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Abstract

The grain size of orthographic representations prompted by a consistent orthography (like
Spanish or Basque) increases if reading is simultaneously learned in another language with
an inconsistent orthography (like French). Here, we aimed to identify item properties that
trigger this grain-size accommodation in bilingual reading. Twenty-five French–Basque and
25 Spanish–Basque bilingual children attending Grade 3 read Basque words and pseudowords
containing “complex” letter clusters mapping to one sound in French but several sounds in
Basque or Spanish, and “simple” letter clusters mapping to the same sound structure in all
three languages. Only French speaking children read “complex” Basque words faster than
“simple” ones, suggesting that they accessed multi-letter “French” units to boost lexical pro-
cessing. A negative complexity effect was found for pseudowords across groups. We discuss
the existence of flexible cross-linguistic transfer in bilingual reading, proposing that the
grain size of orthographic representations adjusts to item-specific characteristics during
reading.

1. Introduction

It is estimated that half of the world population is bilingual (Grosjean, 2010). Among these
individuals, some learn to read simultaneously in two orthographies. Although reading devel-
opment is well documented in monolingual children, reading acquisition may follow distinct
trajectories in bilinguals for various reasons. First, mastering and managing two linguistic sys-
tems on a daily basis changes the structure and connectivity of the brain (García-Pentón,
Fernández, Iturria-Medina, Gillon-Dowens & Carreiras, 2014; Hull & Vaid, 2007). Second,
there is some evidence that bilinguals use resources acquired in one language to perform
tasks in their other language, through cross-linguistic transfer. Classically, evidence for transfer
from one language to another has been provided by correlation and regression analyses that
measure the relationships between processes in the two languages (e.g., Genesee, Geva,
Dressler & Kamil, 2006; Saiegh-Haddad & Geva, 2010). However, this type of studies does
not allow researchers to quantify the effects that this transfer has on the actual reading per-
formance (speed or accuracy) of bilinguals. Lallier and Carreiras (2018) proposed that this
issue could be addressed by comparing the performance of bilinguals with monolinguals or
other groups of bilinguals. The present study examines two groups of bilinguals to shed
light on the question of cross-linguistic transfer, and its consequences for bilingual reading
performance, specifically regarding the reading grain size of orthographic representations.

The reading grain size is the size of the orthographic units used to access phonology from
print when reading. Ziegler and Goswami (2005) proposed that the grain size is inversely pro-
portional to the consistency of mappings between letters and sounds in the language learned.
For example, French has an orthography where grapheme-to-phoneme conversions are com-
plex and inconsistent such that the phoneme /e/ can be written in many ways, including “et”,
“er”, “és”, “ées”, etc. French conversions may also be unpredictable (Schmalz, Marinus,
Coltheart & Castles, 2015). For instance, the grapheme “on” converts to /õ/ except in the
irregular word “monsieur” where it converts to /œ/. In inconsistent orthographies, correct
phonological decoding of sounds from letters largely depends on the relevant surrounding
orthographic context. This context might correspond to just a few adjacent letters (e.g., et,
aient, aint) or, in more extreme cases, to the whole word (e.g., “monsieur”). By contrast, con-
version rules between graphemes and phonemes in consistent orthographies such as Spanish
and Basque are simple and predictable such that (in most cases) reliance on single letters leads
to accurate decoding. These cross-linguistic differences suggest that French readers must rely
on larger grain sizes than Spanish readers when reading.

In line with this hypothesis, there is some evidence that orthographic consistency modu-
lates the width of the visual attentional focus (or “the visual attentional grain size”) on letter
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strings and its contribution to reading (Awadh, Phénix, Antzaka,
Lallier, Carreiras & Valdois, 2016; Rau, Moll, Snowling & Landerl,
2015). To refer to the size of the attentional focus during reading,
the concept of visual attention span (VA span, hereafter) has been
proposed. The VA span is defined as the number of visual ele-
ments that can be processed simultaneously in a multi-element
array (Bosse, Tainturier & Valdois, 2007). With regards to read-
ing, Bosse et al. (2007) demonstrated that the wider the VA
span, the better the reading. In addition, the processing of all
the letters of a word at once is thought to contribute to the
build up and consolidation of whole word lexical representations
(Chaves, Ginestet & Bosse, 2020), which is in line with the idea
that VA span skills may be more important for lexical reading
than sub-lexical phonological decoding. Accordingly, some dys-
lexic individuals who present reduced VA span skills do not
show any phonological decoding difficulties (Peyrin, Lallier,
Demonet, Pernet, Baciu, Le Bas & Valdois, 2012; Valdois, Bosse,
Ans, Carbonnel, Zorman, David & Pellat, 2003). Moreover, several
studies showed that variations in VA span skills explained reading
variance independently of the variance explained by phonological
or verbal skills (Bosse et al., 2007; Bosse & Valdois, 2009; Lobier
et al., 2012). Accordingly, VA span skills are measured with report
tasks or 1-back tasks that include only consonants in the multi-
letter sequences in order to minimize the reliance of phonological
processes when performing the task. Overall, these studies suggest
that a wide VA span reflects efficient processes that do not tax
phonological resources, and is associated with the use of both a
wider visual attentional focus and a larger grain size during
reading.

Cross-linguistic observations show that a wide VA span ben-
efits children learning to read in inconsistent orthographies, but
is less critical for children learning to read in consistent orthog-
raphies (Lallier & Carreiras, 2018 for a review). The underlying
assumption is that the frequency of occurrence of multi-letter
graphemes in a given orthography should determine (in part)
the strategies used to distribute visual attentional resources
over letter strings. This is consistent with data showing that
statistical regularities in the visual environment (here, the pres-
ence of multi-letter graphemes in the orthography) affect visual
attention selection (Theeuwes, 2018). Children who learn to
read in an inconsistent orthography are more prone to widely
distribute their visual attentional resources over letter strings
(during both lexical and sub-lexical reading) because of the fre-
quent occurrence of multi-letter sub-lexical chunks that map to
a single sound. This fits well with the findings that developing
readers rely more on lexical than sub-lexical reading if they
learn to read in an inconsistent as compared to a consistent
orthography (Ellis & Hooper, 2001; Goswami, Gombert & de
Barrera, 1998; Goswami, Ziegler, Dalton & Schneider, 2001;
Seymour, Aro & Erskine, 2003; Ziegler & Goswami, 2005).
This might be because “salient” multi-letter sub-lexical units
in inconsistent orthographies, i.e., complex graphemes, speed
up lexical access through the use of more efficient orthographic
parsing strategies that help break lexical items down into
intermediate units. From another branch of reading research,
morphemes provide a good example of the “decomposition
advantage” that results from salient sub-lexical multi-letter
units since they have been shown to benefit reading by boosting
lexical access (Burani, 2009; Burani, 2010; Hasenäcker, Schröter &
Schroeder, 2017) and reduce demands on the attentional
focus and VA span during reading (Antzaka, Acha, Carreiras &
Lallier, 2018a).

In the present study, we investigate whether and how cross-
linguistic transfer affects the orthographic grain size in bilingual
children. The results of previous studies suggest that bilinguals
adapt and adjust their grain size depending on the orthographic
consistency of the language to be read (Buetler, de León
Rodríguez, Laganaro, Müri, Spierer & Annoni, 2014; de León
Rodriguez, Buetler, Eggenberger, Preisig, Schumacher, Laganaro
& Müri, 2015; de León Rodríguez, Buetler, Eggenberger,
Laganaro, Nyffeler, Annoni & Müri, 2016). To account for such
effects, Lallier and Carreiras (2018) proposed the ‘Grain Size
Accommodation’ hypothesis. One of the ideas developed by
Lallier and Carreiras (2018) is that grain sizes that are beneficial
for reading in one language may to some degree transfer to read-
ing in the other language. Several studies have directly tested the
“Grain Size Accomodation” hypothesis in different groups of
bilinguals, and all of them suggest that the visual and ortho-
graphic grain size triggered by one orthography can be modulated
by – or accommodated to – the grain size triggered by the other
orthography in order to reach optimal processing strategies
(Antzaka, Martin, Caffarra, Schlöffel, Carreiras & Lallier, 2018b;
Lallier, Acha & Carreiras, 2016). In fact, such grain size adapta-
tion may even provide some coping tools for reading difficulties.
Lallier, Thierry, Barr, Carreiras and Tainturier (2018) demon-
strated that Welshconsistent–Englishinconsistent bilinguals with dys-
lexia were less impaired than English monolingual individuals
with dyslexia on English tasks for which the use of small grains
was optimal (i.e., pseudoword reading and spelling). It was
hypothesized that Welsh-English bilinguals with dyslexia could
benefit from the use of small “Welsh-like” orthographic grains
when performing these tasks in English.

However, one question still remains as to whether, when per-
forming an orthographic task, bilinguals use an accommodated
orthographic grain indifferently for all items or only for specific
items. The idea that the grain size of orthographic representations
is flexible and adapts to item orthographic characteristics during
processing is not novel. Lexicality effects in reading already pro-
vide evidence that readers rely on larger orthographic grains
when these are available in memory (i.e., for words) whereas
they rely on smaller grains when larger grain strategies fail (e.g.,
for pseudowords, see Ans, Carbonnel & Valdois, 1998).

In the present study, we attempt to identify what item charac-
teristics might trigger the cross-linguistic transfer evidenced by
grain size accommodation processes in bilingual reading. Our
hypothesis is that grain size accommodation will only occur if
these specific item characteristics are present. To tackle these
questions, we study two very similar bilingual populations that
offer a unique opportunity to explore cross-linguistic transfer
and its consequences for reading performance: French–Basque
and Spanish–Basque bilinguals. By comparing these two groups,
we can quantify the differences in the reading grain size of
Basque orthographic representations that result from cross-
linguistic transfer from an inconsistent (French) versus a consist-
ent (Spanish) orthography.

Basque, Spanish, and French share very similar alphabets as
well as most orthotactic rules. In fact, almost all legal letter com-
binations in Basque are also legal in both French and Spanish.
Therefore, it is not uncommon to find letter sequences in
Basque that correspond to complex French graphemes: “orain”
(/orain/, now in Basque) includes the grapheme “ain” that con-
verts to the phoneme /ε̃/ in French but converts to the 3-phoneme
sequence /ain/ in Spanish and Basque; “euria” (/euria/, rain in
Basque) includes the grapheme “eu” that converts to the phoneme
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/œ/ in French, but is also a 2-phoneme sequence /eu/ in Spanish.
However, Basque words like “afari” (dinner) or “poliki” (gently)
would be pronounced identically using a letter by letter decoding
strategy given the grapheme-to-phoneme conversion rules in all
three languages.

These observations show that it is important to consider the
level of similarity between the grapheme-to-phoneme mapping
rules in Basque and the bilingual’s other language. Basque and
Spanish share most mapping rules, whereas Basque differs from
French, in particular, because complex Basque multi-letter gra-
phemes can map to unique French vowel sounds. In fact,
although all three orthographies share the same vowel letters
(a, e, i, o and u), Basque and Spanish vocalic phonological reper-
toires only have five corresponding phonemes, whereas the
French phonological repertoire comprises 14 vowel phonemes,
many of which have to be accessed through multi-letter graphemes
(e.g., ai, eu, in, ain, un, en, on, ou, etc.). This reflects an important
phonological mismatch between Basque and French, whereas
Basque and Spanish have highly similar phonological systems.

The present study

The main goal of the present study is to determine whether grain
size accommodation processes are applied to all orthographic
items indifferently or depend on the specific characteristics of
these items. In order to address this question, we manipulated
the presence of French complex vowel graphemes in two lists of
Basque items (henceforth, “complex” versus “simple” reading
lists). We expected responses to this manipulation to reveal that
French–Basque bilinguals rely more heavily on large orthographic
grains when reading complex compared to simple items even in
the consistent Basque orthography. Based on previous studies
on Basque bilingual readers (Antzaka et al., 2018b; Lallier et al.,
2016), we predicted that French–Basque bilinguals reading com-
plex Basque lists would be more likely to recognize multi-letter
graphemes “as wholes” since these are meaningful units in
French reading. This would favor wider capture of visual attention
for complex compared to simple words and, in turn, boost whole
word processing and lexical access. In support of this hypothesis,
Schmalz, Beyersmann, Cavalli, and Marinus (2016) demonstrated
that French readers tend to rely more on lexical processes when
reading complex as opposed to simple French words. These
authors looked at frequency effects as a proxy to measure the
use of lexical strategy, and found that words composed of complex
multi-letter clusters elicited stronger frequency effects than simple
words.

In the present study, French–Basque bilinguals who exhibit
greater reliance on lexical processes were expected to show stron-
ger lexical effects in the complex condition and possibly higher
accuracy and faster reading times for complex than for simple
Basque words. For the Spanish–Basque bilinguals, lexical effects
and reading performance were expected to be similar for both
complex and simple items.

Alternatively, we considered the possibility that a cross-
linguistic mismatch in grapheme-to-phoneme conversions
might hinder reading. If so, then French–Basque bilinguals should
show a disadvantage when reading complex relative to simple
words. Furthermore, this cost should be greater when reading
non-lexical items which elicit more grapheme-to-phoneme
decoding.

To further test whether French–Basque bilinguals utilize a lar-
ger visual grain during complex item reading in Basque, we

measured VA span skills in all our participants. First, we expected
the VA span skills across letter strings would overall be wider and
distribute more homogeneously in the French–Basque than the
Spanish–Basque bilingual group. This prediction relies on the
account that learning to read in an inconsistent orthography
encourages greater distribution of attention across letter strings
(Antzaka et al., 2018b; Lallier & Carreiras, 2018; Lallier et al.,
2016). Second, if large visual grain strategies are preferentially
used by French–Basque bilinguals to process complex items, we
predicted that VA span skills would be more strongly related to
reading performance in the French–Basque than the
Spanish-French group, and more so for complex than simple
items.

2. Material and Methods

2.1. Participants

Twenty five French–Basque bilingual children (12 females; 107.5
months +/ – 7.2) and 25 Spanish–Basque bilingual children (15
females; 106.6 months +/ – 3.6) attending Grade 3 participated
in the study. Signed consent from the legal tutor of the child
was received prior to the study. The experiment was approved
by the Ethics Review Board of the Seventh Framework
Programme of the European Union as well as the Ethics Review
Board of the BCBL and complied with the guidelines of the
Helsinki Declaration. Children were recruited in the northern
(French) and southern (Spanish) regions of the Basque country
which feature a similar program of bilingual education in the pri-
mary education cycle. In ikastolas (“school” in Basque), most of
the teaching is done in Basque, but from Grade 2 onwards, several
hours of Spanish or French (2 to 4 hours per week) are added to
the curriculum. Therefore, all children in the study had first
learned to read in Basque. Information on language use and
exposure was obtained from a questionnaire sent to the parents
of all children involved in the study. On average, children had
learned Basque and their other language between 0 and 2 years
of age. Importantly, the two bilingual groups acquired their
non-Basque language (i.e., French or Spanish) at similar ages
(French–Basque bilinguals: M = 1.6 years, SD = 2.5; Spanish–
Basque bilinguals: M = 1.8 years, SD = 2.5). A language use and
habits questionnaire, created for the purpose of the present
project, was given to parents prior to the experiment. The ques-
tionnaire included a language use measure querying the averaged
percentage of the child’s use of a language in various situations,
i.e., speaking, listening, writing, and reading. The question
asked in the questionnaire was the following: “Indicate on average
the percentage of time during which the child speaks/hears/writes
in/reads in these languages – the sum of all percentages should
add up to 100%: French [or Spanish, depending on the group],
Basque, English, and others”. The reliability of the language use
indexes was assessed with a temporal test-retest consistency test
since the same data had been collected one year before in the
same children as part of a longitudinal project. The analyses indi-
cated a high correlation of 0.81. The two bilingual groups differed
in the use of their non-Basque language at the time of testing
( p < 0.006) but not in their use of Basque ( p > 0.05). Overall,
French–Basque bilinguals used their non-Basque language more
(M = 39.8, SD = 15.0) than Spanish–Basque bilinguals (M = 25.7,
SD = 11.3). Since inter-individual variability in the use of the
non-Basque language at the time of testing could influence the
impact of cross-linguistic transfer on Basque reading
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performance, this measure was controlled for in subsequent ana-
lyses of the reading and reading-related tasks.

2.2. Task battery

The tasks were administered across two or three sessions of
approximately 30 minutes each (depending on the time the
child needed to perform the task, and the duration of breaks).
Children performed the tasks in their schools, following a sched-
ule organized in consultation with teachers and directors.
Participants were tested in a room where noise levels were
minimal.

All children were administered a nonverbal IQ task to rule out
the possibility that any group effect might result from differences
in the general reasoning skills of the children rather than factors
linked to the consistency of orthography. In addition, French–
Basque bilinguals were administered a French reading task stan-
dardized in a monolingual French population. Since one of our
main interests was complexity effects on Basque reading due to
the influence of French, we wanted to ensure that after two
years of reading instruction in French, the French–Basque bilin-
guals had developed sufficient French lexical orthographic skills
to allow for possible cross-linguistic transfer. Finally, all children
were administered the experimental reading task in Basque as well
as a VA span task in order to test our specific hypotheses on the
role of the distribution of visual attention in complexity effects in
Basque.

The order of the administration of tasks was counterbalanced
across participants. All the testing and instructions were adminis-
tered in Basque by a fluent bilingual speaker of Basque and
French or Basque and Spanish.

2.2.1. Non-verbal IQ
Children were given the matrices subtest of the WISC-IV
(Wechsler, 2005) to obtain an index of their non-verbal reasoning
skills. Based on previous report, the reliability of the Matrices
WISC-IV subtest for the age range of interest is 0.89 (Wechsler,
2005). Scores obtained (for the 35 matrices administered) in an
unlimited amount of time were recorded and analyzed. The
task was ended if children made four consecutive errors or four
errors within five consecutive trials.

2.2.2. French standardized reading lists
French–Basque bilinguals were administered three standardized
reading lists from the French ODEDYS battery (Jacquier-Roux,
Valdois & Zorman, 2002), which include 20 regular words, 20
irregular words, and 20 pseudowords. Items between lists are
matched for letter and syllable lengths, grammatical class, and fre-
quency. The 20 pseudowords are legal pseudowords without lex-
ical neighbors. Participants were instructed to read each of the
three lists aloud as quickly and accurately as possible. We
recorded the total time taken to read each list with a chronometer
and counted the number of errors made. Errors were recorded
during the experiment.

2.2.3. Basque reading lists: quantifying the “complexity” effect in
Basque
Children were presented with four lists of 40 items (2 – to 4-
syllables long): one was composed of complex Basque words,
one of simple Basque words, one of complex Basque-like
pseudowords, and one of simple Basque-like pseudowords (see
the Appendix). Words were selected from the BaSp database

(Duñabeitia, Casaponsa, Dimitropoulou, Martí, Larraza &
Carreiras, 2017). The complex and simple words were matched
for frequency, number of syllables, number of letters, number of
phonological neighbours, and age of acquisition (all ps > 0.05).
Complex and simple pseudowords were created by changing
one or two letters in the complex and the simple Basque words
(taken from the same database), all of which were matched for
the aforementioned properties (all ps > 0.05). Complex items
included one or two multi-letter clusters that could be mapped
onto one unique vowel phoneme (i.e., ai, an, ain, au, en, ei, eu,
er, in, oi, on, un) if they were read using French grapheme-to
phoneme conversion rules1. The average French token frequency
of the complex clusters used in our task was very high (F = 10.975
per million words), as computed with the Manulex_morpho data-
base (Peereman, Sprenger-Charolles & Messaoud-Galusi, 2013).
Simple items did not include any of these clusters, i.e., they
would be pronounced similarly if read using French, Basque, or
Spanish grapheme-to-phoneme conversion rules. Children were
presented with the list of items on a sheet of paper and were
instructed to read them aloud one by one as quickly and accur-
ately as possible. The order of the lists was counterbalanced across
participants. For each of the four lists, the number of errors made
was collected. These errors were identified and written down dur-
ing the experiment by a native Basque experimenter and included
the erroneous pronunciation of items with respect to Basque
grapheme-to-phoneme conversion rules, and items that were
left out. If a child struggled to read an item for too long, they
were encouraged to leave this item out and keep on reading.
The total time taken to read the 40 items was recorded by the
experimenter with a chronometer. Note that whole-list reading
speeds might seem a less reliable measure to capture reading
speed variations than averaged reading times across items pre-
sented on a screen one by one. However, it has been shown to
be a potentially good measure of reading speed influenced by
list characteristics (Lallier et al., 2018; Wimmer & Goswami,
1994; Zoubrinetzky, Bielle & Valdois, 2014). In addition, such
procedures are more ecologically valid than presenting words
one by one a computer screen, since they aim to “mimic” more
continuous reading. This was one of our interests since we were
testing young children.

An odd-even split was used to calculate split-half reliability of
accuracy in the reading task. The correlations between all indivi-
duals’ scores on odd and even trials were adjusted using the
Spearman-Brown prophecy formula to approximate the reliability
of the tests overall. The reliability measure obtained was 0.78. As
we collected the total reading time for each list of items, we could
not use the odd-even split method to compute the reliability index
for this measure. Thus, we performed correlation analyses
between the individual total time measures obtained on the
four reading lists. These values give us an index of the consistency
of the measure collected across the four reading lists. All correl-
ation coefficients were highly significant and were between 0.95
and 0.98 (ps < 0.0001; Bonferroni adjusted threshold = 0.008).

1A critical manipulation of our study was to insert French complex (inconsistent)
multi-letter graphemes within Basque words in order to create our “complexity effect”
in Basque. Hence, it was important for these French complex clusters to represent
legal and frequent clusters in Basque. Letter units that correspond to French inconsistent
consonantal graphemes are much less frequent in Basque (sometimes even illegal) than
inconsistent vowel graphemes. In any case, had we manipulated the consistency of con-
sonantal graphemes in our task, the predictions would have remained the same.
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2.2.4. Visual attention distribution over letter strings: Visual
1-back task
The visual 1-back task is typically used to measure VA span skills
(Lallier et al., 2016; Lallier, Carreiras, Tainturier, Savill & Thierry,
2013). A list of 103 5-consonant strings was created using 13 con-
sonants present in the Basque, French and Spanish alphabets (i.e.,
B, D, F, G, H, K, L, M, N, P, R, S and T). These consonant strings
did not include grapheme clusters corresponding to either
Basque, French or Spanish phonemes (e.g., CH, TS) and did
not constitute word skeletons in any of the three languages
(e.g., T M P N S, for “tympans” in French). Stimuli did not
include the same letter twice. They were presented in black upper-
case Arial font on a white screen by Presentation software
installed on a PC computer. The space occupied by the items
on the screen varied from 5.3° to 5.55° of visual angle at a distance
of 70 cm. The centre-to-centre distance between each adjacent let-
ter was 1.2° so that lateral masking effects were minimized. At the
start of each trial, a central fixation point was displayed for 500 ms
followed by a white screen of 100 ms, then the 5-consonant string
was displayed centered at fixation for 200 ms. The consonant
string was followed by a white screen of 100 ms and a single (tar-
get) letter appearing below or above (half of the trials) the median
horizontal line. To reduce visual similarity to the strings, target
letters were presented in red in a bold-italic font. Participants
were instructed to press the “Alt Gr” key as fast as possible if
the target letter was present in the consonant string and the
“Alt” key when it was absent. The target disappeared immediately
after the child’s response, and a blank screen was presented until
the experimenter pressed the left button of the mouse to initiate
the next trial. The 103 trials were presented randomly, and
included 65 target-present trials (the 13 consonants were pre-
sented 5 times as target, once at each position in the string)
and 39 target-absent trials (the 13 consonants were presented 3
times as target). This combination of trials per conditions resulted
in a probability of getting the right “YES” answer equal to .63.
However, the higher the probability of giving a specific type of
answer (here the 63% chance of being accurate when responding
“YES”), the more likely people are to underestimate the chance
level. Therefore, the chance threshold was expected to be around
55% accuracy (Lee & Danileiko, 2014). The test trials were pre-
ceded by five practice trials. Response accuracy for target detec-
tion was recorded accounting for the position of the target in
the string (hits and misses), as well as when the target was absent
(correct rejections and false alarms). D-primes were then com-
puted. Importantly, a high rate of target detection on this task
(i.e., identification of a large number of consonants within the
previously presented sequence) was previously shown to be asso-
ciated with successful distribution of visual attention resources
over a whole consonant string and with a larger VA span
(Lallier et al., 2016, Lallier et al., 2013). An odd-even split was

used to calculate split-half reliability of the accuracy of task.
The correlations between all individuals’ scores on odd and
even trials were adjusted using the Spearman-Brown prophecy
formula to approximate the reliability of the tests overall. The
measure obtained was 0.75.

3. Results

3.1. Non-verbal IQ

An independent t-test conducted on the scores obtained on the
matrix subtests of the WISC battery with Group (French, Spanish)
as the independent variable did not show any group effect (French–
Basque bilinguals: M = 15.21, SD = 3.03; Spanish–Basque bilinguals:
M = 14.52, SD = 3.65; t = 0.65, p > 0.05, Cohen’s d = 0.20).

3.2. French standardized reading lists

Table 1 presents the performance of the French–Basque bilingual
children on the three reading lists. As a group, the French speak-
ing children performed well within the range of age-matched chil-
dren on all accuracy and time measures: all z-scores were between
−0.58 (p = 0.28) and −0.07 (p = 0.47), showing that the French
reading skills of the French–Basque bilingual group did not differ
from those of French monolingual children of the same age.

3.3. Basque reading lists (Table 2)

The ANCOVA controlling for the average percentage of time
spent using the non-Basque language was conducted on the number
of errors made for reading the lists, with Group (French, Spanish) as
the between-subject factor and Lexicality (Words, Pseudowords)
and Complexity (Complex, Simple) as the within-subject factors.
No main effect or interaction was found (all ps > 0.05).

A similar ANCOVA was then conducted on the total time
taken to read the whole list. First, there was a Lexicality effect
(F(1,43) = 9.66, p < 0.005, η2 = 0.18), illustrating that words were
read more rapidly than pseudowords. Second, the effect
of Lexicality was modulated by Complexity (F(1,43) = 11.12,
p < 0.005, η2 = 0.20). Bonferroni corrected post-hoc tests
showed that whereas there was no lexical effect on simple items
( p > 0.05), a significant lexical effect on reading speed emerged
for complex items (complex words were read faster than complex
pseudowords p < 0.001). Finally, the Lexicality by Complexity
interaction was modulated by Group (F(1,43) = 7.06, p = 0.01,
MSE = 14.9, η2 = 0.14, Figure 1). Bonferroni corrected post-hoc
tests showed that Spanish–Basque bilinguals did not show any
effect of complexity for words ( p > 0.05) whereas the French–
Basque bilinguals did ( p < 0.001). The latter group read complex
Basque words faster than simple Basque words. Regarding

Table 1. Descriptive statistics of the performance of the French-Basque bilinguals obtained on the three French reading lists.

Accuracy (/20) Time (sec)

M (SD) Range Z score M (SD) Range Z score

Regular words 16.3(2.5) 7–20 −0.58 40.3(25.5) 11–102 −0.40

Irregular words 9.6(4.5) 4–20 −0.07 50.2(30.4) 13–120 −0.33

Pseudowords 14.5(3.4) 5–20 −0.35 47(27.6) 15–130 −0.37
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pseudowords, both groups showed a Complexity effect, reflecting
faster reading times for simple compared to complex pseudo-
words ( ps < 0.001). In addition, whereas no lexicality effect was
found for simple items in either French–Basque or Spanish–
Basque bilinguals ( ps > 0.05), significant lexicality effects emerged
for both groups on the complex lists, illustrating faster reading
times for words than pseudowords ( ps < 0.001).

3.4. Distribution of visual attention over letter strings: Visual
1-back task.

According to signal detection theory (e.g., Green & Swets, 1966),
the accuracy scores obtained on our two-alternative forced-choice
visual 1-back task (“YES”, “NO”) should reflect the children’s (i)
sensitivity (d-prime) in detecting the target letter, thus their abil-
ity to process all consonants at once (the QUANTITY AND QUALITY of
visual attention span resources), and (ii) their bias/criterion in
making decisions about the presence of the target letter in the
strings (their spatial bias in distributing their attention over the
string of letters).

First, an ANCOVA controlling for the average percentage of
time spent using the non-Basque language was conducted on
d-prime values (see Table 2), with Group (French, Spanish) as
the between-subject factor, and Position (1, 2, 3, 4, 5) as the
within-subject factor. This analysis revealed only a significant
Position effect (F(4,168) = 2.97, p < 0.05, η2 = 0.07). Bonferroni cor-
rected post-hoc tests showed that target detection at position 4 in
the string was worse than at positions 1, 2 and 3 and that target
detection at position 5 in the string was worse than at positions
1 and 3 (all ps < 0.005).

Second, an ANCOVA controlling for the average percentage of
time spent using French or Spanish AS WELL AS the averaged
d-prime across the five positions was conducted on accuracy
scores (see Table 3) with Group (French, Spanish) as the between-
subject factor, and Position (1, 2, 3, 4, 5) as the within-subject fac-
tor. This analysis allowed us to assess potential spatial bias in the
distribution of visual attention, regardless of children’s sensitivity
in performing the task. This analysis revealed a significant Group
by Position interaction, illustrating a bias of the Spanish–Basque

bilinguals to distribute their visual attention towards the leftmost let-
ters (F(4,164) = 2.77, p = 0.03, MSE = 0.03, η2 = 0.06; see Figure 2).
Bonferroni post-hoc tests showed that the Spanish-speaking group
was more likely to detect the target at positions 1, 2, and 3 compared
to the two rightmost positions (all ps =< 0.01). French–Basque bilin-
guals were more likely to detect the target letter when it was pre-
sented at position 3 compared to position 4 ( p < 0.005).

3.5. Correlation analyses: Visual attention distribution and
reading skills

Since our hypothesis focused on the relationship between visual
attention distribution and the presence of multi-letter graphemes,

Table 2. Descriptive statistics for the performance on the reading task.

French-Basque
bilinguals
Mean(SD)

Spanish-Basque
bilinguals
Mean(SD)

Simple words

Num. of Errors 2.04(1.92) 2.96(2.80)

Total time (sec) 73.75(30.92) 60.52(26.64)

Complex words

Num. of Errors 1.92(1.50) 2.12(1.75)

Total time (sec) 67.00(30.20) 58.44(27.82)

Simple pseudowords

Num. of Errors 3.04(2.29) 3.08(1.95)

Total time (sec) 72.17(28.08) 63.64(21.36)

Complex pseudowords

Num. of Errors 3.21(2.71) 2.12(2.08)

Total time (sec) 79.50(30.31) 68.00(22.38)

Fig. 1. Total time taken to read the lists for the two groups of children. Plain lines
represent the performance on simple items and dotted lines represent the perform-
ance on complex items. Vertical bars denote 0.95 confidence intervals. ***: p<0.001;
n.s.: non-significant. Covariate means: Time spent using the other language = 32.6.

Table 3. Descriptive statistics for the performance on the visual 1-back task.

French-Basque
bilinguals
Mean(SD)

Spanish-Basque
bilinguals
Mean(SD)

Accuracy (%)

Position 1 0.66(0.19) 0.72(0.18)

Position 2 0.62(0.19) 0.65(0.15)

Position 3 0.73(0.18) 0.71(0.18)

Position 4 0.50(0.16) 0.49(0.18)

Position 5 0.62(0.14) 0.49(0.18)

Average 0.63(0.10) 0.61(0.10)

Sensitivity (d-prime)

Position 1 1.62(0.55) 1.88(0.80)

Position 2 1.50(0.53) 1.58(0.44)

Position 3 1.85(0.57) 1.96(0.99)

Position 4 1.15(0.44) 1.11(0.48)

Position 5 1.47(0.39) 1.13(0.50)

Average 1.52(0.31) 1.53(0.36)
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for each group, we computed composite individual reading z-scores,
which corresponded to the average of the time and error z-scores
across the word and pseudoword lists for each condition – complex
and simple (negative z-scores reflect higher performance). Partial
correlations were run within each group between the composite
“complex” and “simple” reading z-scores and the accuracy scores
obtained on the visual 1-back task controlling for the averaged
d-prime values obtained across the five positions.

The analyses showed that in the French–Basque bilingual
group, children who read the complex stimuli best (made the
least errors and read more quickly) were those who had the
best performance on the 1-back task, i.e., those who could
identify a large number of consonants within the previously
presented sequence and therefore could successfully distribute
their visual attention resources over the whole consonant
string (r = −0.49, t(21) = −2.60, p = 0.02). A similar (but non-
significant) trend was observed for the simple items in this
group (r = −0.39, t(21) = −1.94, p = 0.07). By contrast, perform-
ance in the visual 1-back task did not explain the reading
performance of Spanish–Basque bilinguals either in the complex
(r = 0.30, t(23) = 1.51, p = 0.15) or the simple (r = 0.19, t(23) =
0.93, p = 0.36) conditions. Scatterplots of the partial correlations
are presented in Figure 3.

4. Discussion

Our rationale for the present study was based on the fact that
bilinguals reading in one of their languages can recruit the cogni-
tive resources that are specifically beneficial for reading in their
other language. Accordingly, French–Basque bilinguals who had
learned an inconsistent orthography in addition to Basque were
previously shown to rely on a larger grain size when reading in
Basque compared to Spanish–Basque bilinguals who had learned
to read in two consistent orthographies. For example, Lallier et al.
(2016) found that French–Basque bilingual children exhibited a
stronger reliance on whole words strategies (which was indexed
by stronger lexical effects) than Spanish–Basque bilingual children
when reading in their common consistent Basque orthography. In
the same vein, Antzaka et al. (2018b) showed that the VA span
was wider for French–Basque than Spanish–Basque bilingual

children. This wider attentional focus on letter strings was also
linked to higher sensitivity to whole word orthographic process-
ing in Basque measured in a serial letter naming task.

The present study aimed to pinpoint the source of these grain-
size accommodation processes in Basque bilinguals by isolating
situations where grain size accommodation would be more
strongly elicited. Our main hypothesis was that French–Basque
bilinguals would be better at reading Basque words that included
French multi-letter grapheme clusters than Basque words which
did not include these clusters. This hypothesis was based on evi-
dence that complex graphemes boost lexical processing in incon-
sistent orthographies (Schmalz et al., 2016). By contrast, similar
performance on both complex and simple Basque items was
expected for Spanish–Basque bilinguals. Overall, our results are
in line with the existence of cross-linguistic interactions that affect
the reading grain size used by bilinguals in accordance with the
“Grain Size Accomodation” hypothesis (Lallier & Carreiras,
2018).

Here, we observed that only French–Basque bilinguals read
complex words faster than simple words, suggesting that they
were able to speed up lexical processing in Basque by utilizing a
larger orthographic grain. Importantly, the Group by
Complexity by Lexicality interaction shows that this complexity
effect on word reading speed was not present in the Spanish–
Basque bilinguals, suggesting that it probably came from the
influence of French on Basque reading. The absence of such
effects in the Spanish–Basque bilingual group is critical for the
interpretation of our results. In fact, as items were presented in
a fixed order on a sheet of paper, a list effect due to the presen-
tation order of items could have explained the complexity effects
observed on word reading speed. However, if the complexity effect
on words was spurious and due to the constitution of the two lists,
it should have been found across the two bilingual groups. The
interaction with the group factor allows us to rule out this possi-
bility. Overall, we identified an item-specific characteristic (i.e.,
the presence of complex multi-letter clusters) that, as we showed
here, could act as a potential modulator of cross-linguistic transfer
and grain size accommodation processes in bilingual reading.
These results are in principle of theoretical interest since such
clusters could explain sources of variability in the observation
of cross-linguistic accommodation process across studies (Egan,
Oppenheim, Saville, Moll & Jones, 2019).

Positive complexity effects for word reading in French–Basque
bilinguals: An (pre-) orthographic origin?

As mentioned above, we quantified the influence of the presence
of French specific multi-letter clusters in Basque items on reading
performance, and demonstrated that when Basque words
included French multi-letter units, French–Basque bilinguals
read the whole list faster than when these clusters were absent.
Importantly, this effect was not observed in Spanish–Basque
bilinguals.

Therefore, items that most effectively prompted French–
Basque readers to rely on large orthographic chunks elicited a
reading speed advantage over other types of items. Since large vis-
ual grain strategies are particularly beneficial for reading complex,
unpredictable, and irregular graphemes in inconsistent orthog-
raphies (Lallier & Carreiras, 2018), we assume that this effect
stemmed from a cross-linguistic transfer from French to Basque
reading. Importantly, one year earlier, we had found that the
same French–Basque bilingual children exhibited larger lexical

Fig. 2. Performance on the visual 1-back task for the Spanish-Basque (plain lines)
and the French-Basque (dotted lines) bilinguals. Vertical bars denote 0.95 confidence
intervals. Covariate means: Time spent using the other language = 32.2; Averaged
d-prime = 1.51.
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effects in Basque reading and broader VA span skills than
Spanish–Basque bilinguals (see Lallier et al., 2016, which included
19 of the 25 French–Basque children tested in the present study).
This suggests that the effect observed here, which we attribute to
cross-linguistic transfer from French to Basque reading, is
unlikely to be spurious but may instead be robust and persist
across the years.

In addition, we showed that French–Basque bilingual children
exhibited French reading skills well within the range of age-
matched French monolingual children on regular words, irregular
words, and pseudowords. This is particularly important for the
irregular word reading list, the condition that requires the use
of large orthographic grains. Among these three lists, more than
30% of the items (23 out of the 60) included critical complex
French clusters (e.g., rigueur, hausse, compteur). Out of a total
of 478 inaccurately read items across the three reading lists,
only 0.03% of these (14 errors) were errors made on complex
clusters. This low proportion of errors on complex clusters

suggests that the grapheme-to-phoneme mappings for these clus-
ters had been mastered and interiorized by the French–Basque
bilinguals tested in the present study. Overall, this data speaks
in favor of the hypothesis that the French–Basque bilingual chil-
dren relied on their relatively mature French orthographic skills
and accessed the complex French graphemes when reading in
Basque.

It is noteworthy that the presence of French complex clusters
in Basque words could have worsened reading performance
because of the phonological mismatch between French and
Basque grapheme-to-phoneme conversions. This was not the
case, at least for words. In fact, an extremely low number of errors
(only four) made by the French–Basque bilinguals corresponded
to the use of French grapheme-to-phoneme conversion rules. This
strongly suggests that cross-linguistic transfer independent from
phonological strategies affected the reading grain size when
French speaking bilinguals read Basque lexical items. This is in
line with the hypothesis that bilingual children over two years

Fig. 3. Scatter plots representing the partial correlations between reading and the breadth of attentional distribution on the visual 1-back task for the
Spanish-Basque bilinguals (A.) and the French-Basque bilinguals (B). Unstandardized residuals are plotted.
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old have differentiated and separated phonological systems
(Paradis, 2001), which also reduces the possibility that cross-
language phonological interactions and mismatch could hinder
the reading performance of French–Basque bilinguals. We pro-
pose that cross-linguistic transfer driven by the presence of
French multi-letter clusters possibly affected the reading grain
size at an (pre-) orthographic stage of processing: the fast activa-
tion of letter clusters at the orthographic level might have simply
speeded phonological access and the process of phonological
resolution. This hypothesis is corroborated by the results obtained
on the visual 1-back task which was used to measure VA span
skills that reflect pre-orthographic attentional processing that
does not rely on phonological processes. First, we showed that
the positional information of letters in strings in the visual
1-back task had a stronger effect on the distribution of visual
attention in the Spanish–Basque than the French–Basque bilin-
guals: French–Basque bilinguals were less biased to spread their
visual attention towards the left side of the letter strings and
showed overall more homogeneous attentional distribution than
Spanish–Basque bilinguals. Second, and as predicted, correlations
indicated that French–Basque but not Spanish–Basque bilinguals
relied on their VA span skills to read more efficiently in Basque,
and more so when Basque items included a French multi-letter
grapheme. This finding echoes those of Awadh et al. (2016) in
monolinguals who demonstrated that VA span skills explained
reading speed variance in French but not Spanish readers.

Overall, this set of results strongly suggests that visuo-
orthographic strategies used to read in French were also applied
to read Basque words. What about pseudowords?

Negative complexity effects for pseudoword reading in both
bilingual groups

We found that both groups exhibited a significant complexity
effect on pseudowords, illustrating a speed disadvantage when
reading complex as compared to simple pseudowords (see
Figure 1). This “negative” complexity effect on pseudowords
was a priori expected for French–Basque bilinguals because of
the phonological mismatch between the grapheme-to-phoneme
conversion rules of their two languages. However, neither this
complexity effect nor a stronger lexical effect for complex com-
pared to simple items were expected in the Spanish speaking
group who should have no knowledge of French grapheme-to-
phoneme conversion rules. A first plausible explanation is that
this complexity effect on pseudoword reading speed might have
resulted from differences in the constitution of the two pseudo-
word lists. Indeed, we cannot rule out that this effect observed
in both groups was due to the specific fixed order of presentation
of the items in the lists. We acknowledge that future studies
should investigate these effects with procedures that allow for tim-
ing individual items and the use of more sophisticated models.
However, we believe that other explanations could shed light on
these complexity effects found on pseudowords across groups.
What could have led to a complexity disadvantage for pseudo-
word reading speed in the two bilingual groups and in particular
in the Spanish speaking group?

In both complex lists, 57% of the items included vocalic
digraphs (i.e., ai, ain, au, ei, eu, oi), whereas the remaining 43%
included clusters composed of one vowel and one consonant
(i.e., an, in, en, er, on, un). When read within words, vocalic
digraphs form the perceptual center (or nucleus) of a unique syl-
lable so that the word “AUrpegi” ( face) would be read AUr-pe-gi.

However, when encountered in pseudowords for which neither
phonological nor orthographic lexical traces exist in memory,
the probability that such vowel digraphs might be parsed as two
vocalic syllables increases with the use of fine-grain
grapheme-to-phoneme decoding strategies. For example, it
becomes more likely that the pseudoword “paufegi” will be
decoded as pA-U-fe-gi (instead of pAU-fe-gi) compared to the
real and familiar word “jauregi” ( jAU-re-gi, palace). If this
hypothesis is correct, the total number of syllables read across
the list of complex pseudowords was actually greater than the
total number of syllables read across the list of simple pseudo-
words. This would explain why longer reading latencies were
found for complex as compared to simple pseudowords in both
groups. Still, the processes contributing to this effect might have
been different between the two groups.

For the French–Basque bilingual group, we again propose that
the cross-linguistic transfer from French-specific strategies to
Basque reading which affected pseudoword performance might
have been largely PHONOLOGICALLY-INDEPENDENT and also relied
on orthographic processes. Indeed, if a phonological mismatch
between French and Basque grapheme-to-phoneme conversion
rules had occurred, a larger negative complexity effect on pseudo-
words should have been observed for the French speaking com-
pared to the Spanish speaking children. This was not the case.
Several reasons allow us to argue that orthographic grain size
made a significant contribution to the negative complexity effect
on pseudowords observed in the French–Basque bilingual group.
First, this effect was observed in absence of a higher number of
errors made which tends to suggest that children were performing
the task in a Basque (not French) grapheme-to-phoneme conver-
sion mode. Second, the positive correlation found between VA
span skills and complex item reading in the French speaking
group strongly suggests that the children who were capable of
broader visual capture of letter strings were those who read com-
plex pseudowords best, possibly because of processing the vowel
digraphs as a part of a unique syllabic unit (indeed, the positive
correlations observed between VA span skills and the complex
reading list in French–Basque bilinguals were significant not
only for words but also for pseudowords). In contrast, Spanish
speaking children showed a non-significant correlation between
their VA span and their complex item reading skills. This result
suggests that it is unlikely that the modulation of a
visuo-orthographic grain contributed to complex item reading
in the Spanish speaking group, favoring the hypothesis that
these readers used decoding strategies that essentially relied on
letter-phoneme mapping processes for both words and
pseudowords.

5. Conclusion

Our results reveal that cross-linguistic similarities and transfer put
some constraints on how bilinguals borrow reading-specific
resources specific to one of their languages to read in their
other language. The novel finding of this study is that grain size
accommodation processes resulting from such cross-linguistic
transfer in bilingual reading depend on the properties of the
stimulus to be read. Here, we demonstrated that large grain pro-
cessing strategies used in a consistent orthography like Basque are
boosted when features of the second inconsistent language
(French) are made available. We also added to our understanding
of grain size accommodation processes by showing that the large
grain size triggered by lexical properties may be favored when

Bilingualism: Language and Cognition 899

https://doi.org/10.1017/S1366728921000183 Published online by Cambridge University Press

https://doi.org/10.1017/S1366728921000183


consolidated sub-lexical orthographic units, such as multi-letter
graphemes, are made available. Future studies should determine
whether these salient sub-lexical units speed lexical access by sup-
porting more efficient orthographic parsing strategies that help
break down lexical items into intermediate units.
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Appendix

List of items in the Basque reading task presented to the participants. Complex
clusters are marked in bold.

Words Pseudowords

Simple Complex Simple Complex

AFARI AITONA AKARI ADAI

ALDI ALPER ARKAR AIGA

ASTAKERIA ANDERE BARTO AINGITA

ASTINALDI APAIZ BASPI AINTERI

AZAL ARTZAIN BILEMO AKAZOI

AZERI AUKERA DEREZI AMANTAULA

AZKAR AURPEGI DIRO ARKEN

BALIO AUSARDI EGIZA ARPAZOI

BALIOGABE AUZITEGI EHIR ASAITEN

BASAKERIA AUZO ESKILARTO ATAIN

DARDARA AUZOKIDE HETIR AUSKI

DARDARATI BAIMEN HETO EKONTO

EHIZA EKAIN HEZAR EMAIN

(Continued )

(Continued.)

Words Pseudowords

Simple Complex Simple Complex

ERDI EULI JOGO ENDEI

ESKU EZTEI KOPIRA ENDORIO

EZTARRI GARAIPEN KRITO EUPI

GAZTA GIZEN LARDARA FANKA

GELDIALDI HANKA LARGATI FAURTARITZA

GEREZI HAURTZARO LARRIABAL GAIBASON

GERRI HAUTAGAI LIRMOTAR HINDAMUNDI

GIHAR HAUTESKUNDE LIRRITARA IKEN

HERRI INAUTERI MARMOSA INBURA

HILERRI IRIN MARRERA INTANDE

HORMA IRTEN MARTOBI IRPEN

KAKALARDO IZEN NARTERA ITIN

LEKU IZOKIN NIRIKA KAIKE

NABARI KIRTEN OPOTAK KINGARTI

NOBELAGILE KOIPE ORTARBIL LAIBRO

ONARGARRI LARUNBAT PARLEKO LENOI

OSKOL LEHOI PARROZI ODEN

OSTIRAL LUKAINKA PEDOR ONKOFIO

PATRIKA MAITASUN PIFO PAINKO

SABEL MAIZTASUN SADOR PAUFEGI

SAGARDO MENDE SAZEL PIZON

SARBIDE MENDI TAZTA SOTENDI

TRESNA OZEN TIGA TARRAITO

ZALDI SORGIN TRIKO ZAIMEN

ZALDIZKO ZELAI ZALKI ZAINTSUN

ZIGOR ZEZEN ZENI ZEMEN

ZORROTADA ZUZENDARI ZIFOR ZIKOIDA
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