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Abstract

Visual attention span (VAS) refers to the number of visual elements processed simultaneously in
a multielement array. It is causally related to reading skills and may be impaired in readers with
dyslexia. VAS is influenced by orthographic depth with opaque orthographies boosting it. Such
orthography-specific VAS modulations are subject to crosslinguistic interactions in early
biliterates, leading to advantages associated with learning to read in an opaque orthography.
However, little is known about potential VAS bootstrapping effects in late biliterates. This study
investigates potential VAS modulation in late biliterates with and without dyslexia. Participants
were first language (L1) Italian native speakers (transparent orthography) learning English as a
second language (L2). Our results show that the VAS capacity of typical readers is modulated by
English orthographic knowledge, providing the first evidence that experience with a nonnative
orthography boosts VAS skills also in late biliterates. This effect was reduced in dyslexic learners,
possibly due to a VAS deficit.

Highlights

« Biliteracy affects cognitive attentional priors for multielement array processing.

o Acquiring an opaque second language (L2) modulates visuospatial sensitivity.

o Learning an opaque L2 boosts visual attention span (VAS) skills in late L2 learners.
o Orthography-specific VAS modulation may be reduced in the presence of dyslexia.

1. Introduction

Reading development entails learning how written symbols encode speech sounds. However, the
integration of visual information into speech varies across languages, which implies that reading
strategies and reading-related cognitive skills develop in tune with language-specific orthographic
properties. Reading in alphabetic orthographies primarily involves mapping graphemes onto
phonemes (Ziegler & Goswami, 2005) and therefore strongly relies on phonological and especially
phonemic processing skills. However, the complexity of grapheme-to-phoneme correspondences
(GPCs) varies across languages that involve phonological mapping (Borleffs et al., 2017; Katz &
Frost, 1992; Schmalz et al., 2015). This is reflected in various ways: (i) Across languages, speakers
employ different strategies to map orthography to phonology (Marinelli et al., 2016; Ziegler &
Goswami, 2005; Ziegler et al., 2001), (ii) children develop reading skills at different speeds
(Seymour et al., 2003) and (iii) the manifestation and severity of reading impairments, such as
developmental dyslexia, vary (Lallier et al., 2018b; Ziegler & Goswami, 2005).

Differences in grapheme-to-phoneme mappings have traditionally been couched in terms of
SHALLOW/TRANSPARENT versus DEEP/OPAQUE orthographies' (Borleffs et al., 2017; Schmalz
etal, 2015). In languages with more transparent orthographies (e.g., Italian, Spanish or Finnish),
GPCs are almost 1:1, with few exceptions. For instance, the Italian vowel <a > in gatto “cat” or
torta “cake” is always pronounced [a], regardless of positional and lexical constraints.” The
consistency of GPCs leads readers of transparent orthographies to heavily rely on phonological
processing skills, which enhances the sublexical reading pathway (Ziegler & Goswami, 2005). In
more opaque orthographies, by contrast, GPCs are less consistent and less predictable. In English,
phonological recoding relies heavily on the processing of large multi-letter orthographic chunks,

"The categorization of orthographies into SHALLOW/TRANSPARENT and DEEP/OPAQUE based on grapheme-to-
phoneme mapping is seen as a continuum.

2Exceptions concern the consonants <c > and < g>, which are pronounced [k] and [g] before <a>, <u>and < 0>
and [f] and [d3] before the vowels <i > and < e>.
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that is, <int> in pint will be pronounced [amnt] but [mt] in mint,
reflecting that GPC rules are strongly affected by positional and
lexical constraints (Perfetti & Harris, 2019). Thus, reading opaque
orthographies triggers strategies that boost the lexical reading route
(Perfetti & Harris, 2019, p. 29; Ziegler & Goswami, 2005), which
entails processing words as wholes to retrieve their representations
from memory (Coltheart, 2005; Coltheart et al., 2001).

Given that many people today are multi-literate, there has been a
growing interest in understanding how bilingual experience influ-
ences the cognitive and neural networks that are involved in reading
and how being literate in multiple languages can impact reading
strategies. Lallier and Carreiras (2018) proposed that learning two
orthographies with different depths may affect reading skills and
subskills through crosslinguistic transfer. However, this hypothesis
has so far only been tested in early bilinguals with comparatively
balanced proficiency and reading experience in their two native
languages. Reading abilities in late bilinguals, who acquire a second
language (L2) only at school (henceforth “late biliterates”), have not
been a prominent research topic so far. The present study aims to
investigate whether Lallier and Carreiras’ (2018) hypothesis on
crosslinguistic transfer in reading also extends to late biliterates
with and without developmental dyslexia.

2. Background

2.1. Cognitive underpinnings of reading development and
developmental dyslexia

While it is still under debate whether the development of reading
skills is guided by universal principles, it is generally assumed that
children undergo two developmental phases when acquiring reading
skills: In the first phase, they learn how written symbols encode
speech sounds; in the second phase, they develop abstract ortho-
graphic representations of words. The latter will facilitate immediate
word recognition during reading. These two phases underpin the
development of two distinct reading procedures: a sublexical
(or analytical) procedure and a lexical (or global) procedure (Ans
etal., 1998; Coltheart, 2005; Coltheart et al., 2001). Sublexical reading
strategies are developed early and involve a costly computational
process whereby each sublexical graphemic unit is converted into its
corresponding sound. By contrast, lexical reading strategies involve
accessing the representation of words in the mental lexicon.

Since reading research has primarily focused on alphabetic
orthographies, which rely on grapheme-to-phoneme mapping,
auditory phonological skills were traditionally considered to be
the most important precursors of reading skills (Ziegler et al,
20105 Ziegler & Goswami, 2005). Auditory phonology skills include
phonological awareness (ie., the ability to access, analyze and
manipulate speech sounds), phonological short-term/working
memory, phonological access and fluency. The prominent role of
phonological skills in reading development has also been supported
by studies on developmental dyslexia (Ramus et al., 2003; Snowling,
2001; Vellutino et al., 2004), a learning disorder that is associated
with persistent poor word recognition and decoding skills. Beyond
phonological processing abilities, visual-attentional skills also con-
tribute to reading development. These ensure the efficient alloca-
tion of visual resources on letter strings during reading (Gavril et al.,
2021), and they are crucial for efficient graphemic parsing
(Grainger et al,, 2016) and whole word recognition (Bosse et al.,
2015; Lallier et al., 2018b). Of particular interest here is the visuaL
ATTENTION SPAN (VAS hereafter), that is, the number of visual
elements that can be processed simultaneously within a single
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fixation. VAS is especially important for the development of an
orthographic lexicon and reading through the lexical route (Bosse,
2015; Bosse et al., 2007; Valdois, 2022). Interestingly, VAS abilities
strongly contribute to reading and dyslexia not only in alphabetic
orthographies with inconsistent GPCs (Bosse et al., 2007; Bosse &
Valdois, 2009; Lallier et al., 2013b, 2013c; Lobier et al., 2012, 2013;
Valdois et al., 2004, 2019) but also in more consistent orthographies
(Germano et al., 2014; Lallier et al., 2021; van den Boer et al., 2015),
as well as vowelized (e.g., Arabic; Awadh et al,, 2022) and logo-
graphic (e.g., Chinese; Huang et al., 2019) orthographies.

As for dyslexia, multifactorial models suggest that it may stem
from deficits at various levels involved in the reading process (e.g.,
Bosse et al., 2007; Lorusso & Toraldo, 2023; Perry et al.,, 2019;
Ziegler et al., 2020). While phonological deficits (e.g., phonological
awareness, phonological short-term/working memory, rapid auto-
matized naming [RAN]) have been extensively discussed, growing
evidence suggests that visual-processing deficits, such as VAS
impairments, can also explain some forms of dyslexia. VAS deficits
result in impaired and slower parallel processing of multielement
arrays (Valdois, 2022) and can hinder lexical reading abilities.
Moreover, CROWDING effects, that is, inaccurate letter recognition
due to neighboring letters, have also been linked to decoding
difficulties in dyslexia (e.g., Martelli et al., 2009; Spinelli et al.,
2002, for Italian). Crowding effects and VAS are inversely related,
with increased crowding reducing the ability to process multiple
letters simultaneously. Accordingly, reliance on sublexical reading
strategies may reduce vulnerability to crowding effects (Lallier et al.,
2018a).

2.2. Effects of orthographic depth and biliteracy on VAS

VAS has been conceptualized as a window of visual simultaneous
attention, which can vary in size (Ans et al., 1998). Efficient sub-
lexical reading requires a narrow attentional focus on each sublex-
ical unit within an orthographic string to facilitate phonological
decoding. Conversely, learning to read through the lexical pathway
requires attentional resources to be distributed more broadly and
homogeneously across entire words to facilitate the formation of
their lexical representations allowing their direct retrieval from
memory.

Since the way letters are mapped to sounds varies across lan-
guages, reading skills and subskills (including VAS) may be modu-
lated by orthography-specific properties. As previously discussed,
studies have shown that readers of transparent orthographies rely
more heavily on sublexical, small-grain reading strategies, while
readers of more opaque orthographies rely more on larger-grain-
size strategies (Lallier & Carreiras, 2018; Ziegler & Goswami, 2005).
Even early bilinguals with literacy in both an opaque orthography
and a transparent orthography engage different strategies depend-
ing on the language in which they read (Buetler et al., 2014; de Le6n
Rodriguez et al., 2016; Egan et al., 2019; Iniesta et al., 2023; Lallier
et al., 2014; Lallier & Carreiras, 2018). These crosslinguistic differ-
ences support the psycholinguistic grain size theory (Ziegler &
Goswami, 2005) that posits that the size of the phonological units
that one relies on when learning to read is inversely proportional to
GPC consistency and predictability, that is, opaque orthographies
trigger the reliance on larger phonological grain size units than
transparent orthographies. Building on this, Lallier and Carreiras
(2018) propose that these modulations could also affect the visual
orthographic grain of processing and the underlying VAS. For
instance, to correctly pronounce the irregular word queue in Eng-
lish, visual attention needs to be homogeneously distributed across
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all the five letters in the word. Conversely, in Italian, the word coda
“queue” can be accurately decoded through a narrow visual atten-
tion focus on individual letters to access the correct corresponding
sounds. This goes in line with evidence suggesting that Italian and
English differ with respect to the maximum size of the visual-
attentional “window” required for reading (Perry & Long, 2022,
p. 6) and that VAS skills contribute more strongly to reading in
opaque orthographies (Awadh et al., 2016; Gavril et al., 2021).°

While most of the evidence supporting the psycholinguistic
grain size theory comes from monolingual readers, biliterate
experience and crosslinguistic transfer can also shape reading
strategies in specific ways (Lallier & Carreiras, 2018). For example,
early biliteracy modulates the preferred grain size of reading strat-
egies (Lallier et al., 2016, 2018b) and reading subskills, including
VAS and phonological abilities (Antzaka et al., 2018; Lallier et al.,
2014, 2016; Lallier & Carreiras, 2018). To explain these effects,
Lallier and Carreiras (2018) proposed the grain size accommoda-
tion hypothesis, according to which the acquisition of two different
writing systems leads to changes in the cognitive systems involved
in reading. They hypothesize that the reading skills and subskills
triggered by the properties of two simultaneously learned orthog-
raphies are assimilated, leading to “cognitive and neural
accommodation” (Lallier & Carriras, 2018, p. 392) and to the
development of hybrid grain size reading strategies. For instance,
a bilingual reader mastering both a transparent orthography and an
opaque orthography is expected to process larger units when read-
ing in their transparent orthography than a monolingual reader of
the same transparent orthography, which affects the distribution of
visual attentional resources and VAS skills (Lallier & Carreiras,
2018, p. 393).

Most of the evidence supporting the grain size accommodation
hypothesis is currently limited to early simultaneous bilinguals (see
Lallier et al., 2013a, 2016, 2018b, 2021). For example, Lallier et al.
(2016, 2021) compared two groups of early bilingual children
mastering either two transparent orthographies (Spanish and
Basque) or one opaque and one transparent orthography (French
and Basque, respectively) in tasks measuring phonological aware-
ness and VAS in their common orthography, Basque. The two
groups differed in terms of VAS, with the French-Basque distrib-
uting their attention resources more homogeneously. This result
was attributed to experience with French, which, with its less
consistent GPCs, has the effects of boosting VAS (Lallier et al.,
2016) or favoring the contribution of VAS skills to reading (Lallier
et al., 2021). By contrast, Spanish-Basque bilinguals showed a
narrower VAS, yet outperformed French-Basque bilinguals in
phonologically demanding tasks (Lallier et al., 2016). This advan-
tage was attributed to their experience with two transparent sys-
tems, which enhances reliance on smaller phonological units, thus
boosting phonological awareness. Crucially, this “transparent
orthography advantage” was also observed in adult biliterate
readers with dyslexia (Lallier et al., 2018b).

It is still unclear, however, whether and to what extent such
transfer of reading skills and subskills is modulated by reading
proficiency and/or experience in late biliterates. Furthermore, it is
not clear whether crosslinguistic interactions on VAS are still visible
in developmental dyslexia associated with a VAS deficit (Valdois,
2022).

*In addition to the orthographic depth of a language, other types of “large
grains” such as morphological information have been shown to influence VAS
skills (see Antzaka et al., 2019).
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3. The present study

The aim of this study is to test whether the prediction of the grain
size accommodation hypothesis in early simultaneous bilinguals
(Lallier & Carreiras, 2018) on VAS holds true for late biliterates
with and without developmental dyslexia. To this end, we tested
high school students in Italy who had started learning English as an
L2 at school. High school students typically represent a wide
spectrum of L2 proficiency levels, albeit with more or less compar-
able exposure to English. The following questions are addressed:

RQ1 : Does (high) proficiency in an opaque nonnative orthog-
raphy (English) modulate the VAS of individuals whose native
language orthography (Italian) is highly transparent?

RQ2 : Are crosslinguistic accommodation processes similar in late
biliterates with and without dyslexia?

Under the (visual) grain size accommodation hypothesis (Lallier
& Carreiras, 2018), and given that experience with an opaque
orthography may modulate the size of visual units that are processed
while reading (Lallier et al., 2013a, 2016, 2021), we predict that
reading and cognitive strategies triggered by more advanced English
reading skills will transfer to the native orthography and affect the
VAS of Italian L2 learners of English. Further, we expect the accom-
modation of VAS to be less visible in learners with developmental
dyslexia who (may) present VAS limitations. To assess VAS, a visual-
1-back task (Lallier et al., 2016) will be used. Participants have to
detect the presence or absence of a target letter whose position within
a previously briefly presented 5-consonant string varies. As a proxy
measure of English and Italian reading experience, we assessed
orthographic knowledge in each of these languages. This measure
provides an estimate of how fluently and accurately participants can
access their lexical (abstract) orthographic representations.

First, based on previous research showing that reading direction
(Awadh et al., 2016) and orthographic depth (Lallier et al., 2013a)
affect the allocation of attention resources on multi-letter arrays, we
expect all participants to exhibit a strong leftward bias in the allocation
of visual attention on the letter strings, in line with the properties of
their transparent first language (L1). Irrespective of dyslexia, we thus
predict better recognition of consonants in the leftmost relative to the
rightmost position of the consonant string. Second, while a VAS
bootstrapping effect is expected in late biliterates, only English ortho-
graphic proficiency but not Italian orthographic proficiency is
expected to be a driving force. Thus, we compare the effect of Italian
and English orthographic proficiency on VAS modulations to disen-
tangle the impact of mastering an opaque nonnative (L2) orthography
from the broader influence of advanced orthographic skills in the
native language. In other words, higher levels of English (but not
Italian) orthographic knowledge should correlate with a more homo-
genous distribution of visual attention resources across the consonant
strings, reflected by similar target letter detection performance across
all five positions. Finally, we predict that modulation of VAS as a result
of higher English orthographic proficiency would be more visible in
skilled readers relative to their peers with dyslexia due to a possible
VAS deficit in the latter group (Bosse et al., 2007; Valdois, 2022).

4. Method
4.1. Participants and procedure

Ninety high school students participated in the study (age:
M = 17.03; standard deviation (SD) = 1.41; range = 14.11-20.50).
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Twenty-nine participants had a formal diagnosis of dyslexia (DYS
group), which was assessed by authorized Italian clinical institutes
according to national regulations.” The remaining sixty-one parti-
cipants had no diagnosis of dyslexia (TD group), but four had other
specific learning disorders (e.g., dyscalculia and dysgraphia) and
were thus excluded from the control sample. Eighty-eight partici-
pants were attending high school” at the time of the experiment.
Two participants (one TD and one DYS) were attending univer-
sity at the time of testing.® Overall, there was no age difference
between the two groups (p = .321). All participants were native
speakers of Italian and had started learning English as an L2 either
in the first grade of primary school or kindergarten (Age of Onset:
M = 5.66; SD = 0.86).” Participants attended three high schools
with varying levels of foreign language (FL) instruction. The first,
a linguistic gymnasium (N = 39), offered English, French and
German, with students reporting an average of 3.67 hours of
English per week (SD = 0.62, range = 3-5). The second, a gym-
nasium (N = 17), had either a language-focused or scientific
curriculum, with students reporting 3.12 hours of English classes
per week (SD = 0.33, range = 3—4). The third, an agrarian institute
(N = 32), provided mandatory English, with students attending
2.84 hours of English classes weekly (SD = 0.45, range = 2-4).°
(Appendix B) details the school curricula. Each DYS participant
was matched with at least one TD control based on age, grade and
school type.

Participants were tested individually in a quiet room at school.
The experimental procedure was split into two sessions: one focus-
ing on Italian and the other on English. Task instructions were
provided in Italian and English, respectively. The language of
communication between the researcher and the participant was
always Italian. The order of the sessions was counterbalanced across
participants. Each session lasted 40-60 minutes, with a gap of 4—
7 days. The Italian session® included i) standardized tests to assess

“Diagnostic tests assessing reading accuracy/fluency, writing and calculation
are used in clinical contexts. The diagnostic threshold is typically set below the
5th percentile for reading accuracy and below 2SD for reading fluency (Cornoldi
et al, 2022).

>In Ttaly, high school starts at 14 years. Typically, there are five grades (3 to
5 for vocational training).

®They had graduated from the same high schools as the other participants.
Additionally, they were twins (one with a formal diagnosis of dyslexia). Given
their close age relative to the rest of the sample, they were kept in the study.

7In Italy, reading is first acquired in Italian. Children start to read in English
only in the second or third grade typically through the same instruction used for
Italian (phonics). Exposure to English is typically 1-2 hours a week, at least until
the 6th grade.

8As noted by a reviewer, the number of foreign languages (FLs) studied by
participants may also play a role and deserve further investigation. However, this
would require data on participants’ proficiency levels in each language. In our
case, the other FLs learned (mostly French, Spanish, German) are orthograph-
ically more transparent than English, suggesting that, even if they had been
mastered at higher proficiency levels than English, they are unlikely to boost
VAS even further than English. Moreover, our data suggest a lack of correlation
between the number of FLs studied by participants and their accuracy in the
VAS task (TD: r(49) = .18, p = .190; DYS: r(27) = .13, p = .498).

%Both sessions started with an eye-tracking task and included vocabulary
size tasks. Details on participants’ performance in the LexTALE assessing
English vocabulary size (Lemhofer & Broersma, 2012) can be found in
(Appendix C). Participants’ performance in the LexTALE and in the Ortho-
graphic Choice Task (Olson et al., 1994) was highly correlated (TD: r
(49) = .66, p < .001; DYS: r(27) = .55, p = .002). We focused on the latter
because it taps into orthographic knowledge and thus serves as a measure of
reading proficiency.
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Italian reading skills, ii) a spoonerism task to assess phonological
awareness sKkills, iii) a digit span task to assess phonological short-
term/working memory skills (Monaco et al., 2013) and iv) a lexical
decision task under articulatory suppression to measure ortho-
graphic knowledge (Montesano et al., 2020). The English session
included i) a questionnaire to gather sociolinguistic information
(Appendix B), ii) an orthographic choice task to assess ortho-
graphic proficiency (Olson et al., 1994) and iii) the visual-1-back
task to assess VAS (Lallier et al., 2016), which was always admin-
istered at the end of the session.

4.2. Neuropsychological assessment

4.2.1. Italian reading skills

Standardized tests were used to assess reading fluency and accuracy
in Italian to ensure that control participants had good lexical (real
words) and sublexical (nonwords) reading skills (I and II high
school grade: MT Avanzate-3-Clinica, Cornoldi et al., 2017; III to
V high school grade: Prove di lettura e scrittura MT 16-19, Cornoldi
& Candela, 2015; and university: LSC-SUA battery, Montesano
et al,, 2020). All participants read 112 real words divided into four
lists (short frequent words, long frequent words, short infrequent
words and long infrequent words) and 56 nonwords divided into
two lists (short and long). Reading times and errors were calculated
for both word and nonword reading, and Z-scores were computed
according to standardized parameters, which accounted for
participants’ age.

4.2.2. Phonological short-term and working memory

Memory abilities were gathered to control for participants’ ability to
process phonologically demanding material (e.g., consonant let-
ters) in the visual-1-back task. Phonological short-term and work-
ing memories were assessed with the forward and backward digit-
span tasks (Monaco et al., 2013), respectively. The tasks include
aurally presented digit strings of increasing length (3 to 9 digits in
the forward version and 3 to 8 digits in the backward version). In the
forward version, participants were asked to repeat the digits in the
same order; in the backward version, they were asked to repeat
them backward. If the repetition of the digit was correct, a one-digit
longer string was presented. In case of mistakes, participants were
presented with a different string of the same length. If two con-
secutive mistakes occurred with the same digit length, the task
ended. The maximum number of digits that were correctly repeated
was calculated.

4.2.3. ltalian phonological awareness

Phonological awareness was measured with a spoonerism task. Ten
experimental items were constructed, consisting of a pair of disyl-
labic real words. Participants were instructed to switch the first
sound of the two words as quickly as possible (e.g., prompt: /salto/ /
duna/; target: /dalto/ /suna/), which always resulted in the produc-
tion of two disyllabic nonwords. The task was not time-constrained.
Responses in the spoonerism were assigned 2 points if participants
managed to switch the two phonemes correctly and produced the
correct target nonwords. If phonemes were switched correctly but
the target nonword was incorrect (e.g., prompt: /salto/ /duna/;
target: /dalta/ /suno/), the response was assigned 1 point. If the
phonemes were not switched correctly, the response received
0 points. Response time (RT) was measured as the duration
between the conclusion of the prompt and the conclusion of the
answer. Finally, a speed—accuracy trade-off score was computed
using the bis function (Liesefeld & Janczyk, 2019) in R
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(version 4.2.1). The bis function generates a balanced integration
score (BIS). This score standardizes both the average of correct
responses for each participant and the average RT for those correct
responses. Subsequently, it computes the difference between the
standardized accuracy and RT scores (see Liesefeld & Janczyk,
2019, p. 42).

4.2.4. ltalian orthographic knowledge

Italian orthographic knowledge was assessed using the lexical
decision task under articulatory suppression from the LSC-SUA
diagnostic battery (Montesano et al., 2020). The term articulatory
suppression refers to the fact that participants had to make a
lexical decision, while continuously repeating the syllable <la>,
which inhibits access to the phonological representations of the
words they were reading. Although this task was not designed to
assess orthographic knowledge in Italian, we believe that articu-
latory suppression enables testing how fluently and accurately
abstract orthographic representations of real words are accessed,
thereby indirectly engaging participants’ orthographic know-
ledge. Indeed, articulatory suppression prevents the use of phono-
logical decoding procedures while performing the lexical decision
task. The tests included four lists of words (N = 60) and nonwords
(N = 60) presented in a mixed block. Participants were asked to
mark as many real words as possible in one minute while ignoring
nonwords. The number of accepted nonwords was subtracted
from the number of correct responses to compute the total score
(max. 60).

4.2.5. English orthographic knowledge

English orthographic knowledge was measured with the orthographic
choice task (Olson et al., 1994) run on Gorilla (Anwyl-Irvine et al.,
2020). The task included 80 pairs of words and pseudo-homophones
(e.g., interesting and *intresting). Participants were instructed to click
on the correctly spelled word as quickly as possible. The task was not
time-constrained, and items were presented in randomized order.
Accuracy scores and RTs in the orthographic choice task were
computed. To make the measure comparable to the Italian one'
(which was time-constrained), a trade-off between speed and accur-
acy was assessed using the bis function (Liesefeld & Janczyk, 2019)
inR.

4.3. Visual-1-back task

The visual-1-back task was used to measure participants’ VAS. We
followed Lallier et al. (2016) and created 80 five-consonant strings
(50 experimental +30 distractors) using Python. The task can reveal

%We acknowledge that the Italian and English tests are not directly com-
parable. First, they differ significantly in their administration modality. While
the Italian test requires the simultaneous presentation of all items, alongside the
performance of two tasks (lexical decision + articulatory suppression), the
English task does not. Additionally, the English task exclusively incorporates
pseudo-homophones, whereas the Italian test encompasses both pseudowords
(e.g., *soltato > soldato, “soldier”) and nonwords (e.g., *amanile), which serve as
an indicator of decoding abilities. Nevertheless, given the difficulties in devel-
oping a test analogous to the one developed by Olson et al. (1994) for languages
with a transparent orthography, we opted for Montesano et al.’s (2020) task in
that the articulatory suppression helps us tap into orthographic processing by
“blocking” the phonological loop. Further, we believe both tests to be reliable
indicators of the speed (and accuracy) at which readers can access abstract
orthographic representations. Finally, the significant correlation between the
two tests (r(78) = .66, p < .001) suggests that they capture similar variance and
tap into similar processing levels.
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potential biases in the allocation of visual attention resources
because no consonant string corresponds to existing words in
Italian or English, and thus, no lexical item in the orthographic
or phonological lexicon can be activated (Lallier et al., 2016). Strings
were created using 10 consonants (B, C,F, H,N, Q, S, T, V and Z).
We avoided orthographically similar consonants (e.g., M and N) to
facilitate letter recognition. The crucial independent variable of this
task is the position in which the consonant appeared within the
string (1 to 5). Each consonant was thus used five times, once per
position (e.g., BCVTH, ZBHNT, HZBTV, QFVBN, ZQSHB). The
task was implemented on Gorilla (Anwyl-Irvine et al., 2020). It
began with the display of a fixation cross at the center of the screen
(1024 x 768 pixels) for a duration of 500 ms, followed by a blank
screen (100 ms). Subsequently, the consonant string was displayed
in the center of the screen for 200 ms with double spacing between
each consonant to minimize lateral masking effects (Lallier et al.,
2018b). Then, a screen without time constraints appeared, present-
ing a single consonant that was either part of the consonant string
(target) or not (filler). Participants were instructed to click YES if
they believed the consonant was present in the preceding string or
NO if they thought otherwise. Unlike traditional global/partial
report tasks, which require participants to orally report the entire
string (global) or a single cued letter (partial), the visual-1-back task
does not involve letter naming. Consequently, phonological pro-
cessing skill contribution to the task, which could impede the
performance of dyslexic participants (Goswami, 2015; Liu et al,,
2023), is substantially reduced and most of the variance observed in
the performance of the task would thus be attributable to VAS skills,
rather than phonological skills (i.e., accessing and remembering the
phonological representation of the consonants). Participants had
approximately a 62% chance of correctly responding YES. As noted
by Lallier et al. (2016), when the probability of giving a correct
response (in this case, YES) is relatively high, participants tend to
underestimate the chance level.

We computed accuracy (the proportion of correct responses for
each consonant position) to account for the amount of information
that can be processed and encoded in short-term memory (STM)
(Lallier et al., 2013a). A signal detection theory (SDT) analysis was
also conducted to account for participants’ decision biases when
performing the task and is presented as a complementary analysis
in (Appendix A). The SDT analysis focuses on a “pseudo” d prime
(d’) score and on the C criterion (see (Appendix A) for a more
thorough explanation of each measure), allowing for a deeper
interpretation of the accuracy results presented below.

5. Results
5.1. Neuropsychological assessment

For all background measures, dependent variables were analyzed as
a function of Group (TD versus DYS) and Age. All initial models
(run with the Im or glm functions in R, depending on the distribu-
tion of the response variable) included an interaction between
Group and Age (formula = response ~ Group * Age). Nonsignifi-
cant interactions were dropped to analyze the main effects of Group
and Age separately (formula = response ~ Group + Age). The
simple linear models assessing participants’ performance in the
standardized reading tests, instead, did not include Age, in that
Z-scores were calculated following standardized parameters that
account for participants’ age.

TDs significantly outperformed DYS participants in all reading
domains (Table 1). Six participants from the TD group exhibited
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Table 1. DYS and TD participants’ performance in the screening reading tests. p <.05% p <.01**, p <.001***

DYS TD
M SD range M SD Range B (p)
Real word accuracy —2.80 2.53 —9.07 - 1.04 —0.06 0.82 —2.36-1.18 2.74***
Real word fluency —4.46 2.83 —14.12 - —0.58 —0.73 1.18 —4.97 - 1.65 3.44%**
Nonword accuracy —2.97 2.97 —11.78 - 0.75 —0.28 1.29 —4.55-1.29 2.75%**
Nonword fluency —3.62 3.45 —19.39 - —0.44 —0.36 1.15 —4.58 - 1.80 2.69%**

Table 2. DYS and TD participants’ performance in the forward and backward digit span task (Phonological STM and WM, respectively), Italian Orthographic
Knowledge (IOK), English Orthographic Knowledge (EOK) and speed—accuracy trade-off scores in the spoonerism task (Phonological Awareness, PA). The table
reports the mean, standard deviations and range for each Group (DYS versus TD). For each measure, model results are reported for Group, Age and the interaction
between the two when significant. “glm” models were used for Phonological STM, WM and I0K. “Im” models were used for EOK and PA. p <.05% p <.01*%

p <.001***,

Group Age Age*Group
Mean SD range ik (P) Lk (P) 2k (P)

Phonological STM
DYS 5.97 0.91 4-8 1.14 (n.s.) 0.00 (n.s.) (n.s.)
TD 6.63 111 4-9
Phonological WM
DYS 4.24 1.90 0-8 6.33* 1.54 (n.s.) (n.s.)
TD 5.39 1.40 3-8
Italian Orthographic Knowledge (10K)
DYS 29.55 10.18 12-50 153.47*** 17.83*** (n.s.)
TD 46.35 9.36 25-59

F (p) F (p) F (p)
English Orthographic Knowledge (EOK)
DYS 131 1.93 —7.58 —2.30 54.58*** 2.24 (n.s.) (n.s.)
TD 0.89 0.77 —0.79 — 2.47
Phonological Awareness (PA)
DYS —1.44 2.12 —6.47 — 1.68 11.36*** 10.23** 7.83**
TD 0.99 0.91 —2.12-2.13

poor reading performance across all reading domains and were
therefore excluded from further analyses. The final sample included
29 participants with dyslexia and 51 age-matched controls. Table 2
reports DYS and TD participants’ results and the statistical analysis
of the background measures.

5.2. Visual-1-back task

The data analysis on response accuracy was conducted using
generalized linear mixed effect models (assuming a binomial
distribution) with the glmer function from the Ime4 package
(Bates et al., 2015) in R (version 4.2.1). The emmeans and
emtrends functions (emmeans package; Lenth, 2024) were used
for the post hoc analyses of interaction terms. Participants’
accuracy (binary coded: 1 = correct; 0 = incorrect) in the vis-
ual-1-back task was analyzed as a function of Consonant Position
(1 to 5) and Group (TD versus DYS). Further, we assessed the
effects of i) English Orthographic Knowledge (L2) and ii) Italian
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Orthographic Knowledge (L1) in modulating participants’ VAS
skills and biases in allocating their visual attention resour-
ces when presented with an unknown string of consonants.
Further, the models also controlled for Phonological STM skills'
to control for their potential contribution to VAS task perform-
ance, which might rely on the automatic retrieval of the phono-
logical labels of letters in a given string. For each initial model,
the random effect structure was kept maximal (Barr et al., 2013)
and thus included random intercepts for Participants and
Items and allowed for a random slope of Consonant Position
over Participants, which was dropped in cases of convergence
issues. A detailed report of the analysis is available in the
Supplementary Materials (Appendix C).

""The Phonological STM/WM score was obtained by averaging participants’
performance in the two versions of the digit span task.
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5.2.1. Effects of English orthographic knowledge on VAS skills
The best-fit model predicted accuracy as a function of a three-way
interaction between English Orthographic Knowledge, Group and
Consonant Position. Due to convergence issues, the random effect
structure only included random intercepts for Participants and
Items. The model yielded a significant effect of Consonant Position
(4 = 22.10, p < .001), English Orthographic Knowledge (x* = 7.90,
p =.005) and Phonological STM (* = 8.33, p =.004), showing that
both DYS and TD were significantly better at detecting consonants
in the two leftmost and central positions and that higher Phono-
logical STM skills and English Orthographic Knowledge increased
accuracy in both groups (Figure 1). Group alone was not significant
(% = 1.55, p = 213). The three-way interaction between Group,
Consonant Position and English Orthographic Knowledge was
significant (x* = 9.70, p = .046), showing that the effect of English
Orthographic Knowledge modulated TD and DYS participants’
performance differently in the task, depending on the Consonant
Position (Figure 2). The lower-level interactions between Conson-
ant Position and English Orthographic Knowledge (x> = 6.49,
p = .165), between Consonant Position and Group (y° = 3.37,
p =.498) and between English Orthographic Knowledge and Group
(o = 0.88, p = .349) were not significant.

Post hoc analyses show that while English Orthographic Know-
ledge significantly and positively influenced DYS participants’ per-
formance when the consonant was in first ( = 0.40, standard error
(SE) = 0.14, z = 2.81, p = .005) and second (§ = 0.31, SE = 0.14,
z=2.20, p = .028) positions, the effect was null when the consonant
was in third, fourth and fifth positions (Table 3). As for TDs,
English Orthographic Knowledge significantly improved partici-
pants’ performance when the consonant was in the rightmost
position (B = 0.83, SE = 0.28, z = 2.95, p = .003), while its effect
was marginal or null in the other positions (Table 3).

The post hoc analysis also revealed that while the overall differ-
ence between TD and DYS participants’ accuracy was not
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significant, significant differences emerged between the two groups
at high English Orthographic Knowledge levels (+1SD) with TD
outperforming DYS when the consonant appeared in third
(B =—0.77, SE = 0.38, z = —2.00, p = .046) and fifth (f = —0.75,
SE = 0.36, z = —2.08, p = .038) positions, while the difference was
only marginal in fourth position (f = —0.68, SE = 0.36, z = —1.90,
p =.058), as reported in Table 4. The comparison between TD and
DYS at each consonant position and English orthographic know-
ledge level is illustrated in Figure 3.

Last, we compared accuracy across the leftmost and rightmost
consonant positions for each group and across different levels of
English orthographic knowledge (low: -1SD, high: +1SD) to deter-
mine whether the anticipated “position effect” (accuracy is expected
to be higher in the leftmost position, reflecting a leftward bias in the
allocation of attentional resources) was mitigated by higher profi-
ciency in English orthographic skills. DYS participants were more
accurate in the leftmost position as compared to the rightmost
position, irrespective of English orthographic knowledge (low:
B =0.64, SE = 0.22, z = 2.91, p = .036; high: p = 1.22, SE = 0.38,
z=3.18, p = .015). By contrast, the TD group showed differences in
accuracy between the rightmost and leftmost positions in the string,
but these were only significant for TDs with low orthographic
knowledge skills in English (B = 2.05, SE = 0.58, z = 3.51,
p =.004) and not for TDs with high orthographic knowledge skills
(B =0.50, SE = 0.30, z = 1.69, p = .918).

5.2.2. Effects of Italian orthographic knowledge on VAS skills

A second model was employed to explore how Italian Orthographic
Knowledge affects VAS abilities in typical and dyslexic readers. As
pointed out above, this analysis was run to ensure that the effect
observed in the previous analysis was driven by participants’ expos-
ure to the English orthography rather than by better reading skills
in their L1. Importantly, Italian orthographic proficiency and Eng-
lish orthographic proficiency were strongly correlated overall
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Figure 1. Main effects of Consonant Position (A), Phonological STM (B) and English Orthographic Knowledge (C) on participants’ accuracy in the VAS task. The main effects of
Consonant Position (p <.001), Phonological STM (p =.004) and English Orthographic Knowledge (p =.005) were all significant. None of the three factors significantly interacted with

Group alone.
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Figure 2. Effect of low (-1SD), average (M = 0) and high (+1SD) English Orthographic Knowledge (EOK) at each Consonant Position for DYS (A) and TD (B). The three-way interaction

was significant (p = .046).

Table 3. Effect of English Orthographic Knowledge (EOK) on TD and DYS participants’ accuracy by Consonant Position (CP)

Formula: emtrends(model, pairwise ~ Group | CP, var = “EOK,” infer = T, adjust = “bonferroni”)

Group CcP Estimate SE z P

DYS 1 0.40 0.14 2.81 .005
2 0.31 0.14 2.20 .028
3 0.09 0.14 0.66 .507
4 0.07 0.13 0.55 .579
5 0.11 0.13 0.83 406

TD 1 0.06 0.34 0.17 .862
2 0.16 0.30 0.53 .597
3 0.58 0.31 1.85 .065
4 0.49 0.28 171 .087
5 0.83 0.28 2.95 .003

(r(78) = .66, p < .001), but this correlation was stronger for DYS
participants (r(27) = .58, p = .001) than for TD participants
(r(49) = .29, p = .041). A glmer model was used to investigate
participants’ accuracy as a function of a three-way interaction
between Consonant Position, Group and Italian Orthographic
Knowledge. Initially, Age was included in the model based on prior
analyses indicating a significant interaction between Group and
Age when predicting Italian Orthographic Knowledge (see Table 2).
However, due to convergence issues, Age was dropped. The best-fit
model further controlled for Phonological STM and included ran-
dom intercepts for Participants and Items. No random slope was
included due to convergence issues. The model yielded a significant
effect of Consonant Position (3° = 22.49, p <.001) and Phonological
STM ()(2 = 11.57, p = .001), showing that both TD and DYS were
more accurate when the target consonant appeared in the leftmost
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positions and that Phonological STM significantly and positively
increased participants’ performance (Figure 4). The effect of Group
alone was not significant (o = 1.53, p =.217), nor was the effect of
Italian Orthographic Knowledge alone (y* = 2.59, p = .108), or the
three-way interaction between Italian Orthographic Knowledge,
Group and Consonant Position (3° = 6.94, p = .139). The lower-
level interactions were not significant either (Consonant Position
by Italian Orthographic Knowledge: y* = 7.76, p = .101; Consonant
Position by Group: x> = 7.47, p = .113; Italian Orthographic
Knowledge by Group: * = 0.24, p = .622).

6. Discussion

This study tested the predictions of the grain size accommodation
hypothesis (Lallier & Carreiras, 2018) in Italian-English late
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Table 4. Comparison of DYS versus TD performance in all Consonant Positions (CPs) at low (-1SD), average (M = 1) and high (+1SD) English Orthographic Knowledge

(EOK) levels

Formula: emmeans(model, pairwise ~ Group | EOK | CP, at = list(EOK = c¢(—1,0,1)), adjust = “bonferroni”)

Contrast EOK CP Estimate SE z P
DYS - TD Low (—1SD) 1 —0.71 0.53 —1.34 .180
Average (M =0) —0.37 0.30 —1.25 213
High (+1SD) —0.03 0.40 —0.08 936
DYS - TD Low (—1SD) 2 0.00 0.48 0.00 .996
Average (M = 0) 0.16 0.28 0.55 .583
High (+1SD) 0.31 0.39 0.80 424
DYS - TD Low (—1SD) 3 0.20 0.49 0.42 674
Average (M =0) —0.28 0.27 —1.03 .303
High (+1SD) —0.77 0.38 —2.00 .046
DYS-TD Low (—1SD) 4 0.14 0.45 0.31 755
Average (M = 0) —0.27 0.26 —1.05 295
High (+1SD) —0.68 0.36 —1.90 .058
DYS - TD Low (—1SD) 5 0.69 0.44 1.57 116
Average (M =0) —0.03 0.26 —0.11 914
High (+1SD) —0.75 0.36 —2.08 .038
Group -®- DYS -A- TD
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1.00 -
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Figure 3. Comparison between DYS and TD performance at each Consonant Position and level of English Orthographic Knowledge (EOK) — low EOK: -1SD, average EOK: M = 0 and
high EOK: +1SD. The comparison of DYS and TD participants’ accuracy was significant in the third (p =.046) and fifth (p = .038) Consonant Position at high EOK levels (right panel).

biliterates with and without developmental dyslexia. Specifically,
we assessed whether reading proficiency in a nonnative opaque
orthography (English) modulates the VAS capacity of Italian
(transparent orthography) learners (RQ1), comparing readers with
and without dyslexia (RQ2). Based on previous findings (e.g,
Awadh et al., 2016; Lallier et al., 2013a) and theoretical frameworks
of orthographic processing (Grainger et al., 2016), we expected a
leftward bias in the allocation of visual attention resources driven by
L1 Italian, requiring left-to-right analysis. This was expected
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irrespective of dyslexia. However, participants with higher English
orthographic knowledge were predicted to distribute their visual—
attentional resources more homogeneously across letter strings due
to their experience with an opaque orthography that requires the
processing of larger visual grains (Lallier & Carreiras, 2018). In
contrast, we expected no VAS modulation to be driven by Italian
orthographic knowledge, given that VAS skills may be less import-
ant in a transparent orthography (Awadh et al., 2016; Gavril et al.,
2021). Further, we compared typically developing and dyslexic late
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Figure 4. Main effects of Consonant Position (A), Phonological STM (B) and Italian Orthographic Knowledge (C) on DYS and TD’s accuracy. The main effects of Consonant Position
(p <.001) and Phonological STM (p =.001) were significant, while Italian Orthographic Knowledge was not (p =.108). None of the three factors significantly interacted with Group

alone.

biliterates to assess whether such orthography-specific VAS modu-
lations are also possible in the presence of a potential VAS deficit.

To evaluate VAS abilities, we used a visual-1-back task (Lallier
et al,, 2016). Participants’ performance (in terms of accuracy) was
analyzed as a function of i) consonant position, ii) English and iii)
Italian orthographic knowledge. In line with Lallier et al. (2013a),
we interpreted accuracy as an index of the amount of information
that is transferred to and retained in visual short-term memory,
indicating the size of the visual grains encoded during ortho-
graphic processing. The purpose of these analyses was threefold:
(i) assessing whether the predicted leftward bias would be attenu-
ated by experience with the English orthography, (ii) comparing
the effect of Italian orthographic knowledge to the effect of
English orthographic knowledge (to disentangle the impact of
mastering the English orthography from the impact of mastering
Italian) and (iii) comparing the effects of Italian and English
orthographic knowledge on potential VAS modulations between
typical and dyslexic learners. As mentioned above, an SDT ana-
lysis (Appendix A) was conducted to investigate participants’
decision biases linked to attentional processes (Miiller & Findlay,
1987).

6.1. Crosslinguistic interaction in VAS in typical L2 learners

Our study is the first to demonstrate that orthography-specific VAS
modulations can be influenced by exposure to a nonnative opaque
orthography (English) and that the predictions of the grain size
accommodation hypothesis (Lallier & Carreiras, 2018) extend to
late biliterates. Our analysis of accuracy scores showed that higher
English orthographic knowledge (arguably as a result of higher
reading experience) modulated the size of VAS in TD participants:
Participants with high English orthographic knowledge were good
atidentifying target consonants irrespective of their position within
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the string, thus showing a more homogeneous distribution of
attention resources when presented with an unknown string of
letters, which was not accompanied by a drop in their accuracy
scores (Figure 2). Post hoc analyses showed that English ortho-
graphic knowledge was especially predictive of accuracy when the
consonant was presented in the rightmost position within the string
(Table 3). In contrast, for typical readers with lower English ortho-
graphic knowledge, accuracy gradually decreased from the left to
the right, thus showing a reduced VAS capacity and a stronger bias
in allocating attention resources toward the leftmost positions. This
is in line with Lallier et al. (2013a), who showed that Welsh—English
bilinguals have a smaller VAS than English monolinguals, as well as
higher-quality probe encoding when targets were presented on the
left side of the consonant strings (indicated by P3b amplitude),
owing to experience with Welsh (transparent orthography).
Highly proficient typical readers showed a W-shaped pattern of
visual attention distribution (Figure 2, panel B), in line with Grain-
geretal.’s (2016, p. 172) theoretical framework of visual constraints
on multi-letter array identification, according to which W-shaped
patterns of visual attention distribution can be influenced by letter
acuity and crowding effects. In other words, greater proximity to
the fixation point enhances letter visibility (acuity), while increased
spacing around the letter diminishes crowding effects. Building
upon this observation, we hypothesize that participants with higher
orthographic knowledge in English, having developed an appro-
priate visual attention window size for reading in English (five
graphemes; Perry & Long, 2022, p. 6), are more inclined to focus
their attention on the middle when presented with an unknown
string of letters, in addition to distributing their attentional
resources more homogeneously to accurately detect consonants
regardless of their position within the string. Thus, our results
support the hypothesis that learners with advanced orthographic
expertise in English may accommodate their cognitive processing
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strategy, resulting not only in improved task accuracy but also in
shifts in their cognitive attentional priors, affecting how they
approach spatial information processing. This was further sup-
ported by the results of the SDT analysis (Appendix A), which
suggest that typical readers with high orthographic proficiency in
English are less sensitive to the leftmost letter in the string and show
overall less positional biases, thus reflecting higher sensitivity to the
statistical regularities of the English orthography (Miiller & Fin-
dlay, 1987; Xu et al, 2023). By contrast, typically developing
participants with lower orthographic proficiency in English were
shown to have stronger attentional biases toward the left side of the
consonant string, in line with previous studies (e.g., Lallier et al.,
2013a). This was supported by their significantly higher accuracy
when the consonant was in the first position compared to the fifth
position. Crucially, we cannot rule out that the effect observed in
the high-proficiency (TD) late biliterates may be due to the VAS
task being administered at the end of the English session, thus
potentially triggering an “English-like,” large-grain reading strat-
egy. However, whether the linguistic context modulates reading
strategies in late biliterates remains an open question and requires
further research.

As discussed above, a main effect of consonant position
(i.e., higher accuracy when the consonant appeared in the leftmost
position) was found across models, regardless of whether English or
Italian orthographic knowledge was considered. This is in line with
Grainger et al. (2016), who predict a first-letter advantage in visual
processing irrespective of orthographic depth. Indeed, a first-letter
advantage in letter recognition was previously demonstrated in
native speakers of English (Scaltritti & Balota, 2013) in addition
to skilled readers of Italian (Ripamonti et al., 2018). However, while
higher proficiency in English orthography appears to mitigate this
positional effect, as extensively discussed above, better Italian
orthography skills do not have the same effect, neither on accuracy
data nor on their decision (or attentional) criterion shown by the
SDT analysis (Appendix A).

6.2. Crosslinguistic interaction in VAS in L2 learners with
dyslexia

Our second research question concerned the differences between
typical readers and those with dyslexia in their VAS abilities and
modulations. Interestingly, when accuracy was operationalized as a
function of consonant position and orthographic knowledge
(in both Italian and English), group differences only emerged at
high levels of English orthographic knowledge, when the consonant
was presented in the rightmost position of the strings (Table 4).
This suggests that, in terms of accuracy, both groups performed
similarly, and distinctions primarily emerged when considering
English orthographic proficiency. Crucially, this was not the case
when Italian orthographic knowledge was considered. One possible
explanation is that VAS is less discriminative of dyslexia when only
transparent languages (like Italian) are considered. In contrast,
VAS becomes discriminative of dyslexia when trained further as a
result of the experience with an opaque orthography (English, in
this case). In other words, VAS deficits in dyslexia may be less
visible in transparent languages (irrespective of proficiency) in that
a more homogeneous distribution of attentional resources is not
required for accurate reading.

The effect of English orthographic proficiency on VAS perform-
ance differed significantly between dyslexic and typical learners,
irrespective of whether accuracy, d prime score or attentional biases
(C criterion) were considered (Appendix A). While English
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orthographic knowledge improved typical readers’ accuracy when
the consonant was in the rightmost position, as discussed above, in
dyslexic participants its effect was only significant when the con-
sonant was in the first or second position on the left (Table 3). Thus,
individuals with dyslexia consistently direct their attention to the
leftmost position of the string, regardless of their orthographic
proficiency in English. Based on these results, we argue that indi-
viduals with dyslexia may have more difficulties than typical
readers in accurately encoding letters appearing on the right of a
multielement array within a single-eye fixation, even when their
orthographic proficiency in English is high. In other words, our
data show that English orthographic proficiency does not enhance
the span of visual attention in dyslexia as much as in typical readers.
One possible interpretation for this result is a VAS deficit in
dyslexia (Valdois, 2022), which is further supported by the signifi-
cant group differences that emerged in the SDT analysis
(Appendix A). If VAS skills are deficient, they may be less malleable
and thus less prone to crosslinguistic modulations. Indeed, the lack
of VAS modulations driven by L2 orthographic proficiency in the
SDT analysis seems to suggest that the cognitive priors modulating
processing and attention biases are less flexible in individuals with
dyslexia. An alternative explanation for the consistent leftward bias
in dyslexic participants is their tendency to favor sublexical over
lexical reading strategies (Borleffs et al., 2019).

It should be noted that while VAS skills (as indexed by accuracy)
in individuals with dyslexia were not modulated by English ortho-
graphic proficiency to the same extent as in typical readers, a less
strong yet significant VAS modulation was still observed. In par-
ticular, dyslexics with advanced orthographic proficiency in both
English and Italian demonstrated higher accuracy in detecting
consonants primarily in the first three positions from the left,
although statistical differences were not evident in the third pos-
ition, possibly due to the improved letter acuity induced by the
fixation cross displayed before the consonant string. This may
indicate that more reading experience leads to VAS modulation
also in readers with dyslexia, though to a lesser degree than in typical
readers. As pointed out above, Italian and English differ in the size of
the visual-attentional window required for reading (Perry & Long,
2022). Thus, while individuals with dyslexia do not appear to have
developed their VAS capacity to allow for efficient reading in
English (five graphemes), as shown by their lower accuracy when
the target consonants appeared in the rightmost position despite
higher English reading proficiency levels, those with higher ortho-
graphic knowledge in their L1 and L2 have developed at least the
maximum VAS size required for reading in Italian (three graph-
emes). It remains open whether this effect is driven by English or
Italian orthographic knowledge — and by implication, by higher
experience with the English or Italian orthography — because the two
were strongly correlated in this group (r(27) = .58, p = .001). Finally,
it should be highlighted that our models show a significant, positive
effect of English orthographic proficiency in predicting accuracy in
the VAS task, but not of Italian orthographic proficiency, irrespect-
ive of group or consonant position. This may indicate a general
visual-attentional processing advantage associated with learning a
nonnative opaque system, at least for learners whose native language
orthography is transparent.

6.3. Limitations and future directions

Our results show a relation between VAS and L2 orthographic
proficiency in late biliterates. However, one limitation is that we
did not include a VAS task with nonlinguistic stimuli. Although we


http://doi.org/10.1017/S1366728925000124
http://doi.org/10.1017/S1366728925000124
http://doi.org/10.1017/S1366728925000124
http://doi.org/10.1017/S1366728925000124
https://doi.org/10.1017/S1366728925000124

12

controlled for phonological STM, this compromises the claim of a
VAS deficit independently of verbal abilities in individuals with
dyslexia. To delve deeper into the investigation of visual processing
and VAS deficits in dyslexia, future studies could integrate tasks
encompassing both linguistic and nonlinguistic stimuli, similar to
Ziegler et al. (2010) and Valdois et al. (2012). Furthermore, behav-
ioral measures have limitations, as they involve motor abilities
alongside visual attention (participants had to click on YES/NO).
In order to corroborate the validity of our findings, forthcoming
studies could compare behavioral results to more sensitive meas-
ures, such as event-related potential (ERP) (Lallier et al., 2013a) or
eye tracking. The latter could be used, for instance, to investigate the
location of the first fixation when the string is presented. Finally,
more studies on crosslinguistic VAS modulations in late biliterates
could test different language combinations.

While our study has provided insights into how orthographic
proficiency in an L2 may lead to VAS modulations, some questions
remain unanswered. One emerging question is whether a certain L2
experience threshold needs to be reached before modulations in
visual processing skills can be observed and whether this threshold
differs for learners with reading impairments. Second, future stud-
ies could investigate the contribution of additional FLs in the
modulation of reading-related cognitive skills, such as VAS. For
example, what happens to learners of an opaque L2 (like English),
whose L1 is transparent (like Italian), but who acquire another
opaque L3 (like French)? Is there a cumulative effect on VAS?
Finally, it would be interesting to investigate potential crosslinguis-
tic transfer in visual processing in (late) L2 learners of a transparent
L2 whose native language orthography is opaque, for example, L1
English learners of Spanish or Italian. While modulation of VAS skills
would mostly be driven by opaque orthographies (as extensively
discussed above), it is possible that learning a transparent orthography
boosts the ability to focus visual attention resources on smaller visual
units (see Iniesta et al, 2023), owing to consistent GPCs which
enhance the processing of smaller (visual) grains and possibly reduce
crowding effects (Lallier et al., 2018a). Finally, longitudinal studies
could also help better clarify the nature and directionality of the
relationship between late biliteracy and cognitive processes (such as
VAS) involved in reading.

7. Conclusion

We examined the influence of orthographic proficiency in a late-
acquired L2 (English) on the VAS of L1 Italian speakers with and
without developmental dyslexia. We showed that acquiring a non-
native opaque orthography boosts VAS abilities in L2 learners whose
native language is highly transparent. This supports the hypothesis
that typically developing L2 learners with advanced orthographic
knowledge in an opaque orthography may ACCOMMODATE their
cognitive processing strategies, resulting not only in improved
VAS but also in shifts in their cognitive attentional priors, affecting
how they approach multi-letter array processing. Indeed, our ana-
lyses support the hypothesis that acquiring a nonnative opaque
orthography may alter participants’ visuospatial sensitivity to
orthography-specific statistical regularities. Participants with dys-
lexia, instead, showed less attentional flexibility, along with a
reduced — although not completely absent — effect of L2 ortho-
graphic proficiency on VAS skills. Indeed, higher L2 orthographic
proficiency also improved dyslexic participants’ performance in the
VAS task, though less than typical readers. One possible explan-
ation is that VAS is less prone to crosslinguistic modulations in
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dyslexia due to a deficit at the visual processing level. An alternative
explanation is that higher reading proficiency levels in English must
be reached to observe VAS modulations in this group. However,
automatizing reading skills in English may be challenging for
readers with dyslexia, due to its phonologically demanding nature.
Thus, it is also possible that cumulative experience with other
foreign less-opaque languages (e.g., French) could enhance VAS
modulations in dyslexia. In summary, this study demonstrated that
the experience with a late-acquired opaque orthography can influ-
ence how visual attention resources are distributed during multi-
letter array processing in late biliterates with a transparent lan-
guage, underscoring the positive impact of biliteracy on reading-
related cognitive abilities in both typical and clinical populations of
L2 learners.
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