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Mathematical learning difficulties (MLD) refer to a variety of deficits in math skills,
typically pertaining to the domains of arithmetic and problem solving. The present
study examined the time course of attentional orienting in MLD children with a spatial
cueing task, by parametrically manipulating the cue-target onset asynchrony (CTOA).
The results of Experiment 1 revealed that, in contrast to typical developing children,
the inhibitory aftereffect of attentional orienting – frequently referred to as inhibition of
return (IOR) – was not observed in the MLD children, even at the longest CTOA tested
(800 ms). However, robust early facilitation effects were observed in the MLD children,
suggesting that they have difficulties in attentional disengagement rather than attentional
engagement. In a second experiment, a secondary cue was introduced to the cueing
task to encourage attentional disengagement and IOR effects were observed in the
MLD children. Taken together, the present experiments indicate that MLD children are
sluggish in disengaging spatial attention.

Keywords: attention, mathematical learning difficulty, inhibition of return, Posner cueing task, attentional
disengagement

INTRODUCTION

As a milestone in cognitive development, most children acquire the ability of solving arithmetic
and other mathematical problems in just a few years of formal education (Geary, 1996). About
6–14% of children,1 however, suffer from mathematical learning difficulties (MLD) that emerge
despite of adequate intelligence, learning opportunities, and a normal sociocultural environment
(Barbaresi et al., 2005). Previous studies have shown that individuals with MLD have deficits
in visuospatial working memory (e.g., McLean and Hitch, 1999; Swanson and Sachse-Lee, 2001;
Jarvis and Gathercole, 2003; Holmes and Adams, 2006; Bull et al., 2008) and executive functions,
such as inhibition, transition, and updating (e.g., Bull and Scerif, 2001; Ashkenazi et al., 2009;
Toll et al., 2011). The deficit in executive functions in MLD children, especially the inability of
inhibiting task irrelevant information, is in line with the well-known fact that many MLD children
display behaviors consistent with a diagnosis of attention deficit hyperactivity disorder (ADHD, e.g.,
Shalev et al., 1995). For the alerting, orienting, and executive control components of the attentional

1The prevalence of MLD reported in the literature depends highly on the screening criteria adopted by the researchers.
For instance, Geary (2004) gave an estimation of 5–8%, whereas the number given by Lewis et al. (1994) was much lower,
only 3.6%.
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network (Fan et al., 2003), it has been shown that MLD children
have deficits in both alerting and executive control, but not in
exogenous orienting (Ashkenazi and Henik, 2010). Furthermore,
recent functional neuroimaging studies have revealed that, when
performing math tasks, children with mathematical difficulties
have reduced activation in the intra-parietal cortex (IPS), a node
of the attentional network that is critical to orienting (e.g., Kucian
et al., 2006; Mussolin et al., 2010; see Corbetta and Shulman, 2002,
for an in-depth discussion). On a related note, a large portion
of the MLD population have comorbid reading difficulties (e.g.,
Lewis et al., 1994; Barbaresi et al., 2005; von Aster and Shalev,
2007), a disorder known to involve attentional dysfunctions (e.g.,
Facoetti et al., 2003; Ding et al., 2016; for reviews, see Hari and
Renvall, 2001; Krause, 2015). These facts all point to a close link
between attentional deficits and mathematical difficulties.

After attention has been oriented to a location an inhibitory
tag will be left there to discourage attention from returning. This
inhibitory attentional mechanism, known as inhibition of return
(IOR), is widely regarded as a major driving force of orientating
toward novelty (e.g., Koch and Ullman, 1985; Klein, 1988; Klein
and MacInnes, 1999). IOR is frequently examined in spatial
cueing tasks (Posner, 1980), in which speeded responses are
required to targets preceded by uninformative peripheral cues.
The sudden onset of the peripheral cue automatically captures
attention and usually speeds up the response to the target when
the cue-target onset asynchrony (CTOA) is brief, i.e., early
facilitation effects. IOR usually emerges at relatively long CTOAs
and reveals itself in slower responses to targets at cued locations
(e.g., Posner and Cohen, 1984; see Klein, 2000, for a review). The
onset time of IOR is about 300 ms following cue onset (for a meta-
analysis, see Samuel and Kat, 2003), however, it also varies with
task difficulty (e.g., Lupiáñez et al., 1997; Lupiáñez et al., 2001;
see Klein, 2000, for a discussion) and reflects the flexibility of
executive control. For instance, the onset time of IOR is much
later in older adults, whose executive functions are declining
(e.g., Langley et al., 2011; Muiños et al., 2016; Li et al., 2018).
The delayed onset of IOR is likely the result of slow (or failed)
disengagement of attention from the cue (Lupiáñez et al., 2001).

As noted above, the study by Ashkenazi and Henik (2010)
revealed that MLD children have deficits in executive control,
which is crucial for flexible and efficient orienting. The primary
goal of the present study was to examine the attentional function
of MLD children with a task focusing on spatial orienting. More
specifically, will MLD children show a delayed onset of IOR,
i.e., show a deficit in disengaging attention (as in old adults)?
Children with MLD and typical developing controls (TD) were
tested in the spatial cueing task, with which the CTOA was varied
between 100, 200, 400, and 800 ms. Early facilitation effects were
expected for short CTOAs (e.g., 100 and 200 ms), as a result of
attentional capture by the peripheral cue, whereas IOR effects
were expected for longer CTOAs (e.g., 400 and 800 ms). If MLD
children have difficulties in disengaging attention, we expect to
observe weaker (or no) IOR effects at the long CTOAs tested
in the present study (e.g., 800 ms). In a second experiment, a
secondary (central) cue was added to the cueing task to facilitate
attentional disengagement from the cue (e.g., Briand et al., 2000;
Pratt and Fischer, 2002; MacPherson et al., 2003). We expect to

observe an earlier onset of IOR in MLD children if they do have
deficits in attentional disengagement.

EXPERIMENT 1: THE TIME COURSE OF
ATTENTIONAL ORIENTING

Methods
The research protocol of the present study was approved by
the human research reviewing committee at the Institute of
Psychological Sciences, Hangzhou Normal University. Written
informed consents were obtained from the parents or other legal
guardians of the children who participated in the present study.

Participants
In the present study, a total of 224 third-grade children from
a local elementary school were screened for MLD. All children
were native Mandarin speakers, and all had normal or corrected-
to-normal visual acuity. According to their school records, none
of them was socio-culturally disadvantaged, or had behavioral or
neuropsychological conditions. They were naive with regard to
the purpose of the experiments and had not participated in other
psychological studies. The majority of these children were 9-year
old, old enough to have well-developed capacity in exogenous
attentional orienting (e.g., Akhtar and Enns, 1989; Trick and
Enns, 1998). According to the end-of-year math exam results,
these third-grade children had obvious individual variability in
terms of mathematical performance.

Measures that are specifically designed to diagnose MLD are
not available and most researchers rely on achievement tests,
often in combination with measures of intelligence (IQ). In the
present study, the Standard Combined Raven’s Test (CRT; Li and
Chen, 1989) was used to assess the non-verbal intelligence of
the children. To be included in the MLD group, a child needs
to have normal intelligence, scored below the 20th percentile on
the most recent end-of-year math examination (e.g., Geary et al.,
2000), and have been reported by his/her math teachers as having
severe and persistent math learning difficulties (Passolunghi and
Mammarella, 2012). Based on these criteria, 14 children were
included in the MLD group (11 girls and 3 boys; age range: 8.3–
9.5 years). The control group consisted of 15 typically developing
(TD) children (10 girls and 5 boys; age range: 8.5–9.5 years),
randomly selected from the non-MLD children. The TD group
was age-matched to the MLD group (see Table 1), Welch’s
t-test, t(27) = 0.236, p = 0.815, Cohen’s d = 0.088. The MLD
group scored lower on the non-verbal intelligence test (CRT),
t(27) = 5.245, p < 0.001, Cohen’s d = 1.936, but their non-
verbal IQ was all in the normal range. The scores on the most
recent math exam were lower in the MLD group, t(27) = 15.09,

TABLE 1 | Means and SDs of the non-verbal IQ and mathematical scores in the
MLD and TD children.

N Age (years) Non-verbal IQ Math score

TD 15 9.08 (0.29) 122.47 (11.14) 96.87 (2.69)

MLD 14 9.11 (0.34) 104.21 (7.34) 74.75 (9.16)
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p < 0.001, Cohen’s d = 3.277. As noted above, no standardized
diagnostic tool is available for mathematical learning disability.
We would like to explicitly acknowledge that “MLD” in the
present paper refers to “mathematical learning difficulty” instead
of “mathematical learning disability.”

Material and Apparatus
The classic Posner cueing task (Posner and Cohen, 1984) was
adopted to assess the early attentional facilitation and the later
IOR effect following attentional orienting. Stimuli were presented
on a 19-inch NESO CRT monitor. Data registration and stimulus
presentation were controlled by a Windows 7 PC, running
scripts written in Python. Eye movements were monitored with
a desktop mounted EyeLink R© 1000 eye-tracker (SR Research,
Mississauga, ON, Canada). The tracking accuracy of the eye
tracker was reported to be 0.25◦ or better, and the participant’s
gaze position was sampled at 1000 Hz.

The experiment took place in a quiet room. The participants
were seated in front of a computer monitor and the viewing
distance (62 cm) was maintained with a chinrest. Two gray
placeholder boxes, subtending 1.80 × 1.80◦ visual angle, were
placed on the horizontal meridian of the screen, 9.0◦ from a
central fixation cross (see Figure 1). The cue was implemented
as the brightening and thickening of one of the peripheral boxes.
The target was a bright, filled circle, with a diameter of 1.0◦.

Task Procedure
The sequence of events of a sample trial in the cueing task is
presented in Figure 1. A drift-check (not shown in Figure 1) was
performed at the beginning of each trial to check the tracking
accuracy of the tracker. The participant was required to look at
a visual target on the screen and the experimenter pressed the
space bar on the EyeLink Host PC keyboard to accept a stable
gaze. Successful drift-check was achieved when the participant’s
gaze position was within 2◦ from the visual target. Then, two
gray placeholder boxes were presented for 1000 ms on the screen,
together with a fixation cross at the screen center. Then the cue
appeared at the left or right peripheral boxes for 100 ms. The
target was presented 100, 200, 400, or 800 ms later to examine
the early attentional facilitation effect and the later IOR effect.
The target appeared in one of the two peripheral boxes, and

the participants were asked to respond with the space bar as
quickly and as accurately as possible on a standard QWERTY
keyboard, and the target remained visible for 1500 ms, or until
the participant made a response. To discourage anticipatory
responses, the target did not appear on 25% of the trials. The
target could appear in the cued box (validly cued) or in the box
opposite to the cue (invalidly cued), with equal probabilities.

The cueing task consisted of four blocks of 40 trials. The
eye-tracker was calibrated with a standard nine-point calibration
routine at the beginning of each block, or whenever a break
was required by the participant. The participants were explicitly
instructed to maintain fixation at the central box throughout
a trial. If fixation was broken on two successive trials, the
participants were reminded by the experimenter to keep looking
at the central box and not to move their eyes.

The early facilitation effect is typically attributed to attentional
capture by the cue and is manifested in faster RTs to validly cued
compared to invalidly cued targets, whereas IOR is manifested in
slower RTs to validly cued compared to invalidly cued targets.

Results
To discourage anticipatory responses, 25% of the trials were catch
trials. An ANOVA on the false alarm rates, with variables group
(MLD vs. TD) and CTOA, revealed no significant effect, all F < 1.
The false alarm rates for the MLD and TD children were 3.79 and
3.13%, respectively. An ANOVA on the miss rates revealed only
a main effect of group, F(1,27) = 8.08, p = 0.008, η2

p = 0.230; the
miss rates for the MLD and TD children were 2.01 and 0.36%,
respectively. No other effect was significant.

The active engagement of the oculomotor system may invoke
untoward motoric effects that cannot be attributed to attention
(e.g., Hilchey et al., 2014), so trials during which eye movements
occurred were excluded from the analysis. These trials accounted
for 15.90 and 13.02% of the trials (including catch trials) in
the MLD and TD children, respectively. An ANOVA on the
proportions of trials excluded due to eye movements, with
variables group (MLD vs. TD) and CTOA, revealed no main
effect for group, F < 1. There was a main effect of CTOA,
F(3,81) = 3.67, p = 0.016, η2

p = 0.120; the eyes were less likely to
move away from the central box at the long CTOAs. The temporal
expectation for the target strengthens as the CTOA increases and

FIGURE 1 | Sequence of events in a sample trial of the cueing task in Experiment 1. At the beginning of each trial, the tracking accuracy of the tracker was examined
by performing a drift-check. Then, a fixation cross and three placeholders appeared on the screen, followed by a peripheral cue which was visible for 100 ms. The
target was presented immediately, or 100, 300, or 700 ms later, giving four possible cue-target onset asynchronies (CTOAs): 100, 200, 400, and 800 ms. The target
remained visible for a maximum of 1500 ms or until a speeded response was issued. For illustration purpose only, the stimuli are not drawn to scale.
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FIGURE 2 | Mean target RTs in the TD (A) and MLD (C) children. The cueing effects in the TD (B) and MLD (D) children. CTOA is the time interval (in milliseconds)
between cue onset and target onset (see Figure 1 for an illustration). Dashed lines are polynomial fittings of the cueing effects against CTOA. Error bars denote ± 1
SEM. +p < 0.06, ∗p < 0.05, ∗∗p < 0.01.

consequently, the onset of the cue is less likely capture the eyes
(i.e., oculomotor capture; Theeuwes et al., 1998). The two-way
interaction was not significant, F < 1.

The RTs from the non-catch trials were cleaned based on the
number of trials in each experimental cell of each participant,
following the criteria given in Van Selst and Jolicoeur (1994,
Table 4). This outlier removal procedure effectively controls the
impact of the number of successfully completed trials in different
experimental cells. It has been widely adopted by researchers in
the field, with various automated tools (e.g., R packages) freely
available online. This procedure excluded only a small proportion
of the trials, 3.06%, 3.22% for the MLD and TD children,
respectively. An ANOVA on the proportion of trials excluded due
to this procedure revealed no main effect or interaction.

The attentional effects in cueing tasks are typically quantified
with the RT difference between validly and invalidly cued targets:
the early attentional facilitation effect is manifested in faster
RTs to validly cued targets, whereas the later IOR effect is
manifested in slower RTs to validly cued targets. The mean RTs
in all conditions are presented in Figure 2. To examine whether
these attentional effects were impaired in children with MLD,
the RTs were submitted to an ANOVA, with variables group
(MLD vs. TD), cueing (valid vs. invalid), and CTOA (100, 200,
400, or 800 ms). The results revealed significant main effects
for group, F(1,27) = 5.213, p = 0.031, η2

p = 0.162, and CTOA,

F(3,81) = 11.00, p < 0.001, η2
p = 0.290. The RTs were longer in

the MLD group, and generally decreased as the CTOA increased.
The main effect of cueing was not significant, F(1,27) = 0.097,
p = 0.757, η2

p = 0.004. This was not unexpected as facilitation
effects are typically observed at short CTOAs, whereas IOR
effects are expected for longer CTOAs. A significant two-way
interaction occurred between cueing and CTOA, F(3,81) = 8.135,
p < 0.001, η2

p = 0.232, suggesting the cueing effect varied across
the CTOAs. The two-way interactions between cueing and group
was marginal, F(1,27) = 4.13, p = 0.052, η2

p = 0.133; the cueing
effects were more positive in the TD group. The interaction
between CTOA and group, F(3,81) = 1.037, p = 0.381, η2

p = 0.037,
and the three-way interaction, F(3,81) = 0.389, p = 0.761,
η2

p = 0.014, were not significant. When the non-verbal IQ of the
children was included as a covariate in the ANOVA, the overall
pattern of the results was the same as that reported here, expect
that the main effect of group is no longer significant.

The time course of attentional orienting in cueing tasks is
characterized by facilitation effects at short CTOAs and IOR
effects at longer CTOAs (>300 ms). As shown in Figure 2, this
overall pattern was present in both the MLD and TD children.
To examine the cueing effect at each CTOA, planned contrasts
were performed to compare the RTs between validly and invalidly
cued targets. For TD children, no facilitation effect was observed,
all t < 1, all p > 0.450, but significant IOR effects were observed
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at the 400-ms CTOA, t(14) = 2.187, p = 0.046, dz = 0.565, and
the 800-ms CTOA, t(14) = 3.497, p = 0.004, dz = 0.903. For MLD
children, facilitation effects were observed at the 100-ms CTOA,
t(13) = 2.717, p = 0.018, dz = 0.726, and the 200-ms CTOA,
t(13) = 2.061, p = 0.060, dz = 0.551. The IOR effect, however, was
not observed at the longer CTOAs (400 ms and 800 ms) tested in
the present experiment, all t < 1.10, all p > 0.300.

Discussion
The cueing effects are presented in the right column in Figure 2.
The cueing effect, overall, was more positive (i.e., leaning toward
IOR) in TD children. The MLD children did not show any IOR
effect, event at the longest CTOA (800 ms) tested in the present
study, whereas TD children showed strong IOR effects at the 400-
and 800-ms CTOAs. The onset time of IOR can be examined
by fitting the cueing effects (group means) against the CTOAs
with a quadratic polynomial function (Li et al., 2018). The onset
time of IOR is the CTOA at which the cueing effect crosses 0-
ms. In the present experiment, the onset time of IOR was 480
and 175 ms in the MLD and TD children, respectively. As shown
in Figure 2D, robust facilitation effects were observed at short
CTOAs in MLD children; the MLD children had no difficulty in
orienting attention to the cue. The delayed onset of IOR in MLD
children was most likely the result of difficulties in disengaging
attention from the cued location.

The sample size was relatively small in Experiment 1. A second
set of data was collected with exactly the same screening criteria
and experimental methods to address statistical power concerns.
An analysis combining this additional dataset and that from
Experiment 1 is presented as Supplementary Material. This
combined analysis effectively increased the sample size to 35 and
34 for the TD and MLD groups, respectively. The overall pattern
of the results was the same, i.e., the TD children showed the
typical time course of the cueing effect whereas only facilitation
effects were observed in the MLD children (see Supplementary
Material for details).

The RTs were longer for the MLD children compared to the
TD children. One possible explanation for this observation is
that the MLD children have lower processing speed compared to
healthy controls (e.g., Geary et al., 2011). However, a difference
in processing speed cannot explain the onset delay of IOR in the
MLD children. The cueing effects were estimated with the RT
difference between validly and invalidly cued targets, a difference
in processing speed should have been controlled for when the
cueing effects were derived.

EXPERIMENT 2: RE-ORIENTING CUE

The second experiment was designed to further examine the main
finding of Experiment 1, i.e., children with MLD are sluggish
in disengaging attention. The task was the same as that in
Experiment 1, with the addition of a secondary cue, which is
known to facilitate the disengagement of attention from the cued
peripheral location in cueing tasks (e.g., Briand et al., 2000; Pratt
and Fischer, 2002; MacPherson et al., 2003).

Methods
Participants
The same group of MLD children took part in Experiment 2.

Material, Apparatus, and Task Procedure
The cueing task tested in Experiment 2 was the same as
that in Experiment 1, except that a secondary cue was
presented at the center of the screen for 100 ms, immediately
following the presentation of the peripheral cue (see Figure 3).
To accommodate the secondary cue, the 100-ms CTOA
was not tested.

Experiment 1 had shown that the onset time of IOR
in MLD children was much later compared to that in
TD children. No reliable IOR effect was observed even
at the longest CTOA tested (800 ms) in Experiment 1.
A secondary cued is known to facilitate the disengagement
of attention from the cued location. With a secondary cue,
we expected to observe IOR effect at a much shorter CTOA
in Experiment 2.

Results
The false alarm rate in Experiment 2 was 4.46% and the
target was rarely missed (2. 08%). On average, eye movements
were detected on 12.87% of the trials (including catch
trials). As in Experiment 1, these trials were excluded from
analysis. The RTs were cleaned with the same protocol as
Experiment 1; this procedure removed only 3.87% of the non-
catch trials.

The mean RTs are presented in Figure 4A. To examine the
effect of the secondary cue, an ANOVA was performed on
the RTs from both Experiment 1 (without secondary cue) and
Experiment 2 (with secondary cue), with variables secondary cue
(with vs. without), CTOA (200, 400, and 800 ms), and cueing
(valid vs. invalid). The results revealed significant main effects
for CTOA, F(2,26) = 6.441, p = 0.005, η2

p = 0.331, and secondary
cue, F(1,13) = 11.240, p = 0.005, η2

p = 0.464. The RTs were
shorter at longer CTOAs (i.e., a foreperiod effect). The RTs in
Experiment 2 were generally shorter because the secondary cued
may have served as a warning signal. A significant two-way
interaction occurred between cueing and CTOA, F(2,26) = 4.072,
p = 0.029, η2

p = 0.239, because the cueing effect increased with
CTOA (see Figure 4B). A two-way interaction also occurred
between cueing and secondary cue, F(1,13) = 6.872, p = 0.021,
η2

p = 0.346, as the cueing effects were overall more positive
when the secondary cue was presented (in Experiment 2). The
three-way interaction did not reach significance, F(2,26) = 1.891,
p = 0.171, η2

p = 0.127. For the RTs from Experiment 2,
planned contrasts revealed a significant IOR effect at the 400-ms
CTOA, t(13) = 3.611, p = 0.003, dz = 0.965, and a marginally
significant IOR effect at the 800-ms CTOA, t(13) = 2.154,
p = 0.051, dz = 0.575.

Discussion
The cueing effects are presented in Figure 4B. The secondary
cue at fixation facilitated attentional disengagement and
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FIGURE 3 | Sequence of events in a sample trial of the cueing task in Experiment 2. The task was the same as that of Experiment 1, except that a secondary cue
was presented to draw attention back to the screen center and three CTOAs (200, 400, and 800 ms) were examined.

FIGURE 4 | (A) Mean RTs (ms) in Experiment 2. (B) The cueing effects observed when the secondary cue was present (filled circles, Experiment 2) or absent (empty
circles, Experiment 1). The solid and dashed lines are polynomial fittings of the cueing effects against CTOA. Error bars denote ± 1 SEM. +p < 0.06, ∗p < 0.05.

consequently, reliable IOR effect was observed at the 400-
ms CTOA (same as in the TD children). Fitting the cueing
effects against the CTOA revealed that the onset time of
IOR in the MLD group was 99 ms in Experiment 2 (with
secondary cue), much earlier than that in Experiment 1
(no secondary cue).

The task of Experiment 2 was performed by the MLD children
immediately following the completion of the cueing task of
Experiment 1, or in a separate session on the following day
or 3 weeks later. This less-than-optimal testing protocol was
adopted for practical reasons: (a) the school gave us fairly
limited time to test the students, and (b) the primary goal of
the present study was to examine whether the onset of IOR is
delayed in MLD children; the task of Experiment 1 had to be
carried out first, so the cueing task used to examine the time
course of attentional orienting would not be contaminated in
any way. The RTs in Experiment 2 were generally shorter. We
cannot rule out a possible practice effect, but we believe that
the shorter RTs were mainly contributed to by the secondary
cue, which may have served as an additional warning signal for
the target. The faster RTs in Experiment 2 did not comprise
our conclusions in any way. The primary measure of interest
to us was the cueing effect, i.e., the RT difference between
validly and invalidly cued targets. As the RT decreases one
would expect the cueing effect to also decrease. However, as
supported by the two-way interaction between cueing and
secondary cue, the cueing effects in Experiment 2 were overall
stronger (more positive).

GENERAL DISCUSSION

Efficient attentional orienting is indispensable for various
cognitive tasks, for instance, reading, decision making,
and problem solving. The field has seen an increasing
number of behavioral and neuroimaging studies suggesting
that individuals with MLD may suffer from attentional
dysfunctions. Using a spatial cueing task, the present study
examined whether a deficit in attentional orienting exists in
children with MLD. The MLD children showed facilitation
effects at the 100- and 200-ms CTOAs, suggesting that
they had no trouble in orienting attention toward salient
spatial locations. However, in contrary to TD children,
the IOR effect was absent in MLD children, even at the
longest CTOA (800 ms) tested in the present study. Fitting
the cueing effects against the CTOAs with a quadratic
polynomial function revealed that the onset time of IOR
was markedly delayed in MLD children, suggesting that
MLD children have difficulties in disengaging attention. To
further verify this conclusion, the MLD children were tested
with a second cueing task, in which a secondary cue was
presented to facilitate the disengagement of attention. An
IOR effect was observed at the 400-ms CTOA, providing
additional evidence that MLD children have difficulties in
attentional disengagement. These findings are in line with
the results of recent neuroimaging studies, which showed
that MLD children had reduced activation in the intraparietal
sulci area (IPS, e.g., Kucian et al., 2006; Price et al., 2007;
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Mussolin et al., 2010), an area closely linked to attentional shifting
and IOR (Marois et al., 2000; Lepsien and Pollmann, 2002;
Giesbrecht and Kingstone, 2004).

The present study was largely explorative by its nature.
While the experiments presented here revealed that MLD
children are sluggish in disengaging attention, it remains
unclear how this attentional dysfunction impairs mathematical
learning in MLD children. Previous studies have found
that children with developmental dyslexia have a similar
impairment in attentional orienting (e.g., Facoetti et al.,
2006, 2010; Ding et al., 2016). It could be that children
with various forms of learning disabilities (e.g., dyslexia)
are all suffering from a domain-general deficit in attention,
which leads to less efficient visual sampling and consequently,
difficulties in cognitive activities, such as solving mathematical
problems and reading. A recent training study showed
that attentional training with video games improved the
efficiency of attentional orienting in MLD adults, however,
no obvious improvement in arithmetic or basic numerical
processing was observed (Ashkenazi and Henik, 2012),
suggesting that the attentional deficit among those with MLD
and the deficits in numerical processing may arise from
different sources.

Attentional training has been proven effective in improving
the reading ability of dyslexic children (e.g., Facoetti et al.,
2003; Franceschini et al., 2013; Gori et al., 2016). It is
unclear why attentional training failed to improve the basic
numerical abilities in MLD adult in Ashkenazi and Henik
(2012). The participants in this study were adults; it is
possible that there exists a critical period for attentional
intervention among MLD individuals. It would be interesting
to examine if the attentional training programs that have
proven effective among dyslexic children are also helpful
to MLD children.

It is important to also note that there is no generally accepted
diagnostic criteria for MLD. Lewis et al. (1994) discriminated
children with specific arithmetic difficulties, with combined
arithmetic-and-reading difficulties, and with specific reading
difficulties. Unfortunately, we did not assess the reading ability
of the participants of the present study with standardized
reading tests and could not discriminate if the MLD children
had comorbid ADHD or reading problems. Given that MLD
children may have comorbid reading difficulties or/and ADHD,
it would be beneficial to study the attentional deficit in
dyslexic, ADHD and, MLD children from the same population
in future studies.

To summarize, the present experiments showed that the onset
time of IOR among MLD children is later than typical developing
children. We conclude that attentional disengagement is
impaired in MLD children and would like to encourage
researchers in the field to examine whether attentional training
can effectively improve the mathematical ability of MLD children.
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