
whereas without intervention children with dyslexia
saw no improvement, suggesting that magnocellular
deficit might be the core deficit of Chinese children with
dyslexia (Qian & Bi, 2015).

Additionally, in this study we considered the S1
identification mean accuracy rate under a single task
as the baseline condition. Our results show that the
S1 identification mean accuracy rate was significantly
different between the DD and CA groups. Specifically,
the DD group scored significantly lower than the CA
group, suggesting that excessive visual crowding is often
associated with dyslexia.

Crowding is defined as difficulty in recognizing
objects surrounded by similar items (Gori & Facoetti,
2015). To date, several studies have suggested that
children with dyslexia suffer from crowding more
than CA readers do (Bouma & Legein, 1977; Callens,
Whitney, Tops, & Brysbaert, 2013;Martelli, Di, Spinelli,
& Zoccolotti, 2009; Moll & Jones, 2013). Two theories
have been proposed to explain this phenomenon. One
argues that visual crowding could be the result of a
limited resolution of spatial attention (Intriligator
& Cavanagh, 2001; Strasburger, 2005; Yeshurun &
Rashal, 2010). The other theory suggests that visual
crowding usually occurs in the time domain (Whitney &
Levi, 2011), and that the effects of spatial crowding are
correlated with those of temporal crowding (Bonneh,
Sagi, & Polat, 2007). The results of the present
study support the proposal that spatiotemporal and
attentional mechanisms are involved in visual crowding.

Another possible reason for the S1 identification
mean accuracy rates differing between the DD and
CA groups might be the perceptual noise exclusion
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deficit in dyslexia (Sperling, Lu, Manis, & Seidenberg,
2005). This hypothesis describes an impaired ability to
filter out visual perceptual noise to distinguish relevant
sensory signals from irrelevant ones. A recent study by
Ji and Bi (2020) reported that Chinese children with
dyslexia showed poorer performance than controls in
only the high-noise condition, no matter what kind of
stimuli types and tasks they processed. These results
suggest that Chinese children with dyslexia have a noise
exclusion deficit, and the present study supports this
perceptual noise exclusion hypothesis.

In summary, we systematically manipulated a visual
attention masking task to investigate the impact
of spatiotemporal distribution on visual attention
engagement in Chinese children with dyslexia. The
findings of the present study contribute to the literature
on visuospatial attention disengagement and visual
attention engagement in Chinese children with dyslexia.
The present investigation did have some limitations that
should be addressed in future research. First, in order
to control the visual perceptual abilities of a single
object (S1) in the single-task condition, the participants
had to identify the object and choose from among four
possible experimental stimuli displayed on the screen.
Therefore, the familiarity effect of identifying the object
(S1) in the single-task condition might have influenced
the mean accuracy rate in the dual-task condition.
Second, a possible reason why the presentation of a
second object improved recognition of the first in the
dual-task condition might be the lower level of difficulty
of the experimental stimuli. The participants were
required to identify the object (S1) by choosing among
the four possible experimental stimuli displayed on the
screen. This could have resulted in a possible ceiling
effect in the dual-task condition for the DD and CA
groups, so future studies will use more complex tasks.
Third, to date, there still is almost no direct evidence of
a deficit in visual attention engagement in DD. In the
future, this issue could be resolved using more accurate
neurophysiological measurements.

Keywords: developmental dyslexia, visual attention
engagement, visual attentional masking, chinese reading
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