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ABSTRACT

Rapid extraction of temporal and spatial patterns from repeated experience is known as statistical
learning (SL). Studies on SL show that after few minutes of exposure, observers exhibit knowledge
of regularities hidden in a sequence or array of objects. Previous findings suggest that visuo-spatial
statistical learning might relate to numerical processing mechanisms. Hence, the current study
examines for the first time visuo-spatial SL in a population with a deficiency in the numerical
system: individuals with mathematical learning difficulties (MLD). Thirty-two female participants
(16 with MLD and 16 matched controls) were tested on a visuo-spatial statistical learning task.
The results revealed that visuo-spatial SL was significantly worse in the MLD group than in a
control group, although MLD performed as well as controls in a visual discrimination task. In
addition, whereas the control group showed reliable visuo-spatial SL above chance, the MLD
group did not. Because learned regularities can broadly facilitate cognitive processing,
individuals with MLD may thus suffer from additional behavioural challenges beyond their
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Introduction

Humans have lived in very similar natural environ-
ments throughout evolutionary history. Because of
this stability, sensory systems in the brain have
adapted to the kinds of input that are most likely to
appear (statistical regularities). For example, the
receptive field properties of the primary visual
cortex can be regenerated from scratch by decom-
posing a set of natural images into sparse indepen-
dent components (Olshausen & Field, 1996).
Analogously, we repeatedly encounter particular
natural and artificial environments during our life-
time, and each of these environments has its own
idiosyncratic regularities. For example, when moving
to a new town, the sequence of landmarks encoun-
tered when navigating to the office is likely different
than before. Although extensive experience is
required for some types of perceptual learning
(Gilbert et al., 2001; Watanabe et al., 2001), temporal
sequences and spatial configurations of objects in
our environments can be learned surprisingly quickly.

This rapid extraction of temporal and spatial pat-
terns from repeated experience is known as statistical

learning (SL; e.g., Saffran et al., 1996; Turk-Browne
et al.,, 2009). In studies of visuo-spatial SL, observers
are presented with a sequence or array of objects
that, unbeknownst to them, contains hidden regu-
larities in terms of which objects appear nearby in
time or space, respectively. Critically, the only clue
that objects are related comes from the statistical
co-occurrence of objects over repeated experiences.
In other words, at any single point in the sequence
or location in the array, an object could appear next
to several other objects; but across extended
sequences and multiple arrays, it is more likely to
appear with one or more specific other shapes. After
a few minutes of exposure, observers exhibit knowl-
edge of these regularities in familiarity, response
time, and brain imaging measures.

Research suggests that SL is ubiquitous: it operates
in multiple modalities and dimensions (Conway &
Christiansen, 2006; Turk-Browne & Scholl, 2009);
over many features such as shape (e.g., Fiser & Aslin,
2001), spatial location (e.g., Chun & lJiang, 1998),
colour (e.g., Turk-Browne et al., 2008), and action
(e.g., Baldwin et al., 2008); throughout development
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from infants (Kirkham et al., 2002) to the elderly
(Campbell et al., 2010); and even in non-human
species (e.g., Toro & Trobaldn, 2005). In addition, SL
operates both within and between objects (Turk-
Browne et al, 2008), transfers flexibly between
space and time (Turk-Browne & Scholl, 2009), occurs
rapidly after a handful of repetitions (Turk-Browne
et al, 2009), and facilitates perception by allowing
us to anticipate the future (Turk-Browne et al,
2010). Moreover, SL is more robust for attended
input but proceeds automatically, without intent or
conscious awareness of regularities (Turk-Browne
et al., 2005; Campbell et al., 2010; Emberson et al.,
2011; Musz et al.,, 2015). That is, selective attention
to individual stimuli allows for SL between stimuli,
as was found in measures of both accuracy and
speed. However, after the attention system is selec-
tively directed to task-relevant stimuli, SL itself
occurs without intent or conscious awareness. For
example, during working memory or other cover
tasks over a stream of shapes, observers incidentally
learn regularities embedded in the stream that are
irrelevant to the task, and report no awareness or
knowledge of the regularities (Turk-Browne et al.,
2005, 2009).

SL is related to other cognitive processes. For
example, visuo-spatial SL interacts with statistical
summary perception (SSP) — our ability to immedi-
ately perceive summary properties (e.g., average
size) from a set of objects (Ariely, 2001; Chong & Treis-
man, 2005; Alvarez & Oliva, 2008). Visuo-spatial SL and
SSP have been shown to mutually interfere with each
other. In a task that examined visuo-spatial SL
between oriented lines, estimating the mean orien-
tation of the lines (a form of SSP) impaired learning
of the regularities. This pattern of results did not
result merely from the fact that SSP was a dual task,
as was shown by stronger SL during another dual
task that did not involve SSP. Moreover, engaging
(unknowingly) in SL impaired SSP compared to a con-
dition in which participants were conducting SSP
after already being exposed to the regularities in
advance (thus eliminating the need for concurrent
SL) (Zhao et al., 2011). These findings suggest that
visuo-spatial SL and SSP rely upon similar statistical
computations, which cannot be used simultaneously
by both processes.

Beyond summary statistics about the features of
objects, visuo-spatial SL also interacts with the
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extraction of other set properties, such as numeros-
ity. Estimates of the number of coloured circles in an
array were reliably worse when the array contained
pairs of colours that repeated across arrays (allowing
for SL) compared to arrays with no colour regu-
larities (preventing SL); moreover, such numerosity
estimation impaired SL of the colour pairs, relative
to other control tasks (Zhao & Yu, 2016). Thus, as
with visuo-spatial SL and SSP, visuo-spatial SL and
numerosity estimation also interfere with one
another, suggesting that they may also rely on a
shared mechanism. Neuroimaging findings are con-
sistent with this interpretation. Namely, the intrapar-
ietal sulcus (IPS) is specialized for processing
numbers and quantities (e.g., Dehaene et al., 2003;
Piazza et al., 2004; Piazza et al., 2007) and nearby
Brodmann area 40 is more strongly activated by
streams of shapes with vs. without regularities
(Turk-Browne et al., 2009). Moreover, IPS activity in
response to an object that predicts what will come
next in a sequence as a result of SL correlates with
the magnitude of behavioural priming for the next
object (Turk-Browne et al., 2010).

In sum, both behavioural and neuroimaging
findings point to a relationship between visuo-
spatial SL and numerical processing. This raises inter-
esting questions about how visuo-spatial SL is
affected by impairments in numerical processing, for
example, as a result of mathematical learning difficul-
ties (MLD).

Individuals with MLD are characterized as having
mathematical skills far below those predicted based
on their age, intelligence, and education (e.g., Butter-
worth et al., 2011). They can have difficulties in simple
counting tasks (Geary et al., 2009), deficiencies in pro-
cessing numerical quantities and magnitudes, failures
in number identification, and have trouble associating
magnitudes with symbols (for an extensive review,
see Rubinsten & Henik, 2009).

The estimated prevalence of MLD is about 3-6% of
school-age children (similar to the prevalence of dys-
lexia and ADHD), and in many cases the numerical
difficulties associated with MLD persist into adult-
hood (e.g., Shalev et al., 2000; Shalev et al., 2005).
Difficulties in the arithmetic domain affect the per-
formance of the individual at school as well as in
everyday life (Butterworth, 2009). Fairly simple tasks
such as calculating change in a grocery store, can
be difficult and confusing for people with MLD even
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in adulthood. MLD has been chracterized extensively
in prior work (e.g., Price & Ansari, 2013), including evi-
dence that dysfunction of IPS may be partly respon-
sible (Cohen-Kadosh et al., 2007; Price et al., 2007).

The goal of the current study is to examine
visuo-spatial SL in a population with MLD. As
described, visuo-spatial SL and numerosity esti-
mation were found to interfere with one another,
suggesting a shared mechanism for these two cog-
nitive processes (Zhao & Yu, 2016). Other studies
also point to the role of SL in relation to processing
quantities and numerosities in our surroundings
(Walsh, 2003; Rinaldi & Girelli, 2017). Despite
these findings, visuo-spatial SL has never before
been studied in a population with difficulties in
numerical processing. Our hypothesis is that
because numerical processes and visuo-spatial SL
might rely on the same underlying computations,
and MLD results from a deficit in these compu-
tations, individuals with MLD might show weaker
visuo-spatial SL than a matched control group
with no learning difficulties.

Method
Participants

Sixteen females with MLD and a matched control
group of 16 female adults with no learning difficulties
or attention disorders aged 20-35 participated in the
experiment. This sample size per group is comparable
to prior SL studies (Turk-Browne et al., 2008; Zhao
et al, 2011), and to a study on SL and dyslexia
(Gabay et al., 2015). It is also bigger than necessary
taking into account the effect size of Cohen’s d of
1.39 found in Zhao et al. (2011) in the control con-
dition, which is similar to the demands of the task in
this study. Based on statistical power calculations in
G-power software (Faul et al., 2007), for one sample
t-test with alpha of 0.05, power of 0.80 and effect
size of 1.39 (based on Zhao et al, 2011) the total
sample size needed is 5 participants. Hence, the
sample size of 16 participants in each group is
sufficient for this study. None of the participants
were colour-blind. All participants provided written
informed consent and were paid for their partici-
pation (approximately $16-22, according to the
actual time they spent in the experiment room). The

Ethical Committee of Haifa University approved all
the study procedures.

Classification and assessment

Classification of the MLD group was performed using
computerized numerical tests from the “Israeli learn-
ing function diagnosis system” (MATAL, 2007) for
high school and higher education students. This
system was developed by the National Institute for
Testing and Evaluation, and it contains a large set
of nationally normalized tests that is used to diag-
nose learning difficulties, including MLD, among
high school and higher education students. In this
study participants from the MLD group underwent
two numerical tests, which included simple calcu-
lation tasks (e.g., 2+2=4, 2*2=5, 8-4=4, 6:4=2)
and procedural knowledge calculation tasks (e.g.,
750 +10=760, 204-5=201, 20*20=400, 400:5=
45). In both tasks the participants were asked to
report whether the equation appearing on the
screen was correct. Each of the tasks produced two
measures: reaction time and accuracy. To be
included in the MLD group, the average of all four
measures had to be below the 20th percentile
(none of the individual measures was above the
33rd percentile). This cut-off was chosen according
to previous studies that used the numerical tests
from the MATAL for classifying mathematical difficul-
ties (Rubinsten et al., 2020). As mentioned, the
MATAL is a nationally normalized test that is used
to diagnose MLD, among high school and higher
education students. The current cut off reflects
below the norm performance in diagnosing math-
ematical difficulties in Israel. Inclusion in the MLD
group did not require other prior diagnoses. In
addition, participants in the MLD group completed
a short interview by a learning disability diagnosti-
cian in which they were asked about their develop-
mental history regarding academic abilities and
attention prior to the experiment. All described sig-
nificant difficulties solely in the arithmetic field,
from the early years of elementary school through
high school and until the current time.

All participants underwent a series of tests to
assess abilities including: reading, non-verbal
reasoning, retrieval, attention, and basic arithmetic.
These tests were chosen to ensure that both
groups would differ only in their numerical abilities



and not in other relevant cognitive aspects. There-
fore, the tests were used for between-group com-
parisons (and not as inclusion/exclusion criteria).
Assessment of reading abilities was conducted
using the One-minute test for words (Shatil, 1997a),
in which participants were asked to read aloud as
many correct words as possible in one minute, and
the One-minute test for pseudo-words (Shatil,
1997b), in which the participants were asked to
read aloud as many correct pseudo-words as poss-
ible in one minute. Non-verbal reasoning was
assessed using the Raven Progressive Matrices
(Raven, 1960). Retrieval abilities were assessed
using the following tests by Kave (2006): the seman-
tic fluency test, in which participants were asked to
say as many words as possible in a specific category
in one minute, and the phonological fluency test, in
which participants were asked to say as many words
as possible that begin with a specific letter in one
minute. For basic arithmetic abilities participants
underwent a 2-minute calculation test that consists
of one-digit exercises in addition, subtraction, multi-
plication, and division (Openhaim-Biton & Breznitz,
2004). The participants were asked to solve correctly
as many exercises as possible in two minutes. Assess-
ment of attention was performed through an atten-
tion questionnaire based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V)
(American Psychiatric Association, 2013). The use of
a rating scale for attention measurement (as
opposed to a performance-based measure) was
chosen because it is based on the questionnaire
used for diagnoses of ADHD.

The order of the tests was counterbalanced
between participants with the following exceptions.
In the reading tests, the One-minute test for
pseudo-words always followed the One-minute test
for words, in the retrieval tests the phonological
fluency test always followed the semantic fluency
test, and the attention questionnaire was always last
(to avoid a priming effect).

Apparatus

An HP Compaq computer was used to present stimuli
and to collect the data. The experiment was pre-
sented using Matlab (Mathworks, Natick, MA) and
the Psychophysics Toolbox (Brainard, 1997; Pelli,
1997). Stimuli were presented on a 22-inch Samsung
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monitor, while participants sat at a distance of
about 60 cm from the screen. A keyboard on which
participants conveyed their answer was placed on a
table next to the screen.

Statistical learning task

The visuo-spatial SL task was adapted form Zhao and
Yu (2016). Circular disks subtending 1.4° of visual
angle appeared in one of ten colours (colour name
and R/G/B values: red, 255/0/0; green, 0/255/0; blue,
0/0/255; yellow, 255/255/0; magenta, 255/0/255;
cyan, 0/255/255; gray, 185/185/185; orange, 255/
140/0; brown, 103/29/0; black, 0/0/0). The circles
were presented on a white screen (255/255/255). Of
the ten coloured circles, eight were randomly selected
at the beginning of each experiment to create four
pairs, which were grouped together into a fixed hori-
zontal, vertical, and diagonal structure. These combi-
nations varied across participants. The remaining two
colours were not paired (Figure 1(a)).

In every trial, a display of 2-10 (but never 6)
coloured circles appeared on the screen. Displays
with an odd number of circles (3, 5, 7, and 9) con-
tained unique colour pairs (1, 2, 3, and 4, respectively)
and 1 additional single circle. For displays with an
even number of circles (4 and 8), two options were
created. Half of these displays contained only pairs
(2 and 4, respectively), and the other half contained
both pairs (1 and 3, respectively) and 2 additional
single circles. Displays with 2 circles always contained
2 single circles in order to avoid a colour paired being
presented by itself. Displays with 10 circles contained
all 4 pairs and the two single circles. The display was
created on an invisible 4X4 grid (subtending 18.1 x
18.1°). In order to ensure that SL could be determined
only by co-occurrence and no other spatial segmenta-
tion cues, each pair on the invisible grid had to be
next to at least one of the other pairs or one of the
single circles.

Each number of coloured circles (2-10, with the
exception of 6) appeared 50 times, creating a total
of 400 trials presented in a random order for each par-
ticipant. In 20% of the displays, a randomly selected
pair was modified so both circles appeared in the
same colour by randomly changing one colour to
the other. These displays were inserted to enable
the cover task described below.
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Examples of pairs of colored circles

E Correct
Response:
No
L
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Response: [ 500 ms
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) 500 ms
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Exposure phase - duplicate task:
Are there two circles of identical color in
the display?

Correct Response:
Right

Correct
Response:
Left

1000 ms

1000 ms

Until

response

Test phase: Which pair is more familiar?

Figure 1. (A) Examples of the coloured pairs. (B) An example of trial sequence of the exposure phase and the corresponding correct
responses. Participants were asked to report whether there were two circles of identical colour in the display. (C) An example of trial
sequence of the test phase and the corresponding correct responses. Participants were asked to report which of two pairs (correct and

foil) was more familiar.

The experiment consisted of two phases: exposure
and test. In the exposure phase, participants were pre-
sented with 400 displays of coloured circles as
described above. Each display appeared on screen
for 500 ms, followed by a blank interval of 500 ms.
Participants performed a colour duplicate detection
task, pressing the “/” button on the keyboard if the
display contained two circles of the same colour
and the “z" button if the display contained no

circles of the same colour. This cover task from prior
SL studies (Zhao et al., 2011; Yu & Zhao, 2018)
ensured that participants in both groups attended
to the displays without making the regularities to
be learned (in this case, pairs of different colours)
themselves task-relevant. Participants were asked to
respond as accurately as possible while the display
was still on the screen and before the stimuli
changed (Figure 1(b)).



Immediately after the exposure phase, the partici-
pants completed the test phase. In each trial, two
circles were shown for 1000 ms on both the left and
right sides of the screen (Figure 1(c)). On one side
was a pair that had appeared many times in the
exposure phase, whereas on the other side was a foil
containing one of the same colours as the pair with a
colour from a different exposure pair. The two
colours assembled to create each foil had never
appeared in that spatial configuration in the exposure
phase. Two foils were created for each of the four
exposure pairs, one for each of the two colours. Each
pair was tested separately against both foils, and all
combinations were tested twice for a total of 16 test
trials. These trials were presented in random order
and the location of the correct pair on the screen
(left or right) was counterbalanced across trials.

Participants were asked to decide which side con-
tained two colours whose combination was more
familiar based on the first part of the experiment.
They pressed either the “1” or “0” button on top
of the keyboard for the left or right side, respect-
ively. Participants could respond either while the
stimuli were on the screen or afterwards, during a
blank screen. A new trial began only after a
response from the participant. All colours were pre-
sented an equal number of times in both the
exposure and test phases. This ensured that test
performance reflected familiarity with the pairs
rather than the individual colours. Accuracy in the
exposure phase and in the test phase were obtained
by the computer, and then calculated as a percen-
tage for each participant.

After the computerized experiment, participants
were asked to answer a short questionnaire about
whether they had noticed the pairs during the
exposure phase and about their feeling of confidence
in familiarity responses during the test phase. Each
participant was tested individually and the exper-
iment took about 20 minutes in total.
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Results
Cognitive assessment

As shown in Table 1, independent samples t-tests
revealed no significant difference between the MLD
group and the control group in all assessments (ps
> 0.15) except for the 2-minute calculation test. In
this test, as expected, the MLD group performed sig-
nificantly worse compared to the control group.

Colour duplicate detection

All participants performed above 90% accuracy in the
exposure phase. In addition the A" was calculated for
each participant, treating a “yes” response to dupli-
cate trials as a hit and a “yes” response to non-dupli-
cate trials as a false alarm. No significant difference
was found between the MLD group (M =0.98, SD =
0.01) and the control group (M=0.97, SD=0.01) [t
(30)=0.91, p=0.37, Cohen’s d =0.32].

Familiarity test

To compare the two groups on SL of the colour pairs
from the exposure phase, an independent samples t-
test was conducted for accuracy in choosing the pair
over the foil across trials in the test phase. As shown in
Figure 2, SL was significantly worse in the MLD group
(M=52.73, SD = 14.43) than in the control group (M=
63.28, SD=13.86) [t(30)=2.11, p=.02, Cohen's d=
0.75]. In addition, one sample t-tests against chance
(50%) revealed evidence of learning in the control
group [t(15)=3.83, p <.001, Cohen’s d =0.96] but not
in the MLD group [t(15) = 0.76, p = .46, Cohen’s d = 0.19].

Bayesian analysis

The finding that the MLD group did not exhibit signifi-
cant statistical learning could be due to difficulties in
visuo-spatial SL in this population or due to data

Table 1. Mean and SD in the assessment tests for each group, independent t-test scores, p values and BFs.

MLD Control t-value p value BF
Age 26.25 (3.51) 25.19 (4.04) .79 43 0.43
Word per min 95.94 (13.86) 100 (19.38) .68 .50 0.40
Pseudo-words per min 47 (11.9) 41.06 (19.32) 1.05 .30 0.51
Semantic fluency 23.25 (4.27) 25.44 (4.11) 1.48 15 0.77
Phonological fluency 12.44 (3.5) 14.25 (3.62) 1.44 16 0.74
Raven Progressive Matrices (raw scores) 49.88 (4.72) 50.75 (3.86) 57 57 0.38
Attention questionnaire (sum of symptoms marked as “yes”) 431 (3.72) 1.88 (2.13) 1.34 19 0.67
2-minute calculation test 42.13 (6.82) 68.81 (10.77) 8.38*** <.001 >150
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Figure 2. Statistical learning for MLD & Control groups. Error
bars represent + one standard error of the mean; *p<.05,
**¥p <.001, N.S = not significant.

insensitivity (e.g., noise). Because these two possibili-
ties cannot be distinguished using orthodox statistical
methods, Bayesian statistical analyses were con-
ducted. In addition, given the relatively small
number of participants, the current analysis provides
further context and support for the results.

Bayes factors (BF) were calculated using JASP statisti-
cal software (version 0.9.2 with default priors; Rouder
et al, 2012). Analyzing the significant difference in
visuo-spatial SL between the two groups revealed a
BF,o of 3.346. This can be interpreted as suggesting
that, given the data, the research hypothesis - that
visuo-spatial SL would be higher in the control vs.
MLD group - is 3.346 times more likely than the alterna-
tive. This value is considered moderate evidence for the
research hypothesis (Beard et al., 2016). Moreover, ana-
lyzing the significant effect of visuo-spatial SL in the
control group compared to chance (50%) revealed a
BF,o of 50.288. This is considered very strong support
(Beard et al., 2016) for the research hypothesis that
the control group would show visuo-spatial SL.

Interestingly, analyzing the non-significant visuo-
spatial SL in the MLD group compared to chance
(50%) revealed a BF,, of 0.328. This suggests that the
null hypothesis - that the MLD group would not show
visuo-spatial SL - is 3.049 times more likely than the
alternative that they would. This is considered moderate
evidence for the null hypothesis (Beard et al., 2016).

Discussion

The current study examined a new aspect of the
relationship between visuo-spatial SL and arithmetic

processing, while addressing a population with a
numerical deficit in the form of mathematical learning
difficulties. This population has severe difficulties in
understanding and processing numbers and quan-
tities (e.g., Butterworth, 2009).

A group of adults with MLD and a matched control
group performed a visual SL task. Both orthodox and
Bayesian statistical analyses showed visuo-spatial SL
above chance for participants with no learning
difficulties. This is in line with previous studies that
demonstrated this ability in a variety of tasks (e.g.,
Conway & Christiansen, 2006; Fiser & Aslin, 2001;
Chun & Jiang, 1998; Turk-Browne et al., 2008). More
importantly, both orthodox and Bayesian statistical
analyses also suggested impaired visuo-spatial SL in
the population with MLD relative to individuals
without such difficulties, and even indicated that no
visuo-spatial SL occurred in MLD relative to chance.

Our findings are in line with previous studies that
reported a connection between visuo-spatial SL and
tasks including statistical summary perception (Zhao
et al,, 2011) and numerosity estimation (Zhao & Yu,
2016). The present findings and these previous
studies together suggest that interference may
result from reliance on a common underlying mech-
anism. Namely, the same processes that help keep
track of discrete and/or continuous quantities may
also be required to track and update probabilities
over time, but not both at the same time. In the
MLD population, this mechanism may be impaired,
explaining their numerical difficulties, but also
having the co-morbid symptom of reducing or elimi-
nating visuo-spatial SL. The relationship between SL
and numerical cognition is strengthened by the
present findings, which show that visuo-spatial SL is
impaired in individuals who have core deficits is
numerical processing.

Another explanation for the connection between
visuo-spatial SL and numerical processing might be
related to other characteristics shared by these two
abilities. Visuo-spatial SL (unknowingly) requires
differentiating each item in an array and learning
the relations between the individual items (Turk-
Browne et al.,, 2009). This process of differentiating
and assessing relations is also relevant while dealing
with numbers and quantities, for example when com-
paring two quantities and deciding which is larger. In
addition, repetitive exposure to numbers and experi-
ence with numerical manipulations contribute to a



more efficient numerical processing (Siegler & Opfer,
2003). Therefore visuo-spatial SL, which is character-
ized by learning regularities from repeated experi-
ence, might support the process of numerical
development.

From an evolutionary point of view, it has been
suggested that the arithmetic system is an evolved
mechanism that has ancestral origins in other brain
mechanisms (Anderson, 2010). The core hypothesis
of mental reuse in this work is “that evolutionary con-
siderations might often favor reusing existing com-
ponents for new tasks over developing new circuits
de novo” (p. 246). It has been suggested that the
numerical system might reuse other mechanisms,
such as the finger representation mechanism or the
size evaluation mechanism (e.g., Anderson, 2010;
Cantlon et al, 2009; Aisenberg & Henik, 2010).
Hence, it is possible that the processes underlying
the numerical system and visuo-spatial SL abilities
are at least partly shared.

With regard to individuals with MLD, the present
findings provide another indication that they suffer
not only from mathematical difficulties (e.g., Butter-
worth, 1999; Geary et al,, 2009) but also from a more
general deficiency. For example, individuals with MLD
have poor visuo-spatial abilities, such as in physical
and mental number line bisection tasks (Ashkenazi &
Henik, 2010). Moreover, individuals with MLD have
difficulties with mental rotation (Szucs et al., 2013; Ska-
gerlund & Tréff, 2014) and with visual working memory
(Szucs et al., 2013; Rotzer et al., 2009).

The present study has some limitations worth men-
tioning. The study was comprised of an all-female
sample. This is not unusual for studies on adults
with MLD: many other studies include mostly, if not
solely, females (e.g., Bulthe et al., 2019; Rubinsten
et al., 2020; Fooks et al,, 2021). Another possible limit-
ation of the study may be that most of the back-
ground measures were performance-based, while
the attention test was a rating-scale questionnaire.
A final potential limitation is related to the character-
istics of the task used to measure SL. The SL task we
used involved spatial regularities in colour arrays
and thus the observed deficit may be another case
of visuo-spatial difficulties in MLD. This could be
tested in future studies by employing different kinds
of SL tasks, such as temporal SL of regularities in
visual (Fiser & Aslin, 2002) and auditory (Saffran
et al., 1996) sequences. These future directions
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would help characterize whether MLD results in a
general impairment in SL, or whether the deficit is
specific to the spatial dimension and visuo-spatial
modality. In addition, the links between SL and
other cognitive processes such as reading (Spencer
et al, 2015; Frost et al., 2013) may point to other
potential deficits in MLD.

Indeed, the current study suggests that individuals
with MLD might have broad differences in cognition.
Learned regularities can facilitate cognitive proces-
sing, leading to increased working memory capacity
(Brady et al., 2009) and improved object recognition
(Bays et al., 2015). This facilitation could impact real-
word visuo-spatial behaviour. When entering a new
workplace, we typically know where to reach for the
light switches or where the coffee mugs and silver-
ware can be found in the kitchen. When going to a
new supermarket, we can shop efficiently knowing
the plausible location of what we need to buy in
relation to other products. Thus, beyond central
numerical difficulties, impaired visuo-spatial SL in
individuals with MLD may create new challenges in
everyday life.
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