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The claim that multilanguage acquisition drives advantages in ‘executive function’ 
is currently an issue of vigorous debate in academic literature. Critics argue that 
evidence for this advantage has been confounded by unsound or questionable 
methodological practices, with some investigators abandoning research in this 
area altogether, indicating either that there is no bilingual advantage or that it is 
impossible to capture and therefore rule out alternative explanations for group 
differences. Over the past decade, and against this backdrop, theory has developed 
from a relatively narrow focus on inhibitory control to incorporate theory of mind,  
rule-based learning, reactive and proactive control, visuo-spatial memory, and control 
of verbal interference in speech comprehension. Most recently, authors have claimed 
that the process of becoming bilingual may also impact on metacognitive abilities.

The fundamental issue is whether the limited capacity and goal-directed selectivity 
of our executive system can somehow be enhanced or otherwise profit from the 
continuous, intense competition associated with communicating in multilingual 
environments. However, although this issue has received much attention in academic 
literature, the question of which cognitive mechanisms are most influenced by the 
enhanced competition associated with multilingual contexts remains unresolved. 

Therefore, rather than dismissing this important topic, we advocate a more systematic 
approach in which the effects of multilinguistic experience are assessed and 
interpreted across well-defined stages of cognitive development. We encourage a 
broad, developmentally informed approach to plotting the trajectory of interactions 
between multi-language learning and cognitive development, using a convergence 
of neuroimaging and behavioral methods, across the whole lifespan. 

Moreover, we suggest that the current theoretical framing of the bilingual advantage 
is simplistic, and this issue may limit attempts to identify specific mechanisms 
most likely to be modulated by multilingual experience. For example, there is a 
tendency in academic literature to treat ‘executive function’ as an essentially unitary 
fronto-parietal system recruited in response to all manner of cognitive demand, 
yet performance across so called ‘executive function’ tasks is highly variable and 
intercorrelations are sometimes low. It may be the case that some ‘higher level’ 
mechanisms of ‘executive function’ remain relatively unaffected, while others are 
more sensitive to multilingual experience – and that there may be disadvantages as 
well as advantages, which themselves may be sensitive to factors such as age. In our 
view, there is an urgent need to take a more fine-grained approach to this issue, so 
that the strength and direction of changes in diverse cognitive abilities associated 
with multilanguage acquisition can be better understood.
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This book compiles work from psychologists and neuroscientists who actively research 
whether, how, and the extent to which multilanguage acquisition promotes enhanced 
cognition or protects against age-related cognitive or neurological deterioration. 
We hope this collection encourages future efforts to drive theoretical progress well 
beyond the highly simplistic issue of whether the bilingual cognitive advantage is 
real or spurious.
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Editorial on the Research Topic

Perspectives on the “Bilingual Advantage”: Challenges and Opportunities

When we ask our students or members of the general public the question Is being
bilingual/multilingual an advantage? The answer, invariably, is yes. The reasons provided are
intuitively sensible and leave little room for disagreement. Multilingual speakers can communicate
with different people, they understand different cultures, they have more job opportunities, they
can travel the world with more confidence, and so forth.

However, when we formulate the question in a different way, Is being bilingual/multilingual an
advantage for cognitive development? Answers are not as straightforward. Some are concerned that
second language learning may delay language acquisition in early stages of life, others think that
children should focus more on one language to avoid mental confusion. In some cases, and this
is probably the most disturbing situation, education professionals advise parents from different
cultures to raise their children as monolinguals, advocating that this is more likely to lead to
good academic achievement (e.g., Festman et al., 2017). This opinion almost certainly derives in
part from early evidence (e.g., Saer, 1923) for a mental delay in bilingual children compared to
monolingual peers on a range of tests measuring intelligence quotient (IQ).

The more recent work of pioneer scientists (e.g., Peal and Lambert, 1962; Bialystok and Ellen,
1991), incorporating more rigorous and systematic paradigms and procedures, has underpinned
a now widely-held consensus among researchers in the field, that multilanguage learning is
not detrimental for cognitive development. Nevertheless, while few—if any—scientists now
hold the position that multilanguage acquisition underpins a cognitive disadvantage, there is
ongoing vigorous debate about whether there are distinct cognitive advantages associated with
multilingualism that cannot be explained by other candidate explanatory variables. Understanding
the cognitive sequelae of bilingualism presents many hurdles that will require continued
intense effort.

Collectively, the 17 articles contained herein, reflect the current state of the field, with well-
defended positions on opposing sides of current debate. Altogether, 44 leading scientists in the field
of multilingualism have contributed with commentaries, meta-analyses, methodological advice,
and empirical research.We aremost grateful to them, to the independent reviewers and to Frontiers
for providing the means to make this happen.

Yu and Schwieter begin this collection with a conceptual analysis of the significance of language
mode in bilingual cognition, that is, the degree of co-activation of the two languages at any one
time (Grosjean, 1998, 2010). They encouragemore robust and systematic consideration of language
mode in future studies due to its potential modulatory effect on language activation and also,
therefore, on the likely cognitive benefits associated with bilingualism. In a short review, these
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authors provide a convincing case that the failure to assess
and control language mode may, at least in part, explain the
contradictory findings reported in the literature. The controversy
about whether, and the extent to which, bilingualism confers
cognitive benefits is also tackled by Takahesu Tabori et al.
in their timely methodological review which, in particular,
addresses sample characteristics. They argue that most
published studies provide insufficient information on language
experience/background, social context of language use and decry
the paucity of longitudinal designs which, they argue, offer a
greater degree of experimental control. They encourage work
toward more widely agreed criteria for terms such as “native
language,” “first language,” “second language,” etc., and argue
against over-simplification, most obvious in the long-standing
dichotomised categorization of monolingual vs. bilingual and
bilingual advantage vs. no advantage. Several of the studies in
this collection demonstrate a shift to more nuanced and precise
conceptualization of bilingual cognition, and this, of course, is to
be welcomed and encouraged.

In her excellent review, Incera, considers timing of processing
in the bilingual mind as a tool for understanding how bilingual
and monolingual cognition may diverge. She offers a range of
recommendations for future attempts at resolving conflicting
findings, and researchers would do well to act on them. Of these,
inclusion of time-sensitive measures and baseline conditions,
consideration of bilingualism as a continuous variable and a
focus on group by condition interactions over main effects of
bilingualism are, in our view, most likely to lead to sustained
theoretical advances in this area. Hernandez et al. outline a
neuroemergentist approach which, they argue, may also offer a
more ambitious and plausible framing of the complex ways in
which bilingualism may interact with development of domain-
general cognitive control.

Schroeder tackles the possibility that bilingual children have
an advantage in theory of mind, presenting a meta-analysis of
16 studies. Small to medium positive effects of bilingualism
were observed (contingent on the analysis), indicating that
second language learning may have modest implications for
the development of social competence, although well-grounded
explanations for this association are currently lacking.

Five studies address the impact of multi-language experience
on cognitive control in infants or children. Mercure et al.
explored attention to still faces in monolingual infants, unimodal
bilingual infants (i.e., learning two spoken languages) and
bimodal bilingual infants of Deaf mothers (learning British
Sign Language and spoken English). Equivalent attention
capture and maintenance by face stimuli was observed in
monolinguals and bimodal bilinguals, but unimodal bilinguals
showed comparatively faster attention capture and maintenance,
raising implications of multilanguage learning for social
communication during infancy. Poarch provides a replication
study with findings partly consistent with the central claim
of the bilingual advantage theory, that controlling multiple
languages in daily life confers genuine benefits in domain-general
cognitive control. Specifically, equivalent performance among
monolingual and bilingual children was observed on the Simon
task, but the bilinguals demonstrated a significant advantage on

the flanker task, indicating that these tasks may recruit partly
distinct mechanisms of cognitive control that are differentially
sensitive to language environment and may also follow different
developmental trajectories. Struys et al. also employed the Simon
and flanker tasks in a comparison of performance among
younger and older monolingual and bilingual Dutch-French
children. They report equivalent performance across language
groups but, crucially, there was marked variation in the actual
strategies employed to resolve conflict in the tasks. This finding
is consistent with recent (currently unpublished) work from our
lab which indicates significant differences in the neural networks
recruited among bilingual and monolingual participants when
resolving conflict despite the absence of any group effects at the
behavioral level.

Janus and Bialystok consider the reported association between
executive function and emotion regulation, arguing that bilingual
advantages in executive control may, intuitively, also underpin
performance benefits in emotional contexts. However, in their
study of emotional face N-back task performance in monolingual
and bilingual children, there were no group differences in the
overall effect of emotional valence on reaction time (despite
better accuracy in bilinguals). Czapka et al. present a novel
and intriguing study of real word and non-word spelling in
monolingual and bilingual third grade (∼9 year-old) primary
school children in Germany, providing compelling evidence that
monolinguals at this age are better able to deploy higher level
cognitive control during spelling, most likely due to superior
knowledge of the German language. For bilinguals, German
lexicon size was a better predictor of spelling ability than
executive function. These findings reinforce the importance of
adopting a fine-grained, developmentally informed approach
to charting interactions between multi-language learning and
cognitive development, without which we are unlikely to resolve
the contradictory claims and entrenched positions so prevalent
in the recent literature.

Seven studies examine bilingual processing in adults, each of
which focuses on a key issue in current debate. Naeem et al.
address the potential importance of an alternative explanatory
variable: socioeconomic status (SES). Employing demonstrably
low and high SES monolingual and bilingual participants, these
authors found evidence (from Simon task performance) that
bilingualism may promote a speed of processing advantage,
but only in those with low SES. Furthermore, there was no
evidence for a bilingual advantage in executive planning ability
(based on Tower of London performance), with monolinguals
showing a disproportionate advantage. Van der Linden et al.
explore interference suppression, response inhibition, and
short-term memory performance in professional simultaneous
interpreters. To the extent that bilingual cognitive advantages
are associated with the requirement to manage and control
simultaneously active languages in daily life, the authors argue
that a comparison of such highly skilled bilinguals against
monolinguals should increase the likelihood of detecting a
bilingual advantage, if it exists. In fact, the two groups
performed similarly on all measures (flanker, Simon, and digit
span tasks), a finding reinforced in a second experiment
which incorporated an additional group of second language
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teachers. Despite anecdotal evidence for an STM advantage over
monolinguals among interpreters, this evidence is clearly difficult
to reconcile with bilingual advantage theory. In their study on
the effect of language similarity on the association between
linguistic performance and executive function, Oschwald et al.
found very limited evidence for benefits in executive function
associated with the increased demands of managing more
dissimilar languages. These results, therefore, also offer evidence
against the claim that managing cross-language interference
promotes or enhances executive function. Evidence presented
by Borragan et al. provides a possible explanation for lack of
transfer from control of language interference to non-verbal
executive function. These authors examine performance in
highly proficient but unbalanced bilinguals on a multilingual
rapid picture naming task incorporating multiple inhibitory
demands. Findings are most consistent with the existence
of functionally independent inhibitory mechanisms associated
with language processing which may not be recruited in
non-verbal tasks.

Further evidence against the existence of a genuine
bilingual advantage, either in attentional control or response
inhibition is presented by Paap et al. In this study, no effects
attributable to bilingualism were observed on the tasks
whether (i) participants were separated into monolingual or
bilingual groups or (ii) degree of bilingualism was treated
as a continuous variable, and Bayes factor analyses robustly
supported the null hypothesis. The study by Goldsmith
and Morton tests recent evidence by Grundy et al. (2017)
that bilingual adults show smaller sequential congruency
effects than monolingual adults, perhaps consistent with
a bilingual efficiency advantage in the disengagement of
attention from no longer relevant task stimuli. This new
study, offered as a replication, showed statistically equivalent
performance in both groups. However, Grundy and Bialystok
have published a reply in Frontiers (available here), outlining
that the study is not a direct replication but differs in several

ways. Perhaps, most importantly, they point out that Goldsmith
and Morton employ long rather than short response-to-stimulus
intervals, and it is at short intervals that language group
differences in the disengagement of attention can most readily
be observed.

The possibility that bilingualism may offer protection against
age-related cognitive deterioration and/or neural degeneration
is an important issue in the literature. Rather than addressing
vocabulary, syntax, or comprehension, Sundaray et al. take the
novel approach of addressing non-literal language (pragmatic
inference making) in young and older monolingual and bilingual
participants. With the exception of conventional metaphors (for
which an age-related deficit was observed only in monolinguals)
no differences between language groups in processing pragmatic
inferences were observed. Thus, the evidence here suggests a
possible protective effect of bilingualism in comprehension of
non-literal language, restricted to conventional metaphors.

There are many challenges in this line of research, but when
there is challenge there should also be opportunity to advance
knowledge. In collecting these articles within a single volume,
we hope readers will take the opportunity to digest the full range
of empirically supported inferences, and further develop a well-
informed understanding of how (and the extent to which) the
process of acquiring a second language confers domain general
cognitive benefits.
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We aimed at unveiling the role of executive functions (EFs) and language-related
skills in spelling for mono- versus multilingual primary school children. We focused on
EF and language-related skills, in particular lexicon size and phonological awareness
(PA), because these factors were found to predict spelling in studies predominantly
conducted with monolinguals, and because multilingualism can modulate these factors.
There is evidence for (a) a bilingual advantage in EF due to constant high cognitive
demands through language control, (b) a smaller mental lexicon in German and (c)
possibly better PA. Multilinguals in Germany show on average poorer German language
proficiency, what can influence performance on language-based tasks negatively. Thus,
we included two spelling tasks to tease apart spelling based on lexical knowledge
(i.e., word spelling) from spelling based on non-lexical strategies (i.e., non-word
spelling). Our sample consisted of heterogeneous third graders from Germany: 69
monolinguals (age: M = 108 months) and 57 multilinguals (age: M = 111 months).
On less language-dependent tasks (e.g., non-word spelling, PA, intelligence, short-
term memory (STM) and three EF tasks testing switching, inhibition, and working
memory) performance of both groups did not differ significantly. However, multilinguals
performed significantly more poorly on tasks measuring German lexicon size and word
spelling than monolinguals. Regression analyses revealed that for multilinguals, inhibition
was related to spelling, whereas switching was the only EF component to influence
word spelling in monolinguals and non-word spelling performance in both groups.
By adding lexicon size and other language-related factors to the regression models,
the influence of switching was reduced to insignificant effects, but inhibition remained
significant for multilinguals. Language-related skills best predicted spelling and both
language groups shared those variables: PA for word spelling, and STM for non-word
spelling. Additionally, multilinguals’ word spelling performance was also predicted by
their German lexicon size, and non-word spelling performance by PA. This study offers
an in-depth look at spelling acquisition at a certain point of literacy development. Mono-
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and multilinguals have the predominant factors for spelling in common, but probably
due to superior language knowledge, monolinguals were already able to make use of EF
during spelling. For multilinguals, German lexicon size was more important for spelling
than EF. For multilinguals’ spelling these functions might come into play only at a later
stage.

Keywords: bilingualism, spelling, literacy acquisition, executive functions, lexicon size, primary school

INTRODUCTION

Spelling per se is a highly crucial skill, because “[. . .]
struggling with spelling production may result in students
being demotivated, running out of time, having less time for
planning or writing a shorter text” (Rønneberg and Torrance,
2017, p. 2). Hence, spelling influences the quality of a text, and
often has an impact on the reader’s judgment of the writer’s
competences. Reading texts full of spelling mistakes makes the
comprehension of the content taxing and tiring, as it interrupts
the perception of content. Thus, spelling is important for
demonstrating subject-related competence, especially in the
school context. Additionally, it has significant consequences,
since the ability to spell correctly is also known to be a crucial
criterion whether teachers recommend pupils for junior high
school in the very selective German school system (Roos and
Schöler, 2009).

Known predictors for literacy in general are specific language
[such as phonological awareness (PA) and size of the mental
lexicon] and cognitive skills [in particular executive functions
(EFs)], but their role in spelling is not clear-cut. It also
remains unknown if these predictors play the same role for
multilinguals. Therefore, it is important to investigate not
only the underlying internal factors influencing monolingual
children’s spelling performance, as multilingual children make
up a considerable part of the student body in Germany (e.g.,
38% of primary school children in Berlin; Leerhoff et al.,
2013) and are considered at risk for school failure (Zöller
et al., 2006; Ditton and Krüsken, 2009; OECD, 2014). A main
contributor to this risk is the on average lower proficiency
in German, the language of schooling (Niklas et al., 2011).
This impacts negatively on their reading performance. From
primary school throughout the children’s school career it
is on average lower compared to their monolingual peers’
(Müller and Stanat, 2006; Marx and Stanat, 2012). For spelling,
findings showed multilinguals’ similar (Roos and Schöler,
2009; Chudaske, 2012) or poorer performance (Schründer-
Lenzen and Merkens, 2006) compared to their monolingual
peers.

In sum, the influence of language-related and cognitive
predictors of spelling, in particular for multilingual children,
are largely unknown and findings for multilinguals’ spelling
competences are mixed. As research on the acquisition of
spelling is considered to be rather anglo-centric (Wimmer and
Landerl, 1997) and the English orthography is less consistent
than German, it is called for an investigation of these
different language-related and cognitive predictors for spelling in
German.

Spelling
Contemporary accounts of writing include both linguistic and
cognitive processes which are functionally integrated when
writing (Abbott and Berninger, 1993; Berninger and Amtmann,
2003). These language skills comprise for example PA (i.e.,
the ability to perceive the phonological structure of words and
manipulate elements of spoken language), as well as alphabetical,
morphological, and lexical knowledge (Lubin et al., 2016). Being
able to produce the correct, orthographic spelling of words
requires a number of linguistic processes to be executed (e.g.,
phonological and morphological analysis of the word, translation
into graphemes; Alamargot and Chanquoy, 2001; Treiman, 2017)
and orchestrated by cognitive processes prior to graphomotor
execution (i.e., the writing process itself).

Beginning writers’ spelling in alphabetic orthographies like
German is phonemic (see Ziegler and Goswami, 2006) and
thus relies on phoneme–grapheme conversion. This is one of
two different procedures to spell as suggested by the dual-route
account of orthographic retrieval (e.g., Barry, 1994). Spelling via
this non-lexical route relies on the direct translation of phonemes
to their corresponding graphemes–so called phoneme–grapheme
conversion (e.g., ‘enough’ [I’n3f] could result in the phonemic
spelling ‘inaf ’). With increasing training and through experience
with printed language (Ehri, 2005, 2014), orthographic learning
takes place, meaning the phonology and orthography of a
word become connected, and an orthographic representation
is stored in memory. These orthographic word forms build
a separate orthographic lexicon (that is independent of the
phonological forms stored in memory; Berninger et al., 2006),
what allows direct retrieval of word forms from that lexicon.
This route is the lexical route of spelling (the second procedure
of the dual-route account). The direct access makes spelling
more efficient (meaning correct and fast) (Berninger et al.,
2006). However, this route can only process familiar words that
already have lexical representations. Non-words and unfamiliar
words are spelled via the non-lexical route, which is costlier
than accessing whole word forms, because phoneme–grapheme
conversion and orthographic rules need to be aligned. In
conclusion, an extensive orthographic lexicon is essential for
efficient word spelling (Roos and Schöler, 2009).

The componential model of writing (Schoonen et al., 2002;
Harrison et al., 2016) broadens the complexity of the writing skill
and includes also more cognitive components. It distinguishes
between lower-level writing skills, comprising handwriting,
punctuation and spelling, and higher-level writing skills, i.e.,
planning, formulating/composition, revising (McCutchen, 1996).
Lower-level writing skills are acquired first in writing acquisition
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and initially lack an automatized execution. Hence, they require
conscious control through EF (see section “EF and Spelling”) and
use up cognitive resources (Bourdin and Fayol, 1994; Grabowski,
2010). Cognitive resources comprise many mental processes (e.g.,
attention, memory, motor control and EF; Franconeri et al., 2013)
and are limited in their capacity (following the capacity theory
of writing by McCutchen, 1996, 2011). Hence, children who are
still struggling with graphomotor execution have problems in
spelling an entire word correctly, since the handwriting process
itself takes up too many cognitive resources (Pontart et al.,
2013). Similarly, if spelling draws on children’s attention, it draws
processing resources away from higher-level processes and few
resources are left for high-quality text composition. Therefore,
children need to train spelling to reach a more automatic
execution of these lower-level writing skills (for an overview,
see Gerth et al., 2016). When writers become more advanced
(around the age of 14), the automatization of these lower-level
processes frees cognitive resources for higher-level processes
such as sentence- and text-level processes (McCutchen, 1996).
Even for advanced writers, writing draws on cognitive resources,
because different lower-level and higher-level processes need
to be coordinated concurrently (Alamargot and Chanquoy,
2001).

In sum, spelling is a developing skill especially in primary
school children, as spelling is taught mainly in the school
context. Spelling draws on a number of different cognitive and
language-related processes. In the following sections, we will first
describe the links between the three EF components proposed
by Miyake and Friedman (2012) (i.e., switching, inhibition and
updating) and spelling, before we highlight the impact of bi-
/multilingualism on EF. Finally, we will portray the links between
the language-related skills and spelling in more detail, with a
specific focus on the role of lexicon size and PA for multilinguals.

EF and Spelling
Executive functions are a family of cognitive control mechanisms
that regulate thought and action. These effortful, mental
processes can be divided into three core functions: first, switching
(or shifting) describes the ability to switch flexibly between
mental sets or tasks. Secondly, inhibition is the ability to suppress
dominant or irrelevant information or behavior to maintain a
task goal. Thirdly, working memory (WM or updating) is the
ability to manipulate mentally stored information (Miyake and
Friedman, 2012; Diamond, 2013).

Executive functions are an important prerequisite for school
success: they have been shown to predict school readiness and
school performance (St Clair-Thompson and Gathercole, 2006;
Diamond, 2013; Zorza et al., 2017), reading and mathematics
(Best et al., 2011) and also to affect writing (e.g., Kellogg, 1996;
Monette et al., 2011). Despite the clearly crucial contribution of
EF to literacy development in general, there is still no consistent
picture in regard to the impact of EF on spelling as one important
literacy subprocess. To the best of our knowledge, there are only
very few studies that investigated the direct influence of concrete
EF components (switching, inhibition and WM) on spelling.
In the following sections, we will give a short overview of their
findings and—due to the very low number of specific studies

on spelling—we occasionally extend the review to literacy more
generally.

Influence of Switching on Spelling
During spelling different processes need to be coordinated (as
described above) and the writer needs to switch effectively
between them to write fluently and correctly. For example, one
needs to translate phonemes into graphemes (non-lexical route)
or retrieve the spelling of the word from orthographic memory
(lexical route), apply orthographic rules, compare phonemic and
lexical word forms, and finally plan and execute graphomotor
processes (Lubin et al., 2016). Third grade students are at
a developmental stage of transition from phonemic spelling
to extending their orthographic lexicon allowing the lexical
route to be used more frequently (von Suchodoletz et al.,
2017). This requires children to switch between these coexisting
routes (non-lexical and lexical route) and even include, e.g.,
morphological strategies to support their spelling activities. Good
switching abilities allow for flexible application of these different
options to changing task demands during spelling.

Two studies confirmed a direct connection between switching
and spelling. Lubin et al. (2016) investigated how switching,
inhibition and WM influence spelling in primary school
children. Their study was based on a group of native French-
speaking fourth graders in France. For the switching task,
children had to switch between counting up- and downwards
depending on a cue. They found that switching was the only
EF component explaining variance in their French spelling task.
Von Suchodoletz (2017) conducted a cross-sectional study on
attention shifting, assessed with a card sorting task, and spelling
in German first, third and eighth graders. They found that better
switching abilities were related to superior general spelling skills,
in particular in third graders.

In two other studies on literacy in English, switching was
found to predict reading, written expression and spelling of
English at grade one to three (Altemeier et al., 2008) and
also writing in the subsequent 6 years (Berninger et al., 2016).
Switching in these studies was measured with a task called
rapid automatized switching that combines a rapid naming task
with increased EF demands through switching categories (e.g.,
naming alternatingly numbers and letters). However, because
rapid automatized naming (RAN) on its own predicts reading
and possibly writing (see below), we believe that it is difficult to
tease apart the influence of RAN and switching when using rapid
automatized switching as predictor.

Influence of Inhibition on Spelling
In our study we refer to inhibition as the ability to control
interference at the level of perception; it is an involuntary and
automatic reaction to or away from a stimulus (Diamond, 2013).
According to Diamond (2013), this definition contrasts with
other forms of inhibition like selective attention, which is a
voluntary and active focus of one’s attention to or away from a
stimulus, or self-control, i.e., the control of one’s behavior and
emotions to resist temptation.

Writing involves many competitive processes that require
inhibition of an irrelevant or incorrect choice to select the
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appropriate alternative. In spelling, inhibition should be involved
in choosing between lexical and non-lexical spelling routes,
or in the selection of neighborhood word competitors which
is suggested to be easier the more precise the orthographic
knowledge is (Perfetti, 2017).

There is some evidence that inhibition is involved in
reading-related skills (Blair and Razza, 2007) and literacy in
general (assessed with general scores for reading and spelling;
St Clair-Thompson and Gathercole, 2006; Allan et al., 2014).
However, these general findings with respect to literacy do not
allow us to draw conclusions on spelling. Concerning spelling
more specifically, there seems to be hardly any evidence for an
influence of inhibition on spelling: according to Altemeier et al.
(2008), who tested English-speaking children longitudinally in
the first 4 years of school, inhibition (assessed with a Color-Word
interference test) additionally to rapid automatized switching (see
section “Influence of Switching on Spelling”) predicted reading
and writing, but not spelling. Also, Lubin et al. (2016) reported
no impact of inhibition (measured with an Opposite World task)
on spelling in French monolingual children. However, Lubin et al.
(2016) discussed the possibility that in more speeded conditions
or under conditions in which automatic processes need to be
inhibited, inhibition abilities might become relevant.

Influence of WM on Spelling
WM is the third EF component identified by Miyake et al. (2000)
and a complex structure itself. In Baddeley’s model of WM, the
ability to manipulate mentally stored information (what we refer
to as WM) is part of the so-called central executive (Repovš and
Baddeley, 2006; Baddeley, 2010). Baddeley’s model additionally
comprises separate functions for mental short-term storage: one
for visual and spatial information, the visuo-spatial sketchpad,
and one for verbal material, that is the phonological loop or
phonological short-term memory (STM).

In writing research, WM is probably the most investigated EF
component. The role of WM in proficient writing is described
in Kellogg’s model (Kellogg, 1996), in which Baddeley’s central
executive affects all sub-processes of writing (Alamargot and
Chanquoy, 2001). WM plays a role in particular for higher-level
writing skills, i.e., processes involved in text composition (e.g.,
planning, formulating, revising). WM is necessary for “active
maintenance of multiple ideas, the retrieval of grammatical rules
from long-term memory, and the recursive self-monitoring that
is required during the act of writing” (Hooper et al., 2002).
WM is also involved in spelling to dictation in the following
way: while words and decoded sounds are stored temporarily
in STM, processing of this information takes place in WM
(orthographic information is retrieved from long-term memory,
morphological rules are applied or phonemes translated to
corresponding graphemes) and concurrently the writer needs to
continue listening and updates the STM content, what is the task
of WM (Strattman and Hodson, 2005).

Experimental support for the role of WM in spelling
acquisition, however, is weak. Research findings suggest that
WM and spelling are not connected in primary school children
(see Lubin et al., 2016). Swanson and Berninger (1996) reported
that in children at the age of 10 to 12, WM was rather connected

to higher-level and STM to lower-level writing skills. Also, for
older children, Vanderberg and Swanson (2007) found that in
15-year-olds, WM (the authors refer to the central executive)
predicted all levels of writing (planning, translating, revision),
except spelling. Berninger et al. (2010) used a global measure
of WM that combined a non-word repetition task for STM and
backward digit span for WM (testing the central executive).
They found that WM influenced spelling from second to sixth
grade, but this finding does not allow generalization for specific
components of EF or WM, since STM and WM represent distinct
cognitive functions. To summarize, the influence of WM on
spelling seems to be crucial for higher-level tasks (Swanson and
Berninger, 1996), which play only a very minor role for primary
school children, since they are mainly acquiring lower-level
writing skills.

Influence of Bi- and Multilingualism on EF
As we study predictors for mono- versus multilinguals’
performance, we need to take into account that multilingualism
can affect EF positively (Adesope et al., 2010; Bialystok, 2015;
Hilchey et al., 2015; Zhang, 2018). The reason for the so-called
bilingual advantage is that a bilingual’s languages are constantly
activated, what puts particular demands on cognitive control to
activate the language currently in use and inhibit the non-target
language (Green, 1998; Kroll et al., 2012; Spalek et al., 2014). The
constant load on the EF system has been suggested to constitute a
training and to lead to improved EF (Bialystok, 2015). Strongest
evidence for a bilingual advantage has been found for inhibition
tasks (Bialystok and Viswanathan, 2009; Poarch and van Hell,
2012; Poarch, 2018). For WM, there is evidence for a positive
influence of bilingualism (Luo et al., 2013; Blom et al., 2014), but
also against (Namazi and Thordardottir, 2010; Engel de Abreu,
2011). Finally, superior switching performance tested with card
sorting tasks could be related to bilingualism (Bialystok and
Martin, 2004; Wiseheart et al., 2016).

It is important to note that the existence of a bilingual
advantage in EF has been doubted in the current literature.
Criticism concerns amongst others a publication bias for positive
results and methodological flaws in the literature which increase
the chance of false positive results (Paap et al., 2015; Zhou and
Krott, 2016). Paap et al. (2015) also criticized the insufficient
control of covariates, what could distort results. Therefore,
groups need to be comparable to control the impact of other
potentially influential variables like SES (Hope, 2015). When
comparing mono- with multilinguals, SES is an important factor,
because bilingualism and SES independently influence EF and
vocabulary in 8-year-olds (Calvo and Bialystok, 2014), reading
(Duzy et al., 2014; Maitz et al., 2018), and spelling (Zöller
et al., 2006). When investigating multilingual school children
in Germany, this variable is of major importance, because
multilingual children in a German setting stem more often from
families with lower SES, what might hide a potential advantage.
Roos and Schöler (2009) illustrated that an initial disadvantage
of multilinguals in reading and spelling disappeared when SES
and intelligence were controlled for. Certain characteristics of
bilinguals can also influence the outcome in research on the
bilingual advantage: for example, bilinguals with good language
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control (i.e., who rarely experienced unintended intrusion errors
in a picture-naming task) showed better cognitive control than
bilinguals who often unintenionally switched between languages
(Festman and Münte, 2012).

Language-Related Skills and Spelling
Relevant language-related skills, which are known to influence
the development of reading and writing, comprise lexicon size,
PA, STM and phonological recoding (i.e., RAN). We refer to
lexicon size as the number of lexical entries in memory for
a specific language, in this paper German. For multilinguals,
each language has its own mental lexicon that contains on
average a smaller amount of lexical entries compared to
monolinguals (Bialystok, 2009). This may not be confused with
a conceptual scoring of lexicon size, which captures the number
of concepts in the mental lexicon regardless of language. Thus,
multilinguals may have larger mental lexicons following this
account (Holmström et al., 2016). PA describes the ability to
perceive phonological structures, i.e., phonemes and syllables,
and manipulate elements of spoken language. As it is essential
to recognize which phonemes build a word, it is relevant for
non-word spelling and for the analysis of word structures. STM
stores language material in memory for a short period of time,
which is why it is relevant in spelling tasks involving dictation
(when words and sentences need to be remembered) or writing
of non-words (unknown sound sequences are stored in STM).
Phonological recoding is the ability to recode written symbols
into sound-based representations. It is usually assessed with
RAN tasks, which measure the ability to fluently and effortlessly
access phonological information by requiring participants to
name letters, objects or pictures under speeded conditions (Wile
and Borowsky, 2004). RAN as an automatized (i.e., fast, accurate,
and effortless) skill is an important precondition for fluent and
efficient spelling (Meyer et al., 1998).

These four language-related skills are known predictors
of reading and spelling (for reviews see Hippmann, 2008;
Verhoeven et al., 2011), however their influence depends on the
language and its grapheme–phoneme consistency (Moll et al.,
2014). Phonological STM has been found to predict spelling
accuracy in Norwegian (Lervåg and Hulme, 2010) and in English
(Caravolas, 2004). Interestingly, in a comparative study of English
first and second language learners, their spelling performance was
influenced by different components (Jongejan et al., 2007): verbal
WM was most important for first language users, whereas for
second language learners it was RAN. Specifically for German
primary school, Ennemoser et al. (2012) found PA and RAN to
predict both spelling and reading in the first four school years.

Lexicon size plays a special role, since it predicts literacy
directly (Verhoeven and Perfetti, 2011), but it also plays an
important role in the development of PA and consequently
influences literacy indirectly. Different theories assume
that phonological representations within an initially small
mental lexicon are holistic (Lonigan et al., 2013; Goodrich
et al., 2014). At this point, lexicon size is an important
predictor for literacy. Only with increasing lexicon size do the
phonological representations become gradually more segmented
and fine-grained, what is necessary to become aware of the

phonological structure of words (see Metsala and Walley’s
lexical restructuring model, 1998, and Ziegler and Goswami’s
psycholinguistic grain size theory, 2006). This awareness allows
children to use PA as resource for literacy development and the
influence of lexicon size is being reduced (Metsala and Walley,
1998).

The Role of Lexicon Size for Multilinguals
Compared to monolinguals, multilinguals have a smaller lexicon
in each language (for a review see Bialystok, 2009; for receptive
skills, Bialystok and Luk, 2012). The root of this disparity does
not lie in an impairment or language talent, but rather in the
reduced amount of learning opportunities, for example due
to a later start of German acquisition or a lower amount of
exposure to each language (Pearson et al., 1997; Segerer et al.,
2013; Gagarina and Klassert, 2018). Indeed, this is especially
pronounced in multilingual children in Germany who have on
average a lower level of language proficiency in German—the
language of schooling—than their monolingual peers (Niklas
et al., 2011; Klassert et al., 2014). Dissimilarities in reading and
writing between mono- and multilinguals can be attributed to
this difference in German lexical proficiency, as the impact of
lexicon size on literacy performance is particularly strong for
multilinguals. Especially their lower lexical abilities (Segerer et al.,
2013; Limbird et al., 2014) influence writing both directly and
indirectly, as described above.

Two types of studies verified the strong effect of lexicon
size in multilinguals: first, comparisons between mono- and
multilinguals showed that the latter were disadvantaged in tasks
that required language-specific lexical knowledge (e.g., word
spelling or reading), but not in less language-dependent measures
(e.g., non-word spelling or reading; Weber et al., 2007; Segerer
et al., 2013; Kormi-Nouri et al., 2015). Secondly, regression
analyses showed that lexicon size was the most important
predictor of bilinguals’ but not of monolinguals’ reading skills
(Limbird et al., 2014).

The Role of PA for Multilinguals
Some researchers assume that multilinguals have greater PA skills
(Campbell and Sais, 1995), because of their refined metalinguistic
awareness (the ability to explicitly reflect upon language structure
and meaning) built up by the experience of learning and
managing two or more languages in life (Adesope et al., 2010).
Another explanation might be a superior intrinsic sensitivity
to language structure, due to their greater total vocabulary
size (taken all languages together), improved attention to
language (Bialystok and Herman, 1999) or the transferability
of PA from one language to another (see, e.g., Lindsey
et al., 2003). However, experimental results rarely support this
assumption (for a review, see Jongejan et al., 2007). For example,
Bialystok et al. (2003) found no advantage for bilinguals in
a number of PA tasks, besides for phoneme segmentation
for Spanish–English compared to Chinese–English bilinguals
and English monolinguals. Laurent and Martinot (2010) found
better PA in fourth and fifth, but not in third grade. Reasons
for this discrepancy can be the participants’ age, for example
because formal literacy education influences PA; also, the specific
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languages and language combinations influence PA, as certain
linguistic features are more prominent in one language than in
another. Finally, PA skills can transfer from one language to
another (Jongejan et al., 2007). Due to these mixed findings the
advantage of multilinguals in PA remains a contentious topic.

Studies with German samples could not find an advantage
for bilinguals either (Duzy et al., 2013; Janssen et al., 2013),
besides Limbird and Stanat (2006) who reported an advantage of
multilinguals over monolinguals for pseudoword segmentation
in German second graders, but no group differences in any other
measurements of PA and at other time points. Despite the lack
of differences in PA, Limbird and Stanat (2006) hypothesized in
their study that the influence of PA on multilinguals’ reading
should be smaller than for monolinguals. They confirmed
this hypothesis and attributed it to the multilinguals’ at least
numerically higher PA and on average lower reading abilities.
In the study by Harrison et al. (2016), English first and second
language learners were compared among others on a PA task on
which they performed similarly; PA was found to be the only
predictor for spelling in English first language learners, while for
second language learners, PA and RAN predicted their spelling
performance.

Research Focus
The goal of the present study is to determine which variables
influence spelling in mono- and multilingual primary school
children. Spelling involves cognitive and linguistic factors and is
influenced by general background factors, such as SES. However,
to our knowledge, there are no studies contrasting the influence
of EF and language on spelling between mono- and multilinguals.
With respect to spelling, we measured both spelling of words
(which relies mainly on the lexical route) and spelling of non-
words (which is based on the non-lexical route). This allows us to
compare spelling abilities when German knowledge is involved
(in word spelling) and when language-specific influences are
minimized (in non-word spelling) (cf. Weber et al., 2007).

For cognitive factors we considered EF, namely switching,
inhibition and WM (following the seminal study by Miyake
et al., 2000). Until now, scientific investigations focused only on
monolinguals and showed that these EF components affected
spelling performance or literacy more generally. Crucially, we
extended the existing research by including bi-/multilingual
children.

In the linguistic domain, we focused on two language-related
skills, lexicon size in German and PA. These are influential
predictors of monolinguals’ spelling (Verhoeven et al., 2011).
However, these factors seem to influence multilinguals’ spelling
in different ways (for English, see Jongejan et al., 2007; Harrison
et al., 2016), but their role when spelling in German is unknown.

Interestingly, EF and language-related skills (can) develop
differently in mono- and multilingual children. Therefore, the
experience of acquiring additional languages may alter the impact
of both, language and cognition, on literacy development in these
groups. For multilinguals this concerns specifically on the one
hand benefits in EF (see the so-called “bilingual advantage”) and
PA, but on the other hand detrimental effects due to a reduced
lexicon size in each language, as described above.

Our approach to investigate the role of cognitive and
language skills was the following: first, we attempted to
include a representative sample of today’s heterogeneous school
population in Germany and investigated group performance on
EF and language-related skills as well as possible differences on
background variables (SES, age, intelligence). Second, we wanted
to find out if the three distinct EF components exerted a unique
influence on spelling in these two language groups. Due to
the heterogeneity of our sample, we investigated which factors
influence the groups’ performances rather than comparing the
differences in strength of these relations. Third, we wanted to
determine the influence of language-related skills on spelling
in both groups. Therefore, we focused on lexicon size and PA,
because multilingualism can influence their development. And
by analyzing if the impact of EF remained when language-related
skills were included in the same analyses, we finally aimed at
revealing whether EF or language played the predominant role
in third-grade mono- and multilinguals’ spelling performance.

Predictions
We predicted similar performance of both groups on tasks
which were—in contrast to assessments of lexicon size and
word spelling—less language-dependent (e.g., non-word spelling,
intelligence, PA; see Kormi-Nouri et al., 2015). Contrarily, we
expected between-group differences in German lexicon size,
word spelling and SES, as a disadvantage for multilingual children
has been repeatedly shown for these factors or was likely (in
the case of spelling; cf. Schründer-Lenzen and Merkens, 2006).
Moreover, we expected no bilingual advantage on EF task
performance, because of detrimental effects especially due to
SES.

Despite a lack of a bilingual advantage, we assumed the
influence of cognitive skills on spelling to be different between
the language groups. Drawing on the literature on monolingual
children, we predicted an impact mainly of switching, but no
influence of inhibition and WM (as these has been found to
influence rather high-level writing processes). Switching might
influence word spelling more strongly than non-word spelling,
since switching between alternative spelling routes (lexical and
non-lexical) might be necessary. For non-words, in contrast, only
phoneme-grapheme-conversion can be applied.

Comparing the impact of language-related skills and EF, we
hypothesized that EF would still play a less important role
for spelling than language-related skills, which are probably
more relevant at the children’s current developmental stage as
writers (focusing on lower-level writing skills). The impact of
language-related skills on spelling might be different between
the groups. Limbird et al. (2014) found that German lexicon
size was a stronger predictor for reading in multilinguals than
monolinguals. Accordingly, we also expected lexicon size in
German to be the strongest predictor for multilinguals’ spelling of
words and to influence monolingual’ word spelling less strongly.
On non-word spelling, lexicon size should not have an influence,
because it requires phonemic spelling only. Concerning PA, we
expected it to affect both groups and both spelling tasks similarly,
extending Ennemoser et al.’s (2012) observation for monolingual
primary school children.
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MATERIALS AND METHODS

Participants
Our sample consisted of 69 monolingual (33 female) and
57 multilingual children (30 female). All children attended
third grade and their mean age in months was M = 109.1,
SD = 7.2; see Table 1 for descriptive statistics for all tasks
and background variables of both language groups. Monolingual
children spoke only German at home and had no further
contact with another language. Multilingual children spoke
at least one other language at home (referred to as L1)
besides German and had at least good verbal proficiency in
their L1 (for more detail, see section “Background Variables”).
The group to which we refer as multilinguals consisted of
bilingual (n = 50) and trilingual students (n = 7). Multilinguals
spoke 21 different languages as L1 with Turkish (n = 18)
or Arabic (n = 8) forming the largest subgroups. Overall,
83% of the multilingual group and 7% of the monolingual
group indicated a migration background (meaning at least
one parent or the child was born outside of Germany). Data
for this study were selected from a larger data set of 168
third graders from different schools in Germany. Children
needed to be excluded from this analysis if they could not be
unambiguously assigned to one language group according to
their language background or had an IQ (measured with the
Culture Fair Intelligence Test Scale 1, Weiß and Osterland,
2013) below 70 indicating intellectual disabilities (DIMDI,
2016).

TABLE 1 | Descriptive statistics for spelling, EF, language-related skills, and other
background factors per language group.

Monolinguals Multilinguals

M (SD) M (SD) Significance

n/females 69/48% 57/53%

Age 107.6 (4.8) 111.0 (9.0) ∗

Word spelling 9.5 (3.9) 11.0 (4.2) ∗

Non-word spelling 4.8 (2.7) 5.3 (3.0)

Switching 3.8 (1.2) 3.8 (1.3)

Inhibition 1083.8 (176.5) 1032.9 (144.0)

WM 1407.8 (275.4) 1438.2 (262.2)

Lexicon 25.1 (6.1) 16.3 (8.4) ∗∗∗

PA 5.8 (2.9) 6.0 (2.7)

STM 15.4 (3.4) 15.2 (3.5)

RAN 2.1 (0.4) 2.0 (0.4)

Intelligence 35.3 (5.5) 35.3 (5.0)

SES (mother) 3.8 (1.0) 3.1 (1.5) ∗∗

SES (father) 3.8 (1.0) 3.2 (1.7) ∗

German proficiency 3.8 (0.4) 3.6 (0.6) ∗

Mean scores (with standard deviations) and group differences calculated with
two-tailed t-tests (Significance ∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05) between
mono- and multilinguals. [Mean values refer to: Age – in months; word spelling,
non-words spelling – word errors; switching – number of experienced rules;
inhibition – interference effect in ms; WM – mean reaction times in ms; lexicon,
PA, STM, RAN, intelligence – number of correct answers; SES – ISCED; German
proficiency – rating between 1 (none) and 4 (very good)].

The study and the protocol were approved by the ethics
committee of the University of Potsdam (approval nr. 11/2015),
the head of the schools, the Ministry of Education, Youth
and Health (Land Brandenburg) and the Senate for Education,
Youth and Science (Berlin). The study was carried out in
accordance with the ethical standards laid down in the
Declaration of Helsinki. We recruited participants through
class teachers who distributed written information for the
parents about the study in all third-grade classes at three
inclusive primary schools. The parents gave written informed
consent before the beginning of the study. All participants
had normal or corrected-to-normal vision, were naive as to
the purpose of the study and received small gifts for their
participation.

Materials
Spelling
Word spelling
In the word spelling task, children were asked to produce
the correct orthographic writing of single words. We used
the respective subtest of the German standardized test battery
BUEGA (Esser et al., 2008). It comprises 17 items with
varying phonological and morphological complexity. Items
were prerecorded and presented via loudspeaker to guarantee
equal testing conditions for all participants. The number
of incorrectly spelled words was used as measure of task
performance.

Non-word spelling
To contrast children’s word spelling performance (which is
confounded with their knowledge of German) with spelling
purely based on phoneme–grapheme conversion, we designed
a non-word spelling task. Here, children were required to
produce the phonologically correct spelling of a non-word.
This test comprised 12 non-words of varying length (2–3
syllables; see Supplementary Material). Quasi-universal stimuli
were constructed by using (a) CV and CVC syllable structures
(to avoid German-specific structures like consonant clusters),
and (b) phonemes that are shared in most languages (to
minimize the influence of rare or language-specific sounds
such as [x] in German). The selection of phonemes, based
on Maddieson (2013a,b), resulted in the following consonants:
voiceless fricatives (i.e., [f], [s]), voiceless plosives (i.e., [p], [t],
[k]), nasals (i.e., [m], [n]), the lateral approximant [l], and the
three vowels [a], [i], and [u] that represent the three extreme
points on the vowel diagram (International Phonetic Association,
2015). To guarantee equal testing conditions for all children, all
non-words were prerecorded and presented via loudspeaker. The
number of incorrectly spelled non-words served as a measure of
non-word spelling.

Executive Functions
Switching
The Wisconsin Card Sorting Test (WCST) was chosen to assess
mental set shifting in cognitive control, i.e., to infer the implied
rule in card sorting guided by feedback from the environment,
to change the rule when necessary and to apply the correct rule
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continuously (Spreen and Strauss, 1998). We used an online
version of the WCST (adapted from Piper et al., 2012). The
task required children to sort 64 cards according to one of
three different rules (color, number, or shape) by tapping on
the corresponding digital card stack on the tablet screen. As
mentioned before, the current rule was not revealed but needed
to be derived from visual feedback, which followed each answer.
After 10 correct trials in a row, a rule change was signaled by
three pink exclamation marks appearing for 750 ms. There was no
time limit for answers, but children were encouraged to answer as
quickly as possible. Instructions and examples were given orally
to the whole group before the beginning of the training. The
number of experienced rules was used in this study as a measure
of switching, since the more successfully the children answered,
the more rule changes they experienced.

Inhibition
To test participants’ ability to inhibit interfering information
(i.e., color) within visually presented stimulus material, we
administered the Bivalent Shape Task (BST, Mueller and Esposito,
2014). In this test, children sorted shapes (circles and squares)
by pressing corresponding buttons on a tablet screen. The
more salient color of the shapes defined to which condition a
stimulus belonged: (a) In the neutral condition, black outlines
were presented, (b) in the congruent condition, shape and
color (red and blue) matched the respective answer button,
and (c) in the incongruent condition, colors were interchanged,
so that the shape corresponded to the correct button, but the
color corresponded to the incorrect button. The incongruent
condition required inhibition to refrain from pressing the
incorrect button. The experiment consisted of three uniform
blocks in a fixed order (neutral, followed by congruent and
incongruent) comprising 20 randomized trials, and one mixed
block comprising 30 randomized trials, 10 of each condition.
The test began with oral instructions and examples, followed
by a practice block (12 randomized trials) with visual feedback.
In the experimental blocks, no feedback was given, and each
item appeared immediately after button press or after a time
limit of 3 s. We adapted the BST (Mueller and Esposito, 2014)
to counterbalance the position (right and left) and color (blue
and red) of the answer buttons over participants. As measure
of inhibition, we used the interference effect (reaction time
difference between incongruent and congruent trials) of the
mixed blocks.

Working memory
To assess participants’ WM, we chose the n-back task that
requires the ability to temporarily store information in memory,
process it and continuously update the stored information. In this
task, single letters (A, B, O, R, and S) were presented one-by-one
in the center of the tablet screen. Children were asked to press
a button at the bottom of the screen when the displayed letter
was the same as two trials ago (two-back). Thus, they had to
compare the newly perceived information with older already
stored information. The task comprised two blocks with 20
pseudorandomized items of which eight were critical items (no
more than two critical items in a sequence). Response times were

restricted to 4 s in which the stimulus was presented for 2 s and
an inter-stimulus interval with a blank screen appeared for 2 s.
The task started with 10 practice trials including visual feedback,
but afterward no feedback was given. The mean reaction time was
used as a measure of WM.

Language-Related Skills
Lexicon size
To capture the size of the expressive lexicon in German, we
used a standardized online picture naming task, the WWT
(short version test 2, Glück, 2011). This test consisted of 40
colored items eliciting nouns, verbs or opposites of adjectives.
It was self-paced, but time restricted, and administered on tablet
computers. The number of correct answers was used as a measure
of lexicon size.

Phonological awareness
As the participants were already in third grade, we chose a
task which measured the level of PA at a higher degree of
difficulty (rather than phoneme identification, segmentation, and
syntheses; see Anthony and Francis, 2005). We wanted to assess
complex phonological skills measured by sub-syllabic tasks and
used an inversion test which relied on manipulative abilities of
phonemic knowledge, namely the phoneme-inversion subtest of
the standardized German test BAKO (subtest 4, Stock et al.,
2003). The prerecorded items were presented one-by-one. The
task required children to invert the first two sounds in 11 items
(six German words and five non-words) and pronounce it out
loud. The output measure was the number of correct answers.

Phonological short-term memory
A non-word repetition task was used to measure the children’s
STM, since the ability to retain and repeat increasingly longer
verbal stimuli serves as indicator of STM capacity. STM was
tested with the non-word repetition task from the ZLT-II
(Petermann et al., 2013). This task consists of 30 non-words built
of meaningless CV-syllables and thereby avoids language-specific
structures like consonant clusters. Items were prerecorded to
standardize testing conditions and pronounced with a neutral
prosody (equal stress on each syllable) to reduce German-specific
prosodic patterns. The non-words were presented with increasing
length, from two to six syllables. Children were asked to repeat
each non-word after its presentation. The number of correctly
repeated non-words served as a measure of STM.

Rapid automatized naming
Rapid automatized naming of letters was used to measure
phonological recoding. More specifically, we assessed naming
speed of an array of letters, which indexes the ability to effectively
access and retrieve phonological entries of graphemes. RAN
is considered to be a measure of automaticity (Strattman and
Hodson, 2005). We chose the RAN test from the standardized
German test battery TEPHOBE (Mayer, 2013). Participants
received a sheet of paper with 50 letters and were required to
name them in sequence as fast and as accurately as possible. The
number of correct answers per second indexed naming speed of
letters.
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Background Variables
Questionnaires
Background information on the children and their family were
derived from a paper–pencil questionnaire filled out by the
parents at home (a German and a Turkish version of the
questionnaire were available). To measure the family’s SES
we asked for each parent’s highest school and professional
qualification, which was then categorized by the ISCED
(International Standard Classification of Education, UNESCO
Institute for Statistics, 2012) on a scale from 0 to 6. Information
on the child’s language background, the beginning of his/her
acquisition of German and the languages spoken at home and
in kindergarten were obtained in the questionnaire. The parents’
rating of their child’s oral language skills (i.e., mean rating for
speaking and comprehension on a scale of 1 = none to 4 = very
good) served as a measure of language proficiency.

Intelligence
To assess the participants’ non-verbal intelligence, in particular
their ability to recognize and continue figurative relationships
and logical sequences, we used the Culture Fair Intelligence Test
Scale 1 (CFT 1-R, Weiß and Osterland, 2013). We assessed
these skills with three subtests, namely Matrix, Series, and
Classification. This standardized, non-verbal test was specifically
chosen, because it is a culture-independent and language-free
test, and consequently, it should not disadvantage children from
different cultural backgrounds or with poorer German skills. The
sum of correct answers served as a measure of intelligence.

Procedure
This study is part of a larger project comprising the parents’
questionnaire and three experimental sessions. We report here
only the tasks relevant for this study: in a first group session,
children completed the word spelling, inhibition, and switching
task on a tablet computer (Microsoft Surface Pro 2 Tablet, display
size: 25.5 cm × 17 cm, resolution: 2160 px × 1440 px). In the
second group session, we administered the test for non-word
spelling and WM on the same tablet, and the intelligence test
with a paper–pencil version. In the third, individual session,
we included all tasks which required recording children’s verbal
responses, i.e., German lexicon size, PA, STM, and RAN.

In group sessions, up to 14 children participated and were
supervised by trained experimenters who ensured a quiet
atmosphere, correct administration of tests, and understanding
of instructions despite language, comprehension, or processing
speed difficulties.

Data Analysis
Data preparation for the EF tasks included exclusion of
single participants whose performance was below chance or
who did not participate in one of the tasks (switching:
two monolinguals; inhibition: two multilinguals; WM: five
multilinguals). Afterward, for the BST and N-back, reaction
times of correct responses were log-transformed to normalize
distributions, and outliers in form of single data points were
removed by visual inspection of the reaction time distribution
for each task (inhibition: single blocks with less than four correct

answers and in total, 0.1% of all data points; WM: in total
0.9% of all data points). For all other tasks that included verbal
responses (that concerns lexicon, PA, STM, and RAN), audio-files
were transcribed. These data and the paper-pencil tests (i.e.,
intelligence, word and non-word spelling) were rated by one- and
double-checked by another person to obtain correct ratings for all
items in every tasks.

All calculations were run on R version 3.2.2 (R Core Team,
2015). In a first step, we compared all measures between the
language groups with two-tailed t-tests to reveal performance
differences in cognitive and language measures as well as in
background variables. Then, we calculated correlations between
the tasks measuring spelling, EF, language-related skills and
the potentially influential factors intelligence and SES, for each
language group separately. Spearman correlation coefficients
were computed with the rcorr function from the Hmisc package
(Harrell, 2017). Finally, we calculated linear mixed effects models
with glmer function from the lme4 package (Pinheiro et al.,
2015) separately for each spelling task and for each group to
find out which predictors influenced mono- and multilinguals
in these tasks. We decided not to calculate one model with
multilingualism as a predictor besides EF and language tasks, due
to the heterogeneity of our sample and group differences (e.g.,
in age and migration status) that we could not control without
overfitting this model. Independent variables were the raw values
of the spelling tasks (correct/incorrect rating for every item) and
random intercepts for participants and item were calculated to
control individual differences and effects on an item-level (e.g.,
increasing fatigue or the impact of a preceding trial that was
answered correctly or wrong; Baayen et al., 2008). As dependent
variables, we used the same variables in every step for both
groups and all outcome measures. These were z-transformed to
allow for comparison between the predictors. First, the influence
of the three EF components was tested. Secondly, those EF
with significant influence were entered into the models together
with the linguistic predictors. These comprised German lexicon
size and PA, since multilingualism potentially influences their
development or impact on spelling. In a third step, SES was
added (note that we do not report these last results in detail,
since model fit did not improve by adding SES. For more detail,
see below). Other factors like intelligence were not entered into
the models to avoid overfitting them and due to intercorrelations
between cognitive, language and background factors (see below).
Model fit for the generalized mixed-effect models was estimated
with the marginal (R2m; variance explained by the fixed effects)
and conditional coefficient (R2c; variance explained by fixed and
random effects). Both were calculated with the r.squaredGLMM
function from the package MuMIn version 1.41.0 (Burnham and
Anderson, 2002; Nakagawa and Schielzeth, 2013).

RESULTS

Group Comparisons
Group comparisons between mono- and multilinguals for all
variables are displayed in Table 1. (For results of error rates in
the EF tasks, see Supplementary Table 1.) As can be seen in
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Table 1, monolinguals and multilinguals did not differ on most
variables. They performed equally on the non-word spelling test,
on all three EF tasks (switching, inhibition, working memory), on
most tasks testing language-related skills, i.e., PA, STM and RAN,
as well as on intelligence.

Contrastingly, monolinguals produced significantly less errors
in word spelling. Regarding language-related factors, they had
a significantly larger expressive lexicon than their multilingual
peers. Moreover, the groups differed on a number of other
background variables such that monolinguals were significantly
younger and showed significantly higher SES (mother’s and
father’s ISCED), and parents rated their monolingual children’s
proficiency in German significantly higher than did parents of
multilingual children.

Correlations
The correlation coefficients of mono- and multilinguals’
performance in spelling, cognitive, and language tasks as well as
background factors are presented in Table 2. First, the results
show that the correlation between the two spelling tasks (i.e.,
more errors in spelling words correlated with more errors in
spelling non-words) was much higher for monolinguals (r = 0.61,
p < 0.001) than for multilinguals (r = 0.38, p < 0.001).

The three EF tasks did not correlate with each other, as
they represent distinct EF-subfunctions. Regarding correlations
of spelling with EF, we observed that for monolinguals switching
correlated with spelling words (higher number of experienced
rules correlated with fewer errors in spelling words; r = −0.25,
p < 0.05), whereas for multilinguals it was inhibition which
correlated with word spelling (larger interference effect correlated
with fewer errors in word spelling; r = −0.27, p < 0.05).
Apart from that, inhibition and WM hardly correlated with
any of the other factors. Note that in both groups switching
correlated with lexicon and intelligence (more experienced
rules correlated with a larger lexicon and a higher intelligence
score; monolinguals: r = 0.27, p < 0.05 and r = 0.45,
p < 0.001; multilinguals: r = 0.31, p < 0.05 and r = 0.28,
p < 0.05).

The four language-related measures (lexicon, PA, STM, and
RAN) correlated with spelling of words and non-words in
both groups (with the exception for multilinguals regarding
correlations of lexicon with spelling non-words, r = −0.23, and
STM with spelling words, r = −0.24): fewer errors in the spelling
tasks correlated with a larger lexicon, and better PA, STM, and
RAN. The language-related measures also correlated with one
another in both groups, for example better performance in RAN
with better PA (monolinguals: r = 0.41, p < 0.01, multilinguals:
r = 0.32, p < 0.05), and better STM with greater lexicon size (but
only for monolinguals: r = 0.41, p < 0.001).

Furthermore, we found relatively high intercorrelations of
intelligence with several measures (for monolinguals a higher
intelligence score correlated with fewer errors in both spelling
tasks, more experienced rules in the switching task, larger lexicon,
and better PA, whereas for multilinguals a higher intelligence
score correlated with fewer errors when spelling words, better
switching, and a larger lexicon; see Table 2). The correlation of
higher SES with a larger lexicon was very high for multilinguals
(r = 0.57, p < 0.001), but moderate for monolinguals (r = 0.36,
p < 0.001). Furthermore, higher SES correlated with better STM
for monolinguals and with better RAN for multilinguals.

Predictors of Word Spelling
Our first regression model (see Table 3, upper part) explores
the influence of the three EF components on word spelling.
For the monolingual group (left column), switching (b = −0.36,
SE = 0.16, p < 0.05) influenced word spelling significantly. Better
performance on this EF task (i.e., more experienced rules in
the WCST) was associated with less errors in the spelling of
words. For multilinguals (right column), inhibition predicted
performance in word spelling (b = −0.46, SE = 0.21, p < 0.05),
with a larger interference effect being associated with fewer
errors. The fixed effects in both models explained only a small
amount of variance (R2m = 0.03 for monolinguals, R2m = 0.04
for multilinguals).

The second regression model (see Table 3, lower part) includes
inhibition and switching, because of their significance in the
first model, and lexicon and PA. Word spelling in monolinguals

TABLE 2 | Correlation coefficients of monolinguals (below diagonal) and multilinguals (above diagonal) for spelling, EF, language-related skills, and other background
factors.

1 2 3 4 5 6 7 8 9 10 11

(1) Words 0.38∗∗∗ −0.15 −0.27∗ 0.06 −0.37∗∗∗ −0.38∗∗∗ −0.24 −0.42∗∗∗ −0.28∗ −0.17

(2) Non-words 0.61∗∗∗ −0.20 −0.10 0.02 −0.23 −0.4∗∗∗ −0.48∗∗∗ −0.44∗∗∗ −0.13 −0.16

(3) Switching −0.25∗ −0.19 −0.02 0.27 0.31∗ 0.17 0.32∗ −0.07 0.28∗ 0.16

(4) Inhibition −0.07 0.17 0.02 −0.11 0.19 −0.11 0.20 0.12 0.16 −0.01

(5) WM 0.17 0.07 −0.20 −0.15 0.08 0.09 0.01 −0.02 0.07 0.18

(6) Lexicon −0.31∗ −0.38∗∗∗ 0.27∗ −0.07 0.22 0.15 0.26 0.26 0.38∗∗∗ 0.57∗∗∗

(7) PA −0.46∗∗∗ −0.37∗∗∗ 0.19 0.18 −0.23 0.24 0.34∗ 0.32∗ 0.19 0.24

(8) STM −0.42∗∗∗ −0.5∗∗∗ 0.12 −0.08 −0.01 0.41∗∗∗ 0.34∗∗∗ 0.16 −0.05 0.14

(9) RAN −0.49∗∗∗ −0.53∗∗∗ 0.16 0.05 −0.15 0.16 0.41∗∗∗ 0.26∗ −0.02 0.33∗

(10) Intelligence −0.28∗ −0.32∗ 0.45∗∗∗ 0.05 −0.17 0.37∗∗∗ 0.35∗∗∗ 0.12 0.24 0.29

(11) SES (mother) 0.01 0.00 0.10 0.01 0.16 0.36∗∗∗ −0.03 0.28∗ −0.11 0.02

Spearman correlation coefficients (Significance ∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05).
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TABLE 3 | Fixed effects of the linear mixed effects models predicting number of errors in word spelling.

Monolinguals Multilinguals

b SE z Significance b SE z Significance

(1) (Intercept) 0.14 0.35 0.40 0.66 0.41 1.60

Switching −0.36 0.16 −2.19 ∗
−0.27 0.23 −1.16

Inhibition −0.08 0.16 −0.49 −0.46 0.21 −2.16 ∗

WM 0.13 0.16 0.81 0.23 0.23 1.01

R2m/R2c 0.03/0.5 0.04/0.58

(2) (Intercept) 0.16 0.34 0.48 0.63 0.38 1.68 +

Switching −0.22 0.14 −1.53 0.06 0.18 0.34

Inhibition −0.04 0.14 −0.27 −0.37 0.17 −2.17 ∗

Lexicon −0.23 0.15 −1.52 −0.47 0.18 −2.58 ∗

PA −0.59 0.15 −4.00 ∗∗∗
−0.67 0.18 −3.77 ∗∗∗

R2m/R2c 0.09/0.5 0.12/0.55

Regression models were calculated for mono- and multilinguals separately. In model (1) the three EF components are included as predictors, and predictors in model
(2) are lexicon size, PA and the significant EF from (1). R2m represents the variance explained by the fixed effects and R2c by fixed and random effects. (Significance
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, +p < 0.1).

was significantly predicted only by PA (i.e., the better their PA,
the fewer spelling errors they made; b = −0.59, SE = 0.15,
p < 0.001). For the multilingual group PA (b = −0.67, SE = 0.18,
p < 0.001) and lexicon size (b = −0.47, SE = 0.18, p < 0.05)
were significant predictors with better PA and a greater expressive
lexicon predicting fewer spelling errors. Additionally, the impact
of inhibition remained for multilinguals’ spelling performance
(b = −0.37, SE = 0.17, p < 0.05). Both models explained
now a larger amount of variance for mono- and multilinguals
(R2m = 0.09 and R2m = 0.12, respectively).

Note that in a third model, we added the mothers’ ISCED
to control for the impact of SES, but this did not improve
model fit: for monolinguals, R2m declined from R2m = 0.09 to
R2m = 0.07, and for multilinguals from R2m = 0.12 to R2m = 0.11.
Therefore, we report only the models without SES here (see the
Supplementary Table 3 for these additional models).

Predictors of Non-word Spelling
For both language groups, we found an effect of switching
on non-word spelling in our first model that is significant for
monolinguals (b = −0.28, SE = 0.13, p < 0.05) and marginally
significant for multilinguals (b =−0.36, SE = 0.20, p < 0.1). These
effects indicate that the more categories the children could master
in the WCST, the fewer spelling errors they produced (see Table 4,
upper part). The explained variance of the fixed effects is equal in
both groups, but very low (R2m = 0.02).

In the second model (see Table 4, in the middle), only
switching was included, since WM and inhibition did not
influence non-word spelling in either group in the first model.
For monolinguals, we found lexicon size (b = −0.36, SE = 0.12,
p < 0.01) and PA (b =−0.27, SE = 0.12, p < 0.05) to significantly
predict non-word spelling performance such that the larger the
lexicon and the better the PA abilities, the lower the error rate
when spelling non-words. For the multilingual group, the only
significant predictor of non-word spelling was PA (b = −0.49,
SE = 0.17, p < 0.01). The explained variance of the fixed effects

improved for both groups (R2m = 0.06 for monolinguals and
R2m = 0.08 for multilinguals).

As for word spelling, adding the mothers’ ISCED to the
regression models reduced model fit (for monolinguals: to
R2m = 0.05, and for multilinguals: to R2m = 0.07). Hence, we
report only the models without SES (but these additional models
can be found in Supplementary Table 4).

Since the second models explained relatively little variance,
we decided to run another model including STM (see Table 4,
lower part). STM is responsible for short-term storage of verbal
information and therefore essential to successfully perform
on our non-word spelling task as children had to memorize
non-words of increasing length. When STM was entered into
the model, it was the strongest predictor for monolinguals
(b = −0.38, SE = 0.12, p < 0.01) and multilinguals (b = −0.47,
SE = 0.18, p < 0.01) revealing that the better the STM
abilities, the fewer errors were made when spelling non-words.
For multilinguals, additionally PA influenced non-word spelling
(b = −0.36, SE = 0.16, p < 0.05). In sum, STM is the best
predictor for non-word spelling. That neither lexicon nor PA
maintained their significance for the monolinguals’ performance
is partially caused by the intercorrelations between STM and
lexicon (r = 0.41, p < 0.001), and STM and PA (monolinguals:
r = 0.34, p < 0.001). The models with STM fit the data best, since
they explained the largest amount of variance (for monolinguals
R2m = 0.08 and for multilinguals R2m = 0.1).

DISCUSSION

We investigated the influence of EF and language-related skills
on spelling in a group of mono- and multilingual third graders.
By including a word and a non-word spelling task, we were
able to contrast spelling based on lexical knowledge (word
spelling) and phonemic spelling (non-word spelling via the
non-lexical route). We assessed naturally heterogeneous groups
of mono- and multilingual third graders with inherent differences
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TABLE 4 | Fixed effects of the linear mixed effects models predicting number of errors in non-word spelling.

Monolinguals Multilinguals

b SE z Significance b SE z Significance

(1) (Intercept) −0.50 0.27 −1.87 +
−0.20 0.32 −0.62

Switching −0.28 0.13 −2.12 ∗
−0.36 0.20 −1.80 +

Inhibition 0.15 0.13 1.17 −0.15 0.19 −0.81

WM −0.02 0.13 −0.12 0.12 0.20 0.63

R2m/R2c 0.02/0.36 0.02/0.26

(2) (Intercept) −0.48 0.26 −1.86 +
−0.35 0.31 −1.15

Switching −0.13 0.12 −1.06 −0.18 0.18 −1.06

Lexicon −0.36 0.12 −2.92 ∗∗
−0.28 0.18 −1.61

PA −0.27 0.12 −2.24 ∗
−0.49 0.17 −2.90 ∗∗

R2m/R2c 0.06/0.36 0.08/0.46

(3) (Intercept) −0.49 0.26 −1.91 +
−0.33 0.30 −1.11

Switching −0.15 0.11 −1.36 −0.09 0.17 −0.56

Lexicon −0.19 0.13 −1.54 −0.22 0.17 −1.34

PA −0.16 0.12 −1.37 −0.36 0.16 −2.16 ∗

STM −0.38 0.12 −3.05 ∗∗
−0.47 0.18 −2.63 ∗∗

R2m/R2c 0.08/0.36 0.1/0.46

Regression models were calculated for mono- and multilinguals separately. In model (1) the three EF components are included as predictors, in model (2) predictors are
lexicon size, PA and the (marginally) significant EF from (1), and in (3) STM was added to model (2). R2m represents the variance explained by the fixed effects and R2c
by fixed and random effects. (Significance ∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, +p < 0.1).

in SES and lexicon size to the detriment of multilinguals. Despite
these differences, the groups did not differ in their performance
on non-word spelling, PA and EF, whereas monolinguals
outperformed multilinguals in the word spelling and German
lexicon test. Our regression analyses revealed that switching
explained a small amount of variance in word and non-
word spelling for monolinguals. Contrastingly for multilinguals,
inhibition influenced word spelling and a trend indicated an
influence of switching in non-word spelling. When we added
lexicon size and PA—two important predictors of literacy—to our
models, the influence of switching disappeared in both groups
and tasks, but inhibition remained as predictor for multilinguals’
word spelling. Overall, language was a better predictor for
spelling and both language groups shared the most influential
factors in each spelling task: PA for spelling words and STM for
spelling non-words. As predicted, some language-related skills
influenced only multilinguals: lexicon size predicted their word
spelling, and PA influenced their non-word spelling performance.

The Role of EF in Spelling
Since our sample consisted of very heterogeneous groups of
children including multilinguals with disadvantages in SES
and lexicon size, we neither expected nor found a bilingual
advantage in any of the three EF components. From the literature
on the bilingual advantage we know that differences in EF
between language groups tend to appear only when groups are
well-matched to reduce the influence of confounding variables
(Hope, 2015). After all, many variables influence EF (Diamond,
2013), and bi- or multilingualism is only one of them. As Morton
and Harper (2007) showed, an apparent bilingual advantage
could stem from a hidden advantage in SES from which
bilinguals’ EF benefited. In our study, the opposite was the case,

that is, multilinguals’ disadvantage in SES most likely balanced
out the possible positive effects of multilingualism, since both
influenced EF (Calvo and Bialystok, 2014).

In the word spelling task, we found a differential role of
EF on mono- versus multilinguals. Monolinguals’ word spelling
performance was influenced by switching, as we predicted, and
multilinguals’ performance by inhibition. However, the impact
of EF on monolinguals disappeared, when language-related skills
were controlled for in our models. This can be explained by the
role of the lexicon size. In contrast to multilinguals, monolinguals
likely have already built up a large number of orthographic
entries in their orthographic lexicon, probably linked to their
better proficiency in German in general, and the larger lexicon
in particular. The large orthographic lexicon enabled them to
rely on their refined lexical skills for efficient processing during
the spelling tasks, what freed mental resources and EF could
come into play. We conclude that in primary school language
skills initially play the dominant role for spelling. We further
speculate that the major impact of language skills on spelling
lasts until the developing language processing skills reach a
certain threshold of proficiency (these might relate to the size
of the lexicon, the efficiency and automaticity of processing, the
well-established use of the lexical route). After this threshold has
been passed, freed cognitive resources could be redirected to EF
to improve coordination of parallel processes and develop toward
higher-level processes of writing for which the influence of EF has
been documented in the literature.

For multilinguals, the explanation of the impact of EF on
spelling that we found is more difficult. We did not expect this
effect of inhibition, since earlier studies (Altemeier et al., 2008;
Lubin et al., 2016) with monolinguals did not find an effect
of inhibition on spelling. The discrepancy between our finding
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and the literature might be caused by different tasks involving
different processes apart from inhibition: Altemeier et al. (2008)
used a Color-Word interference test, including word reading,
and Lubin et al. (2016) tested inhibition with an Opposite
World task, requiring children to name digits. The BST that we
administered in our study is language-independent, because it
involves shape identification and inhibition of color (as the more
salient feature). Another possibility for our different finding is
that we tested multilinguals. Additionally, the direction of the
effect is somewhat counterintuitive, since a larger interference
effect—indicating poorer inhibition skills—predicted less spelling
errors. This relation even remained significant when language
skills were statistically controlled for. The fact that we found
this effect only in word spelling indicates that it is connected
to processing German, the language of schooling, and not to
general writing processes. To clarify this relation and replicate
this finding, however, further studies are necessary.

In non-word spelling, both groups rely on the same
mechanisms, because German language knowledge is not
relevant for task performance: we found a significant effect of
switching for monolinguals and the trend in the same direction
for multilinguals. The similarity between the groups is likely
caused by the minimized need for German specific processing
in this task allowing multilinguals to exploit their potential
regarding the use of EF. As we mentioned above, monolinguals
might be able to used more EF due to their advanced German
skills. Multilinguals, however, need more cognitive resources for
language processing (like phoneme analysis that is necessary
in non-word spelling) resulting in less influence of EF. Here,
the marginally significant effect might be caused by individual
differences in this group, because some advanced spellers might
already have the capacity to utilize switching for spelling. It may
be used as an additional resource to make spelling more efficient,
since basic language processing skills proceed more automatically
than in less proficient spellers.

Why is switching relevant for both spelling tasks? The
influence of switching on spelling seems to be replicable for
spelling in different languages. This concerns the studies by
Lubin et al. (2016) for French 9-year-olds, by von Suchodoletz
et al. (2017) for German pupils, and the longitudinal study by
Altemeier et al. (2008) showing that rapid automatized switching
predicted spelling in English in the first 3 years of school. Spellers
need to switch between the ongoing parallel processes during
spelling, like language processing, accessing lexical entries or
phoneme–grapheme correspondences, graphomotor and output
control (Lubin et al., 2016). These demands are universal for
word and non-word spelling, which is why switching is the EF
component relevant for word and non-word spelling.

Our finding that WM did not influence spelling is in
accordance with the literature. WM likely comes into play
at a later age and during more complex writing tasks, since
WM influences higher-level tasks in writing, like text reviewing
process that take place in advanced writers who have managed
low-level writing processes (Swanson and Berninger, 1996).
The spelling of single words and non-words does not require
children to master these higher-level processes for successful task
performance.

Similar Main Components for Mono- and
Multilinguals’ Spelling
Despite some differences in EF involvement, mono- and
multilinguals shared the main components during spelling: first,
PA was the most influential factor in spelling performance of
words (see Table 3) and non-words (if STM is not considered,
see second model in Table 4). PA is essential for phonemic
writing (for non-words and unknown real words) and spelling
via the lexical-route (Pfost, 2015). The ability to recognize
syllables and phonemes is necessary to identify phonemes for
phoneme–grapheme conversion and to determine morphemes.
With regard to spelling words, our results add to the evidence
provided by Ennemoser et al. (2012) who found that monolingual
German primary school children relied mostly on PA for
spelling in first to fourth grade (for Norwegian, see Lervåg and
Hulme, 2010; for English, Caravolas, 2004) and extents this to
multilinguals in German primary school.

The second main component both language groups shared
was STM as strongest predictor for non-word spelling (see
third model in Table 4). Non-word spelling necessarily relies
on STM, because phonological information must be stored in
memory during mental processing (Martin and Gupta, 2004;
Repovš and Baddeley, 2006) and during non-word dictation.
The relation between STM and spelling is well-documented
in the literature: for example, Swanson and Berninger (1996)
have determined the influence of STM on spelling of letters
and words in a sample of 10- to 12-year-olds, or Wimmer and
Mayringer (2002) found children with a spelling deficit to have
a smaller STM capacity. Initially, the relation between STM and
spelling was not in the focus of our study, since STM is not a
component of EF (Miyake et al., 2000). But the poor model fit
with only EF and language-related skills as predictors (see Table 4
middle part) made it necessary to investigate further influential
variables.

The Impact of Language Proficiency on
Multilinguals’ Spelling
Our results confirm the greater role of lexicon size for
multilinguals’ literacy. Limbird et al. (2014) found this link
between lexicon size and reading in the first 3 years of primary
school and we expand this association to word spelling of third
graders. According to the lexical restructuring model, lexicon
size influences spelling to a certain threshold after which it
does not play a role anymore (Metsala and Walley, 1998). Only
when words are stored as phonologically detailed representations,
the role of lexicon size in word spelling decreases, as we
could see in our monolingual group. However, many children
in our multilingual group seem to be below that threshold
due to their smaller lexicon size in German, meaning that
they have not yet developed phonologically fine-grained lexical
representations for German, their language of schooling (also
found by Niklas et al., 2011; Segerer et al., 2013; Limbird et al.,
2014).

Another indication of the strong impact of language-related
skills on multilinguals is that language-dependent tests posed a
greater challenge for multilinguals in our study. In comparison
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to their monolingual peers, multilinguals performed more
poorly in word spelling and lexicon, but similarly on all
other tasks (i.e., non-word spelling, EF, PA, STM, RAN, and
intelligence) that relied as little as possible on German language
knowledge. Our results are in line with other studies that
found similar result patterns: Kormi-Nouri et al. (2015) found
Iranian bilinguals in grade one to five to show poorer word
reading, but similar non-word reading performance compared to
their monolingual peers. Studies with German school children
also revealed that multilinguals underperformed in language-
dependent tasks but performed similarly in tests that relied
less on German knowledge (Weber et al., 2007; Duzy et al.,
2013; Segerer et al., 2013). To avoid an undesired impact of
lexicon in testing situations with multilinguals (Messer, 2010;
Parra et al., 2011), tests should involve single letters, non-
words or visual items. One concrete example is our non-
word spelling task, which was designed to minimize language-
specific influences. In contrast to other tests using pseudowords
(e.g., Hasselhorn et al., 2012), the items were based on quasi-
universal structures, with common vowels and consonants, a
simple syllable structure (without language-specific structures
like consonant clusters) and without morphology (see task
description in section “Materials”). We consider this approach
essential to assess actual phoneme-based spelling performance
in groups with diverse language experience and proficiency
(Schöppe et al., 2013).

Interestingly, PA played a greater role in non-word
spelling for multilinguals than for monolinguals. For word
reading, Limbird and Stanat (2006) found the opposite
pattern, as described above. PA exerts a greater impact
on multilinguals in our study, because they likely have
less fine-grained phonological representations due to their
smaller lexicon size (Metsala and Walley, 1998). Non-word
spelling relies entirely on the non-lexical route which requires
correct phoneme identification to translate phonemes into
graphemes. Consequently, multilinguals with more holistic
lexical representations might have problems identifying
phonemes correctly, what makes PA a more important
predictor for their non-word spelling performance compared to
monolinguals.

Limitations
Studying the interplay between further potentially important
factors on spelling is still necessary; this concerns for example
SES, migration background and the lower language status of
migrant languages in Germany (Plewnia and Rothe, 2011).
In our study, the impact of SES on multilinguals’ language
skills is supported by the higher correlation between lexicon
and SES for multilinguals than monolinguals, but SES did
not add to explaining spelling performance beyond EF and
language skills. However, multilinguals’ disadvantage in SES has
negative repercussions on language skills (Calvo and Bialystok,
2014), literacy (Roos and Schöler, 2009) and school success
in general (Zöller et al., 2006), because parents with higher
SES are more likely to provide early literacy activities, a
stimulating educational input, like access to media, experiences
and multiple and diverse language learning opportunities. The

latter are especially important for multilingual children who
need to acquire German often outside their home (Zöller et al.,
2006).

Our choice of EF tasks relied on the tripartite model
of EF (Miyake et al., 2000), but we need to acknowledge
that the strict division of EF in three separate components
has been questioned in the literature (Friedman and Miyake,
2017). Moreover, the precise measurement of EF components
with one task has been criticized due to task impurity
(Friedman, 2016). Task impurity stems from superficial factors
like stimuli characteristics (e.g., words versus pictures) or
response modality (e.g., motoric versus verbal) that might
alter characteristics of an EF task. This concerns especially
the WCST as measure of switching, because it is a quite
complex task (Best and Miller, 2010): it comprises three stimulus
categories, three possible rules, and it requires problem solving
strategies to reveal the new rules, inhibition of inappropriate
responses and of irrelevant stimuli characteristics, etc. (Miyake
et al., 2000; Diamond, 2013). It is therefore possibly a more
general measure of EF, but further investigations should verify
the role of switching in spelling with other experimental
designs.

Our analyses do not allow us to compare the strength our
predictors have on spelling in mono- versus multilinguals. For
example, Limbird et al. (2014) found PA to influence reading
more strongly in monolinguals than multilinguals, but we cannot
draw this kind of conclusions from our data with regard
to spelling. Therefore, more comparable groups need to be
investigated and the differential influence of for example EF
needs to be calculated in one model. We refrained from this
strategy, because of the heterogeneity of our language groups
concerning the differences in migrations status and age that
could not be controlled for without risking to overfit regression
models.

CONCLUSION

We studied a naturally heterogeneous sample of mono- and
multilingual third graders in Germany, with multilinguals having
on average a lower SES and smaller German lexicon size. In
our study, we contrasted the influence of cognitive (i.e., the EF
components switching, inhibition and WM) and language factors
(i.e., lexicon size and PA) on word and non-word spelling in these
groups. EF explained only a small amount of variance in both
spelling tasks in both groups. Switching predicted monolinguals’
word spelling, whereas word spelling in multilinguals was
predicted by inhibition. In non-word spelling, both groups shared
switching as the only predictor (the impact for multilinguals
was only marginally significant). Since the effect of switching
disappeared when language was controlled for, we postulate that
language processing initally takes up more cognitive resources
that are not available for EF. This is the case for multilinguals
for whom language factors play a predominant role in spelling
due to their smaller German lexicon size. Beyond this threshold,
language processing (e.g., lexical access, phoneme–grapheme
conversion) is so fluent that cognitive resources are freed and
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EF become more influential—the monolinguals in our study are
likely at this developmental stage.

Comparing the impact of language and cognition, we found
that language-related skills exerted a greater influence on spelling
than EF and mono- and multilinguals shared the main predictors
for spelling: PA in word spelling and STM in non-word spelling.
Our study also replicated the strong role of lexicon size for
multilinguals’ word spelling. This relation needs to be considered
when comparing mono- with multilinguals, since many tests
use verbal stimuli or depend on language in other ways, what
potentially disadvantages multilinguals.
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Previous research suggests bilingual adults show smaller sequential congruency effects

thanmonolingual adults. Here we re-examined these findings by administering an Eriksen

flanker task to monolingual and bilingual adults. The task produced robust conventional

and sequential congruency effects. Neither effect differed for monolingual and bilingual

adults. Results are discussed in terms of current debates concerning differences in

cognitive control between monolingual and bilingual adults.

Keywords: cognitive control, Eriksen flanker task, bilingualism, bilingual advantage, sequential congruency effects

INTRODUCTION

Bilingualism and Cognitive Control: Are There Differences?
One longstanding and rather vexing question in the study of human psychology concerns whether
a lifetime of bilingualism leads to measurable changes in cognitive control. Several accounts predict
that it should. According to Green (1998), for example, everyday language use is challenging
for bilinguals as it requires the selection of words and meanings from a target language amidst
competition from translation equivalents of a non-target language. Because managing cross-
language interference relies on general control processes, bilinguals become highly practiced—and
thus advantaged—in problems of cognitive control relative to monolinguals.

Mixed Evidence in Adults
Decades of research have yielded some empirical support for the bilingual advantage hypothesis,
mostly in the form of evidence that the distracting effect of irrelevant stimuli is typically smaller for
bilinguals than monolinguals (e.g., Bialystok et al., 2004). One aspect of the available evidence that
is difficult to reconcile with a simple formulation of the bilingual advantage hypothesis is the fact
that the bilingual advantage is more consistently observed in studies of monolingual and bilingual
children than it is in studies of monolingual and bilingual adults. Several large-scale adult studies
have failed to find any differences between monolinguals and bilinguals across a wide range of
cognitive control tasks (Paap and Greenberg, 2013). And in cases where adult differences have been
reported, these differences disappear after only a few blocks of trials (Bialystok et al., 2004). If the
bilingual advantage reflects a lifetime of experience managing cross-language interference, why is
the advantage more pronounced (not less) in young children than in adults? The growing number
of large-scale replication failures has led a number of vocal critics to claim there is no coherent
evidence for a bilingual advantage in cognitive control.

In defense of the bilingual advantage hypothesis, some have dismissed concerns about
the null effects of adult studies. One argument is that adult response times in cognitive
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control tasks are quite small (on average, ∼500ms), and
therefore group differences need to be large for statistically
significant differences to emerge. For children, response times
are considerably larger, and therefore group differences are easier
to detect (see Grundy et al., 2017, p. 43). This argument is
obviously flawed, as it is the variance of two distributions, rather
than the difference in their means, that determines whether or
not a group difference will be statistically significant. Moreover,
because response time variability is greater in children than
in adults, it is typically harder to detect group differences in
children, even when the absolute value of those differences is
larger.

A more interesting suggestion is that differences between
monolingual and bilingual adults do exist, but are evident
only given careful choice of cognitive control measures and
analyses. Following this line of reasoning, Grundy et al.
(2017) administered an Eriksen flanker task to groups of
monolingual and bilingual adults. Across repeated trials,
participants responded to the direction of a centrally presented
arrow (press left key for “<”; press right key for “>”). On
congruent trials, the target arrow was flanked by arrows pointing
the same direction (< < < < < or > > > > >); on incongruent
trials, the target arrow was flanked by arrows pointing the
opposite direction (> > < > > or < < > < <). Groups were
compared in two ways. First, they were compared in terms of
a conventional congruency or interference effect, computed as
the difference in response time on incongruent vs. congruent
trials. Consistent with other findings (e.g., Paap and Greenberg,
2013), this conventional analysis revealed no difference between
monolingual and bilingual adults. However, a second more
advanced analysis compared groups in terms of a sequential
congruency effect, computed as the difference in interference
effects following congruent vs. incongruent trials (refer to
Figure 1). Although relatively easy to estimate from flanker data,
sequential congruency effects ofmonolingual and bilingual adults
had not hitherto been compared. Interestingly, bilinguals showed
a smaller sequential congruency effect than monolinguals:
for bilinguals, interference effects measured after congruent
trials were comparable to interference effects measured after
incongruent trials, whereas for monolinguals, interference effects
measured after congruent trials were larger than interference
effects measured after incongruent trials. The findings provide a
nice illustration of the idea that differences between monolingual
and bilingual adults are subtle and may require careful choice of
methods to reveal.

But what do these differences mean? According to Grundy
et al., differences in the sequential congruency effect suggest
that bilinguals more efficiently disengage attention from previous
stimuli (both congruent and incongruent), affording them an
advantage of greater attentional focus on current trials, relative
to monolinguals. This claim is partially supported by evidence
that greater practice on stimulus-response compatibility tasks is
associated with smaller sequential congruency effects (e.g., van
Steenbergen et al., 2015). That said, the claim that smaller conflict
adaptation effects reflect some form of enhanced processing cuts
against the grain of virtually every other model of sequential
congruency effects. And while it is true that these alternative

FIGURE 1 | Depiction of the sequential congruency effect.

Congruency effects, measured as the difference in RT across incongruent (I)

and congruent (C) trials, are larger following previous congruent (c) than

previous incongruent (i) trials. A single value for the sequential congruency

effect is computed as the post-congruent interference effect (cI–cC) minus the

post-incongruent interference effect (iI–iC).

models are quite varied, there is at least a consensus among these
accounts that the sequential congruency effect is fundamentally
an expression of learning (for discussion, see Egner, 2014). The
sequential congruency effect, after all, reflects an adaptation of
current processing by prior experience. From this standpoint
then, smaller sequential congruency effects for bilinguals than
monolinguals point to a disadvantage in learning for bilinguals,
and are difficult to reconcile with the view that bilinguals are
advantaged in cognitive control (Green, 1998). Furthermore,
contrary to various claims (Grundy et al., 2017; Bialystok and
Grundy, 2018), evidence reported by Grundy et al. (2017) is
equivocal on the issue of whether bilinguals show diminished
influence of prior congruence, prior incongruence, or both,
because there was no measurement of these effects relative to a
neutral trial baseline. Prevailing models attribute the sequential
congruency effect to an effect of prior conflict (e.g., Botvinick
et al., 2001), but there is some evidence suggesting adaptation
of current trial performance may be driven more by prior
congruence than by prior incongruence (Compton et al., 2012;
see Figure 2). Whatever the underlying basis of the sequential
congruency effect, the fact that Grundy et al.’s data lacked a prior
neutral trial baseline, it impossible to draw any conclusions about
whether bilinguals show smaller adaptation effects following
congruent trials, incongruent trials, or both.

The Current Study
The present study therefore examined sequential congruency
effects in monolingual and bilingual adults more closely,
by comparing interference effects following congruent and
incongruent trials with interference effects following neutral
baseline trials. There were three alternative predictions. First,
if bilingualism is associated with an advantage in learning and
cognitive control (Green, 1998), bilingual adults should show a
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FIGURE 2 | Results of Compton et al. (2012) showing that post-incongruent

interference effects are comparable in magnitude to post-neutral interference

effects, whereas post-congruent effects are greater than post-neutral. Findings

suggest sequential congruency effects are driven more by adaptations to prior

congruent than prior incongruent trials.

larger sequential congruency effect thanmonolingual adults, with
effects being driven by prior congruence, prior incongruence, or
both. Second, if bilingualism is associated with a disadvantage in
learning and cognitive control (Grundy et al., 2017), bilingual
adults should show a smaller sequential congruency effect than
monolingual adults. Finally, if bilingualism is unrelated to
learning and cognitive control (Paap and Greenberg, 2013), there
should be no difference in the magnitude of the sequential
congruency effect for monolingual or bilingual adults.

METHODS

Participants
Seventy-three undergraduate students were recruited from
Western University to participate in the study in exchange for
course credit. Of these, 65 participants (26 males; mean age
= 19.1 years, SD = 2.526) were included in the final sample.
Data from seven participants were excluded owing to lower than
80% accuracy on the flanker task. Forty-four participants were
bilingual (i.e., self-reported as fluent in at least two languages)
and 21 were monolingual. Twenty-one bilinguals reported
English as their first language, with others reporting Arabic,
Chinese, Farsi, Korean, and Vietnamese. Nineteen monolinguals
reported English as their first language and two reported Chinese.

Measures
Demographic Questionnaire
Participants completed an eight-item demographic questionnaire
that solicited information about participant age, gender,
household income, parental education, and parental occupation.

Daily Language Use Questionnaire
Following procedures used elsewhere for assessing bilingual
vs. monolingual language status (e.g., Grundy et al., 2017),
participants completed a 7-item questionnaire that solicited
information about participant first language, knowledge of

other languages (if any), and typical day-to-day language use.
Participants indicated the language(s) they typically use with
family and friends, at school, when engaging with media, and
when performing mental math. Responses to these items were
selected from five options: “Only my first language,” “Mostly my
first language,” “Both my first and other language(s),” “Mostly my
other language(s),” and “Only my other language(s).”

Non-verbal Intelligence
Participants completed five computer-based measures of non-
verbal intelligence including a forward digit span task, two spatial
memory tasks, a pattern comparison task, and a mental rotation
task.

Flanker Task (Eriksen and Eriksen, 1974)
The primary task was an Eriksen flanker task implemented in
Python. Trials began with a white fixation cross centered on
a black screen for 1,000ms, followed immediately by a target
stimulus embedded in flankers. On congruent trials, flankers
pointed in the same direction as the target; on incongruent
trials, flankers pointed in the opposite direction of the target;
and on neutral trials, flankers consisted of two non-directional
horizontal dashes. Stimuli were presented in the center of the
screen for 1,500ms or until a response was made. Participants
were instructed to indicate as quickly and accurately as possible
the direction the target stimulus. Participants responded by
pressing the left- or right-most button on a five-button response
box. To ensure response time was measured with the highest
possible fidelity, we employed a Chronos button-box (Psychology
Software Tools R©) with sub-millisecond temporal resolution. The
entire task consisted of 420 trials divided into four equal blocks.
Participants completed the task in two two-block segments.

Procedure
All procedures were reviewed and approved by the Western
University Research Ethics Board. Participants were provided
with a letter of information concerning the study and provided
signed written consent to their participation.

All measures were completed on a desktop computer with
a 15-inch color monitor. A research assistant remained in
the testing room throughout testing to oversee the protocol
administration. After providing consent, participants completed
the demographic and language questionnaires. Participants then
completed two 120-trial blocks of the flanker task, the five
computer-based measures of non-verbal intelligence, and then
two final 120-trial blocks of the flanker task. Testing took on
average 45min to complete.

RESULTS

Demographics and Language Status
Most participants came from middle- or upper-class
socioeconomic backgrounds with university-educated parents.
Monolingual and bilingual participants had comparable
socioeconomic backgrounds. Monolingual participants reported
proficiency in only one language; bilingual participants
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TABLE 1 | Mean response times (ms) and associated standard deviations for

sequential flanker pairs in monolinguals vs. bilinguals.

Prior trial Current trial Language status M SD

Congruent Congruent Monolingual 404.596 43.364

Bilingual 420.700 49.057

Incongruent Monolingual 481.998 44.853

Bilingual 503.616 56.978

Incongruent Congruent Monolingual 419.919 43.864

Bilingual 432.725 57.656

Incongruent Monolingual 483.197 41.907

Bilingual 492.619 48.862

Neutral Congruent Monolingual 420.578 43.060

Bilingual 426.600 50.903

Incongruent Monolingual 491.115 42.322

Bilingual 505.066 52.893

reported balanced daily use of both languages (refer to
Supplementary Table 1).

Non-verbal Intelligence
Individual scores on each of the five non-verbal intelligence
tasks were transformed into z-scores and summed to create
an aggregate non-verbal intelligence score for each participant.
Results of an independent samples t-test revealed no significant
difference between aggregate scores of monolinguals (M = 0.542,
SD = 2.438) and bilinguals (M = −0.259, SD = 3.036), t(63) =
1.056, p= 0.295.

Eriksen Flanker Task and Sequential
Congruency Effects
Response times across all flanker trial types are presented in
Table 1 separately for monolingual and bilingual participants.
Response times were submitted to a 3-way mixed Analysis
of Variance (ANOVA) with Current Trial (congruent,
incongruent) and Previous Trial (congruent, incongruent)
as within-subjects factors, and Group (monolingual, bilingual)
as a between-subjects factor. There was an overall effect of
Current Trial, F(1, 63) = 351.5, p < 0.001, with response
times on incongruent trials (M = 497.4ms, SD = 47.8)
significantly slower than response times on congruent trials (M
= 423.9ms, SD = 48.4). Current Trial congruency interacted
with Previous Trial congruency, as reflected in a significant
2-way Current Trial × Previous Trial interaction, F(1, 63)
= 14.6, p < 0.001. This interaction reflects a sequential
congruency effect and was driven by fact that Current Trial
interference effects were greater following congruent trials (M
= 81.1ms; SD = 35.9) than following incongruent trials (M
= 61.0ms; SD = 31.3). No other effects or interactions were
significant.

FIGURE 3 | Post-incongruent interference effects were smaller than both

post-congruent and post-neutral interference effects. There was no effect of

Group and no interaction. ***p < 0.001.

Comparison of Post-congruent and
Post-incongruent Interference Effects
To examine whether sequential congruency effects are driven
more by prior congruent or prior incongruent trials and
whether these effects differ for monolinguals and bilinguals,
we compared post-congruent and post-incongruent interference
effects with a post-neutral trial baseline, shown separately
for monolinguals and bilinguals in Figure 3. A 2-way mixed
ANOVA with Previous Trial (congruent, neutral, incongruent)
as a within-subjects factor and Group (monolingual, bilingual)
as a between-subjects factor, revealed an effect of Previous
Trial on the current trial interference effect, F(2, 63) = 17.2,
p < 0.001, but no effect of Group and no Previous Trial
× Group interaction. Post-hoc analyses indicated that current
trial interference effects were smaller following incongruent
compared to congruent trials (MD = 20.1ms, p < 0.001) and
smaller following incongruent compared to neutral trials (MD =

14.9ms, p < 0.001). Current trial interference effects following
previous congruent trials were not different than interference
effects following previous neutral trials. No other effects or
interactions were significant.

DISCUSSION

Monolingual and bilingual adults were administered an Eriksen
flanker task. Participants exhibited a conventional congruency
effect, as reflected by slower responses on incongruent compared
to congruent trials, and a sequential congruency effect, as
reflected by a larger congruency effect following congruent than
following incongruent trials. There were however no differences
in either conventional or sequential congruency effects of
monolingual and bilingual adults.

The present findings contrast with evidence suggesting
sequential congruency effects differ for bilingual and
monolingual adults. Examination of sequential congruency
effects have drawn some attention of late given mounting
evidence that conventional measures of cognitive control
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fail to reveal differences between monolingual and bilingual
adults (Paap and Greenberg, 2013). One recent study, for
example, reported smaller sequential congruency effects for
bilingual compared to monolingual adults (Grundy et al., 2017).
According to received models of the sequential congruency
effect (see Egner, 2014), such group differences point to a
possible learning disadvantage for bilingual vs. monolingual
adults. Others, however, have interpreted smaller sequential
congruency effects for bilinguals as evidence that bilinguals
disengage attention from congruent and incongruent stimuli
more effectively than monolinguals (Bialystok and Grundy,
2018). We tested this idea directly by measuring interference
effects following congruent and incongruent trials relative to a
post-neutral trial baseline. Consistent with conflict-adaptation
models of the sequential congruency effect (e.g., Gratton
et al., 1992; Botvinick et al., 2001; but see Compton et al.,
2012), adaptation of conflict processing in the current trial
was influenced more by prior incongruent trials than by prior
congruent trials. That said, we found no difference in the size
of sequential adaptation effects of any kind—post-incongruent
or post-congruent—evidenced by monolingual vs. bilingual
adults. As such, our findings are inconsistent with the view that
relative to monolinguals, bilinguals more effectively disengage
attention from previous stimuli or exhibit disadvantages in
learning. Instead, the present findings are most consistent
with the idea that monolingual and bilingual adults are
indistinguishable in terms of sequential adaptation specifically
and cognitive control more broadly (Paap and Greenberg,
2013).

Of course, the present study has several important limitations.
One critical limitation is that there was very little in the
present data that allows us to even speculate why we found
no differences between monolinguals and bilinguals whereas
other groups have (e.g., Grundy et al., 2017). Comparisons
of monolingual and bilingual adults are always challenging
because group differences in language status typically encompass
differences in other factors, such as socio-economic status,
immigration status, and culture, that confound the basic
influence of language status. Indeed, controlling for these factors
has been shown to attenuate differences between monolingual
and bilinguals, at least in studies of children (see Morton
and Harper, 2007). In the present case, it is unclear whether
cross-study differences in sample composition could explain
differences in findings, as only basic demographic variables were

measured. Similarly, we only used very rudimentary survey-
based measures of daily language use to assess language status.
Although these methods remain well-utilized in studies of
monolinguals and bilinguals (see Grundy et al., 2017 as an
example), they are ill-equipped to identify subtle differences
between monolinguals and bilinguals or differences between
different sorts of bilinguals (for discussion, see Baum and
Titone, 2014). Clearly, advancing our understanding of language
status effects on cognitive control will require adherence to
higher methodological standards (for discussion, see Morton,
2015).

As a final note, our findings pertain only to possible
differences between monolingual and bilingual adults.
Identifying differences in adult samples has been a key
challenge in bilingual advantage research and is what motivated
Grundy et al. to examine sequential congruency effects more
closely in the first place. Although recent large-scale studies
of children also present negative evidence for the bilingual
advantage hypothesis (see Dick, 2018), research in this area
should remain a high priority given the wealth of previously
published positive evidence and its enormous influence on the
field.
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A pressing issue that the twenty-first century is facing in many parts of the developed

world is a rapidly aging population. Whilst several studies have looked at aging

older adults and their language use in terms of vocabulary, syntax and sentence

comprehension, few have focused on the comprehension of non-literal language (i.e.,

pragmatic inference-making) by aging older adults, and even fewer, if any, have explored

the effects of bilingualism on pragmatic inferences of non-literal language by aging older

bilinguals. Thus, the present study examined the effects of age(ing) and the effects

of bilingualism on aging older adults’ ability to infer non-literal meaning. Four groups

of participants made up of monolingual English-speaking and bilingual English-Tamil

speaking young (17–23 years) and older (60–83 years) adults were tested with pragmatic

tasks that included non-conventional indirect requests, conversational implicatures,

conventional metaphors and novel metaphors for both accuracy and efficiency in terms

of response times. While the study did not find any significant difference between

monolinguals and bilinguals on pragmatic inferences, there was a significant effect of

age on one type of non-literal language tested: conventional metaphors. The effect of

age was present only for the monolinguals with aging older monolinguals performing

less well than the young monolinguals. Aging older bilingual adults were not affected by

age whilst processing conventional metaphors. This suggests a bilingual advantage in

pragmatic inferences of conventional metaphors.

Keywords: aging, bilingualism, executive control, metaphors, pragmatic inferences

INTRODUCTION

Everyday communication involves not only literal language, but also the use of non-literal language,
such as idioms, proverbs, metaphors, indirect requests, and conversational implicatures. To
comprehend non-literal language, pragmatic inferences have to be made: the listener has to go
beyond the literal meaning of the utterance and draw upon the situational context of the utterance
as well as the listener’s and speaker’s knowledge of the world to arrive at the implied (non-literal)
meaning. Pragmatic inferences are also thought to be cognitively more demanding because the
listener has to both access their theory of mind to realize the speaker’s communicative intentions
(Champagne-Lavau and Joanette, 2009) and inhibit the literal meaning (Glucksberg et al., 2001)
which becomes activated together with the impliedmeaning (Stewart andHeredia, 2002) during the
processing of the non-literal language. Given that a great part of our daily conversations includes
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non-literal utterances, it is remarkable that listeners are able to
comprehend them effortlessly and in great speed in spite of the
high cognitive demands. This is true of healthy young adults
who are in the peak of their cognitive abilities. However, it is
unclear whether this is the case also for aging older adults, whose
cognitive abilities are on the decline. Moreover, it is unclear
whether the aging process affects the comprehension of non-
literal language in monolingual and bilingual aging older adults
in the same way given recent findings that show bilinguals having
a cognitive reserve (Craik et al., 2010; Bialystok et al., 2013). The
present paper fills these gaps by addressing how monolingual
and bilingual healthy young and aging older adults comprehend
non-literal language.

The general perception has been that the language abilities of
aging older adults regress with each decade. However, research
has revealed that regression is not in all language areas. Healthy
aging older adults may face difficulty in understanding spoken
discourse, experience problems retrieving words from the mental
lexicon while speaking or increasingly suffer from tip-of-the-
tongue state (Gollan and Brown, 2006; Thornton and Light,
2006; Burke and Shafto, 2008). On the other hand, they have
been found to have a larger vocabulary size (Burke and Shafto,
2008; Bialystok and Luk, 2012; Kavé and Halamish, 2015), and to
create more complex narratives than younger adults (Thornton
and Light, 2006; Burke and Shafto, 2008). Healthy aging older
adults have also been reported to use “high-level vocabulary and
complex syntax” (Ulatowska et al., 1998, p. 628). In addition,
sentence comprehension has been reported to be intact in old age
(Tyler et al., 2009).

While much research has been aimed at aging older adults’
understanding and production of vocabulary and grammatical
structures at the sentential level and at times, discourse level (see
Thornton and Light, 2006 for a comprehensive review), research
into the pragmatic language abilities of aging older adults is
comparatively rather scattered, if not impoverished. Thus, it is
unclear whether or not aging older adults’ pragmatic inferential
abilities, which lead to correct meaning formation of non-literal
languages, regresses much like some other aspects of the aging
older adults’ language.

Of the few studies that have investigated the comprehension
of non-literal language by aging older adults, the focus has
been on idioms (Westbury and Titone, 2011), proverbs (Nippold
et al., 1997; Ulatowska et al., 1998; Uekermann et al., 2008) and
metaphors (Newsome and Glucksberg, 2002; Qualls and Harris,
2003; Mashal et al., 2011). These studies, discussed below, have
revealed contradictory or questionable findings in terms of the
aging older adults’ pragmatic inferential abilities.

A few of the aforementioned studies point to regression in
aging older adults’ pragmatic inferential abilities. Nippold et al.
(1997) investigated the proverb comprehension abilities of 353
people aged between 13 and 79 years in Oregon using a Proverb
Explanation Task. This task consisted of 24 proverbs which had
received low familiarity ratings in Nippold and Haq (1996, cited
in Nippold et al., 1997). The adolescents and adults read short
stories with the proverbs appearing at the end and wrote down
the meanings of the proverbs. While the study found proverb
comprehension ability to decline in adults in their 60s (Nippold

et al., 1997), the stories, based on one out of the two examples
provided by the authors, required connective inferences. A
failure tomake the connective inference could potentially impede
understanding of the proverbs under study. Uekermann et al.
(2008) study of 105 healthy adults, 35 of whom were aging older
adults between the ages of 60 and 79, led to a similar conclusion
that aging older adults were impaired in proverb comprehension.
The participants in this study had to, firstly, rate the familiarity
of 32 German proverbs on a five-point Likert scale, and secondly,
had to determine the non-literal meaning of these proverbs from
four options which varied along “degree of abstraction” and
“meaningfulness” (p. 35). On the other hand, other studies did
not find any regression in aging older adults’ non-literal language
comprehension. Ulatowska et al. (1998), who had looked at 16
normally aging older monolingual speakers of American English
in their 80s and 90s over a period of three years, found that there
was no decline in proverb understanding and interpretation;
instead there was an improvement for familiar proverbs and no
significant changes for unfamiliar proverbs on the second testing
after three years.

Metaphor comprehension too does not seem to regress with
age. Aging older adults have been found to have access to
metaphorical meaning (Morrone et al., 2010). Morrone et al.
(2010) found their aging older participants aged 65 to 75 years
making more errors and taking a longer time to reject the
non-literal meaning of metaphors than the younger participants
aged 21 to 30 years. This was believed to indicate that the
aging older adults had access to the non-literal meanings of
the metaphors. They posit that the non-literal meanings of the
metaphors were likely activated and arrived at immediately, and
thus needed to be inhibited; a decline in the inhibitory abilities
of the aging older adults was deemed to lead to longer rejection
times and more errors. Similarly, Newsome and Glucksberg
(2002) found that the metaphor comprehension processes of
aging older adults between the ages of 70 to 79 were not only
seemingly intact, but also that the aging older adults were
“as efficient as the younger adults (aged 17–21) in filtering
out metaphor-irrelevant information” (p. 262). Newsome and
Glucksberg presented the non-reversible metaphors and literal
phrases in sentences as primes which were followed bymetaphor-
relevant and metaphor-irrelevant sentence probes with the last
word of each prime beginning each sentence probe; participants
had to judge whether the sentences made sense. Both young
adults and aging older adults were better able to appreciate
metaphor-relevant material after being primed by the metaphors
and metaphor-irrelevant materials after being primed by the
literal sentence primes.

In some instances, older adults have been found to possess
superior pragmatic inferential abilities to young adults. Qualls
and Harris (2003) investigated both younger (17–31 years) and
older (54–73 years) African American adults’ comprehension of
non-literal language. This study revealed that the older adults
have better comprehension of idioms and metonyms than the
younger adults. However, Qualls and Harris (2003) had a number
of important confounds in their study: the answer options
for metonyms included metaphors, which themselves require
pragmatic inferring. In addition, the metaphor items included
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both conventional and novel metaphors, both under the umbrella
term of metaphors. This is problematic because processing of
conventional and novel metaphors employ different cognitive
mechanisms and appreciation of novel metaphors has been
shown to be affected by age (Mashal et al., 2011). Lastly, the
authors had included adults who were between 50 and 59
in their group of older adults. Whilst this definition of older
adults is applicable to most African countries (World Health
Organisation, 2002), it should not apply to African Americans
who experience a longer life expectancy than and differ socially
from the people in Africa; adults between 50 and 59 years of
age would have better cognitive abilities than older adults, thus
confounding the results.

Another important study on metaphors and aging older
adults is the study by Mashal et al. (2011). Mashal et al. (2011)
compared young and aging older adults in their appreciation
of conventional and novel metaphoric expressions. Their first
experiment, which was aimed at rating the plausibility of
metaphors and literal expressions, revealed that the young adults
regarded more metaphoric expressions as plausible than the
aging older adults, with both groups not showing any significant
difference for the plausibility rating of the literal and unrelated
expressions. However, it is unclear whether the aging older adults
foundmore of the novel metaphoric expressions as less (or more)
plausible than the conventional ones; this they address in their
second experiment that used different groups of young and aging
older adults to examine if there was any age effect in terms
of appreciating conventional versus novel metaphors. In this
second experiment, the young and aging older adults had to rate
the familiarity level of the 79 metaphoric expressions that were
appreciated as plausible in the first experiment. Interestingly, the
aging older adults rated more of the metaphoric expressions as
being more familiar, appreciating them as being conventional.
This was unlike the young adults who regarded the metaphoric
expressions as being more novel. Expressions that were deemed
as being highly novel by the young adults, were rated as being
highly meaningless by the aging older adults. The study by
Mashal et al. (2011) alludes to novel metaphor processing, unlike
conventional metaphor processing, to be problematic in aging
older adults.

The aforementioned studies, besides highlighting the
contradictory findings with regard to aging older adults’ non-
literal language comprehension, also point to the possibility that
different pragmatic inference-making strategies are employed
depending upon the type of non-literal language encountered
(Garcia, 2004). In addition, these studies either did not present
the non-literal utterances within a situational context or
presented them in texts that require connective inferences
to be made. In our everyday social interactions, literal and
non-literal utterances do not occur in isolation. These utterances
are produced within specific contexts, and we unpack the
meaning of these utterances based on these contexts. Thus,
the failure to comprehend non-literal language in some of the
studies looked at earlier could be due to the lack of context.
To address these shortcomings, the present study focused on
the comprehension of a range of non-literal language in the
same groups of participants and included a situational context

for each target utterance to increase the ecological validity of
the task.

All the studies mentioned above have focused on monolingual
aging older adults. Although an estimated 50% or more of the
world’s population is either bilingual or multilingual (Grosjean,
2010), there is a lack of studies investigating bilingual aging
older adults’ comprehension of non-literal language. Given the
current debate about whether or not bilinguals have better
cognitive abilities than monolinguals and, as established earlier,
the cognitive demands of pragmatic inferring during non-literal
language comprehension, it is important to investigate the
comprehension of non-literal language by bilingual aging older
adults. In the present study, ‘bilinguals’ are defined based on
Grosjean (2010), according to whom bilinguals are people “who
use two or more languages (or dialects) in their everyday lives.”
(p. 4).

A number of studies have found that bilinguals have better
cognitive abilities than monolinguals in terms of better executive
control functions across the lifespan (Bialystok et al., 2006;
Bialystok and Craik, 2010; Luk et al., 2011) and working
memory (Bialystok et al., 2004). Moreover, aging adults who
might otherwise succumb to dementia or neurodegenerative
disease(s) earlier are now being diagnosed later due to their
bilingualism (Craik et al., 2010). This has led to the hypothesis
that the accrued neurocognitive differences arising from bilingual
language processing over the lifespan lead to neuroplastic
changes in the bilingual brain which attenuate age-related
cognitive decline (Bak et al., 2014; Baum and Titone, 2014,
p. 859). In addition, studies have also found that the frontal
and temporal lobes, where language functions take place, are
of greater volume in bilinguals than monolinguals (Olsen et al.,
2015).

However, several other studies were not able to find a bilingual
cognitive advantage (Paap and Greenberg, 2013; Zahodne et al.,
2014; Bogulski et al., 2015). For example, in contrast to
researchers who found bilinguals to be in possession of superior
inhibitory abilities, Kousaie and Phillips (2012), using the Color
Stroop task, did not find a bilingual advantage for inhibitory
control for either their young bilinguals or their old bilinguals in
comparison to their monolingual counterparts. Likewise, Colzato
et al. (2008) did not find any difference between the young
monolinguals and young bilinguals in the Stop Signal inhibition
task, although they did find the bilinguals to be better able to
maintain action goals and use them to differentiate goal-related
information leading to “more pronounced reactive inhibition
of irrelevant information” (p. 302). Similarly, de Bruin et al.
(2015), who had controlled for a number of variables such as
education, socioeconomic status, intelligence, age of acquisition
and immigration status, did not find a bilingual cognitive
advantage for inhibitory control in their aging older adults
regardless of whether they were active or inactive bilinguals.
Yet other studies have found the age of acquisition of the
second language to influence the bilingual cognitive advantage;
Vega-Mendoza et al. (2015) found late acquisition of second
language having a positive effect on inhibition. Given that
the comprehension of non-literal language is cognitively more
demanding, examining monolingual and bilingual aging older
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adults’ comprehension of non-literal language can shed light on
the debate surrounding the cognitive advantage in bilinguals.

The present study addresses the issues highlighted earlier
by investigating the comprehension of non-literal utterances by
monolingual and bilingual young and aging older adults. It aims
to answer two research questions: (1) Is there an age effect
on pragmatic inference-making? and (2) Is there a bilingual
advantage in pragmatic inference-making?

This study focuses on three types of frequently occurring
non-literal language: non-conventional indirect requests,
conversational implicatures, and metaphors which are further
divided into conventional and novel metaphors. The inclusion
of different types of non-literal language will allow for greater
insight to the pragmatic inferential abilities of healthy aging
older adults. It is predicted that aging older adults will have
pragmatic inferential abilities on par with young adults for some,
but not all, non-literal language types.

Given that a number of studies have argued that L1 and L2
proficiency, age of L2 acquisition, language dominance, and L1
or L2 dominant linguistic environment that the bilinguals live
in ought to be taken into account when studying bilinguals (van
Hell and Poarch, 2014; Dong and Li, 2015; Mishra, 2015; Titone
et al., 2015), the present study controls for age of acquisition,
vocabulary knowledge, verbal fluency (see Perani et al., 2003),
education, socioeconomic status, inhibition, intelligence, and
processing speed, which is known to slow down with age
(Salthouse, 1996) as well as verbal short-term memory and
working memory, which are believed to play vital roles in
discourse processing and comprehension (Hasher and Zacks,
1988).

MATERIALS AND METHODS

Participants
Seventy-three healthy adults participated in this study: 19
monolingual English-speaking young adults (mean age = 19.47,
SD = 0.7) and 20 monolingual English-speaking aging older
adults (mean age= 69.9, SD= 6.8) from the United Kingdom as
well as 19 bilingual English-Tamil-speaking young adults (mean
age= 21.02, SD= 1.58) and 15 bilingual English-Tamil-speaking
aging older adults (mean age= 67.01, SD= 4.39) from Singapore.
Table 1 shows the demographic information of all four groups.
All aging older adults were screened with the Mini Mental State
Examination (MMSE) to rule out the onset of dementia or mild
cognitive impairment; the cut-off of 27 was used based on a study
conducted by O’Bryant et al. (2008) on the sensitivity of the
MMSE. Table 1 shows the groups’ mean scores on the MMSE.
None of the aging older adults had a score of <27 on the MMSE.

All participants completed the Language History and Use
Questionnaire (LHUQ), an adaptation of the Language History
Questionnaire of the Brain, Language, and Computation Lab,
Penn State University (Li et al., 2006). The LHUQ consisted of
22 items which gather information such as the age of language
acquisition, self-assessed language proficiency, and L1 and L2
frequency of use and code switching among other questions that
elicit the participants’ age, sex and socioeconomic status (SES)
(years of formal education as an indication of SES). Table 2

provides the results of the LHUQ pertaining to age of language
acquisition and language usage.

All monolingual participants were native speakers of British
English. Some of the monolingual participants indicated on the
LHUQ that they were aware of one or more foreign languages;
these were learnt in a classroom setting around the age of 11 and
later at school or after the age of 19 for work. Only two young
monolinguals reported using their additional language. The use
was only for half an hour out of 24 per day and not on a daily
basis and therefore they were included in the monolingual group
based on Grosjean’s (2010) definition of bilinguals. All bilingual
participants were speakers of Standard Singapore English and
Standard Spoken Tamil; both English and Tamil were used in
the homes of all bilingual participants. All, but four, of the young
bilinguals reported that English was acquired from birth; two of
the young bilinguals acquired English at the age of five, while
the other two began acquiring English once in school at ages six
and seven when they started school. Most of the older bilinguals
began acquiring English from around the age of six, except for
three older bilinguals who began learning English at the age of
12 in a formal school setting before migrating to Singapore as
young adults. Given that English is widely used in public life in
Singapore, all learners were exposed to English in a naturalistic
environment, including these three older bilinguals. To address
the potential role of age of acquisition acting as a confounding
factor, it was included as a covariate in the analyses of the
pragmatic tasks.

The Complex Ideational Materials Subtest (CIMS) of the
Boston Diagnostic Aphasia Evaluation (BDAE) (short version)
was used to test participants’ auditory English sentence
comprehension. The task includes a total of six pairs of yes-
no questions. Each question answered correctly was awarded 1
point giving rise to a total possible score of 12. Only the aging
older adults were tested in the CIMS because of the significant
difference between the aging older monolinguals’ and bilinguals’
age of acquisition of English.

The monolingual young adults were undergraduates from the
Department of Psychology, University of Reading, and received
course credits for their participation. The monolingual aging
older adults were recruited via the University of Reading’s Aging
Research Panel and were reimbursed £10 for their transport.
The bilingual young adults were recruited from the National
University of Singapore, the Nanyang Technological University
and Ngee Ann Polytechnic in Singapore. The bilingual aging
older adults were recruited through visits at temples in Singapore
and through personal contacts and were given gifts of fruits and
biscuits for cultural reasons.

Materials
Background Tests
To be able to control for potential confounding factors resulting
from differences between the groups on verbal and non-verbal
abilities as well as processing speed, a large battery of background
tests was carefully selected to record the participants’ lexical
and semantic knowledge, and cognitive abilities, including fluid
intelligence, verbal short-term memory and working memory as
well as processing speed. In terms of verbal abilities, the battery
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TABLE 1 | Demographic statistics of all participants.

Demographic

characteristics

Monolinguals Bilinguals

Young

(n = 19)

Old

(n = 20)

Young#

(n = 18)

Old

(n = 15)

Gender (M, F) 3, 16 10, 10 7, 11 [7, 12] 6, 9

Age Mean (SD) 19.47 (0.7) 69.9 (6.8) 20.93 (1.57)

[21.02 (1.58)]

67.01 (4.39)

Min-Max 18–21 60–83 17–23 60–78

Education Mean (SD) 14.97 (0.63) 14.4 (3.58) 15.83 (1.54)

[15.89 (1.52)]

13.3 (3.63)

Min-Max 14–16 10–20 14–19 7–18

MMSE Mean (SD) NA 28.8 (1.24) NA 28.67 (1.05)

Min-Max NA 27–30 NA 27–30

CIMS Mean (SD) NA 11.65 (0.67) NA 11.33 (0.98)

Min-Max 10–12 9–12

MMSE, Mini Mental State Examination; CIMS, Complex Ideational Materials Subtest; YM, Young monolinguals; YB, Young bilinguals; OM, Old monolinguals; OB, Old bilinguals. #One

bilingual young adult was excluded from the final analysis of the English pragmatic task because of equipment failure during this task. [ ] indicates data for n = 19 for young bilinguals.

TABLE 2 | Linguistic characteristics of participants derived from the LHUQ according to groups.

Linguistic characteristics YM

(N = 19)

OM

(N = 20)

YB

(N =19)

OB

(N = 15)

Age of Acquisition of English (in years) 0–5 19 20 17 2

6–10 0 0 2 10

11–19 0 0 0 3

Age of Acquisition of Tamil or other language (in years) 0–5 0 0 18 15

6–10

11–19

20>

0

2

0

0

5

3

1

0

0

0

0

0

Conversing in English∧ (hours/day) Mean (SD) 13.95 (4.2) 10.73 (3.45) 10.08 (4.19) 5.2 (3.9)

Min-Max 2.5–16 1.5–14 3–17 0.3–12

Conversing in Tamil or other language (hours/day) Mean (SD) 0.5 (0.0) 0 (0) 4.4 (3.52) 6.12 (5.48)

Min-Max 0.5–0.5 0 0–11 0.3–16

∧Monolingual young and older participants, who chose to state “English only” or “English All Day” when asked on the LHUQ to state the number of hours (out of 24 h per day) that they

communicate with various groups of people in the languages they know, were assigned 16 and 12 h, respectively to match the total hours stated by their age cohorts.

focused on lexical and semantic rather than grammatical abilities
because the experimental pragmatic tasks relied heavily on lexical
and semantic information and did not have any grammatical
manipulations. Of course, grammatical abilities are relevant for
all tasks involving the sentence and discourse level, but the
battery was already very long.

Lexical and semantic measures
The Raven’s Short Vocabulary Scale (RVS), consisting of 17
words increasing in difficulty in an ascending order, was used
to measure lexical knowledge. All participants had to give the
meanings of the words on the list; their answers were audio
recorded, and later scored with a 0 if outright wrong, 1 if
partially correct and 2 when totally correct. Because vocabulary
acquisition is positively related to SES (Hoff, 2003; Fernald et al.,
2013), the RVS was used as a covariate together with education to
control for the SES of the participants.

A Tamil vocabulary list (TVL) was created with the help of
a native Singapore Tamil speaker. The TVL, like the RVS, had
17 vocabulary words and increased in its level of difficulty as
the bilingual participants progressed down the list. The TVL was
scored in a similar manner to the RVS.

The English Verbal Fluency (EVF) test comprised of
the English Letter Fluency (ELF) task and the English
Semantic Category Fluency (ESCF) task. The ELF task measures
vocabulary retrieval, and together with the ESCF task, also detects
neuropsychological impairments and frontal disorders (Gladsjo
et al., 1999). In the ELF task, all participants were instructed to
provide as many words as possible that began with the letters F,
A, and S in one minute each. They were also instructed to exclude
proper nouns, such as names of people and places. In the ESCF
task, the participants were instructed to state as many animals
as they could in one minute; they were specifically instructed
to leave out breeds of the same animal (e.g., Alsatian, German
Shepard, and Pomeranian all being breeds of the animal “dog”).
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The Tamil Verbal Fluency (TVF) test comprised of a Tamil
Letter Fluency (TLF) task and a Tamil Semantic Category Fluency
(TSCF) task. In the Tamil LF task, the bilingual participants were
given the Tamil letters [p∧], [∧], and [s∧] and were
similarly instructed as the English LF task, to provide as many
words as possible that began with these letters in one minute
each. They were also instructed to exclude proper nouns, such as
names of people and places, and were provided with additional
instructions where they were allowed to substitute the vowel
sound [∧] in the syllabic consonants, [p∧] and [s∧], with any
of the other 11 vowels found in the Tamil alphabet.

The bilingual participants were required to complete both the
EVF and the TVF. However, owing to the fact that Tamil speakers
in Singapore seldom distinguish most animals by their breeds
whilst speaking in Tamil, they were not instructed in the Tamil
SCF to refrain from naming animals of the same breed.

Measures of cognitive abilities
The Stroop Arrow task (Blumenfeld and Marian, 2011) was used
to measure participants’ inhibitory abilities. The Stroop Arrow
task has two stimulus dimensions: arrow direction and arrow
location. These are either congruent, with right-facing arrow (or
left-facing arrow) appearing on the right (or left) of the screen,
or incongruent, with right-facing arrow (or left-facing arrow)
appearing on the left (or right) of the screen. Participants had to
respond to the direction of the arrow and ignore the location. For
instance, for a right-facing arrow on the left screen, participants
had to inhibit the reflex to press the key on the left for two
accounts, one being the location of the arrow on screen and the
other being the direction of the arrow. The Stroop Arrow task
consisted of 40 congruent trials and 40 incongruent trials which
were preceded by 12 practice trials. Each trial began with a black
fixation cross which remained on the white screen for 800ms
and was followed by a blank white screen for 250ms, before the
stimulus appeared either on the left or the right of the white
screen. The stimulus remained on screen for 1,000ms or until a
response key was hit. The trial ended with a blank screen that
lasted for 500ms, before a new trial began. The response keys
were a “left-facing arrow” and a “right-facing arrow” which were
overlaid on the “A” and “L” keys of a standard US keyboard,
respectively. The Stroop Effect was obtained by subtracting the
congruent reaction time from the incongruent reaction time for
correct trials; a smaller Stroop Effect implies greater inhibitory
control.

The Wechsler Adult Intelligence Scale (WAIS-III) Block
Design was used to measure fluid intelligence and to control for
between group differences on non-verbal IQ (de Oliveira et al.,
2014). The WAIS-III Block Design required the participants to
physically manipulate blocks to resemble the image shown to
them. There was a total of nine images to reproduce using the
blocks with five images being a two-by-two with a maximum
time limit of 60 s and the remaining being a three-by-three
with a maximum time limit of 120 s. Participants were scored
according to the scoring system found in the WAIS-III Block
Design where scores range between 4 and 7 for reproducing each
image correctly within the time limit; for each image, the score
obtained was inversely proportional to the time taken.

The forward and backward Digit Span (DS) tasks from the
Wechsler Memory Scale (Revised) were used to test verbal short-
termmemory and working memory (Woods et al., 2011) because
according to Hasher and Zacks (1988) they play vital role in
discourse processing. In the forward digit span, participants were
required to recall the digits in the order they were presented. In
the backward digit span, participants were required to recall the
sequence in the reverse order. Participants were given a score of
one for each correct set of numbers recalled with a possible total
score of 24.

The Number Comparison (NC) task (Salthouse and Babcock,
1991) was used to measure processing speed because the
pragmatic task involved testing the response time. Participants
had to decide if pairs of numbers were the same or different.
There were 3 sets of 12 pairs of three, six and nine digits making
a total of 36 items. All participants were timed separately for each
set of pairs beginning with the three-digit pairs followed by the
six-digit pairs and then the nine-digit pairs. Processing speed was
calculated by first dividing the time taken to complete each set by
the total number of items in the set (i.e., 12), and thenmultiplying
that by the number of items that were correctly identified as being
either same or different. The total number of correct items for the
entire task was then divided by the total time taken for correct
identification to give the processing speed (number of correct
items per second).

Experimental Pragmatic Tasks
Two pragmatic tasks were created to measure a range of non-
literal language and literal language: an English (EPrag) and
a Tamil (TPrag) task. Each task was made up of five sets of
10 short stories to cover non-conventional indirect requests,
conversational implicatures, conventional metaphors, novel
metaphors, and literal utterances. Standard Singapore English is
based on Standard British English; while there is no variation
in the grammar, lexical differences do exist (Gupta, 2010, 2012;
Leimgruber, 2011). Vocabulary that may have different meanings
in the two varieties of English were avoided in the stories.
Similarly, all stories were created to be culturally neutral, that
is, the situational contexts were applicable to both Singapore
and the United Kingdom. The English conventional metaphors
were selected from a familiarity rating list administered to nine
healthy aging monolingual English speakers aged 60 years and
above in the United Kingdom and six healthy aging bilingual
English-Tamil speakers aged 60 years and above in Singapore.
Similarly, the Tamil conventional metaphors were selected from
a familiarity rating list administered to the same group of aging
bilingual English-Tamil speakers. Participants completed three
practice trials before starting on the actual task.

Each trial consisted of a short dialog by or between a male
and a female character that were accompanied by a line drawing
to create a story. Participants heard the target utterances at
the end of these short dialogs. Each story started with the
narrator providing the setting (e.g., “At a party”) and background
(e.g., “Jill is at a party.”) and ended with a multiple-choice
comprehension question in the format of “What will <story
character’s name or gender> say or do next?”. Participants heard
the narrator reading out the questions and the four options as
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well as seeing the questions and options displayed on the screen
below the line drawings. The questions and options for EPrag
were typed onto the slide as text, whereas the questions and their
answer options for Tamil had to be handwritten and uploaded
as images because the experiment software did not support the
Tamil script font. The complete story board for the EPrag task
can be found in the Supplementary Material.

Each option can be categorized under one of four types: (a)
inferred meaning, (b) literal meaning, (c) possible, but wrong
reaction and (d) wrong answer. There were two “wrong answers”
for the literal category as there are no inferred meanings for the
literal target utterances. Participants pressed the corresponding
key on the keyboard to record their answers, after which a
new slide with the words “Next story?” appeared on the screen.
Pressing the space bar then brought the participants to the next
slide which had a fixation cross for 250ms before a new story
begun.

The dependent variables—accuracy scores and time taken
to respond (TTR) (in seconds)—were recorded for each of
the non-literal language types (i.e., non-conventional indirect
requests, conversational implicatures, conventional metaphors,
and novel metaphors) and literal utterances. The TTR measure
was calculated only for correct responses for each non-literal and
literal language type tested.

Procedure
The Pragmatic tasks were run using E-prime 2.0 Professional on
anAcer Aspire 4820T laptop with an Intel R© CoreTM i5 processor
4.30M and a 14.0-inch HD LED LCD screen. Participants were
tested individually in separate sessions. The bilingual participants
completed the English and Tamil tasks in separate sessions. The
bilinguals’ testing sessions were counterbalanced by language; the
English and Tamil sessions were spaced apart by two to three
weeks.

Data Analyses
The study has set out to answer two research questions: (1) “Is
there an age effect on pragmatic inference-making?,” and (2)
“Is there a bilingual advantage in pragmatic inference-making?.”
Language Group (monolingual, bilingual) and Age (young, old)
were the independent variables for this study.

The age of acquisition of English and Tamil and CIMS scores
were analyzed with a Mann-Whitney test. Age, education and the
variables arising from the background tests were analyzed with a
two-way univariate analysis of variance (ANOVA) with Age and
Language Group as factors. The MMSE was analyzed with a one-
way ANOVA with Language Group as the independent variable.
Variables arising from the Tamil background tests were analyzed
with a one-way ANOVA with Age as the independent variable.

Each of the pragmatic tasks (the EPrag and TPrag tasks)
had five dependent variables for the accuracy and five for the
TTRs, corresponding to the five pragmatic conditions (non-
conventional indirect requests, conversational implicatures,
conventional metaphors, novel metaphors and literal utterances).

For the EPrag task, a two-way multivariate analysis of
covariance (MANCOVA) was used to test the effects of Age
and Language Group on the EPrag accuracy scores (i.e., arising

from the non-conventional indirect requests, conversational
implicatures, conventional metaphors, novel metaphors and
literal utterances) whilst controlling for potential effects of
socioeconomic status, verbal IQ, education, inhibition, verbal
short-term memory and working memory as well as age of
acquisition of English that may affect the participants’ inferential
abilities. A similar analysis was conducted on the EPrag TTRs
with Number Comparison as an additional covariate to control
for the differing processing speed of the groups. Planned pairwise
comparisons were conducted to compare differences between
young and aging older adults, and monolinguals and bilinguals
for each pragmatic condition separately.

For the TPrag task, a one-way MANCOVA was run to test
for effects of Age on the TPrag accuracy scores (arising from the
non-conventional indirect requests, conversational implicatures,
conventional metaphors, novel metaphors, and literal utterances)
with Education, Tamil Vocabulary List, Stroop Arrow, Block
Design, Tamil Verbal Fluency, Age of Acquisition of Tamil and
Digit Span as covariates. The covariates were included to control
for socioeconomic status, verbal IQ, differing educational levels
between groups, inhibition, verbal short-term memory, and
working memory that can potentially affect inferential abilities,
and to reduce error variances. Similarly, a one-way MANCOVA
was conducted on the TPrag TTRs with Number Comparison
as an additional covariate to control for differing processing
speed of the groups. Finally, planned pairwise comparisons were
conducted to compare differences between young and aging older
bilingual adults for each pragmatic condition.

RESULTS

Demographics
There was no significant difference between the monolinguals
and bilinguals for Age in Years [F(1, 68) = 0.523, p = 0.472,
d = 0.2, 1 – β = 0.12]1 and for Years of Education
[F(1, 68)= 0.037, p= 0.849, d= 0.06, 1 – β = 0.06]. As expected,
there was a significant difference in Age in Years between the
young and older adults [F(1, 68) = 2353.2, p < 0.001, d = 11.8,
1 – β = 1.0] with a significant interaction between Age and
Language Group [F(1, 68) = 4.776, p = 0.032, d = 0.5, 1 –
β = 0.6]: Age in Years was different between young and aging
older monolinguals [F(1, 37) = 1036.4, p < 0.001, d = 10.7,
1 – β = 1.0] and between young and aging older bilinguals
[F(1, 31) = 1724.3, p < 0.001, d = 14.8, 1 – β = 1.0]. However,
there was also a significant difference between young and older
adults in Years of Education [F(1, 68)= 6.14, p= 0.016, d= 0.6,
1 – β = 0.71]. There was no significant interaction between Age
and Language Group for Years of Education [F(1, 68) = 2.443,
p = 0.123, d = 0.4, 1 – β = 0.36]. The difference in education
between young and older adults is due to differences in years
of education across generations, especially in Singapore, and
was impossible to control for due to changes in the society.

1Effect size and power for all analyses were calculated using G∗Power

(Version 3.1.9.2) and Lenhard and Lenhard (2016) (https://www.psychometrica.

de/effect_size).
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Hence, Years of Education was used as a covariate to address this
confounding factor.

There was no significant difference on the MMSE between the
monolingual and bilingual aging older adults [F(1, 33) = 0.113,
p= 0.739, d = 0.1, 1 – β = 0.06].

Mann-Whitney tests comparing the age of acquisition for
English and Tamil between the groups showed a significant
difference in the age of acquisition of English between the aging
older monolinguals and bilinguals (U = 0.000, p < 0.001,
r = 0.9, 1 – β = 1.0), and the young and aging older bilinguals
(U = 19, p < 0.001, r = 0.8, 1 – β = 1.0). There was
no significant difference between the young monolinguals and
bilinguals (U = 123.5, p= 0.15, r = 0.4, 1 – β = 0.89). As for the
age of acquisition of Tamil, there was no significance difference
between the young and aging older bilinguals (U = 141,
p= 0.973, r =0.02, 1 – β = 0.05).

The Mann-Whitney test comparing the CIMS scores did
not show any significant difference between the aging older
monolinguals and bilinguals (U = 125, p = 0.354, r = 0.17, 1
– β = 0.23).

Background Tests
Table 3 shows the results from the background tests.

Lexical and Semantic Measures
In terms of vocabulary knowledge in English (RVS), there was
a significant main effect of Language Group [F(1, 68) = 4.188,
p < 0.05, d = 0.5, 1 – β = 0.55], but no significant main
effect of Age [F(1, 68) = 1.847, p > 0.05, d = 0.3, 1 –
β = 0.28]. There was a significant interaction effect between
Language Group and Age [F(1, 68) = 4.141, p < 0.05, d = 0.5,
1 – β = 0.54]. Follow-up simple effects showed that aging
older monolinguals had better vocabulary knowledge than young
monolinguals [F(1, 68) = 6.309, p < 0.05, d = 0.6, 1 – β = 0.72]
and aging older bilinguals [F(1, 68) = 8.026, p < 0.01, d = 0.7,
1 – β = 0.82]. There were no significant differences in the
vocabulary knowledge of the young monolinguals and bilinguals
[F(1, 68)= 0.000, p >0.05, d = 0.00, 1 – β = 0.05], and between
young bilinguals and aging older bilinguals [F(1, 68) = 0.210,
p > 0.05, d = 0.1, 1 – β = 0.074]. In terms of vocabulary
knowledge in Tamil (TVL), the young bilinguals and aging older
bilinguals did not differ [F(1, 32) = 0.696, p > 0.05, d = 0.3, 1 –
β = 0.13].

The two-way ANOVA on the English Verbal Fluency test
(EVF) showed a significant main effect of Language Group
[F(1, 68) = 5.266, p < 0.05, d = 0.6, 1 – β = 0.64], but
no significant main effect of Age [F(1, 68) = 1.852, p > 0.05,
d = 0.3, 1 – β = 0.29]. There was a significant interaction
effect between Language Group and Age [F(1, 68) = 9.208,
p < 0.01, d = 0.7, 1 – β = 0.87]. Both aging older monolinguals
[F(1, 68) = 13.685, p < 0.001, d = 0.9, 1 – β = 0.96] and young
bilinguals [F(1, 68) = 8.886, p < 0.01, d = 0.7, 1 – β = 0.86]
had better verbal fluency than aging older bilinguals. There were
no significant differences between the young monolinguals and
aging older monolinguals [F(1, 68) = 1.534, p > 0.05, d = 0.3,
1 – β = 0.24], and between the young monolinguals and young
bilinguals [F(1, 68) = 0.284, p > 0.05, d = 0.1, 1 – β = 0.083].

The young bilinguals and aging older bilinguals did not differ in
the Tamil Verbal Fluency test (TVF) [F(1, 32)= 0.055, p > 0.05,
d = 0.09, 1 – β = 0.057].

Measures of Cognitive Abilities
A two-way ANOVA showed no significant main effect of
Language Group on the Stroop Effect [F(1, 68)= 0.116, p> 0.05,
d= 0.09, 1 – β = 0.07] and no significant interaction of Language
Group and Age [F(1, 68) = 2.243, p > 0.05, d = 0.36, 1 –
β = 0.33]. However, there was a highly significant main effect
of Age on the Stroop Effect [F(1, 68)= 24.15, p < 0.001, d= 1.2,
1 – β = 0.999] indicating that young adults had better inhibitory
abilities than aging older adults.

The Kruskal-Wallis test showed a highly significant effect of
Age on the Block Design [H(1) = 17.985, p < 0.001]. There
was no significant effect of Language Group [H(1) = 1.968,
p > 0.05]. Follow-up Mann-Whitney tests indicated that the
young bilinguals had higher scores on the Block Design than the
aging older bilinguals (U = 2.0, p < 0.001, d = 2.1). There was
no difference between the young and aging older monolinguals
(U = 148.5, p > 0.025, d = 0.38). (A Bonferroni correction
was applied, and all effects are reported at a 0.025 level of
significance).

There was a significant main effect of Language Group on the
Digit Span [F(1, 68) = 9.731, p < 0.01, d = 0.76, 1 – β = 0.89],
but no significant main effect of Age [F(1, 68)= 3.598, p > 0.05,
d = 0.49, 1 – β = 0.48]. There was a significant interaction
effect between Language Group and Age [F(1, 68) = 14.001,
p < 0.001, d = 0.91, 1 – β = 0.97]. Follow-up simple effects
analyses showed the young bilinguals had a significantly better
verbal short-term memory and working memory than young
monolinguals [F(1, 68) = 24.461, p < 0.001, d = 1.2, 1 –
β = 0.999], and aging older bilinguals [F(1, 68) = 14.623,
p < 0.001, d = 0.93, 1 – β = 0.97]. There were no differences
between young monolinguals and aging older monolinguals
[F(1, 68)= 1.864, p > 0.05, d= 0.33, 1 – β = 0.29], and between
aging older monolinguals and bilinguals [F(1, 68) = 0.187,
p > 0.05, d = 0.11, 1 – β = 0.08].

There was no significant main effect of Language Group
[F(1, 68) = 2.173, p > 0.05, d = 0.36, 1 – β = 0.32] on
the Number Comparison and no significant interaction effect
between Language Group and Age [F(1, 68) = 0.878, p > 0.05,
d = 0.23, 1 – β = 0.16]. However, there was a highly significant
main effect of Age [F(1, 68) = 25.206, p < 0.001, d = 1.2, 1 –
β = 0.999], indicating that the young adults had better processing
speed than the older adults.

Pragmatic Tasks
EPrag Accuracy Scores and TTRs
Figure 1 shows the participants’ accuracy scores for the English
Pragmatic (EPrag) task.

The MANCOVA on the accuracy scores showed a significant
effect of Age on the combined dependent variables (non-
conventional indirect requests, conversational implicatures,
conventional metaphors, novel metaphors and literal utterances)
[λ = 0.779, F(5, 57) = 3.225, p < 0.05, d = 1.1], indicating
differences between young and aging older participants. There
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TABLE 3 | Untransformed mean scores (SD) of all participants for the background tests.

Monolinguals Bilinguals

Young

(N = 19)

Old

(N = 20)

Young

(N = 18)

Old

(N = 15)

Main effect

of Age

Main effect

of Language

Group

Age x Language

Group

interaction

RVS Mean (SD) 15.79 (3.05) 19.20 (4.20) 15.78 (2.88) 15.1 (6.43) ns * *

Min-Max 10–21 12–28 10–20 5–24

TVL# Mean (SD) NA NA 21.94 (2.91) 20.80 (5.03) ns NA NA

Min-Max NA NA 16–26 15–31

ELF Mean (SD) 48.53 (10.93) 57.90 (19.18) 53.39 (10.23) 42.53 (17.79)






















EVF

ns * **

Min-Max 30–74 25–90 34–69 11–83

ESCF Mean (SD) 24.3 (3.96) 24.45 (5.48) 24.11 (4.79) 19.13 (4.72)

Min-Max 18–32 15–36 16–35 11–27

TLF# Mean (SD) NA NA 46.05 (10.92) 45.27 (13.18)






















TVF

ns NA NA

Min-Max NA NA 29–74 21–69

TSCF# Mean (SD) NA NA 17.42 (2.85) 17.07 (5.78)

Min-Max NA NA 12–24 8–28

SA Mean (SD) 35.59 (33.44) 64.33 (40.37) 25.86 (25.52) 79.79 (40.89) *** ns ns

Min-Max −23.09–106.75 9.05–188.4 −4.35–94.01 31.1–180.66

BD Mean (SD) 38.84 (7.32) 34.95 (9.89) 41.56 (6.11) 22.20 (6.27) *** ns –

Min-Max 23–50 16–50 29–49 11–32

DS Mean (SD) 15.32 (2.89) 16.65 (2.89) 20.28 (2.7) 16.20 (3.78) ns ** ***

Min-Max 11–21 11–21 14–24 10–22

NC Mean (SD) 0.28 (0.1) 0.21 (0.06) 0.26 (0.07) 0.19 (0.08) *** ns ns

Min-Max 0.17–0.61 0.12–0.37 0.18–0.45 0.09–0.36

RVS, Raven’s Vocabulary Scale; TVL, Tamil Vocabulary List; ELF, English Letter Fluency; ESCF, English Semantic Category Fluency; Tamil Letter Fluency; TSCF, Tamil Semantic Category

Fluency; SA, Stroop Arrow; BD, Block Design; DS, Digit Span; NC, Number comparison; EVF, English Verbal Fluency; TVF, Tamil Verbal Fluency; YM, Young Monolinguals; YB, Young

Bilinguals; OM, Old Monolinguals; OB, Old Bilinguals. #The Tamil background tasks were analyzed with N = 19 for young bilinguals. *p < 0.05, **p < 0.01, ***p < 0.001.

was no significant effect of Language Group on the combined
dependent variables [λ = 0.948, F(5, 57) = 0.626, p > 0.05,
d = 0.5], indicating that monolinguals and bilinguals performed
alike, and no significant interaction effect between Language
Group and Age [λ = 0.935, F(5, 57) = 0.793, p > 0.05, d = 0.5],
indicating that monolinguals and bilinguals show the same
pattern of performance. The planned comparisons for each non-
literal condition separately showed that young monolinguals
were significantly better than aging older monolinguals at
conventional metaphors [F(1, 31) = 9.06, p = 0.005, d = 1.1, 1
– β = 0.9]. There was no significant difference between young
bilinguals and aging older bilinguals for conventional metaphors
[F(1, 24)= 2.072, p > 0.05, d = 0.6, 1 – β = 0.37].

Figure 2 shows the participants’ TTRs for the English
Pragmatic (EPrag) task.

The MANCOVA on the TTRs showed a significant main
effect of Age on the combined TTRs for the non-conventional
indirect requests, conversational implicatures, conventional
metaphors, novel metaphors and literal utterances [λ = 0.746,
F(5, 56) = 3.818, p < 0.01, d = 1.2], indicating differences
between young and aging older participants. There was no
significantmain effect of Language Group on the combined TTRs
[λ = 0.911, F(5, 56) = 1.096, p > 0.05, d = 0.6], indicating
that monolinguals and bilinguals performed alike. There was no
significant interaction effect between Language Group and Age

[λ = 0.963, F(5, 56) = 0.435, p > 0.05, d = 0.4], indicating
that monolinguals and bilinguals showed the same pattern of
performance. The planned comparisons for each non-literal
condition separately showed that young monolinguals were
significantly faster than aging older monolinguals in inferring
conventional metaphors [F(1, 30) = 7.074, p = 0.012, d = 1.0,
1 – β = 0.84], whilst there was no significant difference between
the young and aging older bilinguals [F(1, 23)= 2.034, p > 0.05,
d= 0.6, 1 – β = 0.37]. (A Bonferroni correction was applied, and
the effects are reported at a 0.0125 level of significance). There
were no significant differences between the young monolinguals
and aging older monolinguals for the literal utterances TTR
[F(1, 30) = 1.401, p > 0.05, d = 0.4, 1 – β = 0.26],
conversational implicatures TTR [F(1, 30) =5.112, p > 0.05,
d= 0.8, 1 – β = 0.7] and novel metaphors TTR [F(1, 30)= 6.195,
p > 0.01, d = 0.9, 1 – β = 0.78]. Likewise, there were no
significant differences between the young bilinguals and aging
older bilinguals for literal utterances TTR [F(1, 23) = 2.873,
p > 0.05, d = 0.7, 1 – β = 0.49], conversational implicatures
TTR [F(1, 23) = 0.716, p > 0.05, d = 0.4, 1 – β = 0.16], and
novel metaphors TTR [F(1, 23) = 3.634, p > 0.05, d = 0.8,
1 – β = 0.59]. Planned comparison was not done for non-
conventional indirect requests TTR because the independent
one-way ANCOVA did not show a significant main effect of Age
[F(1, 60)= 4.755, p > 0.01, d = 0.6, 1 – β = 0.65].
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FIGURE 1 | Mean accuracy scores of all participants (n = 72) in the EPrag task. LU, Literal Utterances; NCIR, Non-conventional Indirect Requests; CI, Conversational

Implicatures; CM, Conventional Metaphors; NM, Novel Metaphors.

TPrag Task Accuracy Scores and TTRs
Figures 3 and 4 show the accuracy scores and TTRs for the TPrag
task.

TheMANCOVA on the accuracy scores showed no significant
main effect of Age on the combined accuracy scores [λ = 0.873,
F(5, 21) = 0.609, p > 0.05, d = 0.8]. Likewise, the MANCOVA
on the TTRs did not show a significant main effect of Age on the
combined TTRs [λ = 0.635, F(5, 20)= 2.3, p > 0.05, d = 1.5].

DISCUSSION

Everyday communication comprises of an extensive use of
non-literal language, such as idioms, proverbs, metaphors,
indirect requests, and conversational implicatures. Although
the developed world is facing a rapidly aging population,
research on the comprehension of non-literal language in aging
older adults is limited and is based mainly on monolingual
speakers. Whilst some studies found that aging older adults
are able to access the non-literal meanings of metaphors
(Ulatowska et al., 1998; Newsome and Glucksberg, 2002; Qualls

and Harris, 2003; Morrone et al., 2010) and suggested that
aging older adults are “as efficient” as younger adults when
processing metaphors (Newsome and Glucksberg, 2002), some
other studies demonstrated an age-related decline in non-literal
language comprehension (Nippold et al., 1997; Uekermann et al.,
2008). The differences in the findings of these studies could
be related to the differences in the methodologies used, the
variability in the participant populations, and the designs of
the studies. Importantly, although context plays a key role in
the comprehension of non-literal language, previous studies
reviewed either did not present non-literal utterances within
a situational context or presented them in texts that required
connective inferences.

The current study aimed to fill the gap in the literature

of aging older adults’ pragmatic inferential abilities using non-
literal utterances embedded in situational contexts. It also

sought to investigate if there was a bilingual advantage in
pragmatic inference-making. Young and older monolinguals and
bilinguals underwent a battery of background tests to measure
their vocabulary knowledge, non-verbal IQ, verbal fluency,
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FIGURE 2 | Mean time taken to respond (TTR) of all participants (n = 72) in the EPrag task. LU, Literal Utterances; NCIR, Non-conventional Indirect Requests; CI,

Conversational Implicatures; CM, Conventional Metaphors; NM, Novel Metaphors.

inhibition, verbal short-term memory and working memory,
and processing speed as well as completed a language use and
history questionnaire to provide information such as education,
age of acquisition of English and language usage. To address
their pragmatic inferential abilities, participants completed an
English pragmatic task that had the target literal and non-
literal utterances presented in context-based vignettes that were
culturally neutral. The bilinguals were, in addition, tested with a
Tamil pragmatic task. Participants were tested for both accuracy
and response time. After controlling for education, vocabulary
knowledge, non-verbal IQ, verbal fluency, inhibition, verbal
short-term memory and working memory, age of acquisition
of English and processing speed, a clear effect of age on the
comprehension of English conventional metaphors emerged.
Planned comparisons showed that aging older monolinguals
were less accurate and slower than young monolinguals on the
comprehension of English conventional metaphors. Aging older
bilinguals, on the other hand, were as accurate and efficient as
young bilinguals on the comprehension of English conventional
metaphors. Moreover, although there was no effect of Language
Group (i.e., bilingualism) for any of the non-literal language types
tested, this effect of age found for themonolinguals was not found

for the bilinguals for any of the non-literal language types tested
in the study, be it in English or Tamil.

Understanding Non-literal Language as We

Age
In the present study, we found an age-related decline in
conventional metaphor comprehension, but only for the
monolinguals. Not only were the aging older monolinguals
less accurate than the young monolinguals in comprehending
conventional metaphors, they were also much slower when
processing conventional metaphors. Past literature supports the
present findings that monolingual aging older adults experience
an age-related decline in non-literal language comprehension
(Nippold et al., 1997; Uekermann et al., 2008). It is worth noting
here that the conventional metaphors were selected based on
the metaphor familiarity rating list completed by a sample of
both monolingual and bilingual aging older adults, but not by
the younger groups. Hence, older participants would have been
guaranteed familiar with the conventional metaphors, more so
than the young participants. In spite of this advantage, the aging
older monolinguals were significantly less accurate and slower in
inferring the metaphorical meaning of the utterances.
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FIGURE 3 | Mean accuracy scores of all bilingual participants (n = 34) in the TPrag task. TLU, Tamil Literal Utterances; TNCIR, Tamil Non-conventional Indirect

Requests; TCI, Tamil Conversational Implicatures; TCM, Tamil Conventional Metaphors; TNM, Tamil Novel Metaphors.

On the other hand, the aging older bilinguals were as accurate
as the young bilinguals in terms of understanding English and
Tamil metaphors (as well as the other non-literal language types
tested); this is in line with studies showing that aging older
adults are able to access the non-literal meanings of metaphors
(Ulatowska et al., 1998; Newsome and Glucksberg, 2002; Qualls
and Harris, 2003; Morrone et al., 2010). In addition, the aging
older bilinguals were not significantly slower than the young
bilinguals at arriving at the correct meaning of the English and
Tamil metaphors. These findings suggest that aging older adults
are “as efficient” as young adults when processing metaphors
(Newsome and Glucksberg, 2002).

We now know that pragmatic inference-making does slow
down with aging, even with processing speed attrition, cognition
and other factors having been taken into account, but not for all
non-literal language types and not for bilinguals.

Bilinguals and Pragmatic Inference-Making
The present study did not find any significant differences
between the monolinguals and bilinguals in terms of pragmatic
inference-making. Of the very few studies that investigated the
pragmatic inference-making abilities of bilinguals, one found
no bilingualism effect on conversational implicatures for L2

learners and native speakers of English (Manowong, 2011), while
another found a slightly higher correlation between linguistic
comprehension and pragmatic comprehension of both indirect
requests and conversational implicatures for L2 learners of
English with higher English language proficiency than L2 learners
with lower English language proficiency (Garcia, 2004).

In the present study, the bilinguals used the English language
on a daily basis and had self-assessed their English language
proficiency in speaking and listening as being between “Good”
to “Native-like.” The bilinguals in the present study were not
disadvantaged by their “non-native speaker” status unlike the L2
leaners of English in Garcia’s (2004) study and did not display a
significant disadvantage in discourse processing as seen by their
performance in both the literal and non-literal language types
tested in the pragmatic tasks.

Although there was no overall significant effect of bilingualism
on pragmatic inference-making, the findings of the present
study point to a bilingual advantage when it comes to
comprehending English conventional metaphors; aging older
bilinguals’ conventional metaphor processing was not affected
by age unlike the aging older monolinguals’. As established
earlier, pragmatic inferences require higher order cognitive skills
(Champagne-Lavau and Joanette, 2009), and a number of studies

Frontiers in Psychology | www.frontiersin.org November 2018 | Volume 9 | Article 223044

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Sundaray et al. Comprehending Non-literal Language

FIGURE 4 | Mean time taken to respond (TTR) of all bilingual participants (n = 34) in the TPrag task. TLU, Tamil Literal Utterances; TNCIR, Tamil Non-conventional

Indirect Requests; TCI, Tamil Conversational Implicatures; TCM, Tamil Conventional Metaphors; TNM, Tamil Novel Metaphors.

have shown bilingualism attenuating cognitive decline associated
with aging (Luk et al., 2011) and bilinguals possessing superior
cognitive abilities than monolinguals even as they get older
(Bialystok et al., 2006). Thus, it should come as no surprise that
aging older bilinguals were not affected by age whilst processing
conventional metaphors unlike their monolingual counterparts.

The sample size of the present study was small, which is one
of the limitations of the study. A second limitation is that the
study focused only on comprehension and did not measure the
participants’ production of non-literal language. Future research
can compare the comprehension with the production of non-
literal language by a larger sample of aging older adults and
examine the effects of Language Group. This would provide
a complete picture of both comprehension and production of
non-literal language.

CONCLUSION

The present study examined the effects of age(ing) and the
effects of bilingualism on pragmatic inferences by monolingual
and bilingual young and older adults. The present study
has controlled for a large number of variables that can
affect pragmatic inference-making. These variables include the
participants’ vocabulary knowledge, non-verbal IQ, education,

socioeconomic status, age of acquisition of English, inhibition,
verbal short-term memory and working memory, verbal fluency,
and processing speed. On top of this, the young and aging older
bilinguals were tested in both their languages, English and Tamil.
Regardless of language, aging older bilinguals were not affected
by age whilst processing literal and non-literal language. This
is in direct contrast to aging older monolinguals who displayed
an age-related disadvantage when confronted with conventional
metaphors. This suggests a bilingual advantage in pragmatic
inferences of conventional metaphors.
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Multilinguals have to control their languages constantly to produce accurate verbal
output. They have to inhibit possible lexical competitors not only from the target
language, but also from non-target languages. Bilinguals’ training in inhibiting
incongruent or irrelevant information has been used to endorse the so-called bilingual
advantage in executive functions, assuming a transfer effect from language inhibition to
domain-general inhibitory skills. Recent studies have suggested that language control
may rely on language-specific inhibitory control mechanisms. In the present study,
unbalanced highly proficient bilinguals completed a rapid naming multi-inhibitory task
in two languages. The task assessed three types of inhibitory processes: inhibition of
the non-target language, inhibition of lexical competitors, and inhibition of erroneous
auditory feedback. The results showed an interaction between lexical competition and
erroneous auditory feedback, but no interactions with the inhibition of the non-target
language. The results suggested that different subcomponents of language inhibition
are involved during bilingual language production.

Keywords: inhbitory control, language production, bilingual experience, delayed auditory feedback, speech
inhibition, lexical access

INTRODUCTION

Multilinguals have to manage different languages to control verbal speech on an everyday basis.
They have to select the language that is needed at every specific moment and suppress interference
from the situationally irrelevant languages. This mechanism is commonly referred to as language
control and it has been associated with the use of a complex set of inhibitory control mechanisms
(see Green, 1998; Kroll et al., 2008; Declerck and Philipp, 2015). Broadly speaking, inhibitory
control refers to the suppression of interfering information or prepotent responses. In the
influential framework published by Miyake et al. (2000), inhibition was proposed to be one of
three separable components of executive functions (together with updating and shifting). However,
a more recent framework (Miyake and Friedman, 2012) suggests that inhibition may not be a
subcomponent but instead correlates perfectly with a “common executive function,” defined as the
ability to maintain and use task goals and goal-related information.

Research has shown that language inhibition may be required during bilingual speech
production (e.g., Rodriguez-Fornells et al., 2005; de Bruin et al., 2014) and comprehension (e.g.,
Macizo et al., 2010; Durlik et al., 2016), with the results from the former group of studies being more
consistent than those from the latter. However, the mechanisms underlying language inhibition
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during bilingual speech production are not well understood yet,
despite the importance of these inhibitory mechanisms in the
debate on the so-called bilingual advantage in executive functions
(see, among many others, Duñabeitia et al., 2014; Paap and Sawi,
2014; Bialystok, 2015; Duñabeitia and Carreiras, 2015; Sorge et al.,
2017; see Lehtonen et al., 2018, for a recent review). In this
respect, one important question is whether bilingual language
inhibition is accomplished using the same mechanisms that are
also used in non-linguistic inhibition tasks (i.e., a domain-general
inhibitory mechanism; Jackson et al., 2001; Bialystok et al., 2008;
Colzato et al., 2008; Linck et al., 2012; de Bruin et al., 2014) or
whether mechanisms specific to linguistic inhibition are applied
(Calabria et al., 2015; Branzi et al., 2016).

Furthermore, even within bilingual speech production,
multiple types of linguistic conflict may be present that may be
governed by different forms of inhibitory control mechanisms.
The current study therefore assessed whether different types
of interfering linguistic information are suppressed through a
general inhibitory control mechanism or distinct mechanisms.
To this end, we asked a group of highly proficient yet
unbalanced Spanish-Basque bilinguals to complete a verbal
production task either in their native language (Spanish) or
in their non-native language (Basque), while parametrically
manipulating other additional inhibitory demands (i.e., lexical
inhibition and erroneous auditory feedback inhibition). While
these three manipulations differ in many ways, they share one
important component: the presence of interfering information
that needs to be suppressed in order to correctly complete the
task. In the current study, we explored the possible additive
or interactive nature of the different types of interfering
information in the context of a Rapid Automatized Naming
(RAN) task (see Denckla and Rudel, 1974) in which we
included several manipulations. The RAN task provides a
unique opportunity to explore language-related interference at
multiple levels, given that it taps into a fusion of linguistic,
articulatory and attentional processes (see Cummine et al.,
2014). In this line, it has been argued that over and above the
obvious articulatory, motor and perceptual processes involved
in the RAN, additional attentional, conceptual and phonological
processes are required for successful performance (see Wolf and
Bowers, 1999).

The first task manipulation concerned the use of the first
or second language. It is widely assumed that multilingual
speakers have to inhibit phonological and lexical competitors
from the non-target language during speech production, so
that speaking in one language requires non-target language
inhibition. Green (1998) proposed an inhibitory control model
in which multilinguals solve the conflict between languages
through suppression of the representations from the non-
target languages, while the representations from the target
language are activated. Furthermore, the amount of inhibition
needed to suppress the non-target language is argued to be
related to language proficiency. In the case of a strong first
language (L1) and weaker second language (L2), a relatively
high level of inhibition of L1 is needed when speaking
in L2. In contrast, when speaking in the stronger L1, less
inhibition of the weaker L2 may be needed (although even

in these circumstances, non-target language inhibition may be
needed).

But over and above inhibiting the non-target language,
both monolingual and bilingual speech production require a
series of processes related with lexical inhibition. According
to Levelt’s model of word production (Levelt et al., 1999),
a series of automatic steps have to take place before a
speaker voluntarily generates any word. First, she must
identify a concept in the imagery system and activate the
associated lexical representation(s). Then, she must select
a suitable lexical item and inhibit the ones that share
semantic, lexical, and syntactic properties with the target
word. Finally, she must inhibit morphological and phonological
competitors in order to retrieve the articulatory representation
of the intended word. Hence, speakers have to inhibit
possible lexical competitors in order to correctly produce
the intended word (see Grainger and Jacobs, 1993; Abutalebi
and Green, 2008; Philipp and Koch, 2009; Righi et al.,
2010), and these lexical inhibitory mechanisms are qualitatively
different from the non-target language inhibitory mechanisms
insofar that the latter focus on the whole language system,
while the former concentrate on the neighboring lexical
representations.

But speech production does not exclusively rely on these two
types of inhibitory mechanisms. During speech production, a
speaker not only has to inhibit competitors at different levels of
processing within the target and non-target languages, but she
also has to trust her own auditory feedback to online monitor and
control the articulatory output (Lee, 1950). Auditory feedback
is a mechanism that helps to verify whether the current speech
production is in agreement with the intention. In cases in which
a mismatch in perceived, a correction mechanism operates at the
level of production (see Burnett et al., 1998).

One interesting manipulation regarding speech monitoring is
delayed auditory feedback (DAF), a technique that was initially
developed to explore the importance of auditory feedback in
speech production. The DAF is a technique in which speakers
hear their own speech production through headphones, but
with a short and artificially inserted lag between the actual
production and its reproduction. Speech is normally inhibited
using auditory feedback inhibition, which occurs online, with a
very short delay. When the perception of speech is delayed – in
this case artificially by playing back the sound with a delay –
this auditory feedback inhibition becomes more costly and
less efficient. Therefore, the auditory perceptual lag disturbs
speech production, leading to disfluent utterances. The DAF
technique facilitates understanding how production is achieved
by exploring erroneous auditory feedback inhibition when such
feedback is delayed and thus unreliable and even disturbing.
In order to efficiently continue producing speech under DAF,
speakers need to monitor the auditory feedback and inhibit the
incorrectly timed input, while adjusting their utterances to the
circumstances.

Some previous studies have suggested a relationship between
auditory feedback and domain-general control processes.
Adaptation to altered auditory feedback can be modulated by
attentional load (e.g., Tumber et al., 2014; Scheerer et al., 2016)
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and networks mediating domain-general cognitive control may
also be involved in feedback monitoring (Schiffer et al., 2015).
Other studies, however, did not observe such a link between
altered auditory feedback and domain-general inhibitory control
(Martin et al., 2018) and have suggested that feedback control
may rely on perceptual acuity to compensate for this perturbation
during speech production (Villacorta et al., 2005; Martin et al.,
2018). Yet, as auditory feedback is linguistic, a relationship may
exist with language control, and we tested this idea in the current
study.

The precise way in which language proficiency impacts speech
production under DAF is still a matter of debate. It is assumed
that until a certain proficiency level is acquired in a non-
native language (L2), the impact of the DAF technique is larger
in that language than in the native one (L1). Several studies
have shown an interaction between language dominance and
erroneous auditory feedback inhibition, reporting longer speech
latencies in L2 than in L1 (e.g., Lee, 1950; Mackay, 1970; Van
Borsel et al., 2005). These results are consistent with the idea
that bilinguals need more inhibitory resources when using their
weaker L2 because they have to suppress the dominant L1
(Green, 1998). However, once multilingual speakers acquire a
higher level of proficiency in L2, erroneous auditory feedback
inhibition seems to occur similarly for native and non-native
languages, suggesting the control of incorrect auditory feedback
is not exclusively related to nativeness in a language (e.g., Siegel
et al., 1984; Kvavik et al., 1991; Fabbro and Darò, 1995). The
participants in our study were highly proficient in both languages,
but still unbalanced with a higher proficiency level in L1 than
in L2. As such, our participants could follow the pattern of
previous studies showing similar erroneous auditory feedback
inhibition for L1 and L2 in bilinguals with a high proficiency level.
Alternatively, the unbalanced proficiency levels may still lead to
an interaction between auditory feedback and language.

In the current study, DAF was used to assess whether
the demands of inhibiting the delayed feedback could cause
a processing bottleneck for other inhibitory demands during
speech production in the context of a RAN task. The RAN
task was originally designed to assess reading competence by
naming pictures as fast as possible (see Denckla and Cutting,
1999, for a review). This task requires not only lexical access, but
also the inhibition of the competitors flanking the target image
(i.e., the neighboring representations sharing some properties
with the target item). In cases when the matrices are made of
pictorial elements referring to the same semantic category (e.g.,
a picture of an animal flanked by other animals of different
species), the inhibitory demands increase, making lexical access
slower and costlier (see Oppenheim et al., 2010; Mahon and
Caramazza, 2011; Runnqvist et al., 2012). Thus, the RAN task
seems to be a perfect test scenario to explore how multiple levels
of linguistic inhibitory demands could interact with each other
during language production.

We created a multilingual RAN-like picture naming task
where three types of language inhibition mechanisms could
be required across conditions: non-target language inhibition,
lexical inhibition of the preponderant responses and the
competitors, and erroneous auditory feedback inhibition. We

conceived an experimental design that allowed for observing how
the system performs as a whole and whether these three variants
of inhibitory processes at play during multilinguals’ speech
production interact with each other. Firstly, highly proficient
bilingual participants were asked to name the pictures of the RAN
either in their native language (Spanish) or in their non-native
language (Basque), thus requiring non-target language inhibition
to complete the different trials of the RAN scenario.

Furthermore, an additional artificial inhibitory demand was
included in the experimental design, aimed at mimicking some
of the lexical inhibitory processes that need to be carried out
by multilinguals while producing speech. Multilinguals and
language learners have to inhibit preponderant words from the
native language that may interfere with the correct utterance
in the non-native language (e.g., a Spanish-English bilingual
would have to inhibit the translation equivalent “casa” to produce
the word “house”). This is an everyday, constant demand for
bilinguals, and in the context of the current experiment, we
artificially created a similar demand with the aim of recreating
a natural aspect of bilinguals’ day-to-day interactions. We asked
participants to substitute the name of certain pictures for that
of some digits (e.g., say the word “two” when seeing the
picture of a frog) in increasing order of difficulty, parametrically
varying the number of to-be-replaced elements. Finally, auditory
feedback demands were manipulated by including trials in which
participants perceived their own speech without or with an
artificial delay (DAF).

Thus, the aim of this study was to investigate how language
inhibition works in multilingual speakers, particularly assessing
whether distinct linguistic inhibitory processes that are at play
during speech production interact with each other. By means of
our multi-layered picture naming RAN-like task, we intended
to tax the system and to evoke the use of large amounts
of inhibitory resources, highlighting their independent effects
and the interdependent interactions between them. The results
of the current study will help us elucidating the extent to
which language control mechanisms in multilingual speech
production rely on a general mechanism of language control, or
alternatively, on different subcomponents of language control.
If the three types of inhibitory mechanisms interact with
each other, this would suggest that language control relies
at least partly on a shared inhibitory control mechanism.
On the other hand, and in line with Sternberg’s Additive
Factors Method Sternberg’s (1969, 1998, 2011), we argue
that if the three types of interference manipulations show
main effects that do no interact with each other, this would
support the existence of independently operating processes.
We would interpret a lack of interaction along the claims
of the Additive Factors Method that has been successfully
applied to visual object naming (see Sternberg, 1998), which
endorses a view of additivity for functionally distinct processes
that are separately modifiable (Sternberg, 2013). Thus, if we
observe no interaction between non-target language inhibition
(namely, the effect of naming items in L1 vs. in L2), erroneous
auditory feedback inhibition (immediate feedback vs. delayed
feedback), and lexical inhibition of competing representations,
this would speak for a relative independence of the inhibitory
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components, in line with the idea of different inhibitory
mechanisms underpinning language control (e.g., Calabria et al.,
2012; Branzi et al., 2016). If it is the case that the systems
work separately, our results should also shed new light on
specific inhibitory processes applied within the language-related
inhibitory system.

MATERIALS AND METHODS

Participants
Fifty-six unbalanced Spanish-Basque bilingual young adults
from the University of the Basque Country took part in this
experiment (highest degree obtained was high school for 12
participants, professional training for 8, university degree for 31,
and postgraduate degree for 2 participants). Three participants
were excluded from analyses due to a high error rate (more
than 35% errors in each matrix). All participants (M age = 23
years, SD = 3 years; 33 females) were native Spanish speakers,
who acquired Basque early in life (see Table 1) and were
more exposed to Spanish than to Basque in their daily life
(see Table 1). Their language proficiency was assessed using
two tests (see de Bruin et al., 2017, for further details): a
picture naming task in which they were asked to name 65
common objects in each of the two languages (see Table 1),
and a personal interview with a native bilingual linguist who
rated them on a 1-to-5 scale (5: native-like competence; 1:
basic/no knowledge; see Table 1). In addition, participants
were asked to rate their competence (in terms of reading,
speaking, writing, and understanding) on a scale from 0 to
10 (see Table 1). All participants were right-handed and none
were diagnosed with language disorders, learning disabilities,
or auditory impairments. After the experiment, they were
reimbursed for their time. This study was carried out in
accordance with the recommendations of the international
ethical guidelines approved by the BCBL Ethics Committee with
written informed consent from all subjects. All subjects gave
written informed consent in accordance with the Declaration
of Helsinki. The protocol was approved by the BCBL Ethics
Committee.

Materials and Design
Pictures of concepts from two different semantic categories
(animals and body parts) were used to create different matrices
for the rapid naming task. The images were taken from the
MultiPic database (Duñabeitia et al., 2018). While non-target
language activation has often been studied with words that
are similar between two languages (e.g., cognates), studies
using non-cognates have also observed activation and inhibition
of the non-target language (e.g., de Bruin et al., 2014). To
avoid effects of cognate status, we explicitly avoided the use
of concepts associated with cognate words, and all the items
selected for the two categories had names that were non-cognates
between Spanish and Basque, lacking substantial orthographic or
phonological overlap between languages. The picture names were
matched on syllable length, number of phonemes, and frequency
of use between languages (see Table 2).

TABLE 1 | Table showing the participants’ language profile.

Spanish Basque

M SD M SD

Age of acquisition 0.5 1 3 1

Exposure 68.8 13 22.6 11

Picture naming test 64.6 0.8 52.1 6.6

Personal interview 5 0 3.9 0.3

Reading competence 9.6 0.7 7.4 1.2

Speaking competence 9.6 0.7 8.6 1.1

Writing competene 9.2 1.1 7.7 1.4

Understanding competence 9.6 0.7 8.6 1.3

Mean and standard deviation are provided per language for age of acquisition
(years), exposure (percentage of time exposed), picture naming test (number
of correct items named in a scale from 0 to 65), personal interview (score
in an ascending scale from 1 to 5), self-rated reading, speaking, writing, and
understanding competence (scale 0–10).

The structure of the experiment and the order of conditions
were as follows. Each participant completed eight blocks.
Four blocks were completed in Spanish and four in Basque.
Furthermore, two of the four blocks were completed without
DAF and the other two with DAF (i.e., two of the four blocks)
for each language. Each semantic category occurred once in
each of these conditions, so that each participant completed the
same semantic category twice in each language, once with and
once without DAF (see Figure 1). The blocks were distributed
over the experiment so that in the first half of the experiment,
some participants completed all body part blocks in Spanish
(both with DAF and without DAF) and all animal blocks in
Basque. In the second half of the experiment, these participants
would then complete all animal blocks in Spanish and all body
part blocks in Basque. For other participants, this order was
reversed so that the language in which each semantic category
was named first was counterbalanced. Within each half of the
experiment, the order of languages and DAF condition was
randomized so that some participants started in Spanish and
some in Basque.

Furthermore, each block was composed of 4 matrices that
were always completed in the language of that block. Each matrix
included 24 pictures (i.e., each of the 6 individual items was
repeated four times; see Appendix 1) aligned in columns and
rows and arranged at random. Participants were asked to name
the pictures of the first matrices of each block normally. Then,
in the subsequent 3 matrices, participants were asked to replace
the name of certain items with the name of some numbers. In
the second matrix of each block, the name of one item (i.e.,
one animal or one body part) had to be consistently replaced
throughout the completion of the matrix with the name of the
first cardinal number (e.g., replace the word “frog” with the word
“one”). In the third matrix, the names of two pictures had to
be substituted by the names of two digits. Finally, in the fourth
matrix of each block, participants were asked to replace the names
of three different items with those of three digits. The specific
rules for the replacements in each matrix were presented to
the participants at the beginning of each trial. The blocks were
counterbalanced for language and the presence or absence of
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TABLE 2 | Means (M) and standard deviations (SD) of the number of syllables, phonemes and of the frequency of use (in number of appearances per million) of the
common names used in the task, as obtained from the E-Hitz (Perea et al., 2006) and B-Pal (Davis and Perea, 2005) databases.

Animals Body parts

Spanish Basque Spanish Basque

M SD M SD M SD M SD

Syllables 2.5 0.5 2 0 2 0.6 2 0.6

Phonemes 5 0.9 4.3 0.5 4 0.8 4 1.4

Word frequency 20.6 21.5 33.6 24.1 136.8 132.3 116.3 106.1

FIGURE 1 | Overview of the eight different blocks completed by each
participant. Language block order (Basque/Spanish) was counterbalanced
across participants, and the order of presentation of the rest of conditions
within each language block was randomized.

DAF, but lexical substitutions were always presented in the same
order following an increasing order of difficulty from 0 to 3.

Procedure
Participants were tested individually in a soundproof room. They
were seated at a distance of about 45 cm from a laptop with
a 13-inch screen, where all the stimuli were presented using
Experiment Builder (SR-Research, Ontario, Canada). The same
software was also used to collect the verbal responses, which were
recorded from the onset of the presentation of each matrix to
the moment in which the participant pressed the space bar to
indicate that she had finished naming the items. Participants wore
a headset throughout the experiment and they were instructed to
name the items of each matrix as if they were reading a text (left
to right, top to bottom), as fast as they could and trying not to
make errors. Delayed auditory feedback time was set to 200 ms for
the DAF condition in accordance with previous studies (Stuart
et al., 2002; Hashimoto and Sakai, 2003) and to 0 ms for the
immediate (no-DAF) condition. To this end, a SmallTalk device
(Casa Futura Technologies, Colorado, United States) set at 80 dB
was used.

Each matrix in each block was preceded by a screen specifying
the instructions and conditions about the auditory feedback
(delayed vs. immediate), the assigned language (L1 vs. L2), and

the number of lexical substitutions that they had to do (0, 1, 2, or
3). Participants were instructed whether there would be a delay
in auditory feedback to avoid the disruptive effect of the delay
being larger at the beginning of the task due it being a surprise.
Participants were familiarized with the pictures’ names before
performing the rapid naming task in the two languages and they
practiced the lexical substitution with fruit matrices before the
experiment started.

Data Analysis
Data were analyzed in two ways. Firstly, we performed
a three way ANOVA testing the effects of Language (L1|
L2), Auditory Feedback (immediate| delayed), and Lexical
Replacements (namely, the number of substitutions: 0| 1| 2|
3) on the naming latencies. As we aimed to examine whether
different types of linguistic conflict interacted or not, we
furthermore analyzed the data using Bayesian analysis. In the
case of a null effect, a p-value can only say that there was
no evidence for an effect, but it does not support the absence
of an effect. By reporting Bayes Factors (BF), we show the
ratio of the probability that the data were observed under
the null hypothesis (e.g., “no interaction between auditory
feedback and language”) vs. the probability of observing the
data under the alternative hypothesis (e.g., “an interaction
between auditory feedback and language”). For instance, a
BF01 of 5 indicates that the observed data were five times
more likely to have occurred under the null than alternative
hypothesis. Bayesian analyses were conducted with JASP 0.8.5
using Bayesian repeated measures ANOVA with 100,000 samples.
As we were interested in the interactions between the three
different manipulations, we compared the model with the
three main effects of Language, Auditory Feedback, and Lexical
Replacements to a model including those three main effects plus,
(a) the interaction between Language and Auditory Feedback;
(b) the interaction between Language and Lexical replacements;
and (c) the interaction between Auditory Feedback and Lexical
Replacements.

RESULTS

We exclusively focused on the naming latencies given that the
average number of errors was fairly low (M = 1.05 errors per
matrix, SD = 1.30; range: 0.17–2.17). Besides, it is likely that any
effects of production errors are also observable in the naming
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latencies since participants corrected themselves when making a
mistake, thus requiring more time to complete the matrix.

The three main effects were significant. For the effect
of Language, blocks that were named in Basque (L2, non-
native language) yielded longer reaction times (M = 23.61 s,
SD = 5.20) than blocks completed in Spanish (L1, native language;
M = 22.67 s, SD = 4.93), F(1, 52) = 9.30, p < 0.004, η2

p= 0.1521.
Regarding the effect of Auditory Feedback, blocks that had
to be named under the DAF condition required more time
(M = 24.18 s, SD = 5.19) than blocks that did not include any
DAF (M = 22.10 s, SD = 4.95, F(1, 52) = 57.26, p < 0.001,
η2

p = 0.524. Finally, the main effect of Lexical Replacements
showed an increase in the naming latencies as a function of the
number of words that had to be substituted, F(3, 156) = 38.73,
p < 0.001, η2

p = 0.427, ranging from trials requiring no
replacements (M = 21.88 s, SD = 4.60 to trials requiring 3
substitutions (M = 24.87 s, SD = 5.91) (see Table 3 and Figure 2
for details). There was a significant interaction between Auditory
Feedback and Lexical Replacements, F(3, 156) = 3.67, p = 0.014,
η2

p = 0.066, such that the effect of the DAF diminished as the
number of replacements increased (see Figure 2). Nonetheless,
and in spite of the decreasing magnitudes of the effect of
the auditory feedback with the increased lexical replacement
demands, this effect was always significant [No substitutions:
t(52) = 5.28, p < 0.001, Cohen’s d = 0.726; 1 substitution:
t(52) = 6.95, p < 0.001, Cohen’s d = 0.956; 2 substitutions:
t(52) = 6.76, p < 0.001, Cohen’s d = 0.929; 3 substitutions:
t(52) = 2.83, p < 0.006, Cohen’s d = 0.390). Importantly, there
was no interaction between Language and Auditory Feedback,
F(1, 52) = 0.20, p = 0.653, η2

p = 0.004 (see Figure 3), or between
Language and Lexical Replacements, F(3, 156) = 1.32, p = 0.270,
η2

p = 0.025 (see Figure 4), nor was there a three-way interaction
between all the factors, F(3, 156) = 0.41, p = 0.750, η2

p = 0.008.
We then conducted Bayesian analyses in which we compared

models including the main effects only to the model including
the main effects plus the interaction of interest. For the
model including the interaction between Language and Lexical
Replacements, the BF01 was 37.85 ( ± 2.65%), suggesting that
model without an interaction fits the data around 38 times better
than a model with this interaction term included. Similarly,
for the model including the Language × Auditory Feedback
interaction, the BF01 was 8.76 ( ± 1.71%), suggesting that the
model without such interaction accounts for the data nearly
9 times better than the model with the interaction. Thus,
both analyses suggested that there was no interaction between
Language and Auditory Feedback or Lexical Replacements.
Regarding the interaction between Lexical Replacements and

1To further examine the role of non-target language inhibition in L1 vs. L2,
we examined effects of language order. If L1 is inhibited strongly during L2
production, L1 responses should be relatively slow after an L2 task compared to L2
after L1. Participants always named one semantic category in one language in the
first half of the experiment and in the other language in the other half. There was a
significant effect of task half [F(1, 52) = 8.77, p = 0.005, η2

p = 0.144], reflecting that
responses were faster in the first half (M = 22.70 s, SD = 4.30) than in the second
half (M = 23.58 s, SD = 4.50) of the experiment. However, while the difference
between task half was numerically larger for Spanish (M = 1.23; SD = 2.62) than
Basque (M = 0.53; SD = 3.95), task half did not interact significantly with language
[F(1, 52) = 1.00, p = 0.321, η2

p = 0.019].

Auditory Feedback, while the p-value showed a significant
interaction, the Bayes Factor analysis showed some evidence
against an interaction with a BF01 of 4.25 ( ± 4.18%).

DISCUSSION

The aim of the study was to explore how distinct types of language
inhibition that are typically needed by multilingual speakers
to efficiently produce speech (namely, non-target language
inhibition, inhibition of lexical competitors, and inhibition of
erroneous auditory feedback) interact with each other during
completion of a rapid naming task. Our main interest was
to examine whether these different processes rely on the
same linguistic inhibitory system or whether, alternatively,
several types of different and independent linguistic inhibitory
mechanisms underlie each of the distinct processes. To this
end, we designed a highly demanding rapid naming task to
allow us to observe how the inhibitory system(s) work(s) while
multitasking.

In accordance with previous findings and as predicted, our
results revealed main effects in all the three variables of interest.
Firstly, participants exhibited longer naming times overall in
L2 (Basque) as compared to L1 (Spanish), in line with the
bulk of preceding evidence at this regard (e.g., Meuter and
Allport, 1999; Costa and Santesteban, 2004). Second, longer
naming latencies were also observed under DAF conditions as
compared to immediate feedback conditions (see Lee, 1950;
Mackay, 1970; Van Borsel et al., 2005). Finally, regarding the
effect of replacing a preponderant response with a different
lexical label according to newly learned rules, we found that
naming times increased as a function of the number of
replacements that were required. These effects suggest that the
current test scenario readily tapped into a set of inhibitory
mechanisms whose role and degree of implication were more
prominent as the task demands increased (see Wickens,
2002).

Interestingly, only two of the constructs associated with
different inhibitory demands interacted with each other
in the classic factorial analysis of variance (although the
Bayes Factor actually provided some evidence against this
interaction). The negative impact of the DAF partially
decreased as the lexical competition increased (namely,
as the need for controlling and inhibiting a preponderant
response increased), potentially suggesting that both may
tap into similar inhibitory resources. This interaction could
also be understood in terms of a plateau effect in the three-
replacement condition when the maximal taxation of cognitive
resources is reached. However, none of these effects significantly
interacted with the language at use (native vs. non-native),
and the relative independence of this effect speaks for a
certain degree of separation or autonomy of the different types
of inhibitory mechanisms that multilinguals may use and
require.

Crucially, the language (L1 or L2) did not interact with
either lexical competition or auditory feedback alteration.
This suggests that inhibitory mechanisms used to suppress
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TABLE 3 | Descriptive statistics of the mean naming latencies (in seconds) across participants in each condition.

Lexical replacements

0 1 2 3

Mean SD Mean SD Mean SD Mean SD

NATIVE LANGUAGE (SPANISH)

Immediate 20.10 3.91 20.11 3.92 22.37 5.28 24.11 5.65

Feedback

Delayed 22.41 5.02 22.60 4.58 24.50 5.28 25.18 5.86

Feedback

NON-NATIVE LANGUAGE (BASQUE)

Immediate 21.33 4.94 21.32 4.24 22.99 5.33 24.47 6.35

feedback

Delayed 23.68 4.53 23.85 5.21 24.83 5.19 25.72 5.81

Feedback

FIGURE 2 | Mean naming times (in seconds) as a function of the number of
lexical replacements (0, 1, 2 or 3) and the auditory feedback conditions
(immediate vs. delayed). Error bars refer to the standard error (SE) of each
mean.

the non-target language are not identical to the inhibition
mechanisms used to accomplish suppression of erroneous
auditory feedback or lexical competitors. The latter manipulation
may also have introduced an increase in working memory
load, which could explain the main effect of lexical competitors
that was observed. However, beyond the working memory
component related to remembering which replacement to use,
the task also required inhibition of the word that could
not be used (or resistance to the interference created by
this salient representation). Thus, if the inhibitory component
of lexical competition is related to the type of control
used in language inhibition, we should have observed an
interaction. Instead, and in line with Sternberg’s Additive Factors
Method Sternberg’s (1998; 2013), the additive nature of these
effects and the demonstration that they are independently
modifiable, support the idea of a functional difference between
them.

Previous studies have already suggested that language
inhibition may be based on its own specific and independent
resources (see Abutalebi and Green, 2008; Calabria et al., 2012;

FIGURE 3 | Mean naming times (in seconds) as a function of the language
(Spanish and Basque) and the auditory feedback conditions (immediate and
delayed). Errors bars refer to the standard error (SE) of each mean.

FIGURE 4 | Mean naming times (in seconds) as a function of the language
(Spanish and Basque) and the lexical replacements (0, 1, 2, or 3). Errors bars
refer to the standard error (SE) of each mean.

Blanco-Elorrieta and Pylkkänen, 2016; Branzi et al., 2016). Our
results are in line with this view, suggesting that the inhibition
of the non-target language is likely to be managed through a
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set of inhibitory resources that are not shared or required by
other tasks. These results follow what Shell et al. (2015) showed
in a similar study manipulating inhibitory control demands in
a picture-word interference task that also involved a language-
switching paradigm. No interaction between the effects of the
lexical competitors and the effects of the language at use
was found in this study either, suggesting that the underlying
processes may not require overlapping or shared inhibitory
mechanisms, ultimately suggesting that multilingual language
control could use a highly specific and independent inhibitory
mechanism for non-target language inhibition.

On the other hand, our data are less compatible with
previous studies suggesting that language inhibition is at least
partly related to the inhibition mechanisms used in other
(non-verbal) tasks (e.g., Linck et al., 2012; de Bruin et al.,
2014). However, these studies have typically used a language
switching paradigm, which may place additional demands
on language inhibition and/or may require a different form
of inhibition. For instance, while our task required more
global, proactive inhibition of the non-target language, language
switching may make additional use of local, reactive inhibition
mechanisms (Green, 1998). Considering the design of the
current experiment, it was not possible to examine more short-
lived effects of inhibition at the level of individual items.
Future experiments will need to examine whether different
tasks eliciting stronger and/or more local effects of language
inhibition show connections between different types of language
inhibition.

The absence of an interaction between inhibition of the
delayed, erroneous auditory feedback and inhibition of the non-
target language is line with a previous study (Martin et al., 2018)
showing that the type of inhibition applied to compensate for the
presence of altered feedback does not correlate with other types
of inhibitory processes. It is furthermore worth noting that while
some preceding studies have shown an interaction between the
effects of DAF and those of language dominance (see Lee, 1950;
Mackay, 1970; Van Borsel et al., 2005), such an interaction has
not been found in samples of highly proficient bilinguals. For
instance, Fabbro and Darò (1995) conducted a study with highly
proficient interpreters performing under DAF conditions and
found no interaction between the critical variables of interest. The
participants in our study were highly proficient in both languages.
In line with preceding evidence showing that highly proficient
bilinguals rely on different language-selection mechanisms than
low proficient bilinguals (e.g., Costa and Santesteban, 2004; Costa
et al., 2006), increased proficiency in the non-native language
could make the reliance on erroneous auditory feedback more
similar to that of the native language. If so, the set of inhibitory
mechanisms that are used to partial out the negative effect of
incorrect (altered or delayed) auditory feedback could be similar
in L1 and L2. This is precisely what we found in the current study,
suggesting that in highly proficient bilinguals, the underlying
processes responsible to monitor erroneous auditory feedback
and inhibit the potentially disturbing incorrect feedback may
not be linguistic in essence, and that it may instead correspond
to a specific type of mechanisms that are linked to perceptual
acuity.

This study suggests that multilinguals do not rely on one
unique inhibitory system to produce speech in one of the
known languages, but rather that they rely on a set of different
mechanisms that operate separately. As said, the interpretation
that additive factors can reflect independent processes is in line
with Sternberg’s Additive Factors Method Sternberg’s (1998). This
approach has been used frequently to study the independence
of and similarities between different processes involved in
inhibitory control (e.g., Los, 2004; van den Wildenberg and van
der Molen, 2004). However, other studies have questioned the
reliability of inferring underlying processes from patterns seen
in response time data. Stafford and Gurney (2011) showed that
both models with discrete stages and continuous models with
simultaneously run, interacting processes could mimic additive
factors. Any inference with respect to distinct vs. interacting
processes based on additive factors should thus be interpreted
with caution. In line with Sternberg’s (2013) response to Stafford
and Gurney, we therefore interpret our data as supporting
rather than unequivocally implying distinct inhibitory control
processes.

The three manipulations used in our study were not only
tapping into inhibitory control, but are also likely to recruit
other forms of cognitive control (e.g., working memory or
rule learning, in the case of the manipulation involving
lexical replacements). While it is perfectly possible that the
three manipulations were different enough not to recruit a
shared inhibitory control mechanism, it should be considered
that the three of them required the inhibition of interfering
information (in the form of another language, lexical items,
or erroneous auditory feedback). We believe that if different
types of inhibitory control are governed by a common inhibitory
control mechanism, these three specific forms of resistance to
linguistic interference would be expected to tap into this general
mechanism.

Our results open up the possibility to think about how
the inhibitory system is further divided into domain-specific
sub-mechanisms that do not necessarily work at par. These
distinct mechanisms should be explored in more detail in
order to better understand how they work and relate to each
other in an interactive fashion, and specifically, how they are
used by multilinguals to efficiently face the highly demanding
communicative scenarios they encounter in their daily life.
Furthermore, brain imaging techniques could be used to shed
more light on the possible differences between or overlap in
the spatial and temporal characteristics of different types of
inhibitory control. We tentatively propose that the debate on
the generality or specificity of the language-related inhibitory
mechanisms should be moved to a new arena, leaving aside
the simplistic dichotomy between language-specific inhibition
and domain-general inhibition. The current study suggests that
the different inhibitory processes that mediate multilingual
speech production are somewhat independent from each other,
probably referring to diverse inhibitory modules. Some of these
mechanisms, such as the inhibitory control of erroneous auditory
feedback and the inhibition of competing lexical representations,
could tap into similar inhibitory resources. However, other
mechanisms, such as the set of inhibitory processes applied to
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control for the interference from the non-target language, seem
to be independent. Together, these results make us think of a
series of inhibitory modules that go beyond a unitary conception
of language-specific inhibitory mechanisms.

In sum, these findings demonstrate that some of the
mechanisms related to language control require allocating
particular and independent inhibitory resources that remain
unaffected by the concurrent requirement of other inhibitory
mechanisms. This suggests that multilingual language control
builds on a set of specific inhibitory mechanisms that are not
shared by other cognitive or even other language processes.
Future studies will help us elucidating the precise nature and role
of these seemingly independent inhibitory processes, and the way
in which they are acquired, developed and trained in multilingual
contexts.
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APPENDIX 1

Examples of matrices from the two different categories (animals and body parts) used in the experiment, together with the
expected names to be said in Spanish and Basque (the English translations are as follows: toro, bull; rana, frog; oveja, sheep; caballo,
horse; cerdo, pig; pájaro, bird; ojo, eye; mano, hand; boca, mouth; pie, foot; nariz, nose; oreja, ear) under the no replacement condition.
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Interest in the intersection between bilingualism and cognitive control and accessibility
to neuroimaging methods has resulted in numerous studies with a variety of
interpretations of the bilingual cognitive advantage. Neurocomputational Emergentism
(or Neuroemergentism for short) is a new framework for understanding this relationship
between bilingualism and cognitive control. This framework considers Emergence, in
which two small elements are recombined in an interactive manner, yielding a non-linear
effect. Added to this is the notion that Emergence can be captured in neural systems
using computationally inspired models. This review poses that bilingualism and cognitive
control, as examined through the Neuroemergentist framework, are interwoven through
development and involve the non-linear growth of cognitive processing encompassing
brain areas that combine and recombine, in symbiotic and parasitic ways, in order
to handle more complex types of processing. The models that have sought to
explain the neural substrates of bilingual cognitive differences will be discussed with
a reinterpretation of the entire bilingual cognitive advantage within a Neuroemergentist
framework incorporating its neural bases. It will conclude by discussing how this new
Neuroemergentist approach alters our view of the effects of language experience on
cognitive control. Avenues to move beyond the simple notion of a bilingual advantage
or lack thereof will be proposed.
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INTRODUCTION

Bilinguals vary tremendously in the ways in which they learn two languages. Some learn a second
language in childhood, adolescence, or adulthood while others may learn two languages in infancy.
They may also vary in the ways in which these two languages are used with some involving formal
schooling and others being mostly spoken languages. This naturally brings up the question of how
a bilingual manages these two languages. To account for this, the notion of a language switch
was proposed, adapting the notion of a switch first proposed by Penfield (1965) (Penfield and
Roberts, 1959). The notion of a language switch was the inspiration for a greater number of studies
across at least four decades (Hernandez, 2013). More recently, this debate has taken on a more
modern nomenclature by considering the nature of cognitive control and its role in managing two
languages.

Frontiers in Psychology | www.frontiersin.org November 2018 | Volume 9 | Article 217159

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2018.02171
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2018.02171
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2018.02171&domain=pdf&date_stamp=2018-11-19
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02171/full
http://loop.frontiersin.org/people/34640/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-02171 November 15, 2018 Time: 19:8 # 2

Hernandez et al. Neuroemergentism and Bilingual Cognitive Control

Despite the long history of linking cognitive control to
bilingualism, recent discussion has become contentious (Hilchey
and Klein, 2011; Abutalebi et al., 2012; Hernández et al., 2013;
Paap and Greenberg, 2013; Anton et al., 2014; Paap et al.,
2014; de Bruin et al., 2015; Duñabeitia and Carreiras, 2015).
Seminal studies in several labs have found that being exposed
to two languages is associated with better performance on non-
verbal cognitive control (Bialystok, 2007). Moving beyond the
notion of language switching and its neural bases, work in the
neuroimaging literature supports the view that bilingualism has
the potential to strengthen frontal-striatal pathways due to the
constant use of more than one language (Abutalebi et al., 2007,
2012; Green and Abutalebi, 2013; Stocco and Prat, 2014; Stocco
et al., 2014) leading to advantages in cognitive control (Bialystok
et al., 2004, 2007; Engel de Abreu et al., 2012; Bradley et al.,
2013; Buchweitz and Prat, 2013; Marian et al., 2014). However,
there is still considerable debate about whether the learning and
use of two languages leads to a non-verbal cognitive control
advantage in bilinguals (Hilchey and Klein, 2011; Abutalebi et al.,
2012; Hernández et al., 2013; Paap and Greenberg, 2013; Anton
et al., 2014; Paap et al., 2014; de Bruin et al., 2015; Duñabeitia
and Carreiras, 2015). This has led many in the field to propose
that we stop investigating the role that bilingualism may play in
non-verbal cognitive control.

Despite the calls for completely abandoning the notion of
a “bilingual advantage,” there is ample evidence that cognitive
control and bilingualism are intimately linked. For example, work
with older adults has found a posterior-to-anterior shift in normal
aging (Davis et al., 2008; Dennis et al., 2008). The posterior-to-
anterior shift is consistent with the view that older adults engage
brain systems involved in cognitive control to a greater extent
than young adults when performing the same task. Recent work
in the bilingual literature finds the opposite pattern showing an
anterior-to-posterior shift in bilinguals relative to monolinguals
(Grant et al., 2014). The finding that bilingualism leads to the
opposite, anterior-to-posterior (and subcortical) effect, has led
researchers to consider whether bilingualism may serve as a
cognitive protective factor (Grundy et al., 2017). The notion of a
simple bilingual advantage has also led researchers to consider the
variety of experiences including the age of acquisition, amount
of language use, amount of switching, individual differences
in language ability, and individual differences in flexibility and
working memory that might influence the control mechanisms
that are used in various non-verbal tasks (Green and Abutalebi,
2016; Yang et al., 2016; Birdsong, 2018). With all these different
influences collectively pushing and pulling on the development
of a bilingual’s two languages, a number of researchers have
proposed that bilingualism has the characteristics of a non-linear
dynamical system (Hernandez et al., 2005; Hernandez and Li,
2007; De Bot, 2008; Hernandez, 2013; Li et al., 2014).

In this piece, we build on this work using the notion
of Neurocomputational Emergentism (Neuroemergentism) to
provide a framework within which we can better understand
the neural bases of cognitive control in bilinguals within a
developmental framework. This approach seeks to consider
Emergence, in which two small elements are recombined in
an interactive manner, yielding a non-linear effect. Added to

this will be the notion that this Emergence can be captured in
neural systems using computationally inspired models. While
Neuroemergentism has been applied more directly to the content
of language (i.e., grammar, semantics, etc.,) it is likely that these
diverging and converging influences affect cognitive control as
well. We will begin by reviewing the field of Emergentism before
proceeding to consider the nature of this within a computational
neuroscience view that takes into account the developmental
processes associated with the learning of two languages.

EMERGENTISM

The notion of emergent function has its roots in the work of Mill
et al. (1974) who used examples from chemistry to argue that
combining two simple things can lead to a much more complex
form. For example, combining hydrogen and oxygen results in a
new compound, water, due to the transformation of two gaseous
elements into a liquid. The nature of dynamical changes seen in
emergent forms was also considered by Bates et al. (1979); Bates
(1999), who, inspired by the work of Thompson (1917) on the
mathematics of physical transformation in the animal kingdom,
proposed that language itself involved building “a new machine
out of old parts.” The fact that old things may recombine into a
newer whole can also be seen in other analogies used by Bates
(1999). For example, one analogy included the giraffe’s neck, an
adaptation to having to eat leaves high up in a tree that led to a
number of cascading changes in the cardiovascular system and
even the size and distribution of the hind and forelegs in order to
conserve its balance. Thus, a small change could lead to changes
across multiple different anatomical systems. This Emergentist
view was further developed in the Competition Model, which
sought to explain how grammar emerged from coalitions and
rivalries between cues at one level that were then recombined to
create a complex grammar that signaled who did what to whom
at a much higher level (Bates and MacWhinney, 1981).

Work within the framework of the competition model
considered the case of bilingualism. Bates and MacWhinney
(1981) argued that a second language could potentially interact
in a number of ways, including the bidirectional influences
of first and second language grammatical processing termed
forward and backward transfer, respectively. Amalgamation in
which the grammars of both languages are fused together and
differentiation in which each grammar is kept apart were also
viable possibilities. Results from a series of studies on bilingual
grammatical processing provided support for both forms of
transfer as well as for amalgamation and differentiation.

In 2005, Hernandez et al. (2005) built on the Competition
Model to propose an Emergentist framework that describes the
acquisition of two languages. In that paper, the authors argued
that through competitive interplay, children would learn to map
form to meaning in each language and adjust it according the
situation. For example, a child might learn to use a word form
“taza” or “cup” depending on the language of a speaker. In a
similar fashion, a bilingual model of vocabulary learning based on
a model of vocabulary acquisition in a single language revealed
that exposure to English and Mandarin at an early stage leads
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to two independent representations (Zhao and Li, 2006). When
the network was exposed to a second language (either Mandarin
or English) at a later point in time, the second language became
parasitic on the first. This competitive process is also reminiscent
of Hernandez’s (2013) view that a bilingual’s two language are like
two species in a single ecosystem that can compete for or share
resources depending on the situation.

To date, the Emergentist view has mostly focused on the
outcome of language processing, including the learning of new
vocabulary as well as grammar, using a cognitive framework.
However, this view can offer a framework with which to try
and make sense of a newer question: whether bilinguals have
some cognitive advantage relative to monolinguals. Although
Emergentism does not make particular predictions about
cognitive control, it can be extended to consider how the
competitive process plays out across time resulting in the use
of control to dampen it down. Furthermore, this framework
also suggests that the nature of the competitive interplay across
languages will differ depending on the age of acquisition of a
second language.

Hernandez and Li (2007) were the first to propose a
neurocomputational approach for the dynamic nature of change
across time to explain age of acquisition effects across multiple
domains. They suggested that learning earlier and later in life
would rely on different neural and cognitive systems. Whereas
learning early in life relied to a greater degree on neural systems
involved in sensorimotor processing, later learning would rely on
association areas which were used to bind sensory information
or to combine it with motor processing. Computationally, early
AoA effects led to distinct representations for each language
whereas later learning resulted in a parasitic relationship in which
the second language was built around the first (Zhao and Li,
2006).

One limitation of Hernandez and Li’s (2007) Sensorimotor
Hypothesis is that it might be mistakenly interpreted as
suggesting that early learning only has an effect early in life.
To overcome this static interpretation of age of acquisition,
a newer framework, Neuroemergentism has been introduced.
This framework is based on the idea that development
involves the non-linear growth in brain areas that combine
and recombine information in order to handle more complex
types of processing. As such effects early in life can carry
repercussions later in life. In the case of bilingualism, it is the
case that early experiences can leave the neural substrate open
to new experiences later in life. We will return to this point
later after discussing the types of new questions that existing
frameworks of cognitive control in bilingualism are opening up
for researchers.

In the following sections, a summary and discussion of
the bilingual advantage will be presented. A discussion of the
models that have sought to elucidate the neural substrates of
bilingual cognitive differences will also be discussed. The piece
will end with a reinterpretation of the entire bilingual cognitive
advantage within a Neuroemergentist framework incorporating
its neural bases. It will conclude by discussing how this new
Neuroemergentist approach alters our view of the effects of
language experience on cognitive control. Avenues to move

beyond the simple notion of a bilingual advantage or lack thereof
will be proposed.

THE BILINGUAL COGNITIVE
ADVANTAGE: FINDINGS AND MODELS

The notion of a bilingual cognitive advantage began most
recently in the mid-2000’s when a number of research studies
with different age groups found that bilinguals outperformed
monolinguals across a variety of cognitive control tasks
(Bialystok, 2006; Bialystok et al., 2004, 2007). Based on these
findings, researchers concluded that the bilingual experience
leads to an improvement in the ability to use executive control.
In recent years, this claim has met considerable skepticism due to
evidence both at the behavioral and neural levels (Morton and
Harper, 2007; Paap, 2012; Kousaie et al., 2014; de Bruin et al.,
2015). Given the variability in findings across studies, one is
left wondering whether the advantage exists or not (for further
discussion see Bialystok et al., 2015).

Research investigating the bilingual advantage is based to a
greater extent on behavior; the brain mechanisms underlying
potential differences in the use of cognitive control in bilinguals
relative to monolinguals have not received nearly as much
attention. Whether language experience results in behavioral
differences or not, it is entirely possible that learning two
languages results in differences at the neural level (Vaughn et al.,
2015). Furthermore, researchers have begun to offer theoretical
models that account for the effects that bilingual experience
has on the cognitive control system, including the Bilingual
Adaptation Model, the Adaptive Control Hypothesis (ACH) and
the “Brain Training” model. Examining these three models in
terms of their focus on cognitive changes or neural changes
associated with bilingualism: the Bilingual Adaptation Model is
based mostly on cognitive changes, the ACH is based on both
cognitive and neural changes, and the Brain Training Model is
based mostly on neural changes.

The Bilingual Adaptation Model, proposed by Bialystok
(2017) suggests that being raised in a bilingual environment
enables the development of a more flexible attention system
associated with frontal brain regions. This model focuses on
behavioral findings, such as gaze direction in infants and task
performance in children, and suggests that, in general, the neural
adaptations associated with executive attention in bilinguals
overlap with language processing and selection. The Bilingual
Adaptation Model includes aspects of Engle (2002) model of
working memory capacity, as well as Posner and Petersen’s (1990)
sustained, selective, and executive attention networks.

The ACH, posited by Green and Abutalebi (2013), focuses on
different bilingual environments and neurological and cognitive
adaptations related to those environments. For example, the
executive functions needed for interacting in a single language
context are different from those needed to interact in a dual-
language context and those needed to interact in a dense
code-switching context. Three potential neural mechanisms may
account for the improvements in executive function as a result of
the language contexts: “through a change in structural resources

Frontiers in Psychology | www.frontiersin.org November 2018 | Volume 9 | Article 217161

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-02171 November 15, 2018 Time: 19:8 # 4

Hernandez et al. Neuroemergentism and Bilingual Cognitive Control

or capacity (e.g., gray matter density), through a change in
regional efficiency (e.g., through tuning neuronal populations
or changing the responsiveness of neuronal populations) or
through a change in the connectivity of the network (e.g.,
white matter connectivity)” (p. 517). The specific networks
altered by bilingualism depend on the cognitive functions being
altered, which depend on the language context. Finally, the ACH
highlights the importance of the frontal-striatal tract in learning
two languages, and also considers other areas including the SMA,
ACC, and inferior parietal lobule.

The importance of the striatum is the topic of the “brain-
training” model (Stocco and Prat, 2014). Stocco et al. (2014)
suggest that the basal ganglia is particularly well-equipped to
handle bilingual language switching linking this phenomenon
to earlier work with the conditional routing model (Stocco
et al., 2012). During the learning process or in situations where
automatized cognitive routines cannot accomplish a task (for
example, in task-switching), the basal ganglia can amplify signals
from a selected source region to enhance the likelihood that
this signal will influence behavior despite weaker cortico–cortical
network connections. This model also fits with more recent work
that has begun to consider the role of dopamine and dopamine-
related genes in cognitive flexibility and stability.

DEVELOPMENT: THE MISSING PIECE

Despite calls for researchers to take into account the variability in
the bilingual experience, there has been a paucity of work on the
developmental mechanism or mechanisms that might contribute
to cognitive control. Hernandez and Li (2007), although not
focused on cognitive control per se, provide a foundation for
considering this topic. In their review of the literature, they noted
that human development is characterized by successive waves
of change that begin in areas that are devoted to sensorimotor
processing, proceed to multisensory integration areas and end
with the development of the prefrontal cortex which binds the
senses and motor responses, paving the way for complex forms
of cognition. One important prediction is that early learning
involves greater potential for structuring the building blocks
of a much simpler system which carries with it effects at a
higher level. For example, age of acquisition effects, which
have been linked to brain areas involved in phonological and
prosodic processing, could then “spill over” to the processing of
grammar. Age of acquisition effects in grammatical processing
could be the outcome of the warping of sound space to particular
combinations of both speech and prosodic patterns that contain
grammatical information. Thus, the loss of plasticity in areas
involved in sensorimotor processing can have pervasive effects
beyond that level into other higher-level domains. As neural
connections are solidified, plasticity is lost (for a more extensive
discussion see Hernandez and Li, 2007).

Interestingly, this developmental view of sensorimotor
integration during early ages also sheds light on the possible effect
of early and later experience with a second language on cognitive
control. Here we will offer two examples that elucidate the ways
in which development can contribute to our understanding of

the relationship between cognitive control and the learning of
two languages. We will base our discussion around the notion
of an anterior to posterior/subcortical shift and its roots in a
developmental model of bilingualism.

SYMBIOSIS, PARASITISM AND
COGNITIVE CONTROL

Simultaneous bilinguals provide one of the most interesting test
cases for theories of language development. Learners of two
languages in infancy reveal utterances that are well organized
and toddlers are able to adapt to the language output of an adult
speaker (Genesee et al., 2008). At the same time, they can code-
switch and produce utterances with words from both languages.
Catch them early enough and infants exposed to two languages
will even babble in each language, producing utterances that
sound like one or the other language (Andruski et al., 2013). The
brain must adapt to these two systems from the beginning of life.

How might these early language effects influence cognitive
control? One mechanism proposed by Bialystok (2017) is that
of executive attention, which bilingual infants use to focus on
the mouths of speakers. Another mechanism would be at the
speech categorization level. For example, Krizman and Marian
(2015) suggest that the auditory system is intimately tied in
with the executive control system via the basal ganglia up into
cortical areas involved in cognitive control including the anterior
cingulate cortex (ACC) and the dorsolateral prefrontal cortex
(DLPFC). There are also feedback loops from the ACC back
down toward the basal ganglia. If one considers an individual
who learned two languages from a young age, it is likely
that adaptations at the level of the basal ganglia would have
happened due to the exposure to two distinct phonological
and prosodic patterns for each language. Thus, simultaneous
bilingualism would lead to a distinct set of neural signatures in
subcortical structures and in the basal ganglia in particular. Early
childhood bilingualism might involve attentional areas needed
to distinguish speakers of each language and to map space onto
language use. Later second language acquisition would involve
the prefrontal cortex to a greater extent, in order to overcome
the preponderant responses of the first language. In this view, the
pre-frontal cortex would become involved in order to overcome
an entrenched second language that might be parasitic on the
first language. This competitive and cooperative view of language
development at various ages takes us back to the notion of
development as being characterized by cascading interactions
at various neural levels, the hallmark of a Neuroemergentist
approach.

One final piece of this puzzle is to consider
neurocomputational models and how these might fit in
with a Neuroemergentist approach. Only one model of
bilingual cognitive control, Stocco’s “brain training” model has
a neurocomputational implementation (Stocco et al., 2014).
One interesting aspect is that Stocco’s model is not framed
around cognitive control per se but rather around reinforcement
learning. In this vein, the basal ganglia are recruited during the
learning process or in when automatized cognitive routines are
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unable to successfully complete a task (for example, in task-
switching). In these cases, the basal ganglia can amplify signals
from a selected source region to enhance the likelihood that this
signal will influence behavior despite weaker cortico–cortical
network connections.

That suggests that language history plays a role in learning
was conducted by Bradley et al. (2013). In that study, a group
of Spanish-English bilinguals and monolinguals were asked to
learn a set of “new” German words via translation. After reaching
90% correct, they were placed in the scanner and asked to
make a living/non-living judgment. The results revealed better
performance in the bilinguals in that they had lower reaction
times relative to monolinguals. In addition, bilinguals showed
increased activity in the putamen whereas monolinguals showed
relatively greater activity in the caudate nucleus and cortical
cognitive control areas. All of our bilingual subjects had learned
English relatively early in life. Thus, these results are consistent
with the view that an early age of second language acquisition
leads to neural adaptations when learning a new task. Together
with Stocco’s neurocomputational model they would suggest that
age of acquisition is not only affecting the content of cognition,
it may be also affecting the way in which the brain handles new
learning. Future studies could use a combination of brain and
computational science to further examine this question.

A FINAL NOTE ON NON-LINEAR
DYNAMICS

So far, our Neuroemergentist view, which has focused on the
sensorimotor aspect of early learning which differs from later
learning, suggests that signatures would include a dynamic
interaction between an individual and his or her environment.
The nature of this dynamic Neuroemergentist view can be
seen in the surprising result from a study on biomarkers and
behavioral responses in a group of middle-age monolingual and
bilingual participants in which early bilingualism was associated
with better performance on tasks of executive function (Estanga
et al., 2017). The early bilingual group was also found to have
a lower presence of t-tau levels in their cerebrospinal fluid
(CSF). The presence of a biomarker in the CSF is an unlikely
place to search for an effect of early bilingualism. However, this
biomarker is one that has received considerable attention in the
literature. One area that is subject to tau-pathology (Grudzien
et al., 2007), the locus coeruleus, has been posited to play a
role in cognitive reserve via noradrenergic stimulation (Mather
and Harley, 2016). Furthermore, the locus coeruleus, tyrosine-
hydroxylase-expressing (THþ) neurons have been found to
mediate post-encoding memory enhancement, possibly through
the release of dopamine in the hippocampus (Takeuchi et al.,
2016), another structure of crucial importance for Alzheimer’s
disease.

The fact that changes in the CSF are associated with language
learning history opens up two questions. The first revolves
around age of acquisition, a key topic that was discussed
at length in previous Neuroemergentist pieces (Hernandez
et al., 2005; Hernandez, 2013; Hernandez and Li, 2007;

Hernandez et al., In press). If early acquisition of two languages
involves earlier-developing neural systems, then one is left
wondering whether cognitive reserve in older adults is due to
the continued use of two languages across a long period of
time or due to the age at which second language exposure
began. The fact that this effect differed between two groups of
middle-age individuals with significant length of exposure and
use of two languages is consistent with the view that that age
of acquisition and not use of both languages may be leading to
greater cognitive reserve. This fits in with the view that learning
early in life is much more embodied, a view that has been found
in a number of domains both between, within, and outside of
language (Hernandez and Li, 2007; Hernandez et al., 2011).

Recently, we have proposed the term Neuroemergentism to
suggest that these non-linear interactions occur at the level of
the brain. To be clear, other researchers have suggested similar
approaches. This Neuroemergentist approach does share features
with Neuroconstructivism (Karmiloff-Smith, 2009, 2015) and
the Interactive Specialization (Johnson, 2011) approaches that
have been proposed by Karmiloff-Smith, Johnson and colleagues.
However, Neuroemergentism emphasizes the appearance of
effects from the combination of much smaller systems. This
fits with the examples given earlier. Namely, that low level
interactions in the auditory system of early bilinguals as well as
possible effects of arousal, attention and/or memory handled by
the locus coeruleus in concert with a wide range of other brain
areas, would lead to the presence of a pervasive effect that lasted
into middle age and beyond. The question remains of what late
bilingualism brings to the table. Here, our contention is that these
effects are more likely to appear in cortical systems and work their
way down to subcortical systems, leading to significant rewiring
(Li et al., 2014).

One question that remains with regard to Neuroemergentism
is what tangible alternatives it might offer compared to other
frameworks. First, because of its emphasis on the non-linear
dynamics of change, it takes into account developmental variables
that have not been traditionally considered in the ACH of
Abutalebi and Green as well as the Executive Attention proposal
of Bialystok. These developmental effects are likely the product
of varying forms of bilingual experience that could be studied as
well (Antoniou, 2018). Both of these generally do not consider
how development might contribute to cognitive control. Second,
our framework seeks to look at how cognitive control is built up
across time. This non-linear process has potential weakness in
that it could be seen as explaining any particular non-linearity
that might appear using the veil of Emergentism an apostierori
explanation. To overcome this limitation, Neurocomputational
Emergentism, actually seeks to find specific causes for emergent
behavior due to neural reorganization. One specific example
would involve the use of the “brain training” model of the
basal ganglia as proposed by Stocco and colleagues. It could
be adapted to handle linguistic input during development.
Additional experiments with children could then be used to look
at the effects of second or dual-language learning on cognitive
control. This would in turn generate new predictions. This cycle
of experimental observation of emergent behavior, modeling of
that behavior and new predictions would eventually allow a more
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complete view of what the causes of any particular advantage in
cognitive control might be. Although this framework is in an
early phase of development at this time, the issues discussed in
this piece point to the benefits of a Neuroemergentist approach
to this question.

However, rather than seeing bilingualism as a unique
contributor, within this Neuroemergentist view we would argue
that it serves as a window within which researchers can observe
the interconnectedness of neural systems that are thought to
be dissociated. In short, experience with two languages does
more than alter the neural substrate responsible for language.
Rather, the effects of language experiences are likely pervasive,
and not easily reduced to a simple reaction time advantage or a
single pattern of brain activity. In addition, the case of adoptees
goes beyond a simple bilingual/monolingual dichotomy. For
example, neural traces have been observed in adults even
when there is no conscious knowledge of a language that
was discontinued very early in childhood (Pierce et al., 2015).
Future endeavors should continue to use traditional methods in
behavioral and brain science along with computational models
that can handle the type of non-linear interactions seen in
development. The remaining question, thus, should not center on
whether language experience at different points in life affects or
does not affect cognition. The question is how it does. A question
that with the help of dynamic developmental frameworks such

as Neuroemergentism is likely to keep researchers occupied for
years to come.
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Multilingual Language Control and
Executive Function: A Replication
Study
Gregory J. Poarch*

Department of English Linguistics, University of Münster, Münster, Germany

Recent discussion has called into question whether navigating and controlling multiple

languages in daily life influences the development of executive function. Given the dearth

in replications of studies that have documented differences in executive function between

multilingual and monolingual children, the present study replicates a study on executive

function in children (Poarch and Van Hell, 2012a) with a child population from the same

educational and socio-economic background. Two executive function tasks (Simon and

Flanker) were administered to 163 children aged 5–13 years who were either monolingual

second language (L2) learners of English or multilinguals [German-English bilinguals or

German-Language X bilingual third language (L3) learners of English]. While the Simon

task yielded no differences between groups, the Flanker task differed significantly across

groupswithmultilinguals showing enhanced conflict resolution over L2 learners.While the

children’s performance on the two tasks yielded diverging results, the outcome is partially

in line with the view that enhanced executive function in multilingual children arises from

their permanent need to monitor, control, and shift between multiple languages. These

findings are discussed against the backdrop of varying inhibitory processes invoked

by the specific nature of the two tasks and of developmental trajectories of executive

function.

Keywords: executive function, simon task, flanker task, second language learners, bilinguals, third language

learners

INTRODUCTION

There is a growing body of research documenting that children who grow up with and regularly
use multiple languages exhibit differential non-verbal executive function compared to children
who only grow up and use one language. Such differences between multilingual and monolingual
children are assumed to be linked to the lifelong multilingual experience of having to control and
use multiple languages in daily life (for reviews, see Bialystok et al., 2012; Kroll and Bialystok, 2013;
Baum and Titone, 2014; Valian, 2015; Bialystok, 2017; Poarch and Van Hell, 2017; Poarch, 2018).
While there is ample experimental evidence in support of the notion that sustained and long-term
multilingual experience positively affects executive function development in children (e.g., Carlson
and Meltzoff, 2008; Poarch and Van Hell, 2012a; Poarch and Bialystok, 2015), there are now also
studies that have yielded no executive function differences between multilingual and monolingual
children (Duñabeitia et al., 2013; Antón et al., 2014; Gathercole et al., 2014).
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Given these mixed findings, and in order to move forward
in addressing the question of whether speaking more than one
language on a regular basis indeed impacts the development
of executive function, there is a need to replicate previous
findings of executive function differences between groups in
similar populations of children, and in doing so to possibly
identify more specifically under which conditions multilingual
children profit from their language control experience, and to
assess whether the specific experimental measures used so far
in the research field are unequivocally appropriate to adequately
tap executive function processes. The present study attempts
to address these issues by closely replicating a published study
(Poarch and Van Hell, 2012a) with a very similar population
from the same environment (extended to a larger age range)
and using the same types of experimental measures. Such an
approach is also warranted in light of the limited reproducibility
of research in psychological science (Open Science Collaboration,
2015).

Executive Function and Multilingualism
Our cognitive system is geared toward making choices in
daily life between alternative and competing responses (cf.
Keye et al., 2009). The mechanism responsible for detecting
situations in which such conflicting information is present,
needs to be processed, and subsequently resolved is subsumed
under the so-called executive function system. This system
incorporates cognitive functions such as selective attention,
updating information, shifting between sets of information,
and monitoring for and resolving conflict (see, e.g., Botvinick
et al., 2001; Engle, 2002; Miyake and Friedman, 2012; Diamond,
2013) and develops from early childhood until it reaches
maturity during adolescence (Anderson, 2002). The theoretical
basis of multilingualism affecting domain-general non-verbal
cognitive processing is grounded in the finding that the
processes subserving multilingual language control and non-
verbal cognitive control show extensive overlap (Declerck et al.,
2017; but see Calabria et al., 2015; Branzi et al., 2016, for evidence
of less overlap) and that multilinguals need to cognitively control
multiple competing languages and are exposed to nearly constant
cross-language activation and interaction (e.g., during lexical
processing; Thierry and Wu, 2007; Poarch and Van Hell, 2012b).
Such control processes, which are also drawn on during bilingual
language processing (e.g., Filippi et al., 2015) or when switching
from one language to another (e.g., Anderson et al., 2018a),
induce repetitive cognitive load that over time impacts the neural
networks responsible for and subserving executive function (e.g.,
Calabria et al., 2018). These processes are also assumed to
influence the development and efficacy of executive function
(see Green and Abutalebi, 2013; for comprehensive reviews, see
Bialystok, 2017; Antoniou, 2019).

There are numerous studies that have reported executive
function differences between groups of multilingual and
monolingual children matched on a variety of language and
social background variables (e.g., Carlson and Meltzoff, 2008;
Engel de Abreu et al., 2012; Morales et al., 2013; Blom
et al., 2014, 2017; Ladas et al., 2015; Poarch and Bialystok,

2015; Crivello et al., 2016; De Cat et al., 2018; Thomas-
Sunesson et al., 2018; for a review of research with children,
see Poarch and Van Hell, 2017). The study most relevant
to the present study, and the one described in detail at
this point, is that by Poarch and Van Hell (2012a) who
administered two executive function tasks (the Simon task
and a variant of the Flanker task) to four groups of children
(monolinguals, L2 learners, bilinguals, and trilinguals) aged
5–8. Bilinguals and trilinguals were defined as children who
regularly used multiple languages (see Surrain and Luk, 2017,
for how bilinguals are characterized in the literature). The study
aimed to extend previous research that had compared only
monolingual and bilingual children and to investigate executive
function in children who were matched on proficiency in their
first language (L1), on socio-economic status, while differing
on language backgrounds and proficiency in their second
language (L2). In the Simon task (Experiment 1), bilinguals and
trilinguals showed significantly faster conflict resolution than
monolinguals, and marginally so than L2 learners. Furthermore,
bilinguals and trilinguals did not differ in their performance,
and L2 learners and monolinguals did not differ either. The
performance in the Flanker-type task yielded similar results,
with bilinguals and trilinguals outperforming L2 learners in
resolving conflict induced by the incongruent condition (see
Description of tasks and measures below). Note that there was no
monolingual participant group in Experiment 2. These findings
were interpreted as indicating enhanced inhibitory control for
bilinguals and trilinguals over L2 learners (and monolinguals
in Experiment 1) stemming from the necessity for multilingual
children to control their developing and interacting languages.
Training language control processes regularly and repeatedly
may boost the multilingual children’s shifting of attention, task
monitoring, and conflict resolution in these tasks. Alternatively, it
may also modulate the impact of distracting information during
task performance.

However, as indicated above, there are studies reporting
no differences between multilingual and monolingual children
in executive function task performance (Duñabeitia et al.,
2013; Antón et al., 2014; Gathercole et al., 2014; Ross and
Melinger, 2017). As such, the latter studies can be seen to
challenge the assumption that multilingualism has an effect on
the development of executive function and have fuelled the
discussion on whether and howmultilingual language experience
can impact executive function (see, e.g., Poarch and Van Hell,
2017), and whether the executive function tasks used are ideally
equipped to measure the efficacy of the executive function system
(see Valian, 2015; Poarch and Van Hell, in press).

Description of Tasks and Measures
There are a number of experimental paradigms that tap non-
verbal cognitive processes, two of which have been used
ubiquitously in the field of research on multilingualism and
executive function: the Eriksen Flanker task (1974) and the
Simon task (Simon and Rudell, 1967). Both tasks are thought
to induce cognitive conflict during task performance, requiring
selective attention to identify conflict and subsequent cognitive
resources for conflict resolution (see, e.g., Hommel, 2011;
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Wöstmann et al., 2013), albeit in slightly different manners.
While the Flanker task uses arrays of arrows that are
either congruent or incongruent to measure resistance to the
interference of flanking distractors (Friedman andMiyake, 2004),
the Simon task uses colored squares to induce conflict by a spatial
stimulus-response mismatch in incongruent trials compared to
an absence of a mismatch in congruent trials.

Note that in Poarch andVanHell (2012a) amodified andmore
elaborate version of the Flanker task was used, the Attentional
Networks Task (ANT; Fan et al., 2002; Rueda et al., 2004). In
essence, the ANT is a Flanker task (with the customary inhibitory
control component that requires inhibiting distractors) with
added executive function components, namely alerting and
orienting. However, these additional components are disregarded
in the present study in order to focus on the main question
at hand as to whether multilinguals and monolingual differ in
conflict monitoring and inhibitory control.

In both tasks, beyond inspecting overall reaction times in the
congruent and incongruent conditions, a difference score as an
index of inhibitory control is calculated (the congruent condition
reaction time subtracted from the incongruent condition
reaction time). The difference score magnitude indicates how
strongly distracted individuals are in the incongruent condition
compared to the congruent condition. A larger magnitude
indexes poorer interference control (for a more detailed account
of how performance in these tasks can be modeled, see Botvinick
et al., 2001; Keye et al., 2009).

Finally, since the Simon task and the Flanker task are used
to tap participants’ conflict monitoring and inhibitory control,
performance on both tasks can be expected to correlate positively.
For conflict monitoring, overall processing speed across the
tasks should correlate, for inhibitory control, performance on
incongruent trials and the difference score should correlate across
tasks (see, e.g., Keye et al., 2009; Wöstmann et al., 2013). In
contrast, if there is no correlation across task performance,
the tasks may not entirely tap the same executive function
components (see Fan et al., 2003; Valian, 2015).

To the author’s knowledge, there are only two studies
with children that have correlated performance across the
two tasks of interest (Ross and Melinger, 2017; Poarch and
Van Hell, in press). Ross and Melinger (2017) found child
bilinguals, bidialectals, and monolinguals to not differ on overall
performance and the calculated difference scores in the Simon
and Flanker tasks. Critically, the congruent and incongruent
reaction times correlated significantly across tasks indicating
convergent validity. The difference scores indexing inhibitory
control were, however, not analyzed separately. In contrast,
Poarch and Van Hell (in press) re-analyzed the data from
their original study (Poarch and Van Hell, 2012a) and found
that neither congruent and incongruent conditions nor the
difference score correlated across tasks, which in turn calls the
convergent validity across tasks into question (see also Paap
and Greenberg, 2013). The inconsistent convergent validity
for these executive function tasks (see also Keye et al., 2009)
indicates that one (or both) of the tasks may not fully or
only partially measure the efficacy of the conflict monitoring
mechanism.

The Present Study
The main objective of the present study is to replicate previous
work by Poarch and Van Hell (2012a), using the same task
types and experimental set-up (Simon and Flanker), with a very
similar population from the same environment (second language
learners, bilinguals and bilingual third language learners), and in
an extension, to also focus on children from a wider age range.
Bilinguals and bilingual third-language learners are defined here
as regular users of either two or three languages (Surrain and
Luk, 2017). Both groups of children have been found to exhibit
similar effects on executive function development compared to
monolingual children, irrespective of the number of languages
controlled on a daily basis (Poarch and Van Hell, 2012a; Poarch
and Bialystok, 2015). Accordingly, similar executive function task
performance by bilinguals and bilingual third language learners
was expected. Hence, for the purpose of the present study, in the
initial analyses the two groups were collapsed into a single group
of multilinguals (subsequently, the two groups were also analyzed
separately to confirm that their performance was indeed similar)
and the following predictions were made:

1) If the cognitive effort of constantly controlling multiple
languages has an effect on executive function development,
then executive function task performance should differ
between monolingual second language learners with little
language control experience and multilinguals with more
extensive language control experience.

2) The difference in performance between multilinguals and
second language learners could be displayed by: (a) better
overall performance by multilingual compared to second-
language learners, which would amount to more efficient
selective attention and task monitoring in executive function
tasks in which participants are faced with congruent and
incongruent stimuli. Such a performance difference has been
interpreted as enhanced general-domain executive function
in multilinguals (e.g., Martin-Rhee and Bialystok, 2008;
Yang et al., 2011; Kapa and Colombo, 2013); and/or (b)
a smaller difference between performance on congruent
and incongruent stimuli, yielding a smaller difference score
magnitude and better inhibitory control for multilinguals,
which would amount to enhanced domain-specific executive
function (e.g., Engel de Abreu et al., 2012; Poarch and Van
Hell, 2012a; Poarch and Bialystok, 2015; Yang and Yang,
2016).

Furthermore, employing two tasks ubiquitously used in past
research to tap cognitive processing in bilingual andmonolingual
children allowed for correlational analyses of the children’s
performance on the two tasks. Note that only very few studies
so far have used these executive function tasks in children and,
critically, have subsequently correlated task performance (Ross
and Melinger, 2017; Poarch and Van Hell, in press).

MATERIALS AND METHODS

Participants
Participants were 163 children, 5- to 13-years old, who attended
private primary and secondary German-English immersion
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schools in Frankfurt, Germany. Four children were excluded
due to incomplete data sets and/or background information.
Thus, of the remaining 159 children, 77 children were German
monolingual second language learners of English (henceforth
L2 learners; 43 girls), 34 German-English bilinguals (12 girls),
and 48 German-Language X third-language learners of English
(henceforth L3 learners; 30 girls). The children’s mean age was
9.7 years (SD= 2.3; range= 5.2–13.3 years).

Signed consent was provided by the children’s parents1, who
also completed an earlier version of the Language and Social
Background Questionnaire (LSBQ; Anderson et al., 2018b), in
which the home language environment and proficiency in each
language is assessed. The L2 learners were all native speakers
of German and had been learning English for an average of
1.8 years (SD = 1.5). The bilingual children lived in homes in
which German and English were the primary languages, with
German being the main language outside the home, and German
and English used at school. They had been learning English in
educational contexts for an average of 3.0 years (SD = 1.6).
The L3 learners spoke two languages at home (one of which
being German), German and English at school, and had been
learning English for an average of 1.8 years (SD = 1.5). The
home languages spoken apart from German included Arabic
(5), Croatian (2), Danish (2), Dutch (3), Eritrean (1), Greek (2),
Hebrew (2), Hindi (1), Italian (4), Japanese (3), Lithuanian (1),
Polish (3), Portuguese (2), Russian (4), Serbian (1), Spanish (5),
Swedish (2), Turkish (3), Urdu (1), Vietnamese (1).

Parents were asked to rate their children’s daily language usage
on a set of 5-point scales that extended from “All German” (0)
to “Only other language” (4). An average score of 2 indicates
that home communication was divided equally between German
and other languages. The mean score across these scales for L2
learners was 0.7 (SD = 0.5), for bilinguals it was 2.1 (SD = 1.1),
and for L3 learners it was 1.9 (SD = 0.9), indicating that the
monolinguals’ homes functioned primarily in German, while
those of the bilinguals and L3 learners showed a more balance
use of German and English or German and another language,
F(2, 156) = 55.75, p < 0.001, with subsequent Tukey post-
hoc analyses confirming the assumption that bilinguals and L3
learners did not differ significantly, p = 0.48, whereas both
differed significantly from L2 learners, ps < 0.001. Parents’
highest levels of education (on a 5-point scale: 1= not completed
high school to 5 = graduate or professional degree) were
collapsed across both parents and used to index socio-economic
status (SES). There were no differences between groups, F < 1,
p > 0.80. Background measures are reported in Table 1.

As mentioned above, bilinguals and L3 learners were expected
to perform similarly on the executive function tasks, and were
thus subsumed under the label multilinguals. This resulted in
subsequent comparisons of two instead of three groups.

1There is no ethics committee available for experimental studies conducted with

human participants at the Faculty of Philology, University of Münster. The present

study is in accordance with local legislation and the institutional requirements and

follows the Code of Ethics “Rules of Good Scientific Practice” of the University

of Münster (2002) and The European Code of Conduct for Research Integrity

(European Federation of Academies of Sciences and Humanities, 2017).

TABLE 1 | Mean scores (and standard deviations) for background measures by

language group.

L2 learners

(n = 77)

Bilinguals

(n = 34)

L3 learners

(n = 48)

Sex (female/male) 43/34 12/22 30/18

Age (years) 9.78 (2.25) 9.14 (2.29) 9.98 (2.28)

Length of Immersion (English) 1.83 (1.61) 3.04 (1.63) 1.79 (1.46)

Home language environmenta 0.68 (0.51) 2.07 (1.08) 1.87 (0.89)

Parents’ educationb 3.46 (0.72) 3.52 (0.65) 3.53 (0.75)

PC usage (hours per day) 0.68 (0.54) 0.76 (0.54) 0.69 (0.50)

TROG-D standard scorec 105.12 (12.31) 104.44 (17.09) 103.77 (16.78)

TROG-2 standard score 73.42 (14.69) 99.88 (11.71) 81.15 (16.20)

Raven’s standard score 98.42 (11.42) 103.82 (12.50) 100.00 (10.21)

aHome language environment was quantified using a 5-point scale where 0, “All German”;

2, “Half German; half other language(s)”; 4, “Only other language.”
bEducation was quantified using a 5-point scale where 1, no high school diploma; 2, high

school graduate; 3, some college or college diploma; 4, bachelor’s degree; 5, graduate

degree; score collapsed across parents.
cTROG-D German standard score calculated by transforming TROG-D T-score (range 20

to 80; M = 50, SD = 10) to TROG-2 English standard score (range of 55–145; M = 100,

SD = 15). Formula for converting T-scores into standard scores: b = {[(a–a mean)/a SD]

x b SD} + b mean, where a = T-score and b = standard score.

MATERIALS AND PROCEDURE

The background measures and experimental tasks were
completed by the children in one session of approximately
45min. First, one of the language proficiency tasks was
administered, followed by one of the executive function
tasks, the Raven’s test, the other executive function task, and
finally the other language proficiency task. The order of the
language proficiency tasks and executive function tasks was
counterbalanced. The children were informed before the
experiment session began that they could choose to discontinue
being tested at any time during the testing session. Each child was
tested individually in a quiet room of their schools by a trained
experimenter. Once the session was completed, the children
received a small gift for the participation.

Background Measures
Test for Reception of Grammar
The Test for Reception of Grammar measures the receptive
language proficiency of children. It was originally created by
Bishop for English (TROG-2; Bishop, 2003), and is also available
in revised and amended version for German (TROG-D; Fox,
2006). While the materials used in both test versions have some
overlap, half the items are different. To counteract any spillover
effects, the two tests were administered in a counterbalanced
manner at the beginning and at the end of the test battery.

Raven’s Colored Progressive Matrices
The Raven’s CPM test (Raven et al., 1998) is a measure of non-
verbal visuospatial reasoning. Participants are shown two arrays
of colored pictures: one picture forms a pattern and a second one
depicts potential components of the pattern. Participants must
indicate the picture in the second array that best matches and
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fits into the picture in the first array. Results are calculated as
standard scores corrected for age.

Executive Functions Tasks
The executive function tasks were the Simon task (Simon and
Rudell, 1967) and the Flanker task (Eriksen and Eriksen, 1974).

Simon Task
In the Simon task, the children see single colored squares on
the computer screen and need to press a left or right button to
indicate the color of the square. The position of each square on
the screen renders a condition either congruent (e.g., a red-color
square on the left calls for a left button press) or incongruent
(e.g., a red-color square on the right calls for a left button
press). Incongruent trials induce response conflict through a
spatial stimulus-response mismatch, the resolution of which
requires participants to draw on inhibitory processes for conflict
resolution. In contrast, congruent trials with a spatial stimulus-
response match induce no conflict. Each trial was initiated
with a fixation cross at screen center 350ms prior to stimulus
onset, followed by a blank screen for 150ms, after which the
stimulus was displayed. Each stimulus remained on screen until
a participant response or for a maximum of 3,000ms. Before
each next trial, an inter-trial interval of 850ms ensued. All trials
were counterbalanced with left/right responses. The experiment
was presented in four blocks. First, there was a block of 12
practice trials to make participants familiar with the experiment.
After this, there were three mixed blocks of 42 trials (14 central,
congruent, and incongruent trials each), presented in a randomly
generated order by the E-prime program.

Flanker Task
In the Flanker task, the children need to indicate the direction
of a target arrow (pointing left or right) in the middle of an
array of five arrows, using two buttons on a serial response box,
Depending on which variant of the task is used, there are up to
four types of trials. Baseline trials display a single arrow in the
middle of the screen, while in neutral trials, two diamonds each
flank the central arrow. These trial types were not used in the
present study since they are sometimes reported in research but
rarely analyzed (similarly to the central condition in the Simon
task). Congruent trials show the flanking arrows pointing in the
same direction as the target arrow, while incongruent trials have
target and flanking arrows pointing in opposite directions. Each
trial was initiated with a fixation cross at screen center 350ms
prior to stimulus onset, followed by a 150ms blank, and then
immediately by a stimulus. Each stimulus remained on screen
until a participant response or for a maximum of 3,000ms.
The experiment was presented in five blocks. First, there was a
block of 12 random congruent and incongruent practice trials
to familiarize participants with the experiment. Then, there were
four mixed blocks of 32 trials (16 congruent and 16 incongruent)
presented in a randomly generated order by E-prime. Prior to
each next trial, an inter-trial interval of 850ms ensued. Only RTs
of correct responses were included in the analysis.

By subtracting the performance in the congruent condition
from that of the incongruent condition, a difference score

indexing inhibitory control is calculated in both the Simon
and the Flanker task. The magnitude of each difference score
indicates the distraction by the induced conflict experienced by
individuals. Larger difference scores indicate less efficient conflict
resolution and interference control.

RESULTS

Results from the demographic background, German and English
receptive grammar, and non-verbal intelligence measures are
presented in Table 1.

T-tests comparing the two groups’ scores for German and
English receptive grammar and non-verbal intelligence showed
no difference in either German receptive grammar, p = 0.65, or
in non-verbal intelligence, p = 0.11, while the children did differ
in English receptive grammar, p < 0.001. One-way ANOVAs
comparing the three original groups confirmed these results:
German receptive grammar, p > 0.50, non-verbal intelligence,
p > 0.10, English receptive grammar, p < 0.001 (Tukey post-
hoc comparisons, all ps < 0.01), with the bilinguals showing the
highest scores, followed by the L3 learners, and the lowest scores
by L2 learners.

Mean response times (RT) and mean accuracy rates were
calculated for each condition of the two executive function tasks.
Central trials in the Simon task were part of the experimental set-
up; however, they are conventionally not compared in subsequent
analyses and are thus not reported here.

Data Trimming Procedure
Incorrect responses (Simon: 3.9% for the congruent condition,
9.6% for the incongruent condition; Flanker: 1.8% for the
congruent condition, 5.1% for the incongruent condition) were
excluded from the RT analysis, as were outliers with RTs shorter
than 200ms (Simon: 0.6% for the congruent condition, 0.6%
for the incongruent condition; Flanker: 0.7% for the congruent
condition, 1.1% for the incongruent condition). Contrary to
Poarch and Bialystok (2015), RTs above 2,000ms were not
considered outliers (see Zhou and Krott, 2016, for rationale; see
also De Cat et al., 2018). RT and accuracy data for both tasks are
presented in Table 2.

Simon Task Results
RTs and accuracies on the two critical trial types in the Simon
task, the congruent and incongruent trials, were analyzed using
repeated measures mixed ANOVAs with trial type (congruent
and incongruent) as within-group variable and language group
(L2 learners, multilinguals) as between-group variable, and given
the substantial age range, age was entered as a covariate. The
RT analysis yielded a significant main effect of trial type,
F(1, 156) = 68.24, η

2
= 0.28, p < 0.001, no significant effect

of language group, F(1, 156) < 1.5, η
2

< 0.01, p = 0.23,
and a significant effect of age, F(1, 156) = 143.52, η

2
=0.48,

p < 0.001. Furthermore, there was no significant interaction
between trial type and language group, F(1, 156) < 1.1, η

2
<

0.01, p = 0.34, and a significant interaction between trial type
and age, F(1, 156) = 15.29 η

2
= 0.06, p < 0.001, with the

children in the middle age range showing less performance
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TABLE 2 | Mean RT and accuracy scores (and standard deviations) in Simon and

Flanker task by language group.

Language Group

L2 learners Multilinguals L2 learners Multilinguals

Condition/Task Simon Flanker

RT

(a) Congruent 592 (122) 577 (128) 713 (246) 670 (197)

(b) Incongruent 649 (129) 641 (142) 798 (269) 725 (198)

(c) Conflict (b–a) 57 64 85 55

ACCURACY

(a) Congruent 0.965 (0.038) 0.959 (0.050) 0.981 (0.029) 0.980 (0.034)

(b) Incongruent 0.906 (0.075) 0.902 (0.071) 0.942 (0.076) 0.952 (0.055)

(c) Conflict (b–a) 0.059 0.057 0.039 0.028

overlap across groups than the younger and older children, who
showed a large performance overlap in both conditions. The
non-significant interaction between trial type and language group
was confirmed by the similar conflict magnitudes (incongruent
condition RTs—congruent condition RTs) for L2 learners (57ms)
and multilinguals (64ms).

The accuracy analysis similarly yielded a significant main
effect of trial type, F(1, 156) = 11.40, η

2
= 0.07, p < 0.001,

none of language group, F(1, 156) < 1, η
2

< 0.01, p > 0.50, and
a significant main effect of age, F(1, 156) = 10.37, η

2
= 0.06,

p = 0.002. Furthermore, there were no significant interactions,
Fs(1, 156) < 1.3, ηs2 < 0.01, ps> 0.26. The results indicate that the
groups performed similarly overall (no domain-general executive
function difference) and displayed similar effect magnitudes (no
domain-specific inhibitory difference), and as such did not differ
in resolving conflict in the Simon task.

Flanker Task Results
Subsequently, performance on the congruent and incongruent
trials of the Flanker task was analyzed in the same way as for
the Simon task. The RT analysis yielded a significant main effect
of trial type, F(1, 156) = 24.96, η

2
= 0.13, p < 0.001, a main

effect of language group, F(1, 156) = 7.77, η
2
= 0.02, p = 0.006,

and a main effect of age, F(1, 156) = 187.34 η
2
= 0.53, p <

0.001. Furthermore, there was a significant interaction between
trial type and language group, F(1, 156) = 12.59, η

2
= 0.06,

p < 0.001, but none between trial type and age, F(1, 156) <

1.7, η
2

< 0.01, p = 0.20. The interaction between trial type
and language group was further investigated through a separate
one-way ANOVA on the conflict magnitudes, F(1, 157) = 12.19,
η
2
= 0.07, p < 0.001, showing a larger conflict for L2 learners

(85ms) than for multilinguals (55ms). This result was further
confirmed by comparisons of performance on congruent and
incongruent conditions separately. While the groups did not
differ significantly in the congruent condition, F(1, 157) = 1.44,
η
2

< 0.01, p = 0.23, they did so marginally in the incongruent
condition, F(1, 157) = 3.76, η2

= 0.02, p= 0.054, which is assumed
to have driven the significant main effect of language group.

The accuracies were at ceiling performance and the analysis
yielded no main effect of trial type, F(1, 156) = 1.6, η

2
= 0.01,

p = 0.21, none of language group, F(1, 156) < 1, η
2

< 0.01,
p = 0.56, but a significant main effect of age, F(1, 156) = 11.82,
η
2
= 0.07, p < 0.001. Furthermore, there were no significant

interactions, F(1, 156) < 1.9, η
2

< 0.02, p > 0.18. As such, the
results show no overall faster performance for multilinguals
compared to L2 learners. However, they do indicate that
multilinguals exhibit enhanced conflict resolution over L2
learners in the Flanker task and thus better domain-specific
inhibitory control.

To tease apart whether the collapsed group of multilinguals
also differed from the L2 learners when separated into the original
two groups of bilinguals and L3 learners, a repeated measures
mixed ANOVAs with trial type (congruent and incongruent) as
within-group variable, language group (L2 learners, bilinguals,
L3 learners) as between-group variable, and age as a covariate
was conducted on the Flanker RTs only. The RT analysis yielded
significant main effects of trial type, F(1, 156) = 21.93, η2

= 0.12, p
< 0.001, of language group, F(1, 156) = 4.90, η2

= 0.03, p= 0.009,
and of age, F(1, 156) = 190.32, η2

= 0.54, p < 0.001. Furthermore,
there was a significant interaction between trial type and language
group, F(1, 156) = 6.26, η2

= 0.07, p = 0.002, but none between
trial type and age, F(1, 156) < 1.7, η

2
< 0.01, p = 0.21. The

interaction between trial type and language group was further
investigated through a separate one-way ANOVA on the conflict
magnitudes, yielding significant differences between groups,
F(1, 157) = 6.09, η2

= 0.07, p= 0.003.Tukey post-hoc comparisons
showed that bilinguals (57ms) and L3 learners (54ms) both
resolved conflict significantly faster than L2 learners (85ms),
p= 0.034 and p= 0.006, respectively. Critically, bilinguals and L3
learners did not differ significantly, p= 0.96. The results confirm
the two-group comparison above and indicate that bilinguals
and L3 learners showed smaller effect magnitudes and were
thus better at resolving conflict than L2 learners in the Flanker
task.

Bayes Analyses
Finally, in an attempt to confirm the results obtained from the
repeated measures ANOVA and to better adjudicate between
the null hypothesis (H0), which means that the groups of
children did not differ significantly in their performance, and the
alternative hypothesis (H1), namely that the groups did indeed
differ, Bayes factor analyses were performed (Wagenmakers et al.,
2016) using JASP (JASP Team, 2018). Bayes factors indicate
the weighted evidence either for or against specific effects of
interest, which is displayed using BF01 for evidence in favor of
the null hypothesis (H0) vs. BF10 for evidence in favor of the
alternative hypothesis (H1) (for more detailed information on
Bayesian inference, see Wagenmakers et al., 2018). For example,
Bayes factors below 1 provide little evidence for the effects of
interest, whereas Bayes factors above 30 provide very strong
evidence for such effects (see Figures 1, 2). For the difference
score obtained in the Simon task, the Bayes factor with a BF10
value of 0.28 indicated moderate evidence for the null hypothesis
(see Figure 1), which means the difference scores across groups
were similar. In contrast, for the Flanker task difference scores,
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FIGURE 1 | Bayes factor analysis on the Simon difference score. (A) Prior and posterior; (B) Bayes factor robustness check.

FIGURE 2 | Bayes factor analysis on the Flanker difference score. (A) Prior and posterior; (B) Bayes factor robustness check.

there was strong to very strong evidence for the alternative
hypothesis, indicating that the language groups differed, with
a BF10 value of 41.22 (see Figure 2). The latter Bayes factor
indicates that the data are 41.22 times more likely under H1 than
under H0.

Correlational Analyses Simon Task and
Flanker Task
The present study employed two executive function tasks that are
customarily used to tap individuals’ inhibitory control. Hence,
one could hypothesize that performance on one task should
correlate with that on the other (see Poarch and Van Hell,
in press, for a more detailed rationale). To test this hypothesis,
RT performance from both tasks on the congruent condition, the
incongruent condition, and the resulting difference score (i.e.,
the conflict magnitudes also referred to as the Simon effect and
the Flanker effect) were entered into a correlational analysis (see
Table 3).

Within-Task Correlations
The Simon task congruent and incongruent conditions
correlated significantly, r= 0.95 p< 0.001, as did the incongruent
condition and the Simon effect, r = 0.40, p < 0.001, while the
congruent condition and the Simon effect did not, r = 0.10,

p = 0.20. For the Flanker task, the congruent and incongruent
conditions correlated significantly, r = 0.97 p < 0.001, as did
the incongruent condition and the Flanker effect, r = 0.37,
p < 0.001, and the congruent condition and the Flanker effect
correlated marginally, r = 0.14, p= 0.07.

Cross-Task Correlations
The Simon and Flanker congruent conditions, r = 0.71,
p < 0.001, and the incongruent conditions, r = 0.70, p < 0.001,
correlated significantly. Critically, however, the Simon and
Flanker effects did not correlate, r = 0.07, p= 0.37.

Finally, the Simon and Flanker effects were entered into a
correlational analysis with the Home Language Environment
score as an index for howmultilingual the language environment
of the children was outside of their educational context. While
the Home Language Environment score and the Simon effect
showed no significant correlation, r = −0.06, p = 0.47, the
Home Language Environment score and the Flanker effect
correlated significantly, r =−0.16, p= 0.05. Evidently, the more
multilingual the children’s environment was, the better they were
at resolving conflict in the Flanker task, but not in the Simon
task. Hence, the tasks may be tapping different components of
executive function and inhibitory control (see Discussion for a
more detailed interpretation). As Keye et al. (2009) have also
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TABLE 3 | Pearson correlations between performance in task conditions and

measures of inhibitory control.

Conditions and

congruency

effects

Simon Flanker

1 2 3 4 5 6 7

1. Simon

congruent

— 0.954*** 0.102 0.713*** 0.688*** 0.077 −0.051

2. Simon

incongruent

— 0.396*** 0.726*** 0.703*** 0.092 −0.065

3. Simon effect — 0.225** 0.228** 0.071 −0.061

4. Flanker

congruent

— 0.972*** 0.142◦
−0.107

5. Flanker

incongruent

— 0.370** −0.137◦

6. Flanker effect — −0.156*

7. Home lang.

environment

—

Cross-correlations significant at p < 0.05*; at p < 0.01**; at p < 0.001***; and marginally

significant at p < 0.10◦; all in bold.

pointed out, the conflicts induced in both tasks are likely caused
by more than one source of variance, which may make it is less
likely to find a correlation of the conflicts across tasks.

DISCUSSION

The rationale for the present study was to explore whether
the sustained cognitive control exerted on a daily basis by
multilingual children in order to control their languages
affects the development of their non-verbal executive function
differently than that of monolingual children, and, in doing so, to
replicate an earlier study by Poarch and Van Hell (2012a) with a
very similar population living in the same language environment
but extended to a wider age range. While the original study had
focused on children aged 5–8, the present study tested 5- to 13-
year old children. For this purpose, two executive function tasks
were administered to the children to investigate whether their
performance would differ across groups in their task monitoring
(i.e., overall speed) and in their resolution of conflict (i.e., the
difference score).

The Simon task data yielded no difference between groups,
with multilinguals and monolinguals performing similarly both
in overall speed and accuracy and in the obtained difference
score. In contrast, the Flanker task showed that multilinguals
and monolinguals differed significantly in their efficacy to resolve
conflict, notably, and critically driven by differing performance
in the incongruent condition, in that multilinguals displayed
significantly smaller difference scores than monolinguals. While
the Simon tasks results are not in line with those of the previous
study, the Flanker results corroborate the earlier findings.

In light of these mixed findings, two issues will be highlighted
and discussed in the following: (1) the nature of the population
tested and matching of groups, and (2) the type of tasks used to
tap executive function.

First, previous mixed findings have, amongst other
explanations, been attributed to various factors inherent in

comparing groups experimentally, such as whether or not
multilingual and monolingual children had been adequately
matched on first language proficiency and socio-economic status
(Paap et al., 2015). However, as Poarch and Van Hell (2017)
have pointed out, the matching of children groups has not been
overtly systematically different—in both research documenting
differences between groups and that reporting null-results—to
serve as a sufficient explanation for the mixed results (see
also Baum and Titone, 2014; Bialystok, 2017). In the present
study, the groups of children all attended private immersion
schools, were meticulously matched on age, socio-economic
status, fluid intelligence, PC usage, and L1 proficiency. The
groups did differ, however, on the background variables L2
proficiency and home language environment, which are exactly
those that could be assumed to differentiate multilinguals from
monolinguals. Additional information on multilingual language
usage patterns following the Adaptive Control Hypothesis by
Green and Abutalebi (2013) may, in the future, offer a more
fine-grained assessment of multilingual individuals and offer
insight into within-group differences based on distinct contexts
of multilingual interaction. According to Green and Abutalebi,
single language, dual language, and dense code-switching
contexts in a multilingual’s life require differing degrees of
cognitive control and thus also pose varying demands on the
executive function system (see also Yang et al., 2016). However,
for researchers to utilize such information, multilingual
participants would need to be able to validly indicate which of
these contexts pervade their lives. Moreover, a caveat to most
research conducted in the field so far is that there are other
lifestyle variables that have an effect on the development of
executive function and may thus also influence performance on
executive function tasks. Musical expertise (Peretz and Zatorre,
2005; Zuk et al., 2014; Schroeder et al., 2016) has been shown to
be one of these variables, as has physical exercise (Best, 2010),
dietary intake (Kim and Wang, 2017), circadian rhythm (Hahn
et al., 2012), and sleep quality (Kuula et al., 2015). Future research
could take all these additional variables into account and possibly
an array of others (see Bak and Robertson, 2017), although the
measurement of all of these may prove rather cumbersome in
the scope of experimental research conducted in the field. What
is striking, however, is that the effects on executive function of
these diverse lifestyle variables seem to be less controversial than
those of using multiple languages in daily life (cf. Bak, 2016).

Second, two prominent tasks in multilingualism research, the
Simon and the Flanker task, have in the past been interchangeably
and ubiquitously used to investigate executive function, and
more specifically, conflict resolution, inhibitory control, and
task monitoring. However, on closer inspection, the two tasks
display differences in task demands that may inadvertently
draw on both overlapping and non-overlapping subcomponents
of executive function during task performance. According to
Botvinick et al. (2001), both tasks can be described using the
conflict monitoring and control theory, in which a conflict
detector in the brain’s ACC is triggered by a conflict signal.
In the prefrontal cortex, control processes are then engaged
to focus on relevant stimulus features in the task, which is
stimulus location in the Simon task and feature dimension in
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the Flanker task. Subsequently, stimulus-response compatibility
is determined, upon which initiation of the correct response
follows. While in both tasks, performance depends on whether
the condition is compatible or incompatible, performance is
modulated differently: in the Simon task through stimulus-
response compatibility and bi-dimensional perceptual and motor
conflicts, whereas in the Flanker task through stimulus–stimulus
compatibility and uni-dimensional perceptual conflict (e.g., Keye
et al., 2009; Ambrosi et al., 2016; see also Posner, 1980;
Abrahamse and Van der Lubbe, 2008; Snyder et al., 2015).
As such, these differences in how conflict is elicited may
engage partially differing cognitive processes and induce varying
cognitive loads during task performance, possibly alsomodulated
depending on the age of the participant. Given the disparate
developmental trajectories of the various executive function
subcomponents in children (Anderson, 2002), one may adduce
that children at varying ages may be differentially cognitively
taxed during task performance of the Simon and the Flanker. The
findings by Poarch and Van Hell (2012a), who found differences
between groups in both the Simon and the Flanker for 5- to
8-year-old children, and the results of the present study with
5- to 13-year-old children, who differed only in the Flanker
task, speaks to the effect of age on task performance and its
development.

The correlational analyses conducted in the present study are
thus informative as they indicate significant correlations across
task conditions, corroborating the results reported by Ross and
Melinger (2017), who found the performance of their groups
of children to correlate across tasks (see also Poarch et al.,
2018, for adults). However, in the present study, similarly to
Poarch and Van Hell (in press), the difference score did not
correlate significantly across tasks (see Kousaie and Phillips,
2012; Paap and Greenberg, 2013, for adults). The mixed findings
from these correlational analyses are thus inconclusive as to
whether these two measures of executive function tap conflict
resolution, inhibitory control, and task monitoring similarly,
which could be expected according to Miyake and Friedman
(2012) if the same underlying cognitive processes were engaged
during task performance. The present study’s correlational results
indicate the engagement of similar subcomponents of task
monitoring across tasks (i.e., correlation of the two conditions)
but separable subcomponents of inhibitory control (i.e., non-
correlation of difference score). Furthermore, while the home
language environment as an index of degree of multilingualism
correlated significantly with the Flanker task difference score,
this was not the case for that of the Simon task. The partially

diverging cognitive demands posed by the two tasks may thus

be critical in whether or not differential performance emerges in
multilinguals and monolinguals and whether their performance
correlates (Macnamara and Conway, 2014; Ambrosi et al., 2016;
Qu et al., 2016; for a more detailed discussion, see Poarch
and Van Hell, 2017, and Poarch and Van Hell, in press). This
may, all the more so, be the case for individuals such as
children in whom executive function development is still ongoing
(Anderson, 2002).

CONCLUSION

The present study aimed at replicating earlier research in a
population from the same language environment using the same
experimental design. The results offer partially corroborating
evidence of systematic differences in executive function between
multilingual and monolingual children aged 5–13. Given
the debate on the findings in the executive function and
multilingualism literature, culminating in titles such as “There
is no coherent evidence for a bilingual advantage in executive
processing” (Paap and Greenberg, 2013), the present findings
partially replicate earlier findings and tentatively support the
view that multilingualism indeed has an effect on executive
function task performance, albeit depending on which tasks
is used. The differing performance of the groups across tasks
was hypothesized to be driven by factors such as differences
in induced cognitive load and task complexity. Furthermore,
differences in individuals’ language backgrounds, language usage
patterns, and other lifestyle variables may have a crucial impact
on the course of executive function development in children
(Baum and Titone, 2014; Van Hell and Poarch, 2014). Future
research may want to draw on more sensitive measures of
executive function and aim at testing children longitudinally
to better trace the development of executive function over
time.
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There is currently a lively debate in the literature whether bilingualism leads to enhanced
cognitive control or not. Recent evidence suggests that knowledge of more than
one language does not always suffice for the manifestation of a bilingual cognitive
control advantage. As a result, ongoing research has focused on modalities of
bilingual language use that may interact with the bilingual advantage. In this study, we
explored the cognitive control performance of simultaneous interpreters. These highly
proficient bilinguals comprehend information in one language while producing in the
other language, which is a complex skill requiring high levels of language control.
In a first experiment, we compared professional interpreters to monolinguals. Data
were collected on interference suppression (flanker task), prepotent response inhibition
(Simon task), and short-term memory (digit span task). The results showed that the
professional interpreters performed similarly to the monolinguals on all measures. In
Experiment 2, we compared professional interpreters to monolinguals and second
language teachers. Data were collected on interference suppression (advanced flanker
task), prepotent response inhibition (advanced flanker task), attention (advanced flanker
task), short-term memory (Hebb repetition paradigm), and updating (n-back task). We
found converging evidence for our finding that experience in interpreting may not lead
to superior interference suppression, prepotent response inhibition, and short-term
memory. In fact, our results showed that the professional interpreters performed similarly
to both the monolinguals and the second language teachers on all tested cognitive
control measures. We did, however, find anecdotal evidence for a (small) advantage in
short-term memory for interpreters relative to monolinguals when analyzing composite
scores of both experiments together. Taken together, the results of the current study
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suggest that interpreter experience does not necessarily lead to general cognitive control
advantages. However, there may be small interpreter advantages in short-term memory,
suggesting that this might be an important cognitive control aspect of simultaneous
interpreting. The results are discussed in the light of ongoing debates about bilingual
cognitive control advantages.

Keywords: bilingualism, interpreting, cognitive control, language control, bilingual experience

INTRODUCTION

Recent research has shown that certain cognitively demanding
activities, such as playing video games, playing music, and
mastering chess, may be beneficial to human cognition, beyond
the domain of practice (e.g., Reingold et al., 2001; Bialystok, 2006;
Schroeder et al., 2016). Gaining expertise in a certain skill may
lead to a transfer of the acquired abilities to other behaviors that
involve the same processes, often related to cognitive control.
Cognitive control is an umbrella term for the cognitive processes
that guide goal-directed behavior. Knowing and using a second
language (L2) in daily life, or bilingualism (Grosjean, 2010), may
also have beneficial effects on cognition. Bilinguals outperform
monolinguals in learning novel words (e.g., Kaushanskaya and
Marian, 2009; Nair et al., 2017). Similarly, bilinguals outperform
monolinguals on non-verbal tasks that require different cognitive
control processes, like conflict resolution, attention, shifting,
updating, and working memory, for example (e.g., Bialystok et al.,
2006, 2008; Costa et al., 2008; Prior and Macwhinney, 2010; Luo
et al., 2013). One explanation for these bilingual advantages is
that using multiple languages requires a mechanism to select
(words in) the target language while avoiding interference from
the other known language. There is in fact compelling evidence
that both languages of bilinguals are always simultaneously active
in their mind (e.g., Colomé, 2001; Duyck and Warlop, 2009;
Van Assche et al., 2009). Bilinguals therefore need to control
(inhibit) activation of the non-target language to use the intended
language (Green, 1998). The mechanisms that allow this language
control are believed to be domain-general and hence, not specific
to the linguistic domain. Using multiple languages in daily life
might therefore train domain-general cognitive control, in a way
similar to mastering chess (Bialystok et al., 2012).

Although there is abundant evidence supporting this bilingual
advantage, quite a few recent studies have also questioned its
existence (e.g., Morton and Harper, 2007; Hilchey and Klein,
2011; Paap and Sawi, 2014; Paap et al., 2015). Paap and Sawi
(2014), for example, compared highly proficient bilinguals and
monolinguals on tasks that require conflict resolution, attention,
and shifting. Across the three tested cognitive control processes,
there was no evidence for a bilingual advantage. These and several
similar findings have led some researchers to claim that the
bilingual advantage does not exist, and the inconsistent results
have caused a lively debate about the correctness of the bilingual
advantage hypothesis (see Barac et al., 2014, for a review). To
make things even more complex, in a meta-analysis on the issue,
de Bruin et al. (2015) showed that the bilingual advantage is
a reliable effect across studies, but also, taking into account
non-published reports, that a publication bias exists against

null-findings. This publication bias was confirmed by a recent
meta-analysis of Lehtonen et al. (2018). Before correcting for the
bias, the authors observed a very small bilingual advantage for
conflict resolution, shifting, and working memory. However, no
evidence for a bilingual advantage remained after controlling for
the publication bias.

Woumans and Duyck (2015) suggested that research on the
bilingual advantage should move away from the rather unfruitful
debate of whether or not the advantage exists. According to
these authors, bilingualism may lead to an advantage in cognitive
control, but only for some bilingual profiles. Future work should
therefore aim to define the precise characteristics of bilingualism
that may benefit cognitive control. Bilingual experience can vary
in several ways. For example, bilinguals have varying levels
of L2 proficiency, they can differ in their language switching
frequency, or in the age at which they acquired their L2. One
of these many characteristics that can vary across bilinguals
might be the key to enhanced cognitive control. Several other
researchers made similar claims (e.g., Prior and Gollan, 2011;
Green and Abutalebi, 2013; Woumans et al., 2015; Verreyt et al.,
2016). According to the adaptive control hypothesis (Green and
Abutalebi, 2013), for instance, the interactional context in which
bilinguals use their languages is important. Specifically, those
bilinguals who use their languages within the same context (i.e.,
dual-language context) require a high level of cognitive control
to keep their languages separated. This is less true for bilinguals
who use their languages in different contexts (i.e., single-language
context) or for bilinguals who mix their languages within a
sentence or conversation (i.e., dense code-switching context).
Using multiple languages in a dual-language context might
thus require and hence, train cognitive control processes more
than using these languages in single-language or dense code-
switching contexts. This hypothesis has been corroborated by
recent work showing that bilinguals in dual-language contexts
outperform bilinguals in single-language contexts in cognitive
flexibility (Hartanto and Yang, 2016). Another factor that has
been recently suggested as crucial for the development of a
bilingual advantage, is the frequency at which bilinguals switch
between their languages (e.g., Prior and Gollan, 2011; Woumans
et al., 2015; Verreyt et al., 2016). That is, those bilinguals who
switch more frequently between their languages may show more
cognitive control advantages than those who switch less often.
Language switching requires adaptations in language control
(reactivating and inhibiting languages), which each time involves
the recruitment of cognitive control. The frequent recruitment
of cognitive control for language switching might then train this
mechanism. In their study, Verreyt et al. (2016) compared two
groups of highly proficient bilinguals (non-frequent and frequent
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language-switchers) and a group of low proficient bilinguals on
conflict resolution. They found a bilingual advantage for the
frequent language-switchers over the other groups. These results
were further supported by a study of Woumans et al. (2015),
who observed a positive correlation between language-switching
frequency and conflict resolution. It should be noted, however,
that other studies did not obtain evidence for moderating
effects of characteristics like language-switching frequency on
the bilingual advantage (Yim and Bialystok, 2012; Paap et al.,
2017). The bilingual advantage debate therefore continues, and
further research and data points are mandatory to understand
which specific aspects of bilingualism might lead to enhanced
cognitive control. Prior work nevertheless suggests that the
bilingual advantage is more likely to emerge in those bilinguals
who use their languages in a dual-language context and who
switch regularly between their languages. In other words, if a
bilingual advantage exists, those bilinguals who require higher
levels of language control are more likely to develop it.

What is arguably the most demanding type of bilingualism
in terms of language control is simultaneous interpreting.
Interpreters have to comprehend incoming speech in a source
language and reformulate (translate) this message in the target
language, while simultaneously producing a previously translated
message. Thus, they have to speak in one language while
processing, manipulating and storing considerable amounts of
incoming information in the other language. It is estimated that
interpreters are speaking in one language while simultaneously
comprehending in the other language about 70% of the time
(Chernov, 1994). This contrasts with everyday bilingual language
practice in which bilinguals typically use only one language at
a time. Furthermore and importantly, the languages may not
be mixed. The quality of simultaneous interpreting depends
in part on the output in the target language. A non-target
language intrusion might thus have more negative consequences
for interpreters than for other bilinguals, making efficient
language control extremely important. This high level of language
control requires several cognitive processes (conflict resolution,
attention, updating, and short-term memory) to be used in
parallel under heavy time pressure (Christoffels et al., 2006;
Köpke and Nespoulous, 2006). As language control is assumed to
develop cognitive control, expertise in simultaneous interpreting
could thus cause interpreters to become experts in several
cognitive control processes (Yudes et al., 2011).

Relatively little is known today about the effects of proficiency
in simultaneous interpreting on language control, or, more
generally, cognitive control. First, there are some inconsistent
results regarding the bilingual advantage for interpreters with
respect to the cognitive control processes that are often linked
to bilingualism (see Table 1 for an overview). In a study
of Christoffels et al. (2006), professional interpreters and L2
teachers performed similarly on a basic cognitive control task
measuring attention. Yudes et al. (2011) found that professional
interpreters outperformed both bilinguals and monolinguals on
cognitive flexibility, but not on conflict resolution. An advantage
in conflict resolution for interpreters was, however, found by
Woumans et al. (2015). In their study, monolinguals, unbalanced
bilinguals, balanced bilinguals, and student interpreters were

compared. They observed that all bilingual groups outperformed
monolinguals on speed of conflict resolution. Furthermore,
student interpreters were more accurate than unbalanced,
but not than balanced bilinguals. The latter results provide
support for the bilingual advantage hypothesis by showing that
being highly proficient in multiple languages yields cognitive
control advantages, at least in conflict resolution. However, the
results of Woumans and colleagues also suggest that experience
in simultaneous interpreting may not lead to accumulated
advantages in conflict resolution over and above the advantages
proper to bilingualism. Morales et al. (2015) found that
professional interpreters were better in updating than highly
proficient bilinguals, but again they found no difference in terms
of conflict resolution. These results provide further support for
the finding that professional interpreters have no accumulated
advantage in conflict resolution. Experience in simultaneous
interpreting might, however, lead to better updating abilities
relative to other bilinguals. Therefore, Henrard and Van
Daele (2017) compared professional interpreters, translators and
monolinguals on a wide range of cognitive control processes
(conflict resolution, updating, working memory, speed of
information processing, and flexibility). Professional interpreters
and translators are both highly proficient bilinguals who have to
translate a message from a source language into a target language.
However, interpreting is an online process under important
time pressure, as interpreters have to comprehend, translate and
produce simultaneously. This is not the case for translators,
who can process the information in the source language before
reformulating the message in the target language. Furthermore,
interpreters require a lot of cognitive resources in parallel,
as they have to translate while processing a lot of incoming
information. Translators, on the other hand, sequentially process
the incoming information, translate the message, and produce
the output, which requires less cognitive resources. Interpreters
therefore might deliberately ignore less relevant information
to cope with the time pressure and have to update their
memory more than translators. The results of Henrard and
Van Daele showed that both bilingual groups outperformed
the monolinguals on all cognitive control measures. Moreover,
interpreters performed better than translators on all cognitive
control aspects, except shifting. Together, these results suggest
that experience in interpreting stimulates cognitive control
abilities. Research conducted thus far is, however, inconclusive
about which cognitive control processes might be specifically
enhanced and whether or not there are accumulated advantages
for interpreters over other bilingual populations.

There are also some studies that examined the effects of
interpreting on other cognitive control aspects, such as short-
term memory (STM; Padilla et al., 2005; Christoffels et al., 2006;
Signorelli et al., 2011; Timarova et al., 2014; Rosiers et al., 2017).
STM refers to the cognitive system to memorize information
(e.g., digits) for a brief period of time (Kolb and Wishaw,
2009). The importance of STM for simultaneous interpreting
makes intuitive sense. As noted earlier, interpreters have to
temporarily memorize information in the source language while
translating it in the target language. Christoffels et al. (2006)
found that interpreters performed better on STM tasks than
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TABLE 1 | Overview of the studies on cognitive control abilities of interpreters.

Paper Tested cognitive control
process

Participants Main results

Christoffels et al. (2006) (i) Attention (ii) STM Professional interpreters L2
teachers Bilingual students

(i) Students outperformed
interpreters on attention (ii)
Interpreter advantage at the
level of STM

Yudes et al. (2011) (i) Cognitive flexibility (ii) Conflict
resolution (ii) STM

Professional interpreters
Bilinguals Monolinguals

(i) Interpreter advantage at the
level of cognitive flexibility and
STM; bilinguals = monolinguals
(ii) No group differences at the
level of conflict resolution

Woumans et al. (2015) Conflict resolution Student interpreters
Monolinguals Unbalanced
bilinguals Balanced bilinguals

(i) All bilingual groups better
conflict resolution in terms of
reaction times (ii) Interpreters
more accurate than
unbalanced, but not than
balanced bilinguals

Morales et al. (2015) (i) Updating Professional interpreters (i) Interpreter advantage in
updating

(ii) Conflict resolution Highly proficient bilinguals (ii) No group differences in
conflict resolution

Henrard and Van Daele (2017) (i) Conflict resolution Professional interpreters (i) Bilingual groups
outperformed monolinguals on
all tested cognitive control
measures (ii) Interpreters
outperformed translators on all
cognitive control measures,
except on cognitive flexibility

(ii) Speed of information
processing

Translators

(iii) Cognitive flexibility Monolinguals

(iv) Updating

Rosiers et al. (2017) Conflict resolution Student interpreters No evidence for a bilingual
advantage in conflict resolution

Student translators

Students multilingual
communication

Liu et al. (2004) STM Professional interpreters No group differences in STM

Beginner student interpreters

Advanced student interpreters

Köpke and Nespoulous (2006) (i) Conflict resolution Professional interpreters (i) No group differences in STM
and conflict resolution (ii)
Novice interpreters advantage
in working memory

(ii) STM Student interpreters

(iii) Working memory Students

Bilinguals

both highly proficient L2 teachers and younger unbalanced
bilingual students. Other studies, however, failed to find support
for better STM in professional interpreters (e.g., Liu et al.,
2004; Köpke and Nespoulous, 2006). Liu et al. (2004), for
example, found that student interpreters had similar STM as
professional interpreters, despite the fact that the professionals
excelled the students in interpreting skills. This finding suggests
that accumulating expertise in interpreting does not further
train STM. The performance of the student and professional
interpreters was not compared to a monolingual control group.
This leaves open the question whether or not simultaneous

interpreting training develops STM. In another study, Köpke
and Nespoulous (2006) assessed the STM of professional
interpreters, second-year interpreting students, and two control
groups (students and bilinguals). While their data indicated
that student interpreters outperformed the control groups, this
was not true for professional interpreters who had at least
4 years of professional experience. While these two studies
suggest that professional interpreters might not have better
developed STM than monolinguals or other bilinguals, they
might also be explained by other factors. The authors argued
that an effect of expertise in simultaneous interpreting may have
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been obscured by a confounding effect of age, for example.
Nevertheless, observing better or similar performance in STM for
student interpreters than for professional interpreters is rather
remarkable if simultaneous interpreting relies heavily on STM
that further develops with accumulating experience. In their
correlational study, Timarova et al. (2014) also only observed
a weak association between STM and expertise in simultaneous
interpreting. These findings suggest that STM may not be
strongly taxed upon during interpreting.

THE PRESENT STUDY

This study aims to investigate whether special, advanced expertise
in L2 benefits cognitive control. We therefore assessed the
performance of professional interpreters and L2 teachers on
multiple aspects of cognitive control that have been linked to
bilingualism. The selection of the different processes was based
on the scientific findings about cognitive control in bilinguals
and interpreters described above. One major difference between
the present study and prior work on interpreters, though, is that
we brought all the different aspects of cognitive control together
in one study, in multiple groups of advanced L2 users. Indeed,
of the relatively few studies examining the cognitive abilities of
interpreters, the majority focused on only one or two cognitive
control processes (for an exception, see Henrard and Van Daele,
2017).

In Experiment 1, we used three extensively used cognitive
control tasks to compare conflict resolution and STM between
professional interpreters and monolinguals. Friedman and
Miyake (2004) proposed that different conflict resolution tasks
may reveal different results because they rely on different conflict
resolution types. Two types may be important for bilingualism.
Resistance to interference is a type of conflict resolution that
allows an individual to focus on the task at hand and to
avoid distraction from irrelevant information. Interpreters must
resist from being distracted not only by the co-activation of
the non-target language, just like typical bilinguals, but also by
distractions such as the incoming information in the source
language, which competes for attentional resources with the
message they are formulating. Furthermore, given that both
of their languages have to be active in parallel, interpreters
may experience more dual-language competition than typical
bilinguals. The second conflict resolution type is prepotent
response inhibition. Automatic responses can be caused by
developed routines (automatized behavior), or by a triggering
response. Bilinguals need prepotent response inhibition to avoid
using false cognates, for example. False cognates are word-
forms that exist in both languages, but that have a different
meaning in each language (e.g., the English-Dutch room, which
is cream in Dutch). A typical example of this type of conflict
resolution in the context of interpreting is the postponement
of reformulating (translation) until sufficient information is
available to allow for planning (e.g., to avoid interpreting
errors caused by syntactic ambiguous sentences). If simultaneous
interpreting trains conflict resolution, we anticipate interpreters
to outperform monolinguals on both conflict resolution types.

We also compared STM of interpreters and monolinguals. As
already noted, the ability to temporarily memorize a considerable
amount of information is very important for simultaneous
interpreting. Furthermore, bilingualism may also lead to better
STM (e.g., Grundy and Timmer, 2016). We therefore predict
interpreters to have a better STM than monolinguals.

In Experiment 2, we further tested the bilingual cognitive
control advantage by introducing a third group of participants,
namely L2 teachers. L2 teachers are, like professional interpreters,
highly proficient bilinguals, but, as the monolinguals, they
have no experience in simultaneous interpreting. They can
therefore be considered as typical, highly proficient bilinguals.
Assessing different cognitive control processes within the same
groups of interpreters and comparing their performance to that
of L2 teachers and monolinguals will allow us to determine
which aspects of cognitive control are specifically developed by
bilingualism and by simultaneous interpreting, more particularly.

Experiment 1
In Experiment 1, we compared professional interpreters who
had at least 4 years of professional experience to monolinguals,
using three well-established tasks previously found to be sensitive
to the bilingual cognitive control advantage. First, we used
the flanker task (Eriksen and Eriksen, 1974) to measure
interference suppression. Costa et al. (2008), for instance, found
an advantage in interference suppression, reflected in smaller
flanker congruency effects for bilinguals than for monolinguals.
In their study, the attention network task (ANT) was used, which
is a flanker task embedded in a cue reaction time task. It explores
three attentional networks, namely cognitive control, alerting,
and orienting. With respect to the cognitive control component,
which is relevant here, congruent trials were comprised of a target
and a flanking arrow pointing in the same direction, whereas
a target arrow pointing in one direction and flanking arrows
pointing in the other direction were presented on incongruent
trials. The difference between congruent and incongruent trials
(flanker congruency effect) was taken as a marker of interference
suppression.

Second, we assessed prepotent response inhibition with the
Simon task (Simon and Wolf, 1963). In this task, participants
respond on the color (green or red) of the stimulus, using either
their left or right hand, while ignoring its location (left or right).
The Simon task includes congruent and incongruent conditions,
as this task is based on stimulus-response compatibility. The
difference between congruent and incongruent trials (Simon
effect) is a marker of prepotent response inhibition. As for
the flanker congruency effect, some prior work has reported
smaller Simon effects for bilinguals than for monolinguals (e.g.,
Bialystok et al., 2004) and for interpreters than for monolinguals
(Woumans et al., 2015).

Finally, to examine whether simultaneous interpreting
improves STM, we used the digit span test. In this task, sequences
of digits are presented for immediate serial recall. The length
of the sequences gradually increases, making memorization
of the sequences more difficult. Some prior work found that
bilinguals have a better STM than monolinguals (Bialystok et al.,
2008; Morales et al., 2013). Furthermore, there is evidence that
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interpreters have better STM than various other populations
(e.g., Christoffels et al., 2006).

Materials and Methods
Participants
We recruited 52 participants, divided into two groups (27
monolinguals and 25 interpreters). All participants reported
having no language, hearing, uncorrected visual, or neurological
problems. Informed consent was obtained under a protocol
approved by the ethical committee at Ghent University
(Belgium). Objective language proficiency tests could not be used
because interpreters had different languages as native language
(L1) and L2. Given that self-evaluation correlates strongly with
objective measures (Marian et al., 2007; Luk and Bialystok, 2013),
participants self-rated their language proficiency. Further, we
administered the short untimed 12 item-version of the Advanced
Progressive Matrices (Bors and Stokes, 1998) as a measure
of intelligence. This version has a strong correlation with the
complete 48 item-version (Raven et al., 1998).

Detailed demographic information is reported in Table 2. The
27 monolinguals spoke French as L1 and acquired anecdotal
knowledge of an L2 (Dutch or English) through formal education.
That is, they indicated having low proficiency in L2 and rarely
used this language. The 25 interpreters had at least 4 years of
professional experience in simultaneous interpreting. They spoke
a variety of languages as L1 (23 Dutch, 1 Portuguese, and 1
French) and L2 (1 Dutch, 2 German, 5 French, 1 Danish, 9
English, 1 Portuguese, and 6 Spanish), but they were all highly
proficient in Dutch and used this language for their profession.

T-tests comparing the demographic information between
the monolinguals and interpreters are reported in Table 2.
We relied on Bayes factors (BF10) for interpreting our results.
Null-hypothesis (H0) significance tests and their accompanied
p-values have several shortcomings and more reliable alternative
approaches, such as BF10, have been suggested (Gallistel, 2009;
Dienes, 2011; Nuzzo, 2014). BF10 compares the fit of the data
under H0 (there is no effect) compared to the alternative
hypothesis (there is an effect; H1). BF10 thus provides a
quantification of the degree to which the data support either
hypothesis. Values greater than 1 indicate increasing evidence for
H1 over H0, values smaller than 1 the reverse. We relied on the

guidelines proposed by Jeffreys (1961) for interpreting BF10 (see
Table 3). The monolinguals were matched to the interpreters in
terms of age (substantial evidence), male/female ratio (anecdotal
evidence), intelligence (anecdotal evidence), and L1 proficiency
(anecdotal evidence). As expected, there was decisive evidence
that interpreters had a higher proficiency in their L2 than
monolinguals and that interpreters used their L2 more frequently
than monolinguals.

Stimuli and procedure
Participants were tested individually in a quiet room. They
were asked to carry out the intelligence test, two computerized
cognitive control tasks (flanker task and Simon task), and the
digit span task in a counterbalanced order. Task instructions
were given in French for monolinguals and in Dutch for
interpreters, because monolinguals were recruited in French-
speaking Belgium, and interpreters in Dutch-speaking Belgium.

Flanker task. The stimuli were white arrows on a black screen
that were flanked by four white distractor arrows. The distractor
arrows could either point in the same (congruent) or the opposite
(incongruent) direction as the target arrow (e.g., congruent trial
<<<<< and incongruent trial <<><<).

The task was programmed using Tscope (Stevens et al., 2006).
Participants were asked to indicate the direction of the central
arrow by pressing the left (a) or right (p) button on an azerty
keyboard. Each trial began with a centered 500 ms fixation cross,
followed by the stimulus for 1500 ms or until a response was
made. There was 500 ms inter trial interval. The task began
with 10 practice trials with feedback, followed by two blocks of
100 trials. Each block contained an equal amount of randomly
presented congruent and incongruent trials.

Simon task. Participants saw colored dots on the left or right
side of the screen. They were asked to indicate as quickly
and accurately as possible whether the dot was green or
red by pressing the left (right) or right (left) key on the
keyboard, respectively. Response mapping was counterbalanced
across participants. Position and color elicited either the same
(congruent trials) or different responses (incongruent trials).

The task was presented via Tscope (Stevens et al., 2006). Each
trial began with a 500 ms fixation cross, followed by a 500 ms

TABLE 2 | Demographic data of the different participant groups of Experiment 1.

Monolinguals Interpreters Test BF10

N 27 25

Male/female ratio 5/22 9/16 χ2(1) = 2.20 0.78

Age (years) 48.37 (8.54) 49.76 (7.99) t < 1 0.32

Raven (raw score) 7.37 (2.76) 8.36 (2.12) t(50) = −1.44 0.65

L1 proficiency (20-point scale) 19.52 (1.40) 19.96 (0.20) t(27.15) = −1.62 0.76

L1 Age of acquisition (years) 0.00 (0.00) 0.08 (0.40) t(24.00) = 1.00 0.43

L1 frequency of use (%) 95.56 (6.94) 66.07 (13.68) t(34.97) = 9.68∗∗∗ >100

L2 proficiency (20-point scale) 5.07 (6.01) 17.44 (1.98) t(31.99) = −10.12∗∗∗ >100

L2 Age of acquisition (years) 14.11 (7.42) 11.16 (6.16) t(50) = 1.55 0.75

L2 frequency of use (%) 4.44 (6.94) 33.93 (13.68) t(34.97) = −9.68∗∗∗ >100

SD are shown between parentheses. BF10, Bayes factor in favor of the alternative hypothesis. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.
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TABLE 3 | Interpretation of Bayes Factors (BF10) as evidence for null hypothesis
(H0) and alternative hypotheses (H1).

BF10 Support for hypothesis

<0.01 Decisive evidence for H0

0.03–0.01 Very strong evidence for H0

0.10–0.03 Strong evidence for H0

0.33–0.10 Substantial evidence for H0

0.33–1 Anecdotal evidence for H0

1 No evidence

1–3 Anecdotal evidence for H1

3–10 Substantial evidence for H1

10–30 Strong evidence for H1

30–100 Very strong evidence for H1

>100 Decisive evidence for H1

blank screen. Next, a red or green dot appeared on the left or
right side of the screen for 1500 ms or until a response was made,
followed by a 500 ms inter trial interval. The task started with 10
practice trials with feedback, followed by two blocks of 100 trials.
Each block contained an equal amount of randomly presented
congruent and incongruent trials.

Digit span task. Series of two to nine numbers (one to nine)
were presented in ascending order, with two trials per sequence
length. Each number in a sequence was orally presented at a
rate of 1000 ms. At the end of a sequence, participants were
asked to immediately recall the sequence. A sequence was scored
as correct if the sequence was repeated in its correct serial
order. Sequences were presented in French for monolinguals and
in Dutch for interpreters. The task ended when two trials at
a particular sequence length were incorrectly reproduced. The
number of correctly recalled sequences was calculated (maximum
score: 16).

Results
Incorrect responses and outliers were excluded for all analyses
on reaction times (RTs). Outlier RTs were trimmed individually
by calculating a mean RT for each condition and excluding
responses that had an RT of 2.5 SD from this mean. Unless
stated otherwise, data were analyzed by fitting generalized
mixed-effects models with maximum likelihood estimation on
individual trials, using the glmer function from the lme4 package
in R (Bates et al., 2015). Models on RT data assumed an
Inverse Gaussian distribution, and a linear relationship between
the predictors and RT (Lo and Andrews, 2015). We initially
applied the simplest model, which included the fixed effects, their
interactions and the random effect of participants. We included
by-participant random slopes if conducted maximum likelihood
model comparisons showed that the data justified their inclusion.
Planned comparisons were performed using the multcomp
package (Hothorn et al., 2008). To calculate BF10 for main and
interaction effects, we used the Bayesian Information Criteria
technique (Wagenmakers, 2007). For planned comparisons, we
used Bayesian t-tests with a default Cauchy prior width of
r = 0.707 for effect size on H1 (Rouder et al., 2009).

Flanker task
The data of one monolingual were excluded because he had
an ACC of less than 50% (chance-level) on congruent trials.
The ACC data are shown in Figure 1A. For ACC, the
model included Group (monolingual, interpreter), Congruency
(congruent, incongruent) and their interaction as fixed effects,
Participant as random effect and by-Participant random slopes
of Congruency. We observed decisive evidence for a main effect
of Congruency, χ2(1) = 26.58, p < 0.001, BF10 > 100 (flanker
congruency effect). There was anecdotal evidence against an
effect of Group, χ2 < 1, BF10 = 0.39, and against an interaction of
Congruency and Group, χ2(1) = 1.52, p = 0.22, BF10 = 0.78.

Of the RT data, 2.45% (248 trials) were outliers. The number
of outlier RT trials was similar for the interpreters (n = 125)
and the monolinguals (n = 118), t < 1. The trimmed RT data
are summarized in Figure 1B. The same model as for ACC data
was used for analyzing RTs. We observed decisive evidence for
an effect of Congruency, χ2(1) = 42.54, p < 0.001, BF10 > 100
(flanker congruency effect). There was very strong evidence
against an effect of Group, χ2 < 1, BF10 = 0.02, and against an
interaction of Congruency and Group, χ2 < 1, BF10 = 0.01.

Simon task
Figure 2A summarized the ACC data. For ACC, the model
included Group (monolingual and interpreter), Congruency
(congruent and incongruent) and their interaction as fixed
effects, and Participant as random effect. We observed decisive
evidence for a main effect of Congruency, χ2(1) = 83.86,
p < 0.001, BF10 > 100 (Simon effect). There was strong evidence
against an effect of Group, χ2(1) = 3.61, p = 0.06, BF10 = 0.06,
and against an interaction of Congruency and Group, χ2 < 1,
BF10 = 0.01.

Of the RT data, 2.65% (269 trials) were outliers. The number
of excluded trials was similar for interpreters (n = 136) and
monolinguals (n = 133), t < 1. Figure 2B shows the trimmed
RT data. The model on RT contained Group (monolingual and
interpreter), Congruency (congruent and incongruent) and their
interaction as fixed effects, Participant as random effect and by-
Participant random slopes of Congruency. There was decisive
evidence for an effect of Congruency, χ2(1) = 37.10, p < 0.001,
BF10 > 100 (Simon effect), and strong evidence against an effect
of Group, χ2(1) = 3.49, p = 0.06, BF10 = 0.05. There was very
strong evidence against an interaction of Congruency and Group,
χ2 < 1, BF10 = 0.01.

Digit span task
Digit span performance is summarized in Figure 3. An
independent samples t-test revealed anecdotal evidence against
a group difference in digit span performance, t(50) = −1.49,
p = 0.14, BF10 = 0.69.

Summary of Results
If simultaneous interpreting modulates the bilingual advantage,
we would predict better cognitive control for the interpreters.
Our data did, however, not reveal evidence for a difference
between interpreters and monolinguals on any of the tested
cognitive control measures. That is, there were no differences
on the flanker congruency effect, indicating similar interference
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FIGURE 1 | Data of the flanker task as a function of Group (monolingual and interpreter) and Congruency (congruent and incongruent). (A) Summarizes the
accuracy data. The reaction time data are shown in (B). Error bars denote SE.

FIGURE 2 | Data of the Simon task as a function of Group (monolingual and interpreter) and Congruency (congruent and incongruent). (A) Summarizes the accuracy
data. The reaction time data are shown in (B). Error bars denote SE.

suppression. We also could not observe a group difference on the
Simon effect, indicating similar prepotent response inhibition.
Finally, the two groups had comparable performance on the digit
span task, indicating similar STM. Note, however, that the lack
of evidence in favor of group differences was accompanied by
decisive evidence for a flanker congruency effect and for a Simon
effect. This indicates that the tasks were valid, and sufficiently
sensitive, to measure the underlying cognitive control processes.

One might argue that we could not obtain evidence for an
interpreter advantage over monolinguals on conflict resolution
and STM because interpreters use a different language control
mechanism than other, more typical bilinguals (Yudes et al.,
2011). It is beyond doubt that language control is more important
for interpreters than for other bilinguals, but the specific
cognitive control processes involved to achieve language control
may differ. There is evidence that both languages are active
in parallel in the mind of interpreters and that interpreters
therefore experience interference of the non-target language
while speaking, just like other bilinguals (Rodriguez-Fornells
et al., 2005; Kaushanskaya and Marian, 2007). Interpreters may,

however, differ from more typical bilinguals in how they manage
cross-language activation. Bilinguals are assumed to select the
appropriate language and avoid non-target language interference
by inhibiting the latter language (Green, 1998; Dijkstra and
Van Heuven, 2002). Interpreters, however, have to maintain
both languages active in parallel, one for comprehension and
one for speaking. There are indeed some indications that
interpreters do not use inhibition to control their languages
(Ibáñez et al., 2010), but it is still unknown how interpreters
then manage their languages. Nevertheless, if bilinguals and
interpreters control their two languages differently, this can
lead to differences in (some) cognitive control abilities. That is,
simultaneous interpreting may train different aspects of cognitive
control than more typical bilingualism. The scope of Experiment
2 was therefore to investigate how the potential cognitive
control advantages for interpreters differ from cognitive control
advantages associated with more typical bilingual language use.
We therefore again examined whether professional interpreters
have cognitive control advantages over monolinguals, but we
assessed more cognitive control processes that are important for
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FIGURE 3 | Mean raw scores for the digit span task as a function of Group
(monolingual and interpreter). Error bars denote SE.

simultaneous interpreting (conflict resolution, attention, STM,
and updating). Furthermore, we additionally compared the
performance of both groups on each cognitive control measure
to that of L2 teachers.

Experiment 2
In experiment 2, we further investigated the cognitive
implications of simultaneous interpreting. We compared
professional interpreters with a well-matched group of L2
teachers, based on the following methodological considerations.
First, both professional interpreters and L2 teachers are rather
rare populations that have very high levels of L2 proficiency. Both
populations use their languages for their profession, which makes
them frequent language-switchers in a dual-language context.
Finally, they also share a similar educational background, as
they both have a degree in L2 and share an interest in language.
One important difference between interpreters and L2 teachers,
though, is the amount of interpreting experience they have,
and therefore the amount of language control training that
can be expected. It is reasonable to assume that interpreters
require higher levels of language control than L2 teachers.
There may also be qualitative differences between the cognitive
control processes involved in language control, which can lead
to differences between interpreters and L2 teachers on these
cognitive control abilities. Interpreters have to resolve conflict,
store considerable amounts of information in STM, and update
their memory, without confusing their languages. Assessing
these different cognitive control processes within the same
groups of interpreters and comparing their performance with
that of L2 teachers and monolinguals will allow us to determine
which cognitive control aspects are specifically developed by
bilingualism and by experience in simultaneous interpreting,
more particularly.

The advanced flanker task (Emmorey et al., 2008) was
used to measure two types of conflict resolution, as it is a
combination of the flanker task and the go/no-go task, measuring

resistance to interference and prepotent response inhibition,
respectively. We anticipate a bilingual advantage in both conflict
resolution types. If interpreting involves resistance to interference
or prepotent response inhibition, we also predict interpreters
to outperform L2 teachers because of accumulated practice.
Conversely, if interpreters do not use inhibition for language
control, in contrast to L2 teachers, we predict L2 teachers to
outperform both monolinguals and interpreters. Additionally,
the advanced flanker task allowed us examining another cognitive
control aspect, namely attention. It almost goes without saying
that high levels of attention are important during interpreting,
as it enables an individual to speak, listen, and manipulate
information simultaneously. We therefore anticipate interpreters
to outperform both L2 teachers and monolinguals in attentional
abilities.

The third cognitive control process assessed was STM, using
Hebb learning. Hebb learning is an immediate serial recall task
in which sequences of items (e.g., phonemes) are presented.
We chose this task because phoneme recall is not dependent
upon prior language knowledge. This is important because
functional STM may not be the same in bilinguals’ L1 and L2
(Service et al., 2002). In Experiment 1, the monolinguals and
interpreters carried out the digit span test in different languages,
which may have obscured the detection of possible group
differences. Given the importance of STM for simultaneous
interpreting, we anticipate interpreters to outperform L2 teachers
and monolinguals. We also predict L2 teachers to outperform
monolinguals, in line with prior work suggesting bilingual
advantages on STM (Bialystok et al., 2008; Morales et al.,
2013; Grundy and Timmer, 2016). Furthermore, it has been
shown that Hebb learning can be considered as an analog of
novel word-form learning (e.g., Szmalec et al., 2009; Smalle
et al., 2017). When a particular sequence of phonemes is
repeated, performance for the repeating Hebb sequence improves
relative to non-repeating filler sequences (Hebb, 1961). This
finding (Hebb repetition effect) reflects the gradual transfer of
newly acquired serial-order information from STM to long-
term memory, which underlies novel word learning. Given the
indications that bilinguals outperform monolinguals in learning
novel words (Kaushanskaya and Marian, 2009; Nair et al.,
2017) and that better STM has been associated with superior
word learning abilities in bilinguals (Papagno and Vallar, 1995;
Kaushanskaya, 2012), we also investigated whether interpreters
outperform other groups on the Hebb repetition effect.

The fourth and final aspect of cognitive control tested here was
updating, using the n-back task (Collette et al., 2001; Oberauer,
2005; Szmalec et al., 2011). A typical feature of STM is that
its capacity is limited (Cowan, 2005). Thus, when confronted
with a large stream of incoming information, individuals must
temporarily store subsets of information and successively update
STM as more information becomes available. This is exactly what
needs to be done during simultaneous interpreting: a continuous
stream of incoming information in the source language needs
to be temporarily held in STM while it is being reformulated
in the target language, and then “forgotten” in order to store
and reformulate new information in the source language. We
therefore predict interpreters to have better updating abilities
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than both L2 teachers and monolinguals. Given that prior
research has shown that bilinguals outperform monolinguals
in updating (e.g., Bialystok et al., 2006), we also anticipate L2
teachers to have better updating abilities than monolinguals.

To summarize, using three tasks we examined the possibilities
of bilingual advantages in interpreters at the level of interference
suppression, prepotent response inhibition, attention, STM, and
updating. We also tested whether interpreters have advantages
at the level of the Hebb repetition effect, an analog of novel
word learning. We not only investigated whether interpreting
leads to improved cognitive control over monolinguals, but
also how the cognitive implications of simultaneous interpreting
may differ from more typical bilingual language use. Based on
the research explained above and assuming the existence of
a bilingual advantage, we predict L2 teachers and interpreters
to outperform monolinguals on all cognitive control measures.
If the bilingual advantage is specifically related to extensive
language control, interpreters are anticipated also to outperform
L2 teachers.

Materials and Methods
Participants
A total of 59 participants were recruited and divided into three
groups: 19 professional interpreters, 20 L2 teachers, and 20
monolinguals. All participants reported having no language,
hearing, uncorrected visual, or neurological problems. Informed
consent was obtained under a protocol approved by the ethical
committee at the Université catholique de Louvain, Belgium.
As for Experiment 1, objective language proficiency tests could
not be used given that interpreters had different languages
as L1 and L2. Participants filled in the Language Experience
and Proficiency Questionnaire (LEAP-Q) to obtain self-rated
language proficiency (Marian et al., 2007). Further, as in
Experiment 1, we administered the short untimed 12 item-
version of the Advanced Progressive Matrices (Bors and Stokes,
1998) as a measure of intelligence.

Detailed demographic information is reported in Table 4. All
groups were highly proficient in French. The 20 monolinguals
had French as L1 and acquired anecdotal knowledge of an L2
(Dutch or English) through formal education. That is, they

indicated that they had low L2 proficiency and rarely used this
language (see Table 3). The 20 L2 teachers were highly proficient
bilinguals with no experience in simultaneous interpreting. They
spoke French (n = 18) or Dutch (n = 3) as L1 and had at least
4 years of experience in teaching L2 courses (English or French).
The 19 interpreters had at least 4 year of professional experience
in simultaneous interpreting. They spoke a variety of languages as
L1 (8 French, 4 Dutch, 4 English, 1 German, and 2 Spanish) and
L2 (6 French, 2 Dutch, 6 English, 1 Italian, 1 Spanish, 1 German,
1 Polish, and 1 Russian).

The three groups were matched on age (substantial
evidence), male/female ratio (substantial evidence), years of
education (anecdotal evidence), and intelligence (substantial
evidence). Planned comparisons showed anecdotal evidence
that interpreters and L2 teachers were matched on L1 and
L2 proficiency, t(37) = 1.15, p = 0.15, BF10 = 0.73 for L1 and
t(26.25) =−1.00, p = 0.34, BF10 = 0.46 for L2. Furthermore, both
L2 teachers and interpreters reported higher L1 proficiency than
the monolingual group [monolinguals vs. teachers: t(38) =−2.86,
p < 0.01, BF10 = 6.68 (substantial evidence); monolinguals vs.
interpreters: t(37) = −4.36, p < 0.001, BF10 > 100 (decisive
evidence)]. The same was true for L2 proficiency [monolinguals
vs. teachers: t(38) = −10.94, p < 0.001, BF10 > 100 (decisive
evidence); monolinguals vs. interpreters: t(22.29) = −12.76,
p < 0.001, BF10 > 100 (decisive evidence)].

Stimuli and procedure
Participants were tested individually in a quiet room. They were
asked to carry out the intelligence test and three computerized
tasks (advanced flanker task, n-back task, Hebb repetition
paradigm) in a counterbalanced order.

Advanced flanker task. The stimuli were red arrows that could
be flanked by four distractors (Figure 4). There were three
block types. In control blocks, participants saw single red arrows
pointing to the left or right. These blocks provide a measure
of attention. In flanker blocks, there was an equal number of
congruent (flanking black arrows pointing in the same direction
as the red target arrow) and incongruent trials (flanking black
arrows pointing in the opposite direction as the red target arrow).

TABLE 4 | Demographic data of the different participant groups in Experiment 2.

Monolinguals L2 teachers Interpreters Test BF10

N 20 20 19

Male/female ratio 4/16 4/16 6/13 χ2 < 1 0.14

Age (years) 44.40 (8.30) 44.15 (8.43) 48.58 (9.76) F (2, 56) = 1.53 0.28

Education (years) 16.45 (2.70) 17.45 (3.78) 18.42 (1.84) F (2,56) = 2.25 0.51

Raven (raw score) 7.80 (2.02) 7.20 (2.61) 8.05 (1.96) F < 1 0.15

L1 proficiency (10-point scale) 8.80 (0.58) 9.33 (0.60) 9.61 (0.59) F (2, 56) = 9.64∗∗∗ >100

L1 age of acquisition (years) 0.75 (0.64) 0.90 (2.27) 1.74 (3.63) F < 1 0.17

L1 frequency of use (%) 95.20 (6.43) 59.15 (15.70) 44.89 (14.13) F (2,56) = 81.62∗∗∗ >100

L2 proficiency (10-point scale) 2.25 (2.16) 8.33 (1.43) 8.68 (0.62) F (2,56) = 107.71∗∗∗ >100

L2 age of acquisition (years) 12.35 (2.50) 8.10 (5.17) 11.05 (6.21) F (2,56) = 4.02∗ 2.02

L2 frequency of use (%) 3.80 (4.92) 29.15 (12.38) 32.95 (13.29) F (2,56) = 42.40∗∗∗ >100

SD are shown between parentheses. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.
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FIGURE 4 | Examples of the different trial types of the advanced flanker task,
adapted from Emmorey et al. (2008).

On incongruent trials, participants had to inhibit interference
of the flanking arrows. The difference in performance between
congruent and incongruent trials (i.e., flanker congruency effect)
reflects a measure of interference suppression. The red arrow
could be either presented in the middle or one place to the
left or right of the middle position. This was done to prevent
participants from focusing solely on the middle stimulus. Finally,
in go/no-go blocks, there were an equal proportion of go and no-
go trials. On go trials, a central red arrow was flanked by four
red diamonds, two on each side. Participants had to indicate the
direction of the red arrow as fast as possible. On no-go trials,
the arrow was flanked by four red Xs and participants were
required to withhold their responses. In this go/no-go block,
participants were required to inhibit their responses on no-go
trials while responding as rapidly as possible on go trials. The
difference in performance between go and no-go trials (i.e.,
go/no-go congruency effect) provides a measure of prepotent
response inhibition.

The task was programmed using Tscope (Stevens et al., 2006).
Participants were asked to indicate the direction of the red arrow
by pressing the left (d) or right (k) button on a keyboard. Each
trial began with a centered 250 ms fixation cross, followed by the
stimulus for 2000 ms or until a response was made. There was
an inter-trial interval of 500 ms. Each block type was presented
twice. Control blocks were always presented as the first and last
blocks, with flanker and go/no-go blocks alternating between
them in a counterbalanced order. Each block began with 12
practice trials with feedback, followed by 48 trials. Trial types
were randomized within each block.

Hebb repetition paradigm. The materials and procedure were
based on the study of Szmalec et al. (2009). Sequences of

nine syllables with a consonant-vowel structure were presented
visually to the participants for immediate serial recall. Two sets (A
and B) of nine syllables that were matched on bigram frequency
(in French) were generated using WordGen (see Table 5; Duyck
et al., 2004). For half of the participants, set A was used for
filler sequences and set B for the Hebb sequence. For the other
half it was the reverse. Overall task performance was taken as a
measure of STM. The Hebb repetition effect (i.e., the different
performance for Hebb and filler trials) provides a measure of
long-term memory sequence learning that has been shown to
underlie novel word-form acquisition.

The task was developed in E-prime 2.0 (Psychology Software
Tools, Pittsburgh, PA, United States). Syllables were presented
sequentially for 1000 ms. There was an inter-syllable interval of
500 ms. After the presentation of the sequence, a recall screen
was presented on which all syllables were randomly positioned
in a circle around a central question mark. Participants were
instructed to click with the computer mouse on the syllables
in the same order in which they were presented. Participants
could click the question mark to indicate an omission, at the
position in the sequence of the forgotten syllable. This way,
correct responses after an omission are still in the right serial
position. When participants clicked nine times (on syllables or
the question mark), they were asked to press the space bar
to start the following trial. The task started with two practice
trials. Participants always saw two consecutive filler sequences,
followed by the Hebb sequence. The experiment ended when the
participant correctly reproduced two successive Hebb trials, with
a maximum of 20 repetitions.

N-back task. A 2-back version was used. Participants saw a long
sequence of items and were asked to indicate for each individually
presented item whether it was the same as the one that was
presented 2 positions before (an example of a match is t–d–m–
d; a mismatch is t–h–m–d). Participants were thus required to
remember the 2 most recently presented items in their correct
serial order. This implied that they had to update the memorized
sequence of the 2 most recent items after each trial. On lure
trials, a word did not match the word that was presented 2 items
before, but one of its neighboring items (an example of an n + 1
lure d–h–m–d; an n−1 lure is t–h–d–d). Lure trials typically
lead to slower responses and reduced accuracy (McElree, 2001;
Gray et al., 2003; Oberauer, 2005; Jonides and Nee, 2006; Kane
et al., 2007; Szmalec et al., 2011). This is because continuously
updating items in STM hinders distinguishing between relevant
and irrelevant items. Although the entire task is an updating task,
lure interference effects (i.e., the difference between mismatch
and lure trials) were taken as a measure of updating abilities,

TABLE 5 | Syllables and their French bigram frequency used in the Hebb repetition paradigm.

1 2 3 4 5 6 7 8 9

Set A VE DA FI GU JO ZI WA XA RO

1416 892 1153 889 253 99 36 104 3642

Set B CO CU MI BI PE JI MU PO XU

3821 957 1885 1202 1537 8 477 1833 44
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because recollection demands are most strongly involved in lure
trials. On these trials, participants must make a clear distinction
between the current trial (requiring a negative response) and
the previous trial (which would lead to a positive response).
If updating is not efficient, this should lead to larger lure
interference effects.

The procedure and materials were held as close as possible
to Szmalec et al. (2011). Participants were asked to indicate as
quickly as possible whether or not the presented consonant on
the screen matched the item that was presented 2 consonants
earlier, by pressing the right (k) or left (d) button on a keyboard,
respectively.

The task was developed in E-Prime 2.0. Each trial started with
the presentation of a 500 ms consonant, followed by a 2500 ms
fixation cross. The task consisted of 20 practice trials that did not
contain lure trials, followed by four randomly presented blocks
of 45 + 2 (two stimuli that did not require a response at the
beginning of each list of consonants) trials. Each block contained
15 match trials, 24 mismatch trials, 3 n−1 lure trials, and 3 n + 1
lure trials that were presented in a pseudo-random order.

Results
The same data-analyses procedures as in Experiment 1 were used.

Advanced flanker task
The data of one L2 teacher was excluded because he had an
average ACC of only 50% (chance-level) for congruent trials. The
ACC data are shown in Figure 5A. The final model on ACC
for the control block contained Group (interpreter, L2 teacher,
monolingual) as fixed effect and Participant as random effect.
The model on ACC for the Go/no-go block contained Group
(interpreter, L2 teacher, and monolingual) and Trial type (go
and no-go) and their interaction as fixed effects, Participant as
random effect and by-participant random slopes of Trial type.
The final model on ACC for the analyses for the flanker block
contained Group (interpreter, L2 teacher, and monolingual)
and Congruency (congruent and incongruent) as fixed effects,
Participant as random effects and by-Participant random slopes
of Congruency. For the control block, we observed decisive

evidence against a main effect of Group, χ2 < 1, BF10 < 0.01.
For the Go/no-go block, there was very strong evidence against
a main effect of Group, χ2(2) = 8.08, p = 0.02, BF10 = 0.01, and
substantial evidence against an effect of Trial type, χ2(1) = 5.59,
p = 0.02, BF10 = 0.22. There was decisive evidence against an
interaction of Group and Trial type, χ2 < 1, BF10 < 0.01. For the
flanker block, we observed decisive evidence against an effect of
Group, χ2 < 1, BF10 < 0.01. There was decisive evidence in favor
of an effect of Congruency, χ2(1) = 37.55, p < 0.001 BF10 < 0.01
(i.e., flanker congruency effect). There was decisive evidence
against an interaction of Group and Congruency, χ2 < 1,
BF10 < 0.01.

2.26% of the RT data (310 trials) were outliers. A univariate
ANOVA indicated that there were no differences between the
number of trials excluded for the interpreters (n = 105), the
monolinguals (n = 108), and the L2 teachers (n = 97), F < 1.
The trimmed RT data are summarized in Figure 5B. The final
model on RT for the control and Go/no-go block contained
Group (interpreter, L2 teacher, and monolingual) as fixed effect
and Participant as random effect. The final model on RT for
the analyses for the flanker block contained Group (interpreter,
L2 teacher, and monolingual) and Congruency (congruent and
incongruent) as fixed effects, Participant as random effects and
by-Participant random slopes of Congruency. For both the
control and go block, we observed decisive evidence against a
main effect of Group, χ2 < 1, BF10 < 0.01. For the flanker
block, there was decisive evidence for a main effect of Trial type,
χ2(1) = 61.47, p < 0.001, BF10 > 100 (i.e., flanker congruency
effect). There was decisive evidence against a main effect of
Group, as well as against an interaction of Congruency and
Group, χ2 < 1, BF10 < 0.01 for both effects.

Hebb repetition paradigm
Hebb recall performance was calculated with the McKelvie
scoring method (McKelvie, 1987). This method takes into
account both the position and serial order of recalled items. First,
we counted the number of items that were in the correct position
from left to right up to the first error. Second, the same step

FIGURE 5 | Data for the advanced flanker task. (A) Shows accuracy data as a function of Group (monolingual, interpreter, and L2 teacher) and Trial type (control,
congruent, incongruent, and go, no-go). (B) Summarizes the reaction time data as a function of Group (monolingual, interpreter, and L2 teacher) and Trial type
(control, congruent, incongruent, and go). Error bars denote SE.
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was repeated from right to left up to the first error. Third, the
number of items in any correct sequence of two or more items
between the first error from the left and the first error from
the right was counted. Finally, any other items that occurred in
the correct serial position were counted. The maximal possible
score for each sequence was 9. The mean McKelvie score for each
Group and each Trial type are presented in Figure 6. Analyses
were performed at the mean level, because not all participants
had the same number of trials due to the stopping criterion. The
model on the McKelvie scores included Group (monolingual, L2
teacher, and professional interpreter), Trial type (filler and Hebb)
and their interaction as fixed effects, and Participant as random
effect. We observed decisive evidence for an effect of Trial type
(i.e., Hebb repetition effect), χ2(1) = 82.82, p < 0.001, BF10 > 100,
but strong evidence against a main effect of Group, χ2(1) = 2.24,
p = 0.33, BF10 = 0.03. There was also strong evidence against
an interaction of Trial type and Group, χ2(2) = 3.28, p = 0.19,
BF10 = 0.04. On average, the monolingual group needed 14.50
repetitions (SD = 5.72) to reach the stopping criterion, the L2
teachers 12.60 repetitions (SD = 6.89) and the interpreters 14.63
repetitions (SD = 5.89). A univariate ANOVA on the number of
repetitions showed that there was substantial evidence against a
group difference, F < 1, BF10 = 0.13.

N-back task
The data of two monolinguals, one L2 teacher, and two
professional interpreters were excluded because they had an ACC
below 50% (i.e., chance-level) on match trials. The final sample
contained 18 monolinguals, 19 L2 teachers, and 17 interpreters.
The ACC data are presented in Figure 7A. For ACC, the model
included Group (interpreter, L2 teacher, and monolingual), Trial
type (mismatch, match, n + 1 lure, and n−1 lure) and their
interaction as fixed effects, Participant and Trial order as random
effects and by-Participant random slopes of Trial type. Trial order
was included to control for learning effects, as we presented trials
in a counterbalanced order (Baayen et al., 2008). We observed

FIGURE 6 | McKelvie scores for the Hebb repetition paradigm as a function of
Group (monolingual, interpreter, and L2 teacher) and Trial type (filler and
Hebb). Error bars denote SE.

decisive evidence for an effect of Trial type, χ2(3) = 76.36,
p < 0.001, BF10 > 100. There was decisive evidence against an
effect of Group, χ2(2) = 1.69, p = 0.43, BF10 < 0.01, and against
an interaction of Trial type and Group, χ2(6) = 4.08, p = 0.67,
BF10 < 0.01. Planned comparisons on Trial type revealed decisive
evidence for an n + 1 lure effect (mismatch vs. n + 1 lures),
t = −19.46, p < 0.001, BF10 > 100, and for an n−1 lure effect
(mismatch vs. n−1 lures), t =−13.43, p < 0.001, BF10 > 100.

The RT data are summarized in Figure 7B. Here, 2.42% of the
RTs (192 trials) were outliers. There were no differences between
the number of trials excluded for the interpreters (n = 52), the
monolinguals (n = 66), and the L2 teachers (n = 74), F(51) = 1.77,
p = 0.18. The same model as for ACC was used for analyses
on RTs. We observed decisive evidence for an effect of Trial
type, χ2(3) = 122.93, p < 0.001, BF10 > 100. There was decisive
evidence against an effect of Group, χ2 < 1, BF10 < 0.01, and
against an interaction of Trial type and Group, χ2(6) = 1.65,
p = 0.95, BF10 < 0.01. Planned comparisons on Trial type revealed
decisive evidence for a n + 1 lure effect, t = 7.65, p < 0.001,
BF10 > 100, and a n−1 lure effect, t = 14.68, p < 0.001,
BF10 > 100.

Summary of Results
The aim of Experiment 2 was to investigate whether the high
levels of language control of professional interpreters amplify
possible cognitive control advantages often associated with
bilingualism. Therefore, we compared three participant groups
(professional interpreters, L2 teachers, and monolinguals) on a
wide range of cognitive control measures, including interference
suppression, response inhibition, attention, STM, and updating.
Overall, we did not find support for a bilingual or interpreter
advantage. First, our results on the advanced flanker task
revealed evidence for similar flanker congruency effects for
the three groups. The results on this task also showed that
there were no differences between the three groups in the
terms of the go/no-go congruency effect or on the control
block. Together, these results suggest that all groups had similar
performance in terms of interference suppression, prepotent
response inhibition, and attention, respectively. Second, the
results on the Hebb repetition paradigm also provided strong
evidence against group differences. There was no evidence for an
overall better performance for L2 teachers or interpreters relative
to monolinguals. The interpreters also performed similarly to
the L2 teachers. This indicates that all groups had similar STM.
Furthermore, the comparable Hebb repetition effect for the three
groups suggests that there were no differences in terms of long-
term memory sequence learning that underlies novel word-form
learning. Finally, there were no differences between the three
groups on lure interference in the n-back task, indicating similar
updating abilities. Thus, we found no evidence for an interpreter
advantage on any tested cognitive control aspect. Indeed, our data
showed that the interpreters and the L2 teachers performed very
similarly on conflict resolution (interference suppression and
prepotent response inhibition), attention, STM, and updating.
Furthermore, both bilingual groups did not differ from the
monolinguals in terms of their cognitive control performance,
indicating that there was no measurable bilingual advantage.
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FIGURE 7 | Data for the n-back task as a function of Group (monolingual, interpreter, and L2 teacher) and Trial type (match, mismatch, n + 1 lure, and n–1 lure).
(A) Summarizes the accuracy data. The reaction time data are shown in (B). Error bars denote SE.

It is worth mentioning that the lack of evidence for a bilingual
advantage in Experiment 2 was accompanied in each task by
decisive evidence in favor of the expected markers of cognitive
control. As such, our participants had clear flanker congruency
effects in the advanced flanker task, lure effects in the n-back
paradigm, and clear Hebb repetition effects. This shows that the
tasks used in the current study were valid and sensitive to the
underlying cognitive control processes that they were meant to
measure.

Cross-Experiment Comparison
We performed additional analyses to further explore the
reliability of our null-findings. Although we obtained similar
results in two independent experiments, which strengthens the
reliability of our results, there may still be smaller bilingual
or interpreter advantages that we were not able to detect. If
such small group differences exist, we might detect them by
combining the data of Experiments 1 and 2. To this end,
we calculated standardized z scores for the accuracy data of
interpreters and monolinguals for the measures of interference
suppression (flanker congruency effect in both experiments),
prepotent response inhibition (Simon effect for Experiment 1,
go/no go congruency effect for Experiment 2), and STM (digit
span task performance for Experiment 1, overall performance
on the Hebb task for Experiment 2) for each Experiment. The
z scores for the ACC data are shown in Figure 8A. We also
calculated the z scores for the reaction time data of interpreters
and monolinguals for the measures of interference suppression
(flanker congruency effect in both experiments), and prepotent
response inhibition (Simon effect for Experiment 2, go RTs for
Experiment 2) for each Experiment. The z scores for the RT data
are summarized in Figure 8B.

For both the ACC and RT data on interference suppression,
independent samples t-tests comparing 45 interpreters and
46 monolinguals revealed no evidence in favor of any group
differences, t < 1, BF10 = 0.33, and t < 1, BF10 = 0.31, respectively.
The same was true for prepotent response inhibition. That
is, independent samples t-tests comparing 44 interpreters and
47 monolinguals on both the composite score for ACC and

RT revealed no evidence in favor of any group differences,
t(89) = −1.04, p = 0.30, BF10 = 0.35, and t < 1, BF10 = 0.22,
respectively. In contrast, comparing the STM data of 44
interpreters and 47 monolinguals, we observed anecdotal
evidence for better STM for interpreters than for monolinguals,
t(89) = 2.40, p = 0.02, BF10 = 2.65. These results suggest that,
although only to a small degree, experience in simultaneous
interpreting may to some extent be associated with better STM
performance.

DISCUSSION

The main purpose of this study was to investigate whether the
high levels of language control of interpreters amplify possible
cognitive control advantages often associated with bilingualism.
We therefore conducted two experiments in which we compared
interpreters to other populations (monolinguals and L2 teachers)
on a wide range of cognitive control measures, including conflict
resolution, attention, STM, and updating. Based on the adaptive
control hypothesis (Green and Abutalebi, 2013), we predicted
that the two bilingual groups would outperform the monolingual
group on all cognitive control measures. Furthermore, we
anticipated that the interpreters would outperform the L2
teachers because the higher language control demands associated
with simultaneous interpreting could amplify the bilingual
advantage.

In Experiment 1, we used the flanker, Simon, and digit span
tasks to compare professional interpreters and monolinguals
on interference suppression, prepotent response inhibition,
and STM, respectively. We did not find evidence for any
cognitive control advantage for interpreters over monolinguals.
In Experiment 2, we compared the performance of professional
interpreters, L2 teachers and monolinguals on interference
suppression, prepotent response inhibition, attention, STM, and
updating. We therefore used an advanced flanker task, an n-back
task and a Hebb repetition paradigm. Again, we did not observe
support for a bilingual or interpreter advantage on any of the
measures. The combined results of Experiment 1 and 2 indicate
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FIGURE 8 | Standardized z scores for the accuracy data (A) and the reaction times (B) of the two experiments as a function of Group (monolingual and interpreter)
and Cognitive control aspect (interference suppression, prepotent response inhibition, and short-term memory). Error bars denote SE.

that the interpreters performed like the monolinguals and the
L2 teachers on all the tested cognitive control processes. This
suggests that there is no bilingual advantage in cognitive control,
at least not for L2 teachers and interpreters. To further examine
this result, we conducted an additional set of analyses. By merging
the data of both experiments by analyzing the standardized
composite scores in a cross-experiment comparison, we found
further support that experience in simultaneous interpreting does
not lead to an advantage in conflict resolution, neither at the
level of interference suppression, nor at the level of prepotent
response inhibition. The cross-experiment analyses did, however,
reveal a small but measurable advantage for interpreters over
monolinguals in terms of STM. Given that we had no group of
L2 teachers in Experiment 1, we were not able to test whether
the STM advantage was related to bilingualism or specifically
to simultaneous interpreting. In sum, the combined results
of Experiment 1 and 2 that the interpreters performed like
the monolinguals and the L2 teachers suggests that there is
no bilingual or interpreter advantage at the level of conflict
resolution, attention, and updating. The results provide, on the
other hand, anecdotal evidence for a (small) bilingual advantage
in STM.

The fact that we have not found empirical support for
the existence of an advantage for our bilingual groups
on most of the tested cognitive control processes (conflict
resolution, attention, and updating) is noteworthy. We examined
highly proficient interpreters who all had at least 4 years of
professional experience and may therefore be assumed to have
extensive training in language control. Furthermore, we also
recruited highly proficient L2 teachers who were using their
languages daily for their professional activities. Our results
therefore suggest that neither using languages in a dual-
language context, nor having extensive training in language
control is a guarantee to develop overall superior cognitive
control abilities. The current findings are in line with previous
studies that failed to obtain evidence for better performance
for bilinguals than for monolinguals on multiple aspects of
cognitive control (Paap and Greenberg, 2013; Paap et al., 2015)
or for professional interpreters in particular (e.g., Liu et al., 2004;

Christoffels et al., 2006; Yudes et al., 2011; Babcock and Vallesi,
2017).

There are several possible explanations for the lack of
enhanced conflict resolution, attention, and updating for
interpreters relative to other groups. First, as already noted,
interpreters may not use their language control mechanisms as
other, more typical bilinguals. Interpreters arguably experience
more cross-language interference between their languages and
a greater requirement to produce the correct output in the
target language. Given these extreme language control demands,
interpreters might develop qualitative different methods to
manage their languages and to be able to comprehend and
produce information in different languages simultaneously.
Consequently, interpreters might not develop better cognitive
control, because they are not using the same language control
mechanisms as other bilinguals. Nevertheless, we also could
not observe an advantage for L2 teachers over monolinguals,
suggesting that even for more typical bilinguals there might
not be a bilingual advantage. This brings us to the second
possibility, which is that there is no bilingual advantage at
the level of conflict resolution, attention, updating, and novel
word learning. In a recent study, Van de Putte et al. (2018)
also did not find support for the hypothesis that interpreting
experience enhances cognitive control. In their study, interpreters
and translators performed similarly on tasks measuring conflict
resolution and shifting, both before and after a 9-month training
in their profession. However, only after the language training,
the authors observed increased activation for the interpreters
relative to the translators in the right angular gyrus during the
shifting task and in the left superior temporal gyrus during
the conflict resolution task. As neural measures were outside
the scope of the current study, future work should shed light
on the relationship between simultaneous interpreting training,
the associated neural changes, and their relation to behavioral
cognitive control measures. Third, it should be mentioned that
the monolinguals tested in the current study also acquired
(passive and anecdotal) knowledge of a L2. It cannot be excluded
that the interpreters and L2 teachers tested here improved their
cognitive control abilities, but that the improvement is not
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linearly related to L2 proficiency or that they reached a ceiling.
That is, the dual-language use and higher demands of language
control might not further increase the cognitive control benefits
that all participants already had due to the fact that they all knew
a L2. A fourth and final possible explanation for the absence
of a bilingual or interpreter advantage on the aforementioned
aspects of cognitive control is that our bilingual groups were too
proficient. Paap (2018) proposed the Controlled Dose hypothesis,
which states that the bilingual advantage might only be present
during the process of L2 acquisition. This hypothesis is based on
a general framework of behavioral learning proposed by Chein
and Schneider (2012). The acquisition of novel behavior typically
proceeds with shifting from relying on the metacognitive system
during the formation stage, to recruiting the cognitive control
network during the controlled-execution stage and, finally, to
relying on the representation system during the automatic-
execution stage (see Figure 9). According to the Controlled
Dose hypothesis (Paap, 2018), there might be a similar shift in
engagement of cognitive control for bilinguals. The bilingual
advantage may therefore only be present during a particular
period of L2 acquisition, when bilinguals are still learning how
to juggle their languages. Once bilinguals have sufficient training
in language control, language management might become an
automatic skill that does not require cognitive control processes.
Similar to losing better developed muscles when stopping
physical fitness training, the benefits in cognitive control of
bilinguals might not persist indelibly when this mechanism is no
longer recruited for language control. This hypothesis is new and
still needs to be investigated. According to the Controlled Dose
hypothesis, a benefit in cognitive control might thus be predicted
for interpreters and L2 teachers, but these advantages are likely to
be transitory. Less experienced interpreters and L2 teachers who
are still becoming more proficient in their job may still train their
cognitive control with every linguistic choice they make, so that
there can be a cognitive control advantage for these populations.

Prior research has indeed found bilingual advantages for
interpreters that were still at the start of their professional
career. Woumans et al. (2015), for instance, compared the
conflict resolution performance of student interpreters, student
balanced bilinguals, student unbalanced bilinguals, and student

monolinguals. They used the Simon task to measure prepotent
response inhibition and the ANT to measure interference
suppression. All bilingual groups had a smaller Simon effect
than the monolinguals, suggesting better prepotent response
inhibition. Furthermore, both the interpreters and balanced
bilinguals had a smaller congruency effect on the ANT,
indicating superior interference suppression. It is possible that
an advantage was found in the study of Woumans et al.
(2015), but not in the current study, because of the fact
that the student interpreters and student balanced bilinguals
in the study of Woumans et al. (2015),were still gaining L2
proficiency, whereas the bilingual groups tested here were not.
This idea also fits with the Bilingual Expertise hypothesis
(Incera and McLennan, 2016; Damian et al., 2018). It has been
found that proficient bilinguals take longer to start moving
the mouse in a mouse tracking paradigm but then move
more efficiently than monolinguals to the correct response.
However, no group differences emerge in terms of RTs. It is
thus possible that bilinguals change the way in which they
approach cognitive control tasks once they have sufficient
training in language control, although this does not imply
better performance. Our study design does not permit to draw
any firm conclusions about the Controlled Dose hypothesis,
but together with the findings of prior research it shows that
it deserves further investigation. The bilingual profile of the
participants in studies of this type should be controlled carefully
in the future, as it would enable us to understand when
bilingualism provides an advantage in cognitive control and
why.

Regardless of the explanation, the results of the current
study indicate that neither high levels of L2 proficiency
and use in a dual-language context, nor experience with
simultaneous interpreting leads to measurable enhancements
in conflict resolution, attention, and updating. We did, on
the other hand, find some evidence for improved STM for
interpreters when compared to monolinguals. Although our
findings should be interpreted with caution given the anecdotal
evidence in favor of its existence, this interpreter advantage
at the level of STM is in line with previous studies which
have shown that simultaneous interpreters have better STM

FIGURE 9 | The framework of behavioral learning of Chein and Schneider (2012).
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when compared to other populations (Bajo et al., 2000; Padilla
et al., 2005; Christoffels et al., 2006; Signorelli et al., 2011;
Yudes et al., 2011; Stavrakaki et al., 2012; Babcock and Vallesi,
2017). Christoffels et al. (2006), for instance, examined whether
professional interpreters had better STM than bilingual university
students and highly proficient L2 teachers. They recruited 13
interpreters, 39 bilingual students, and 15 L2 teachers. Using
a word span task that was highly comparable to the digit
span task used in Experiment 2, they observed that interpreters
outperformed both the students and the L2 teachers, while
the students and the L2 teachers performed similarly. The
authors also found that interpreters, bilingual students and
L2 teachers performed similarly on a basic reaction time
task, measuring attention. The authors therefore concluded
that working memory is a crucial cognitive control aspect
for simultaneous interpreting, whereas attention is not. In the
current study, we were not able to find evidence for an interpreter
advantage on the digit span task, despite the fact that we
used a highly similar design as in the study of Christoffels
and colleagues and that we tested groups of comparable size.
Nevertheless, the results of the cross-experiment comparison
did reveal (small) evidence for an interpreter advantage, in
line with the findings of Christoffels et al. (2006). The fact
that the advantage in working memory was rather small is
further in line with a recent meta-analysis of Grundy and
Timmer (2016). In their study, they analyzed the advantage
in STM for bilinguals over monolinguals combining data from
88 effect sizes, 27 independent studies, and 2901 participants.
Their results revealed a small to medium effect in favor of
a bilingual advantage in working memory. So, it appears that
bilingualism can give an advantage in working memory, but
this advantage is rather small and may therefore be difficult
to detect. Across all other cognitive control measures, on the
other hand, we found no evidence in favor of an interpreter
or bilingual advantage. Together, the current findings therefore
further corroborate to the idea that simultaneous interpreting
may lead to enhanced STM relative to monolinguals, albeit
that this advantage is rather small. An advantage in STM
for interpreters over other populations is reasonable given the
nature and demands of simultaneous interpreting. Working
memory is a crucial component because interpreters have to
store content in a source language and reformulate this content
in the target language while articulating previous reformulated
messages. This high working memory demand appears to alter
STM capacity.

The present results should be regarded with a degree of
caution, as there are certain limitations worth noting. First,
the monolingual group in Experiment 2 had a lower L1
proficiency than the two bilingual groups. This contrasts with
prior work, which found that bilinguals have reduced vocabulary
knowledge in their L1 relative to monolinguals (Bialystok et al.,
2009). The higher L1 proficiency of the bilinguals tested here
is likely due to the fact that both professional interpreters
and L2 teachers are linguists that received formal education
in their L1, which was not true for the monolinguals. This
could have influenced the results for our measure of novel
word learning. Nevertheless, even with this advantage in L1

proficiency, there were still no differences between the bilinguals
and the monolinguals in the Hebb repetition paradigm. Second,
in Experiment 2, we compared the performance of interpreters,
L2 teachers, and monolinguals on tasks that were selected
because they appeal on particular cognitive control processes
(conflict resolution, attention, updating, working memory, long-
term memory consolidation that underlies word learning).
The choice of our tasks raises some questions. First, overall
accuracy on the conflict resolution tasks was high. Bialystok
(2015) argued that the bilingual advantage is more likely to
emerge in more effortful tasks. Although accuracy rates are
comparable to past research that did obtain evidence for a
bilingual advantage (e.g., Emmorey et al., 2008), it cannot
be excluded that the tasks were not sufficiently effortful to
detect differences in conflict resolution between our groups.
Furthermore, with respect to the n-back task, it would also
be interesting to examine whether memory updating is better
for interpreters or bilinguals in general if words are used
instead of consonants. Remembering and updating words is
more naturalistic and is more in line with the professional
activities of interpreters than consonants. Finally, we decided
to use a visual version of the Hebb repetition paradigm.
Given the nature of simultaneous interpreting, it would be
interesting to examine in future work whether an oral version
of the Hebb repetition paradigm, in which the sequences are
not presented visually but auditory, elicits better performance
for interpreters. During their profession, interpreters hear
incoming information which they have to transform and
story in their memory. Previous research that reported an
interpreter advantage mainly used oral working memory tasks
(e.g., Padilla et al., 2005; Christoffels et al., 2006; Signorelli
et al., 2011). Nevertheless, the digit span task in Experiment
1 was an oral STM task, where we also failed to observe
strong evidence for an interpreter advantage. It should be noted,
though, that the testing language of this task was different
for monolinguals and interpreters. Although Dutch and French
digit names are very similar in terms of worth length, it
cannot be ruled out that cross-language variability in digit span
performance masked possible group differences. Nevertheless,
although simultaneous interpreting is likely to train specifically
oral STM, the current study suggests that this advantage is rather
small.

To conclude, the results of the current study once more
point toward the complexity of the phenomenon of bilingualism
and the difficulty to determine its cognitive implications.
Prior work has suggested that particular characteristics
of bilingualism might be important for the advantage to
emerge. The amount of language control needed in daily
life has been proposed as being the modulating factor. The
results of this study provide further insights in this matter
by showing that extensive training in language control does
not necessarily always lead to general beneficial effects on
cognitive control. Although we found ambiguous evidence
that interpreters have better STM than monolinguals,
there was no evidence for an advantage at the level of
conflict resolution, attention, updating, and novel word
learning. Further research is needed to determine whether
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there might be a certain period during language control training
in which cognitive control is (overall) enhanced. Comparing the
bilingual advantage between novice and professional interpreters
in a longitudinal design could shed more light on the (temporary)
importance of cognitive control in the bilingual brain.
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The notion of bilingual advantages in executive functions (EF) is based on the
assumption that the demands posed by cross-language interference serve as EF
training. These training effects should be more pronounced the more cross-language
interference bilinguals have to overcome when managing their two languages. In the
present study, we investigated the proposed link between linguistic and EF performance
using the similarity between the two languages spoken since childhood as a proxy
for different levels of cross-language interference. We assessed the effect of linearly
increasing language dissimilarity on linguistic and EF performance in multiple tasks in
four groups of young adults (aged 18–33): German monolinguals (n = 24), bidialectals
(n = 25; German and Swiss German dialect), bilinguals speaking two languages of the
same Indo-European ancestry (n = 24; e.g., German-English), or bilinguals speaking
two languages of different ancestry (n = 24; e.g., German-Turkish). Bayesian linear-
mixed effects modeling revealed substantial evidence for a linear effect of language
similarity on linguistic accuracy, with better performance for participants with more
similar languages and monolinguals. However, we did not obtain evidence for the
presence of a similarity effect on EF performance. Furthermore, language experience
did not modulate EF performance, even when testing the effect of continuous indicators
of bilingualism (e.g., age of acquisition, proficiency, daily foreign language usage). These
findings question the theoretical assumption that life-long experience in managing
cross-language interference serves as EF training.

Keywords: bidialectalism, bilingualism, language similarity, executive functions, linguistic processing

INTRODUCTION

Bilingualism, or the active use of two languages from an early age on, has been suggested to
have both positive effects on non-linguistic and negative effects on linguistic processing (Bialystok
et al., 2012). On the one hand, the increased attentional demand bilinguals face when they have
to select words in the appropriate language while inhibiting their second language (L2) is assumed
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to serve as lifelong training of executive control (Kroll and
Bialystok, 2013) leading to better executive functions (EF) in
bilinguals as compared to monolinguals. Bilingual advantages
have been reported for several aspects of EF (Miyake et al.,
2000): inhibition of prepotent responses (Bialystok et al., 2008;
Salvatierra and Rosselli, 2010), shifting between mental sets and
tasks (Prior and MacWhinney, 2010; Wiseheart et al., 2016), and
updating and monitoring of working memory (WM) contents
(Luo et al., 2013; Blom et al., 2014). On the other hand, the
need to maintain more than one lexicon is assumed to come
with disadvantages in lexical access (e.g., Bialystok, 2009), leading
to worse linguistic performance in bilinguals as compared to
monolinguals. Accordingly, it has been found that bilingual
children and adults have a smaller receptive vocabulary (Bialystok
et al., 2010; Bialystok and Luk, 2012), have lower scores in picture
naming tasks (Gollan et al., 2005; Ivanova and Costa, 2008),
and perform worse in word-fluency tasks (Gollan et al., 2002;
Portocarrero et al., 2007) than monolinguals.

Whereas bilingual linguistic disadvantages are well-supported
in the literature, bilingual EF advantages have been challenged
by several recent replication failures (Morton and Harper, 2007;
Paap and Greenberg, 2013; Antón et al., 2014; Duñabeitia et al.,
2014; Gathercole et al., 2014; Kirk et al., 2014; Kousaie et al.,
2014; Paap and Liu, 2014; de Bruin et al., 2015; Paap et al., 2016,
2014; von Bastian et al., 2016). This has led to a discussion of the
variables potentially modulating the observation of bilingual EF
advantages (Kroll and Bialystok, 2013; Baum and Titone, 2014;
Valian, 2015). Recently, researchers have paid increasingly more
attention to the multifaceted aspects of the bilingual experience,
such as the age of L2 acquisition, language proficiency, and
frequency of language use. Although these variables have been
shown to modulate the performance of bilinguals in linguistic
tasks (Portocarrero et al., 2007; Gollan et al., 2008; Luo et al.,
2010; Blumenfeld et al., 2016), the importance of these factors
in explaining bilingual EF advantages is still under debate. Two
large-scale studies failed to observe a relation between age of L2
acquisition, language proficiency, language usage, and number
of learned languages in multiple indicators of EF (Paap, 2014;
von Bastian et al., 2016), and other studies did not observe a
relation between age of acquisition and inhibitory control (Linck
et al., 2008; Pelham and Abrams, 2014). A couple of studies
have, however, reported effects of balance of language usage on
inhibitory control and on shifting (Woumans et al., 2015; Yow
and Li, 2015; Verreyt et al., 2016), and of L2 proficiency on
conflict monitoring (Singh and Mishra, 2013). A further aspect
of the bilingual experience that has received less attention in the
literature is the similarity of the two languages spoken.

The Role of Language Similarity
Evidence from event-related potential studies suggests that,
in bilinguals, both languages are constantly activated even if
only one of them is currently in use (Kroll et al., 2012).
An explanation for this parallel activation is proposed by the
BIA+ model, which suggests that bilinguals have a shared mental
lexicon for both languages. Consequently, when recognizing a
word, lexical representations that share orthographic, phonologic
and/or semantic similarity with the target word are automatically

activated regardless of the language they correspond to (Dijkstra
and van Heuven, 2002). This non-selective activation is assumed
to demand general executive control mechanisms to manage
cross-linguistic activation (Coderre and van Heuven, 2014).
Furthermore, this parallel activation leads to bidirectional cross-
language interactions, such that the first language (L1) adapts
to the grammar and words of L2, and vice versa (Kroll et al.,
2014). Importantly, empirical evidence has shown that cross-
language interactions vary as a function of overlap during word
production (Schwartz et al., 2007) and reading (Van Assche et al.,
2011). If cross-language interactions vary with the similarity
of the two languages spoken, language similarity may have a
profound impact on how much executive control is required to
effectively use L1 and L2. Basically, language similarity could
affect executive control demands in language selection in two
ways. First, similar L1 and L2 could lead to stronger cross-
language interference. If so, selecting the appropriate language
should become more difficult the more similar the two languages
are, thereby requiring more executive control to inhibit the
interfering language, to reduce the costs of switching between
languages, and to monitor the contents that get access to WM
(Linck et al., 2008; Barac and Bialystok, 2012; Coderre and van
Heuven, 2014). In this case, bilinguals with similar languages
would train to exert executive control more intensively, leading
to enhanced performance in EF tasks. Alternatively, it may be
that similar languages yield more adaptation between languages,
thereby facilitating lexical access and language comprehension
due to their shared grammar, syntax, and phonology. If so,
speaking two highly similar languages should reduce the need
to exert executive control compared to speaking two more
dissimilar languages. In this latter scenario, dissimilar languages
would require stronger attentional control, increase the cost of
switching between languages, and demand more monitoring of
WM contents, thereby yielding more training of EF. In this case,
bilinguals speaking similar languages would be less advanced in
EF than those speaking dissimilar languages. These opposing
views can be disentangled by assessing the impact of language
similarity on both linguistic and EF tasks. By taking linguistic
performance as a measure of the degree to which the two
languages interfere with each other and, hence, of how much
executive control is required for managing L1 and L2, it is
possible to predict how language similarity modulates bilingual
EF advantages.

There is evidence of facilitating effects of language similarity
in bilingual children (Bialystok et al., 2003, 2005; Barac and
Bialystok, 2012). However, a study with young adults has not
found any differences in language switching costs as a function
of language similarity (Costa et al., 2006). Thus, more evidence is
needed to test for the effect of language similarity on linguistic
performance in adulthood. Regarding EF performance, only
a small number of studies assessed the impact of language
similarity, with mixed results. Three studies found no effect of
language similarity on EF performance: one study tested bilingual
children on a shifting task (Barac and Bialystok, 2012); one study
tested young adults (Linck et al., 2008) and another study tested
older adults (Kirk et al., 2014) on an inhibition task. Yet another
study with a sample of young adults yielded inconclusive results
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on an inhibition task (Coderre and van Heuven, 2014): bilinguals
with dissimilar languages showed the smallest interference score
in a Stroop task, but they also responded more slowly on
the task. In an attempt to replicate this result, Paap et al.
(2015) assessed Stroop performance in young adult monolinguals
and three groups of bilinguals with varying script similarity.
However, script similarity affected neither Stroop interference
nor overall reaction times (RT). Instead, orthographic overlap
between the two languages spoken was associated with slower
RTs in the Stroop task (but not with Stroop interference). Taken
together, the evidence for an effect of language similarity on EF
performance is mixed.

An extreme form of language similarity is bidialectalism (i.e.,
speaking a dialect in addition to a standard language). Dialects
are naturally tightly related to their originating languages, while
still having a distinct grammar and phonology (Chambers and
Trudgill, 1998). Yet, only few studies have related bidialectism
to bilingualism. Antoniou et al. (2016) assessed performance in
several EF tasks in children that were monolinguals, bidialectals,
or bilinguals. Bilinguals and, to some extent, bidialectals
outperformed monolinguals in a composite measure of WM and
inhibitory control. Noteworthy, the EF advantage of bidialectals
was weaker than that of the bilinguals, and only reached
significance after covarying children’s verbal capacity. In contrast,
Ross and Melinger (2017) tested monolingual, bidialectal, and
bilingual children in tasks measuring inhibitory control and
shifting. Bidialectalism did not yield a benefit in either measure,
but bilinguals responded more accurately in one inhibition task.
In a sample of older adults, Kirk et al. (2014) found that
bidialectals performed similarly as monolinguals in a Simon task.
To the best of our knowledge, there is no study focusing on young
adulthood.

Taken together, the little research to date on the effects of
language similarity on linguistic and EF tasks led to mixed results.
The variability across studies may be due to several factors.
First, most studies assessed either EF or linguistic performance,
but not both (with exception of Barac and Bialystok, 2012).
This makes it difficult to establish the link between language
processing demands and executive control. Second, most studies
assessed performance in only one task, and studies vary in terms
of the ability assessed (e.g., inhibition, shifting). Recently, it
has been proposed that bilingualism may have a subtle impact
on diverse EF measures (Kroll and Bialystok, 2013). Hence, a
broader assessment of EF might be required to uncover the
effects of language similarity. Third, single-task assessments may
also confound task-specific variance with ability-level effects
(Shipstead et al., 2012). Thus, studies including multiple tasks
measuring the same ability may provide more reliable and
generalizable results.

The Present Study
As reviewed above, there is little research on the effects of
language similarity on EF and linguistic processing, particularly
among young adults. In the present study, we investigated
performance in these two domains simultaneously to examine
whether and how language similarity mediates the relationship
between language control and executive control. We hypothesize

that there are two possible scenarios. Similar languages may
lead to more linguistic interference and, thus, require increased
executive control relative to dissimilar languages (Linck et al.,
2008; Barac and Bialystok, 2012; Coderre and van Heuven, 2014).
Alternatively, similar languages may interfere less with each other
due to cross-linguistic adaptation. Adaptation should facilitate
linguistic processing in more similar languages, thus requiring
less executive control compared to dissimilar languages (Barac
and Bialystok, 2012). Either way, both views imply that language
similarity has opposite effects on EF and linguistic tasks: the
conditions that lead to better linguistic performance should yield
least training of EFs, thereby limiting EF benefits. The main goal
of the present study was to provide a first assessment of this link
by measuring how language similarity affects both linguistic and
EF performance.

We assessed the effect of language similarity in EF and
linguistic tasks by comparing performance of monolinguals,
bidialectals, and bilinguals with language combinations that
varied in the similarity to Standard German. As this was
the first attempt to test the impact of language similarity on
the link between EF and linguistic performance, no evidence
was available as to what linguistic properties on what level
(i.e., orthographical, phonological, semantic) would be most
critical for language similarity to yield the hypothesized
effects. Hence, we chose a more general measure of language
overlap by categorizing languages as similar based on their
language family. We considered languages within the Indo-
European family as more closely related to each other than
they are to languages of any other family based on some
overlapping vocabulary and similarities in their general macro-
structural syntax and grammar. In contrast, Indo-European
and Non-Indo-European languages tend to differ in those
aspects to a larger degree (Campbell, 2008; Comrie, 2008;
Longobardi et al., 2013). Accordingly, our assumption was
that individuals who speak languages from the Indo-European
family would broadly deal with languages that share more
linguistic properties than individuals whose languages stem from
different families1. Several studies have shown bidirectional cross-
linguistic interactions indicating that the multiple languages
an individual speaks affect each other (Hohenstein et al.,
2006; Brown and Gullberg, 2008, 2010, 2011; Ameel et al.,
2009; Van Assche et al., 2011). Based on the BIA+ model,
shared linguistic properties should lead to the activation of
more lexical representations in the bilingual lexicon that show
overlap with the target word, thus resulting in increased cross-
linguistic interactions for more similar languages (Dijkstra
and van Heuven, 2002). Hence, the broad similarity of the
languages may facilitate or hinder language processing and in
turn demand less or more EF. Taking the present definition
of language similarity, we assume that Standard German and
the Swiss-German dialect share the highest degree of overlap
(e.g., shared vocabulary, phonology, syntax, etc.). In contrast,
when one compares Standard German to other languages

1This classification is at a broad ordinary level, as we had no means of computing
the degree of language overlap between all language combinations reported by our
participants.
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from the Indo-European family (e.g., German and English, or
German and French), there are much less shared properties
(e.g., vocabulary), but there remain some macro-structural
similarities such as phonological and syntactic processes that
could impact the learning and daily usage of these language
combinations. Languages from different language families (e.g.,
German and Turkish, or German and Chinese), conversely, are
assumed to share even less properties than languages within
the same language family (e.g., different vocabulary, different
phonology, etc.). We assumed that there should be less cross-
linguistic interactions between these more dissimilar languages
than between the (relatively) more similar languages within the
Indo-European family.

Having these considerations in mind, participants were
classified as belonging to one of four groups. The monolingual
group comprised native speakers of Standard German only. The
bidialectal group comprised native speakers of Standard German
and the Swiss German dialect. The Swiss German dialect is
very closely related to Standard German, as both belong to the
German languages within the Indo-European language family,
and are located on neighboring branches of the family tree
(Simons and Fennig, 2018). The bidialectals in our group used
both the Swiss German dialect and Standard German in most
social contexts. Bilinguals were speakers of Standard German
(and, in most cases, also of the Swiss German dialect) and
learned another language. We included a group of bilinguals
proficient in Standard German and another Indo-European
language (hereafter similar bilinguals, e.g., English, French, or
Italian), and a group of bilinguals proficient in Standard German
and a Non-Indo-European language (dissimilar bilinguals, e.g.,
Arabic, Turkish, or Chinese). Performance of these four groups
was compared in three tasks aimed at assessing their linguistic
ability and in several measures of EF that have been linked to
inhibitory control, monitoring, shifting, mixing, and WM (von
Bastian et al., 2016).

In sum, our four language groups differ progressively in
terms of which additional languages they spoke. Monolinguals
spoke only Standard German, bidialectals spoke Standard
German and the Swiss German dialect, and bilinguals spoke
Standard German, the Swiss German dialect, and another
language that was of the same Indo-European family (similar
bilinguals) or not (dissimilar bilinguals). Hence, this partition
assumes that speaking additional languages has an additive
effect with speaking the dialect. This might not be the
case, and it is also conceivable that speaking the dialect
and speaking an additional language have opposite effects
that cancel each other, thereby diluting group differences.
This was a risk of our design. However, this would be an
actual concern only if we would find no effects of language
similarity neither in linguistic nor in EF performance, or if
the effect was constrained only to the comparison between
monolinguals and bidialectals with no further differences for
the bilingual groups. To foreshadow our results, we did
obtain a monotonic effect of language similarity on linguistic
performance, which is in line with the assumption that
speaking the dialect and an additional language have additive
effects.

MATERIALS AND METHODS

Participants signed up for the study via an online form
determining their eligibility for study participation (physically
and psychologically healthy, not color-blind, and speaker
of Standard German). Eligible participants were invited via
e-mail to complete an online language history questionnaire
(completed in Standard German). Next, they were invited
for a laboratory session where they completed a battery of
tasks taking approximately 2 h, with a 10-min break midway.
All tasks were presented in Standard German. During the
laboratory session, participants first completed the Ishihara test
for color blindness (Ishihara, 2003), followed by two paper-
pencil tasks measuring linguistic ability (a word completion
test and a verbal fluency test). Then, they were asked to
complete a computerized test battery comprising 11 cognitive
tasks. The test battery was programmed with Tatool, an open-
source software for programming psychological experiments
(von Bastian et al., 2013). To avoid order and fatigue effects,
half of the participants completed the computer-based tasks in
reversed order (von Bastian and Oberauer, 2013). Participants
were randomly assigned to the task order, equally balanced across
language groups.

Participants
One-hundred and eleven young adults voluntarily took part
in the study. Participation was compensated with extra-course
credit or 40 CHF (about 40 USD). Participants were students
at a Swiss university or held a diploma comparable to a Swiss
high-school certificate (Matura). Written informed consent was
obtained for all participants. Participants were tested in groups
of up to five. The experimental protocol was approved by the
Ethics Committee of the Faculty of Arts and Social Sciences
of the University of Zurich (in accordance with the Helsinki
declaration), and participants were debriefed at the end of the
study. Twelve participants were excluded from the analysis for
various reasons: (a) they were not proficient in German (n = 1),
(b) reported language combinations that did not match the pre-
defined language groups (n = 7)2, or (c) did not fulfill the
requirements of our definition of bilingualism described below
(n = 4). Thus, the final sample consisted of 99 participants, aged
18–33 years (M = 23.5, SD = 3.69). The sample characteristics are
listed in Table 1.

Participants were classified into one of four language groups.
Monolinguals (n = 25) were native speakers of only Standard
German and had limited knowledge of the Swiss German dialect.
Bidialectals (n = 26) were native speakers of the Swiss German
dialect and Standard German. In the German speaking part of
Switzerland, the Swiss German dialect is used in most daily
interactions and is typically the language children will learn first
at home. However, Standard German is used when interacting

2One participant was native speaker of a dialect of German other than Swiss
German (i.e., Austrian), and hence this person could not be classified into either
the monolingual or bidialectal groups. The other six participants qualified as
similar bilinguals but used a different (non-Latin) script in one of their languages.
We excluded these participants to keep script similarity constant in the similar
bilingual group.
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with non-dialect speakers, in the news, on most of the available
TV channels, and in some other social contexts. Thus, Swiss
Germans are highly proficient in both the Swiss German dialect
and Standard German. Moreover, the Swiss German dialect is
a spoken dialect only, with Standard German being the written
language that is obligatory in formal contexts. Hence, all children
must learn Standard German when entering school at the age of 6
or 7 years. Participants in the monolingual and bidialectal groups
had also formal foreign language education during secondary
school (most commonly English or French starting on average
after the age of 10), but achieved much lower proficiency in
these languages (see Figure 1). The two remaining groups were
bilinguals. Participants qualified as bilinguals if they (1) learned
at least one language (henceforth L2) in addition to Standard
German and/or Swiss German up to the age of seven (i.e., before
entering school and any formal foreign language education), and
(2) indicated that they were still actively using their L2. This
definition of bilingualism is in line with the inclusion criteria
used in several prior studies (e.g., see Bialystok et al., 2006; Costa
et al., 2009; Hernández et al., 2010; Luk et al., 2011; Gold et al.,
2013). In sum, what separates our bilingual participants from
their monolingual and bidialectal counterparts is the early onset
of bilingualism, and also the greater proficiency they achieved in
their languages. Bilinguals with an L2 from the Indo-European
language family were classified as similar bilinguals (n = 24),
and bilinguals with an L2 from a Non-Indo-European language
family were classified as dissimilar bilinguals (n = 24). Similar
bilinguals were native speakers of English (7), French (3), Italian
(3), Polish (2), Portuguese (2), Spanish (3), Rhaeto-Romanic (3),
or Albanian (1). Dissimilar bilinguals were native speakers of
Chinese (2), Korean (1), Laotian (1), Tagalog (1), Tamil (1),
Tibetan (1), Turkish (7), Hungarian (6), Finnish (1), Arabic (2),
or Malayalam (1).

The language groups were matched in terms of gender,
age, educational background, and Raven’s Advanced Progressive
Matrices (RAPM) scores as confirmed by substantial evidence
against group differences in univariate Bayesian ANOVAs
(see Table 1). The evidence regarding group differences in
socioeconomic status (SES) was ambiguous. Paired contrasts
between groups revealed, however, that all groups were
comparable in terms of their SES, except for the parents of
monolinguals having, on average, higher educational degrees
than parents of bidialectals. Groups differed though regarding
their migration background: Most monolinguals and more than
a third of the bilinguals, but less than 8% of the bidialectals were
currently residing in a different country than their country of
origin.

Language and Demographic Assessment
Demographic and language background information were
assessed with a questionnaire administered online using SoSci
Survey (Leiner, 2018). The questionnaire was based on the
language history questionnaire from Li et al. (2006), translated
to German, and adapted for the purposes of this study by
two of the authors (JO and AS). After assessing demographic
variables and SES, participants were asked to report all languages
they have learned (up to a maximum of five languages) in
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FIGURE 1 | Distribution of the self-reported language variables in each group. (A,B) show age of acquisition and proficiency, respectively, in German, Swiss German,
and the L2. (C) shows the total number of languages learned, whereas (D) shows the number of languages learned before the age of seven. Finally, (E) presents the
daily percentage usage of languages other than German/Swiss German.

the order in which they had learned them, starting with
their native language. Participants were explicitly instructed
to consider the Swiss German dialect as a separate language.
In addition, they were asked to indicate detailed information
on the usage of each language. For the present purposes, we
extracted the self-reported age of acquisition, proficiency, and
percentage of daily language usage for German, Swiss German
dialect, and each participant’s L2 (language other than German
and/or the Swiss German dialect acquired earliest) from the
questionnaire. Previous research obtained high correlations of
self-rated proficiency measures with objective assessments of

language proficiency (Luk and Bialystok, 2013). Accordingly, we
used the above listed self-reported measures to describe the
language experience of our groups, and also as continuous
predictors of performance in our tasks.

Figure 1 presents the distribution of language background
variables in each language group. Panel A indicates the self-
reported age of acquisition of each language of interest here,
namely German, Swiss German dialect, and the L2. There are
clear differences between the language groups, particularly with
regards to age of L2 acquisition, which was the inclusion criterion
for bilinguals in this study. Note that with regards to the Swiss
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German dialect, only two monolinguals reported having learned
the dialect. Complementarily, panel B presents self-reported
proficiency in each of these languages. Again, language groups
differed substantially particularly with regards to L2 proficiency:
bilinguals reported higher proficiency than monolinguals or
bidialectals. The two monolinguals that reported learning Swiss
German also reported that their proficiency on the dialect was
lower than that of a native speaker. Panel C shows that most
participants in the study learned more than one language at
some point in their lives (note that Swiss German is included
here as an additional language). Panel D indicates, however, that
the age of acquisition of the learned languages differed between
groups: monolinguals acquired only one language by the age of
7, whereas bidialectals acquired two languages (i.e., the Swiss
German dialect and Standard German), and bilinguals (similar
and dissimilar groups) acquired two or more languages (i.e.,
the Swiss German dialect and/or Standard German and the L2).
Lastly, panel E shows that participants in all groups reported
using a foreign language (i.e., another language besides the Swiss
German dialect or Standard German) for a substantial part of
their day. This is probably the case because all participants were
university students, and they were confronted with English on a
daily basis. Importantly, the item did not differentiate between
active (e.g., speaking) and passive (e.g., listening) non-L1 usage.
In sum, our bilinguals learned more languages at an earlier age
and with higher proficiency than monolinguals or bidialectals.

Linguistic and EF Assessment
Linguistic ability was assessed with three tasks, and the five EF
abilities (inhibition, monitoring, mixing, shifting, and WM) each
with two tasks using different materials to reduce the influence
of task-specific variance. Furthermore, we included a short non-
verbal reasoning test to assess group comparability on this ability.
All tasks were preceded by practice trials which were excluded
from the final analysis. Dependent measures were coded so that
larger values indicate better performance.

Linguistic Ability
Bilinguals have been consistently found to be disadvantaged in
linguistic tasks compared to monolinguals: they produce less
words in semantic fluency tasks (Gollan et al., 2002; Portocarrero
et al., 2007) and react slower and less accurately in lexical
decision tasks (Ransdell and Fischler, 1987; Lehtonen et al., 2012).
Moreover, Ransdell and Fischler (1989) found that bilinguals
benefitted less from accessing concrete in comparison to abstract
words. Hence, we assessed linguistic ability through performance
in the three tasks: verbal fluency, lexical decision-making, and
the concreteness effect in a word recognition task. All tasks were
conducted in Standard German language. In the verbal fluency
task (administered in paper-and-pencil format), participants
were asked to write down as many German words as they could
think of in response to a categorical prompt (i.e., animals, fruits,
clothes, musical instruments, objects on wheels, and furniture)
within 2 min for each category. Words from the same semantic
subcategory (e.g., poodle and labrador from the subcategory
dogs), or words with the same meaning (e.g., “Orange” and
“Apfelsine” both of which refer to an orange in Standard German)

were coded as one word only. Linguistic accuracy in the verbal
fluency task was measured via the sum of unique words (average
across two coders) generated across all semantic categories.
Participants also completed a word-fragment completion test
(Jäger et al., 1997) that was administered as a warm-up for the
following verbal fluency test. Data of this task were discarded and
not further analyzed. For the remaining two tasks, we derived
two performance measures, namely the accuracy with which the
task was completed (hereafter referred to as linguistic accuracy)
and the speed of processing (linguistic speed). In the lexical
decision task, participants indicated with a key press whether a
visually presented string was a word (right arrow key) or a non-
word (left arrow key). The stimulus remained onscreen until a
response was made (see Figure 2A). Participants completed 128
trials consisting of a pseudo-random sequence of 64 German
words and 64 non-words, matched regarding their number of
letters and syllables, and their frequency (only words) using
a semantic atlas for German words (Schwibbe et al., 1981).
We calculated linguistic speed using the mean log-transformed
RTs (multiplied by -1, so that higher values represent better
performance), and linguistic accuracy via detection performance
computed as d’ = z(H)-z(FA), with H being the hit rate, FA
being the false alarm rate, and z reflecting the z-transformation
of these values. In the word recognition task, participants were
instructed to memorize 30 German nouns presented sequentially
(3 s each) on the screen (see Figure 2B). Half of the nouns
were concrete (e.g., elephant) and half of them abstract (e.g.,
theory). Subsequently, participants were sequentially shown 60
probe words, including the 30 previously presented words (old)
and 30 new words (new), randomly intermixed. Participants
decided whether the probe word was old (right arrow key)
or new (left arrow key). Each probe word remained onscreen
until a response was made. The concreteness benefit (i.e., the
performance difference in responding to abstract and concrete
words) in log-transformed RTs was used as a measure of linguistic
speed, and the concreteness benefit in detection performance (d’)
was used as a measure of linguistic accuracy. Both measures were
coded so that a larger value reflects a larger concreteness benefit.

Inhibition
Bilinguals’ extensive practice inhibiting their currently irrelevant
language (Green, 1998) is assumed to yield advantages in
inhibiting irrelevant information in non-linguistic tasks. We used
two tasks to assess inhibition. In the flanker task, participants
indicated as fast and accurately as possible whether the central
letter (target) in a string of seven letters was a vowel (left arrow
key) or consonant (right arrow key). The stimulus remained
onscreen until a response was given, followed by an inter-trial
interval (ITI) of 250 ms (see Figure 2C). Participants completed
144 trials. In one third of the trials, the letters flanking the target
were congruent (target and flankers require the same response,
e.g., “SSSTSSS” or “EEEAEEE”), incongruent (target and flankers
require the opposite response, e.g., “SSSASSS” or “EEETEEE”),
or neutral (flankers are irrelevant to the task, e.g., “###S###” or
“###A###”). As an inhibition index, we computed the difference
between the log-transformed RTs in neutral and incongruent
trials. In the Simon task, each trial started with a fixation cross
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FIGURE 2 | Graphical representation of the tasks administered. See text for details. CSI, cue-stimulus interval. (A,B) Linguistic tasks. (C,D) Inhibition tasks. (E) The
figural and numerical versions of the shifting tasks. (F) The figural and numerical versions of the monitoring tasks. (G) The figural and numerical versions of the
working memory (WM) tasks.

Frontiers in Psychology | www.frontiersin.org October 2018 | Volume 9 | Article 1997104

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01997 October 23, 2018 Time: 12:48 # 9

Oschwald et al. Bidialectalism and Bilingualism

presented centrally for 250 ms, followed by a colored circle
appearing on the left or right side of the screen (see Figure 2D).
Participants had to indicate as fast and as accurately as possible
whether the circle was red (right arrow key) or green (left arrow
key). The circle remained onscreen until a response was made,
followed by an ITI of 250 ms. Participants completed 200 trials:
75% were congruent, that is, the location of the response (e.g.,
left) and the spatial location of the stimulus (e.g., left) matched,
and 25% were incongruent trials in which the spatial location of
the response and of the stimulus did not match. As an inhibition
index, we computed the difference between the log-transformed
RTs in congruent and incongruent trials.

Shifting and Mixing
Bilinguals are also assumed to benefit from the extensive
practice in switching between languages that generalizes to
shifting between tasks, yielding smaller non-linguistic task-
switch costs (for a review see Yang et al., 2016). In addition,
bilinguals are assumed to excel in monitoring which task to
apply in which situation (Soveri et al., 2011; Wiseheart et al.,
2016), which is reflected by mixing costs that can also be
assessed with shifting tasks. Therefore, we used the figural
and a numerical switching tasks from von Bastian et al.
(2016) consisting of single-task blocks, where only one task is
performed, and a mixed-task block in which two tasks switch
unpredictably. In the color-shape task, participants classified
bivalent figural stimuli according to their color (blue or green)
or shape (round or angular) by pressing the left (for blue or
round) or right arrow key (for green or angular). The task
included 32 angular and 32 round shapes, with half of each
colored in blue or green, respectively. In the parity-magnitude
task, participants classified digits from 1 to 9 (excluding 5)
according to their parity (even or odd) or magnitude (smaller
or larger than 5) by pressing the left (for even or smaller
than 5) or right arrow key (for odd or larger than 5). In
both task versions, the upcoming task rule was indicated by
an abstract cue (e.g., patterned bar) presented on the top of
the screen. After a cue-stimulus interval (CSI) of 150 ms,
a shape or digit (depending on the task version) appeared
in the center of the screen until participant’s response (see
Figure 2E). Participants completed two single-task blocks (one
for each task) of 64 trials each, followed by a mixed-task
block of 129 trials, and again the two single-task blocks (in
reversed order). The mixed-task block contained 50% repeat
trials (i.e., trials in which the task in the current and preceding
trial was the same), and 50% switch trials (i.e., the tasks in
the current and the preceding trial were different). The first
trial in the mixed block was excluded from analysis, as it
was neither a repeat nor a switch trial. To assess shifting
ability, switching cost scores were calculated by subtracting
the average RT in switch trials from the average RT in repeat
trials (both from the mixed-task block and log-transformed).
To assess mixing, mixing cost scores were computed by
subtracting the average repeat trials RT in the mixed-task
block from the average RT in the single-task block (both log-
transformed).

Monitoring
Monitoring was measured with tasks requiring participants to
sustain attention to a stream of inputs to detect certain patterns or
relations. Participants completed two tasks from von Bastian et al.
(2016) in which they had to monitor independently changing
objects, and react whenever a predefined relation between
these objects occurred (Oberauer et al., 2003; von Bastian and
Oberauer, 2013). In the squares task, a display of 20 dots in
a 10 × 10 grid was shown and, every 2 s, two dots randomly
changed their position. Participants had to press the space key
whenever four dots formed a square. In the digits task, a 3× 3 grid
with three-digit numbers in each cell was presented and, every
2 s, the numbers in one cell changed. Participants were instructed
to press the spacebar whenever the last digits of the numbers
in a row, column, or diagonal were identical (see Figure 2F).
Both task versions comprised 16 trials, each presenting 2 to 8
changes before the predefined relation between objects appeared.
The monitoring score was d’.

WM
WM is assumed to be tightly related to executive control
(Engle, 2002), which makes it one candidate EF domain for
bilingual benefits (Bialystok, 2017). WM was assessed with a
figural and numerical version of the list-switching paradigm
(Oberauer, 2005; Oberauer et al., 2013; Gade et al., 2017) in
which participants had to retain two memory lists in WM
for ongoing processing (see Figure 2G)3. In the figural task,
participants memorized two lists distinguished by a pink or green
frame. Each list consisted of a row with two colored boxes each
containing a filled shape (selected from a pool of 20 shapes
with no replacement). The lists were presented sequentially (for
2400 ms each) with a 250 ms inter-list blank interval. Next, 13
memory probes followed. For each probe, the relevant list was
cued by the color of the row of boxes and, 150 ms thereafter,
the probe appeared in one of the boxes. Participants indicated
a match between the probe and the memory item in the same
list position (left arrow key, 50% of the trials) or a mismatch
(right arrow key, 50% of the trials). Mismatch probes were shapes
presented in another list or list position (50%), or not presented
in the current trial at all (50%). The numerical task followed a
similar task structure: participants memorized a red and a blue
list, each consisting of two digits (ranging from 1 to 9). Again,
a series of 13 memory probes followed in which the relevant list
was cued by color, and 150 ms later an arithmetic operation was
shown in one of the boxes (e.g., +2). Participants had to retrieve
the item shown in this position of the relevant list, apply the
arithmetic operation to it, and enter the result (which was always
between 1 and 9) using the keyboard. Participants entered the
results of the operation, but they were asked to remember the
original value of the item. In both task versions, each sequence
of memory list encoding followed by 13 probes was considered

3Before and after this task, participants also completed single-list blocks which
were similar with the exception that only one list was memorized and consequently
there was no switching between lists. In the present study, we considered only
performance in the two-list block, because this condition places a higher demand
on WM capacity which has been suggested as important for observing a bilingual
effect (see Bialystok et al., 2004).
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a run. Participants completed 12 runs, each containing 50% list-
repeat trials (same list was tested in the current and the previous
trial) and 50% list-switch trials (current and previous list were
different). The WM scores were proportion of correct responses
in both the figural and numerical version.

Reasoning
To evaluate whether the language groups matched regarding their
non-linguistic fluid intelligence, we administered a short (Arthur
and Day, 1994) computerized version of Raven’s Advanced
Progressive Matrices (Raven, 1990). Participants had 15 min to
complete 12 patterns. For each pattern, they had to choose 1 out
of 8 response alternatives. The number of correctly solved items
(out of 12) served as dependent measure.

STATISTICAL ANALYSIS

Data Preprocessing
For RT based scores, we removed RTs associated with incorrect
responses. Next, RTs were trimmed by removing outliers. Outliers
were defined as RTs being three median absolute deviations
away from the overall median (Leys et al., 2013). RTs were log-
transformed to better approach normality before computing the
relevant RT-based scores. To eliminate the unwanted source of
variance introduced by having administered two test orders, we
arbitrarily chose one order as the reference, and corrected the
data of the other order for the mean difference between them
(von Bastian and Oberauer, 2013; von Bastian et al., 2016). Lastly,
all task scores were z-transformed.

Bayesian Linear Mixed-Effects Modeling
We analyzed our data with Bayesian linear mixed-effects models.
The advantage of using Bayesian statistics is that the evidence
supporting both the alternative and the null hypothesis can be
assessed. We used the BayesFactor package (Morey and Rouder,
2015) implemented in R (R Core Team, 2017), with the default
prior settings (i.e., r = 0.50). The lmBF function implemented in
the package computes the strength of the evidence for a specified
model (M1) against a Null model (M0). For example, M1 may
state that performance of monolinguals differs from bidialectals
(alternative hypothesis), whereas M0 states that there is no group
effect (null hypothesis). The ratio of the likelihood of these two
models given the data is the Bayes factor (BF). The BF is the
factor by which prior beliefs should be updated in light of the
data. For example, a BF for M1 over M0 (hereafter, BF10) of 5
translates into the data being five times more likely under the
alternative than under the null hypothesis. Likewise, BF10 = 0.2
means that the data are 5 times more likely under null hypothesis
than the alternative hypothesis. When BF10 = 1, the data are
equally likely under both hypotheses and, hence, the evidence
is ambiguous. It is common to consider BF10 ≥ 3 as providing
substantial evidence for the alternative hypothesis over the null,
and BF10 ≤ 0.33 as providing substantial evidence for the null
over the alternative hypothesis (Wagenmakers et al., 2011).

We tested for an effect of language similarity in each cognitive
ability separately, using two approaches. First, we coded language

similarity with a linear contrast over language group (using the
poly function in R) and entered this variable as a fixed predictor
in the models. This contrast implements the assumption that
language groups differ in a monotonically decreasing fashion
regarding language similarity. Second, to faciliate comparability
to previous studies on effects of language similarity, we compared
adjacent levels of language similarity (aka. sliding contrast; i.e.,
monolinguals vs. bidialectals, bidialectals vs. similar bilinguals,
and similar bilinguals vs. dissimilar bilinguals). In addition, to
test for bilingual effects more commonly investigated in the
literature, we also contrasted the monolingual group with the
similar and dissimilar groups (simple contrasts). For each model,
we included random intercepts for participant and for task.
We also included parents’ education level as a proxy for SES
as a continuous predictor in all analyses (von Bastian et al.,
2016). Two participants failed to provide information regarding
their parents’ education level (one monolingual and one similar
bilingual). To keep these participants in the sample, we replaced
their missing values with the average SES of their respective
groups. Excluding these participants from the analyses altogether
did not substantially change the pattern of results. All analyses
were computed with a high number of iterations (i.e., 400,000) to
ensure that the error in estimating the BF was below 5%.

The data and analysis scripts for performing the analyses
reported here are available at the Open Science Framework
(OSF) at https://osf.io/uf2hs. The computer-based tasks used
here (except the Raven’s) are freely and publicly available on
Tatool Web (www.tatool-web.com). Supplementary Materials
are available at the journal website (URL) and also at the OSF.

RESULTS

Descriptive statistics for all (non-transformed) measures as a
function of language group are listed in Table 2. Zero-order
correlations between measures and reliabilities are listed in
Table 3. Split-half reliabilities (for difference scores, d’ and RTs;
corrected with the Spearman-Brown prophecy formula) and
Cronbach’s alpha (for accuracies) were within the acceptable
range for all scores, except for the accuracy and speed scores
derived from the word recognition task and the flanker inhibition
score. All measures assessing the same ability were significantly
positively intercorrelated, except for the linguistic accuracy scores
(although the correlation between the verbal fluency and lexical
decision task was marginally significant: p = 0.051, r = 0.20),
linguistic speed scores (for which the correlation was negative),
and the flanker and Simon inhibition scores. The evidence for
all expected effects (concreteness effects, inhibition, mixing, and
shifting costs) was substantial (see Table 4). To rule out that
problems with reliability or lack of correlations between tasks
were masking the effects of interest, we additionally ran all
analyses on the level of individual tasks (see Supplementary
Table S1).

Figure 3 presents the (z-transformed) measures as a function
of language group and cognitive ability, and the predictions
of the linear contrast over language similarity. The predictions
represent the mean and the 95% highest-density interval (HDI)
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TABLE 2 | Descriptive statistics for each task score by language group.

Measure Monolinguals Bidialectals Similar bilinguals Dissimilar bilinguals

M SD M SD M SD M SD

Linguistic accuracy

Lexical decision 4.18 0.51 4.07 0.45 3.92 0.56 3.62 0.66

Word recognition 0.36 0.79 0.70 0.72 0.41 0.87 0.11 0.63

Verbal fluency 108.28 23.26 110.37 17.90 107.35 20.33 99.40 17.02

Linguistic speed

Lexical decision −6.56 0.14 −6.58 0.13 −6.57 0.18 −6.55 0.13

Word recognition 0.04 0.06 0.04 0.06 0.01 0.05 0.01 0.05

Inhibition

Flanker 0.00 0.06 −0.02 0.04 −0.01 0.04 −0.01 0.04

Simon −0.20 0.06 −0.18 0.08 −0.16 0.05 −0.17 0.06

Monitoring

Figural 2.43 0.51 2.53 0.40 2.62 0.53 2.45 0.43

Numerical 2.25 0.55 2.58 0.66 2.61 0.85 2.66 0.82

Mixing

Figural −0.60 0.16 −0.51 0.21 −0.48 0.17 −0.55 0.22

Numerical −0.31 0.19 −0.28 0.21 −0.26 0.16 −0.25 0.20

Shifting

Figural −0.33 0.22 −0.28 0.17 −0.37 0.19 −0.27 0.17

Numerical −0.35 0.20 −0.36 0.19 −0.37 0.16 −0.33 0.17

Working memory

Figural 0.78 0.08 0.83 0.08 0.82 0.09 0.80 0.11

Numerical 0.89 0.16 0.95 0.11 0.94 0.08 0.96 0.06

See text for dependent measures of the variables listed.

TABLE 3 | Correlations between measures and reliabilities.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Linguistic accuracy

1. Lexical decision 0.67

2. Word recognition 0.10 −0.13

3. Verbal fluency 0.20 0.09 0.80

Linguistic speed

4. Lexical decision −0.11 −0.02 0.17 0.98

5. Word recognition 0.11 0.11 0.12 −0.18 0.39

Inhibition

6. Flanker −0.10 0.05 −0.07 −0.01 −0.01 0.40

7. Simon 0.07 0.11 0.00 0.03 −0.29 0.00 0.81

Monitoring

8. Figural 0.25 0.02 0.32 0.00 −0.04 0.06 0.16 0.65

9. Numerical 0.09 0.05 0.02 0.26 −0.17 −0.34 0.10 0.22 0.69

Mixing

10. Figural −0.06 0.10 −0.12 −0.10 −0.11 0.13 0.08 0.07 0.13 0.96

11. Numerical −0.07 0.11 −0.07 0.06 0.08 0.00 −0.05 0.16 0.17 0.48 0.97

Shifting

12. Figural 0.01 −0.14 0.03 0.11 −0.03 −0.21 0.05 −0.14 0.01 −0.64 −0.50 0.90

13. Numerical 0.04 0.02 −0.01 −0.09 −0.11 0.05 0.16 −0.09 0.02 −0.07 −0.64 0.39 0.93

Working memory

14. Figural 0.37 0.21 0.05 −0.04 −0.11 −0.08 0.05 0.31 0.31 0.25 0.29 −0.24 −0.19 0.81

15. Numerical 0.08 −0.01 0.18 0.02 −0.05 −0.16 −0.06 0.16 0.32 0.22 0.25 −0.17 −0.15 0.38 0.89

Correlation coefficients printed in bold were significant (p < 0.05). Reliabilities are printed along the diagonal.
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FIGURE 3 | Task scores (z-transformed; solid dots) and model predictions (transparent dots and error bars) as a function of language group. Predictions are means
(dot) and 95% HDI (error bars) of the posterior of the linear contrast over language similarity. Each panel (A–G) shows a different ability. Mono, monolinguals; Bidial,
bidialectals; Biling, bilinguals; Sim, similar; Dissim, dissimilar; Lexic, lexical decision; Rec, recognition; Fluency, verbal fluency.
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TABLE 4 | Evidence for concreteness effects, inhibition, mixing and shifting costs.

Ability/Task Trial type I Trial type II Difference (I-II) Evidence

M SD M SD M SD BF10 % error

Linguistic abstract concrete concreteness

Word Rec. Acc 2.52 0.78 2.92 0.79 0.40 0.78 >1,000 ±0.00

Word Rec. Speed 6.73 0.15 6.70 0.15 0.03 0.06 752.90 ±0.00

Inhibition neutral/congruent incongruent inhibition costs

Flanker 6.29 0.12 6.31 0.11 −0.01 0.05 4.29 ±0.00

Simon 6.07 0.12 6.24 0.12 −0.18 0.07 >1,000 ±0.00

Mixing repetition (single) repetition (mixed) mixing costs

Figural 6.20 0.10 6.74 0.23 −0.54 0.20 >1,000 ±0.00

Numerical 6.30 0.11 6.59 0.25 −0.28 0.19 >1,000 ±0.00

Shifting repetition (mixed) switch (mixed) shifting costs

Figural 6.74 0.23 7.07 0.18 −0.31 0.19 >1,000 ±0.00

Numerical 6.59 0.25 6.94 0.21 −0.35 0.18 >1,000 ±0.00

M, mean; SD, standard deviation; Word Rec., Word Recognition; Acc, accuracy. Values of trial type I and II are based on log-transformed reaction times (except for
accuracies of the word recognition task), and are uncorrected for order-effects. The difference of trial type I and II reflects the concreteness effects, inhibition, mixing and
switch costs, and is corrected for order-effects. Values printed in bold indicate at least substantial evidence for the alternative hypothesis (BF10 ≥ 3).

of the parameter posterior distribution. The HDI reflects the
range of credible values of the parameter given the data. Figure 4
presents the posterior distribution of the slope of the linear
contrast over language similarity for each cognitive ability. Panels
in Figure 4 show the mean (circle underneath the curve) and
the 95% HDI (bar underneath the curve) of the slope, and the
proportion of the HDI that is above and below 0. Table 5 presents
the BF10 for the effect of language similarity assessed by (a)
the linear contrast over language group, (b) the sliding contrast
comparing every two adjacent levels of the language similarity
factor, as well as (c) the comparison of each group against the
monolingual group (simple contrast).

Linguistic Ability
Linguistic accuracy (see Figures 3A, 4A) and speed
(Figures 3B, 4B) decreased as language similarity decreased.
This trend was only credibly different from 0 for accuracy though
(see Figure 4A), which was also reflected by the evidence being
substantial for the presence of a linear effect of language similarity
on accuracy but not speed (see Table 5). At the level of pairwise
group comparisons, however, the pattern was more nuanced:
Comparison of monolinguals against bidialectals and similar
bilinguals showed substantial evidence for the null, whereas
the comparison of monolinguals against dissimilar bilinguals
yielded substantial evidence for a bilingual cost in linguistic
accuracy. Other comparisons yielded ambiguous evidence for
or against differences. In linguistic speed, pairwise comparisons
of adjacent groups yielded substantial evidence against group
differences, but the comparison of the monolingual group
against the bilingual groups tended to show more ambiguous
evidence against differences in this measure (see Table 5). As
the word recognition accuracy score was unreliable (−0.13)
and uncorrelated to the other linguistic-accuracy scores, we
re-ran the analyses without this task. There was still substantial
evidence for the linear effect of language similarity in accuracy
(BF10 = 34.44 ± 0.74%). Removing SES from the linguistic

processing analyses (see Table 6) did not change the pattern
of results, except that the evidence against a linear effect on
linguistic processing speed became substantial.

EF Measures
Inspection of Figures 3C–G indicate a weak linear trend
for better EF performance as language similarity decreases.
Figures 4C–G show that the posterior distributions of the
slopes tended to be positive, with 65.9% (Figure 4F) to 91.3%
(Figure 4D) of the posterior values being larger than 0. However,
Figures 4C–G also show that 0 was within the 95% HDI of all
6 slopes, hence indicating that a null effect is credible given the
data. As shown in Table 5, although weak if not ambiguous,
evidence was in favor of the null hypothesis over the alternative
for a linear effect of language similarity for all EFs. In line
with the linear trend analyses, the comparisons of adjacent
levels of the language similarity factor showed mostly ambiguous
evidence for or against group differences (see Table 5). There
was substantial evidence against monolinguals and bidialectals
performing differently in inhibition and shifting measures, but
bidialectals outperformed monolinguals in WM performance.
Evidence was largely ambiguous regarding the performance
differences between bidialectals and similar bilinguals, except for
monitoring, for which there was substantial evidence against
group differences. The comparisons of similar and dissimilar
bilinguals yielded mostly weak evidence for the null hypothesis,
with exception of monitoring for which the evidence was
substantial for the null over the alternative hypothesis. Lastly,
when contrasting monolinguals against similar and dissimilar
bilinguals, the evidence was mostly ambiguous. For inhibition
and shifting, the evidence was even substantially supporting
no group differences when comparing extreme groups (i.e.,
monolingual vs. dissimilar bilinguals).

Given the low correlation between the flanker and Simon
inhibition scores and the low reliability of the flanker inhibition
score, we also ran the analyses for each task separately (and for
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FIGURE 4 | Posterior distribution of the slope of the language similarity effect for each cognitive ability. Each panel (A–G) shows the mean (dot) and the 95% HDI
(bar underneath the curve) of the slope, and the proportion of the HDI that is below or above 0 (which represents the null).

all other tasks as well; see Supplementary Table S1). For both
tasks, the evidence remained overall ambiguous (BF10 between
0.53 and 1.88). We also ran all of the analyses reported here
without entering SES (see Table 6). A similar pattern of results
emerged, with the main difference being that inhibition and
shifting yielded substantial evidence against an effect of language
similarity (linear trend), and that the evidence for an effect
of bidialectalism on WM was reduced to an ambiguous range
(BF10 = 2.27 ± 0.88%). To rule out that SES drove the effect
of bidialectalism on WM, we examined the main effect of SES
and tested for an interaction between group (monolinguals vs.
bidialectals) and SES: yielding evidence in the direction of the

absence of both a main effect of SES (BF10 = 0.53 ± 1.46%) and
of an SES x group interaction (BF10 = 0.40± 1.39%).

Language Experience: Continuous
Predictors
As the group design was mainly aimed to assess differences
in linguistic ability and EF functioning due to language
similarity, it might not have adequately captured effects of
other aspects of the bilingual experience (e.g., the effect of
age of aquiring a second language, the proficiency, or the
frequency of using it in a daily context). Therefore, we
additionally ran the analyses reported above using continuous

Frontiers in Psychology | www.frontiersin.org October 2018 | Volume 9 | Article 1997110

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01997 October 23, 2018 Time: 12:48 # 15

Oschwald et al. Bidialectalism and Bilingualism

TABLE 5 | Evidence (BF10) for and against the effect of language similarity on each ability.

Sliding contrast Simple contrast

Ability Linear trend Mono vs. Bidial Bidial vs. Sim Sim vs. Dissim Mono vs. Sim Mono vs. Dissim

BF10 % error BF10 % error BF10 % error BF10 % error BF10 % error BF10 % error

Linguistic ability

Linguistic accuracy 30.20 ±1.46 0.27 ±1.67 0.53 ±2.30 1.64 ± 0.72 0.29 ±0.91 7.11 ±0.84

Linguistic speed 0.45 ±2.17 0.29 ±2.20 0.28 ±1.11 0.27 ±1.82 0.39 ±1.04 0.36 ±1.23

Executive functions

Inhibition 0.35 ±1.41 0.27 ±1.73 0.49 ±0.96 0.34 ±0.96 0.35 ±1.44 0.27 ±2.63

Monitoring 0.75 ±0.91 1.07 ±2.78 0.26 ±1.88 0.33 ±0.74 1.83 ±1.10 0.43 ±1.19

Mixing 0.68 ±0.81 0.71 ±3.97 0.45 ±0.86 0.37 ±1.37 1.11 ±0.69 0.66 ±0.91

Shifting 0.37 ±0.98 0.32 ±0.94 0.72 ±1.56 1.02 ±1.20 0.34 ±1.24 0.32 ±0.99

Working memory 0.74 ±0.78 3.85 ±1.83 0.39 ±1.37 0.35 ±1.05 1.24 ±0.89 0.74 ±0.75

Mono, Monolinguals; Bidial, Bidialectals; Sim, Similar Bilinguals; Dissim, Dissimilar Bilinguals. All models included the average parents’ education level as a proxy for
socio-economic status as an additional predictor. Values printed in bold indicate at least substantial evidence for (BF10 ≥ 3) or against (BF10 ≤ 0.33) the alternative
hypothesis.

TABLE 6 | Evidence (BF10) for and against the effect of language similarity on each ability (not controlled for SES).

Sliding contrast Simple contrast

Ability Linear trend Mono vs. Bidial Bidial vs. Sim Sim vs. Dissim Mono vs. Sim Mono vs. Dissim

BF10 % error BF10 % error BF10 % error BF10 % error BF10 % error BF10 % error

Linguistic ability

Linguistic accuracy 26.86 ±1.26 0.26 ±0.88 0.53 ±1.08 1.73 ±0.58 0.27 ±0.61 10.41 ±0.45

Linguistic speed 0.28 ±1.73 0.25 ±1.10 0.28 ±1.34 0.26 ±1.38 0.36 ±0.75 0.34 ±0.92

Executive functions

Inhibition 0.25 ±1.00 0.25 ±0.64 0.50 ±0.53 0.31 ±0.63 0.37 ±3.02 0.26 ±0.57

Monitoring 0.52 ±0.78 0.80 ±0.63 0.30 ±2.01 0.32 ±0.61 1.21 ±0.66 0.59 ±0.75

Mixing 0.47 ±0.57 0.60 ±0.61 0.44 ±0.66 0.37 ±0.88 1.57 ±2.49 0.48 ±1.76

Shifting 0.25 ±0.61 0.33 ±3.66 0.52 ±2.26 0.90 ±0.72 0.38 ±1.75 0.38 ±0.60

Working memory 0.59 ±0.70 2.27 ±0.88 0.38 ±0.62 0.32 ±1.16 1.35 ±0.66 0.80 ±2.93

Mono, Monolinguals; Bidial, Bidialectals; Sim, Similar Bilinguals; Dissim, Dissimilar Bilinguals. Values printed in bold indicate at least substantial evidence for (BF10 ≥ 3) or
against (BF10 ≤ 0.33) the alternative hypothesis.

measures of bilingualism as predictors instead of language
group (see Figure 1 for all continuous predictors and their
distribution in the language groups). We ran a separate
model for each predictor to avoid issues with multicollinearity.
All models included SES as covariate. Figure 5 shows the
posterior distributions of the continuous predictors that yielded
substantial effects. Figures with the posterior distributions of
all continuous predictors for all abilities can be found on
the OSF (Supplementary Figures S1–S3). The results largely
reflected the findings reported for the group comparisons
(see Supplementary Table S2). Substantial evidence for an
effect of bilingualism emerged only for linguistic accuracy
but not for linguistic speed. Specifically, a younger age of
L2 acquisition (BF10 = 784.22 ± 1.43%) and higher L2
proficiency (BF10 = 104.47 ± 0.86%) was associated with lower
linguistic accuracy (see Figures 5A,B). Moreover, a higher
proportion of daily usage (BF10 = 34.83 ± 0.68%) of other
languages besides German or the Swiss German dialect was
associated with lower linguistic accuracy (Figure 5C). Notably,

however, the effect was very small (M = -0.01). For EF,
substantial evidence was only present for an effect of age of
acquisition of German on monitoring (BF10 = 6.11 ± 1.23%;
see Figure 5D) and German proficiency on mixing ability
(BF10 = 8.24 ± 0.94%; see Figure 5E). As can be seen in
Figures 5D,E, these effects were in the direction of a monolingual
disadvantage, such that younger age of learning German and
higher German proficiency was associated with lower EF
performance.

DISCUSSION

Theoretical claims about the effects of bilingualism on EF rest
on the assumption that the heightened demands for language
control in bilinguals require general executive control processes,
thereby providing lifelong EF training. Our main goal was to
examine the putative link between the difficulty in managing
two languages (reflected by costs in linguistic performance)
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FIGURE 5 | Posterior distribution of the effect of the continuous bilingual predictors that yielded substantial evidence for the alternative hypothesis over the null. Each
panel (A–E) shows the mean (dot) and the 95% HDI (bar underneath the curve) of the effect, and the proportion of the HDI that is below or above 0 (which
represents the null). Note that the x-axis varies between panels. Figures of the posteriors of the effects of all continuous predictors on all assessed abilities can be
found on the OSF.

and EF performance. For this purpose, we assessed several
aspects of linguistic and EF processing in the same group of
participants, and related their performance to their self-reported
language experience. We classified participants in one of four
groups with respects to language similarity (i.e., monolinguals,
bidialectals, similar bilinguals, and dissimilar bilinguals) and
tested for a linear effect of language similarity on linguistic and
EF performance.

We predicted that language similarity should have opposite
effects on linguistic and EF performance: language combinations
that facilitate language control should yield comparatively
better linguistic processing, but reduce the opportunities to
train executive control, leading to limited EF advantages.
We obtained evidence that language similarity was linearly
related to linguistic accuracy, with similar languages yielding
better performance than dissimilar languages. In line with
the predictions, the estimated slope of the effect of language
similarity on EF was indeed opposite to the slope of its
effect on linguistic accuracy (i.e., better EF performance with
more dissimilar languages). However, despite this trend, the

evidence was overall ambiguous and tended to support the
null hypothesis, with one exception: we found substantial
evidence for a positive association between bidialectism
and WM.

Language Similarity, Linguistic Ability,
and EF
The observed effect of language similarity on linguistic processing
is consistent with several other reports in the literature (but
see Costa et al., 2006). Previous studies have found that
bilingual children with more similar languages (e.g., Spanish-
English) outperform bilingual peers with less similar languages
(e.g., Chinese-English) in linguistic tasks (Bialystok et al.,
2003, 2005; Barac and Bialystok, 2012). This pattern also
extends to young adults: in a sentence production task,
dissimilar bilinguals (Mandarin-English) showed larger bilingual
disadvantages, as measured by higher frequency effects, than
similar bilinguals (Spanish-English; Runnqvist et al., 2013).
Taken together with our results, these findings support the
notion that linguistic adaptation is more pronounced for
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more similar languages. Furthermore, our results indicate that
L2 can have an impact on L1, corroborating recent studies
showing bidirectional cross-linguistic effects (e.g., Hohenstein
et al., 2006; Brown and Gullberg, 2008, 2010, 2011; Ameel
et al., 2009). This is in line with the assumption that
both languages are activated simultaneously in the bilingual
mind, leading to cross-interactions between languages. Our
findings indicate that these adaptations facilitate language
processing when languages are similar, thereby arguably reducing
executive control demands. Hence, bilinguals speaking more
dissimilar languages (which face the most challenging linguistic
condition) should show larger EF benefits. However, the evidence
was ambiguous (BF10 between 0.35 and 0.75 for a linear
trend) for effects of language similarity on all of the EFs
assessed.

Besides language similarity, the bilingual linguistic
disadvantage found here might also reflect an effect of language
usage (i.e., bilinguals generally use each of their languages
less often than monolinguals use their L1). Support for this
hypothesis comes from studies showing that lexical access in
both L1 and L2 is delayed in bilinguals relative to monolinguals,
specifically for less frequently used words (e.g., Gollan et al.,
2008; Ivanova and Costa, 2008). However, in the present study,
some monolinguals also indicated to use languages other than
their L1 on a frequent basis. Furthermore, in a follow-up analysis
examining the effect of continuous variables of the bilingual
experience, we found that besides higher frequency of using non-
L1 languages, higher proficiency and lower age of acquisition
in L2 were also associated with lower linguistic accuracy across
groups. Thus, taken together, frequency of language usage
alone cannot entirely explain the group differences reported
here.

Bidialectalism and Its Association With
WM
Considering bidialectalism as an extreme case of language
similarity is one novel feature of the present study. Recent
studies in the field have suggested that bidialectalism may
involve similar language control demands as bilingualism
(Kirk et al., 2014; Antoniou et al., 2016) and may, thus,
yield similar EF benefits. To our best knowledge, our study
is the first to test how bidialectism affects both linguistic
abilities and EFs in a sample of young adults. Our results
showed evidence that bidialectism was associated with better
WM performance than monolingualism. However, we did not
observe additive effects of speaking an additional language
(i.e., bidialectals did not differ from bilinguals), and the WM
benefits did not generalize to any other of the assessed
EFs.

One may argue that the presence of this effect solely for
WM is in line with recent notions that, given the central role
of executive control in WM (Baddeley, 1986; Cowan, 1995;
Engle, 2002; Oberauer and Hein, 2012), any effects of speaking
an L2 can be expected to be stronger for WM tasks than
for any other EF tasks (Bialystok, 2017). Bidialectal effects
on executive control may, hence, simply be too subtle to be

detected in non-WM tasks with less executive control demands.
However, this explanation is contrary to findings from Miyake
and Friedman (2012; see also Friedman et al., 2008) showing
that the contribution of WM performance to a general executive
control factor (i.e., “common EF”) is not particularly greater than
the contribution made by shifting or inhibition performance to
that factor.

Therefore, taken together with the effect on WM not
being modulated by language similarity, the absence of an
effect on other EFs could suggest that bidialectism does
not practice common executive control as much as it does
processes that are more specific to WM – for example
the access and retrieval of currently relevant information.
However, the present data do not allow for directly testing
this proposition. Future studies specifically designed to
disentangle effects of bidialectism and bilingualism on executive
control from effects on retrieval of information may shed
further light on the specific cognitive mechanisms affected by
bilingualism.

Limitations
Although we found substantial evidence for a linear trend of
language similarity on linguistic performance, evidence was
mostly weak for the pairwise comparisons of adjacent levels
of this factor. This is likely due to the fact that performance
differences between two adjacent levels were too small to be
distinguished from within-group variability by data from only
about 24 participants per group. Therefore, future studies aiming
at examining the effects of contrasting only two levels of language
similarity on linguistic performance may need substantially larger
group sizes.

Similarly, many of the effects on EF (linear trend and
group contrasts) yielded evidence within the ambiguous range
(i.e., BF10 between 0.34 and 1.83). The ambiguous results
obtained here are in line with recent concerns that studies
with small sample sizes provide ambiguous and unreliable
evidence for effects of bilingualism on EF performance. Even
with a total sample of 99 students and using a linear contrast
approach, which is more powerful to detect experimental
effects, we were unable to firmly reject or support the
hypothesis that language similarity influences EF performance.
In fact, for any EF considered here, the absolute slope
of the language similarity effect was substantially smaller
than that for linguistic accuracy, which indicate that the
effects, if they were true, would be harder to detect with
the small sample sizes common in the bilingual advantage
literature.

Furthermore, we observed substantial effects of language
similarity on linguistic accuracy but not speed. As effects in
accuracy and speed can show trade-offs (Wickelgren, 1977),
future studies may consider using sequential sampling models
(such as the diffusion model; Ratcliff, 1978), which integrate
information across these two measures to derive psychologically
meaningful parameters. This may be a fruitful venue to examine
how language experience affects different cognitive processes
involved in decision-making.

Frontiers in Psychology | www.frontiersin.org October 2018 | Volume 9 | Article 1997113

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01997 October 23, 2018 Time: 12:48 # 18

Oschwald et al. Bidialectalism and Bilingualism

Regarding the inclusion criteria of the present study,
we chose age of acquisition (cutoff 7 years) and continous
active language usage as requirements for categorizing
participants as bilingual, with the aim to most closely align
our definition with previous studies testing for bilingual EF
advantages (Bialystok et al., 2006; Costa et al., 2009; Hernández
et al., 2010; Prior and MacWhinney, 2010; Luk et al., 2011;
Gold et al., 2013). However, some studies have also found
advantages in EF for bilinguals with a later age of acquisition
(Pelham and Abrams, 2014; Vega-Mendoza et al., 2015).
Thus, it is possible that factors of language experience other
than the early acquisition of a language might bear more
explanatory value for the proposed training effect on EF
functioning (see below for a more detailed discussion of this
topic).

Even though we paid close attention to match the groups
and included random effects to take individual differences
between participants and also between tasks of a measured
ability into account (Coderre and van Heuven, 2014), we still
faced the problem of group differences that were unrelated
to bilingual status. These differences primarily affected the
monolinguals. First, monolinguals differed from bidialectals and
bilinguals regarding their immigrational background. Second,
monolinguals in the present study may be considered as less
monolingual than those in other studies reporting a bilingual
advantage in EF (e.g., Luo et al., 2013) as they had, on
average, learned at least three languages at a later point in their
lives. Specifically, two monolinguals indicated to use a non-
native language around half of the time or more. Additional
analyses using continuous predictors of bilingualism revealed
that higher non-L1 language usage was associated with lower
linguistic accuracy. Therefore, if anything, excluding these
individuals from the monolingual group would have resulted
in an even stronger linguistic advantage of monolinguals over
bidialectals and bilinguals. Although a monolingual group
with less language exposure may have been desirable for
the present study, this matches the Swiss (and European)
demographic: learning two foreign languages is required by
the Swiss educational system, and people in Switzerland
speak on average two languages besides their native language
(Werlen, 2009). Thus, we cannot rule out that a comparison
to a strictly monolingual and non-immigrant sample would
have led to stronger effects of bilingualism. However, in an
increasingly globalized world the number of people speaking
more than one language is rising, and monolinguals not
exposed to other languages at all are rare (Grosjean, 2010).
For example, estimates from survey data suggest that more
than half of the European population are able to hold a
conversation in at least one additional language besides their
L1 (European Commission, 2012), and approximately 21% of
the U. S. American population speak a language other than
English at home (US Census Bureau, 2015). If dialects were
also counted as separate languages, these percentages would
rise even higher. Hence, effects for individuals without any
L2 exposure at any time in their lives are not informative
for the majority of the population. Moreover, as discussed
previously (von Bastian et al., 2016), monolinguals without any

L2 exposure will likely differ from bilinguals in other aspects
than just language exposure that would then be confounded
with any effects of bilingualism. Thus, any differences observed
for such extreme groups may disappear when accounting
for the full range of individuals (e.g., see Unsworth et al.,
2015).

Lastly, as the present study was a first attempt to investigate
the effect of language similarity on the link between linguistic
and EF performance, we chose to define the similarity
of two languages based on their common ancestry (i.e.,
language family), a perhaps overly simplified classification. This
definition resulted in a large heterogeneity in our group of
participants with regards to the exact language combinations
they had acquired. Future research using a more fine-grained
operationalization of language similarity is required to identify
the specific language properties (e.g., lexical, phonological,
or grammatical overlap) underlying the effects on linguistic
accuracy found in the present study. Deriving quantitative
predictions based on the precise degree of overlap between
languages would allow for testing specific hypotheses regarding
which aspects of language overlap are relevant in yielding cross-
linguistic interactions and potential knock-on effects on EF
advantages.

Bilingualism Advantages: Challenges
and Opportunities
As mentioned above, one limitation of this study is that we
classified individuals as monolinguals or bilinguals based only
on their age of acquisition and active usage of their L2. The
choice of these criteria was based on previous literature at the
time of designing this study. Arguably, however, it is possible
that (an)other language background variable(s) would have been
more predictive for linguistic and EF performance. For example,
Figure 1 illustrates that all participants learned some other
language(s) at some point later in their life (panel C), and
most participants, including some monolinguals, used other
languages on a daily basis (panel E). Furthermore, considerable
heterogeneity existed within language groups with regards to
these factors. Thus, depending on the definition one has of
bilingualism, the participants in the present study could be
regrouped in different ways. This is one of the limitations
of groups created based on observed variables (i.e., quasi-
experimental designs).

Although typically not in the focus of bilingual advantage
research, it is possible that, in previous studies relative to the
present study, the number of languages learned and/or the
non-L1 language usage (or any other potential indicator of
bilingualism) were more closely aligned with age of acquisition
and active usage – and, so, possibly the actual driving
forces behind the bilingual advantages found. Indeed, assuming
bilingual EF advantages exist in the first place, it is not
unlikely that no single language background variable can explain
bilingual advantages in their entirety but that (only) a certain
combination of language experiences leads to EF advantages.
However, it is yet unclear what combination of variables might
be important to describe bilingualism, let alone what instruments
are best suited to measure bilingualism (Surrain and Luk, 2017).
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Moreover, bilingualism may not be a static trait but evolve
dynamically over time depending on many other circumstances
including neccessity, context, and social and societal norms of
language usage. One challenge is, therefore,to better capture
the multidimensional and dynamic reality of bilingualism.
To some extent, this development is already happening,
with most studies using a multi-method approach combining
self-reported measure (e.g., the Language Experience and
Proficiency Questionnaire, LEAP-Q, Marian et al., 2007) with
performance-based assessments (e.g., the Multilingual Naming
Test, MINT, available in multiple languages, Gollan et al., 2012).
Moreover, recent studies have adopted a multidimensional
understanding of bilingualism (Luk and Bialystok, 2013)
by using a range of different variables, such as proficiency
and age of L2 acquisition, as continuous predictors (e.g.,
Paap et al., 2014; von Bastian et al., 2016). Similarly, in
the present study, we ran a series of additional analyses
using continuous indicators of bilingualism as predictors of
linguistic and EF functioning, resulting in largely the same
pattern of results as for the group design. Without clear
theoretical predictions as to which language background
variables (or combinations thereof) should relate to bilingual
EF advantages, however, the selection and reporting of
those variables will remain relatively unsystematic and, so,
studies will be at risk of turning into analytical fishing
expeditions.

Over and above the challenges of selecting, assessing,
and analyzing dimensions of bilingualism, relatively vague
theorizing poses an additional challenge. To meet this
challenge in the present study, we tested the broad notion
of bilingual EF advantages by examining one specific,
theoretically derived, mechanism – the similarity of the two
languages spoken – as a proxy of the demands of cross-
language interference and its effect on both linguistic and
EF performance. We did not find evidence to support
the predicted relationship and, thus, our findings question
the theoretical validity of the cross-language interference
serving as the link between language experience and EF
advantages.

As any single study, our findings are not definitive and
require replication, and possibly theoretical and methodological
refinement. In bilingual advantage research, replication poses
a particular challenge due to the many sources of variation in
measurement and sampling. Open Science practices, as followed
in the present study, can support both theory development
and replication attempts (e.g., Munafò et al., 2017). First,
by providing our dataset alongside the analysis scripts, other
researchers can directly test alternative analytical procedures
and alternative hypotheses using our data. For example, the
participants in this sample could be regrouped according to
a different definition of bilingualism or of language similarity.
Second, by providing open materials that can be used with
open-source experimental software such as Tatool Web, other
researchers can attempt an exact replication of our study with
larger sample sizes or with a refined definition of language
similarity. Third, pooling the present data set with data from
such replication attempts will lead to more precise estimates of

the effects of language experience on linguistic and non-linguistic
tasks.

CONCLUSION

We found that the similarity of the two languages spoken
by bidialectals and bilinguals affects linguistic processing in a
linear fashion, with performance worsening the more dissimilar
the two languages are. However, the increased difficulty of
managing two more dissimilar languages did not translate into
substantial evidence for increased EF benefits. We contend
that any fruitful future investigation in the field needs to test
clear theoretical links between language demands and EFs, as
advanced here.
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FIGURE S1 | Posterior distribution of the effect of age of acquisition (AoA) of
German, of the Swiss German dialect, and of the second language (L2). Each
panel (A–G) shows these effects for each cognitive ability. The dot and the bar
underneath the curve shows the mean and the 95% HDI of the posterior,
respectively.

FIGURE S2 | Posterior distribution of the effect of proficiency (Prof.) in German, in
the Swiss German dialect, and in the second language (L2). Each panel (A–G)

shows the posterior of these effects for each cognitive ability. The dot and the bar
underneath the curve shows the mean and the 95% highest density interval (HDI)
of the posterior, respectively.

FIGURE S3 | Posterior distribution of the effect of the number of languages
learned (N. Lang.), the number of languages learned below age 7 (N. Lang. < 7),
and the % of language usage other than the first language (Non-L1 Usage). Each
panel (A–G) presents the posterior of these effects for each cognitive ability. The
dot and the bar underneath the curve shows the mean (dot) and the 95% HDI of
the posterior, respectively.

TABLE S1 | Evidence (BF10) for (and against) the effect of language similarity on
each task. Values printed in bold indicate at least substantial evidence for
(BF10 = 3), and values printed in gray against (BF10 = 0.33) the alternative
hypothesis.

TABLE S2 | Evidence (BF10) for (and against) a linear effect of the continuous
language demographic variables on each ability. Values printed in bold indicate at
least substantial evidence for (BF10 = 3), and values printed in gray against
(BF10 = 0.33) the alternative hypothesis.
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Faces capture and maintain infants’ attention more than other visual stimuli. The present
study addresses the impact of early language experience on attention to faces in infancy.
It was hypothesized that infants learning two spoken languages (unimodal bilinguals)
and hearing infants of Deaf mothers learning British Sign Language and spoken English
(bimodal bilinguals) would show enhanced attention to faces compared to monolinguals.
The comparison between unimodal and bimodal bilinguals allowed differentiation of the
effects of learning two languages, from the effects of increased visual communication
in hearing infants of Deaf mothers. Data are presented for two independent samples of
infants: Sample 1 included 49 infants between 7 and 10 months (26 monolinguals and
23 unimodal bilinguals), and Sample 2 included 87 infants between 4 and 8 months
(32 monolinguals, 25 unimodal bilinguals, and 30 bimodal bilingual infants with a Deaf
mother). Eye-tracking was used to analyze infants’ visual scanning of complex arrays
including a face and four other stimulus categories. Infants from 4 to 10 months (all
groups combined) directed their attention to faces faster than to non-face stimuli (i.e.,
attention capture), directed more fixations to, and looked longer at faces than non-
face stimuli (i.e., attention maintenance). Unimodal bilinguals demonstrated increased
attention capture and attention maintenance by faces compared to monolinguals.
Contrary to predictions, bimodal bilinguals did not differ from monolinguals in attention
capture and maintenance by face stimuli. These results are discussed in relation to the
language experience of each group and the close association between face processing
and language development in social communication.

Keywords: infants, bilingualism, Deaf, sign language, face processing, eye-tracking, bimodal bilingualism, visual
attention

INTRODUCTION

From the first days of life, infants attend preferentially to faces and face-like stimuli (Johnson et al.,
1991; Valenza et al., 1996; Farroni et al., 2005). These early biases in attention to faces are likely to
maximize face experience and social interactions from the very beginning of postnatal life, allowing
infants to rapidly develop complex face processing skills.
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In older infants, faces continue to capture and maintain
attention more than other visual stimuli. Indeed, it has been
observed that 6-month-olds direct their first saccade to faces
more often than predicted by chance in a complex array
comprising a face and multiple visual objects. Increased attention
capture by faces compared to objects was also observed in the
same experimental design in 7- and 14-month-olds (Elsabbagh
et al., 2013). However, increased attention capture by face
stimuli was not observed in a similar, but black and white,
experimental design in 3- and 6-month-olds (Di Giorgio et al.,
2012) or in a color presentation of a face and a toy in 4-to-
8-month-olds (DeNicola et al., 2013). Faces are also scanned
more extensively than other visual stimuli, attracting a larger
number of fixations and increased looking time in 6-month-
old infants (Gliga et al., 2009; Di Giorgio et al., 2012) and
in 4-to-8-month-olds (DeNicola et al., 2013), but not in 3-
month-old infants (Di Giorgio et al., 2012). An increase in
attention to faces between 3 and 9 months was observed in a
more natural setting where infants watched a cartoon animation
(Frank et al., 2009). Interestingly faces had a greater tendency
to capture and sustain attention in infants at-risk for autism
than infants at low-risk for autism, irrespective of whether these
infants were later diagnosed with autism or not (Elsabbagh
et al., 2013). Moreover, longer looking time at face stimuli
at 7 months was associated with poorer performance in face
recognition in 3-year-old infants at-risk for autism (de Klerk
et al., 2014). These results are contrary to the idea that autism
evolves from an initial lack of attention or interest in social
stimuli early in life, but rather suggest complex interactions
between social and attentional mechanisms in early development.
The level of attention to faces reflects the infant’s interest and
processing needs, and higher attention may sometimes associate
with processing difficulties.

Although face processing and language acquisition have been
traditionally studied in parallel, a few previous studies have
suggested that early bilingualism may impact face processing
mechanisms in infancy. Different face scanning patterns have
been observed for monolingual and bilingual infants when
presented with talking faces (Lewkowicz and Hansen-Tift, 2012;
Pons et al., 2015). At 4 months, bilinguals show increased
attention to the mouth compared to monolinguals. While
monolinguals show a preference for looking at the eyes of a
talking face, bilinguals show no preference for the mouth or
eyes at that age. A strong preference for looking at the mouth
of talking faces later develops in monolinguals and bilinguals,
and can be observed in both groups at 8 months. At 12 months,
monolinguals show preferential looking to the mouth for faces
talking in a non-native language, while no preference for the
eyes or mouth is observed for the native language. In contrast,
12-month-old bilinguals show a preference for the mouth of
faces talking in both native and non-native languages. Moreover,
bilingual 8-month-olds are better than monolingual infants of
the same age at distinguishing two different languages when
silently articulated (Weikum et al., 2007; Sebastián-Gallés et al.,
2012), and bilingual infants from 4 to 8 months tend to spend
more time looking at talking faces than monolinguals (Mercure
et al., 2018). Increased attention to the mouth was also observed

for faces displaying non-linguistic emotional movements in 8-
month-old bilinguals compared to monolinguals (Ayneto and
Sebastian-Galles, 2017), suggesting that bilingualism influences
face scanning patterns beyond the context of speech processing.
In adulthood, early bilinguals may not demonstrate the classic
“other race effect” (Kandel et al., 2016) that is robustly observed
in monolinguals (Meissner and Brigham, 2001). These results
suggest an impact of early bilingualism on face scanning and face
processing.

Unimodal bilinguals acquire two or more spoken languages
simultaneously. In other words, these infants acquire two
linguistic codes (two sets of sounds, two lexicons, two sets
of grammatical rules) and learn to keep them apart, while
experiencing a reduced exposure to each of these codes
compared to monolinguals (Werker, 2012; Costa and Sebastián-
Gallés, 2014). Even though this process is extremely complex,
bilingual infants usually reach the milestones of early language
development at the same age as monolinguals, including
canonical babbling, first word production, and first word
combinations (Werker, 2012; Costa and Sebastián-Gallés, 2014).
This complex process appears to be made possible by some
adaptations in speech and language processing including an
increased sensitivity to visual articulation (Sebastián-Gallés et al.,
2012) and an increased visual attention to the mouth of talking
faces (Pons et al., 2015). Bilingual infants may develop a strategy
of orienting to faces faster than monolinguals and scanning
them more extensively than monolinguals, which would allow
them to make optimal use of articulation cues potentially
displayed by these faces. This strategy appears to generalize
to contexts in which no speech is present, such as for faces
displaying non-linguistic emotional movements (Ayneto and
Sebastian-Galles, 2017). This study tests the hypothesis that,
compared to monolingual infants, bilingual infants exposed to
two spoken languages from birth will demonstrate increased
attention capture and attention maintenance for faces in the
absence of speech or movement. Attention to faces has never been
studied for static faces in bilingual infants. This would suggest
that early language experience can impact on attention allocation
mechanisms for social stimuli, even in the absence of speech and
movement.

A second group of interest in the current study were hearing
infants with Deaf mothers. These infants are likely to differ
in attention to faces as a result of differences in language and
communicative experience. If a Deaf mother uses a sign language,
such as British Sign Language (BSL) as her preferred mode of
communication, her infant is likely to experience two languages
in different modalities. These infants are exposed to a signed
language processed mainly in the visual modality (e.g., BSL), and
a spoken language processed mainly in the auditory modality
(e.g., spoken English). For this reason, they are often referred
to as “bimodal bilinguals,” as opposed to “unimodal bilinguals”
who are exposed to two spoken languages. Bimodal bilinguals
achieve the early linguistic milestones in each of their languages at
the same time as children learning two spoken languages (Petitto
et al., 2001; Hofmann and Chilla, 2015). Like unimodal bilinguals,
bimodal bilinguals may achieve this more complex task by
increasing their attention to faces. Congruent with this idea, using
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eye-tracking, we have previously reported that bimodal bilingual
infants spend longer looking at talking faces than monolingual
infants (Mercure et al., 2018). Moreover, because infants with
Deaf mothers often experience visual forms of communication,
visual attention is key to their communicative experience with
their mother and other Deaf people in their environment. Sign
language communication requires visual attention to the signer
and attention to the face appears to be crucial. When presented
with sign language, 4- and 14-month-old infants with and
without experience of sign language share their visual attention
between the signer’s face and hands, but generally spend longer
looking at the face than the hands area (Palmer et al., 2012).
Similarly, adult signers focus the largest proportion of their
visual attention to the face, and not the hands, when perceiving
sign language communication (Muir and Richardson, 2005; De
Filippo and Lansing, 2006; Emmorey et al., 2008). This increased
attention to the face during sign language communication is the
hypothesized mechanism for an observed enhancement of certain
aspects of face processing in Deaf and hearing signers compared
to non-signers (Bettger et al., 1997; McCullough and Emmorey,
1997; Emmorey, 2001; Stoll et al., 2017). Due to the crucial
importance of visual attention for sign language communication,
Deaf mothers have been observed to use various strategies to
obtain visual attention from their child, such as moving in their
child’s existing focus of attention (Woll and Kyle, 1989). These
patterns of interaction with the mother and with other Deaf
communication partners may lead to increased visual attention
to the mother, and especially her face (Palmer et al., 2012), in
infants of Deaf mothers. Whether their particular experience
of communication in the visual modality has an impact on
their attention to static faces has never been studied before. We
hypothesize that, because of the increased complexity of learning
two languages and the increased importance of visual attention in
their communication with their Deaf mother, bimodal bilingual
infants would demonstrate enhanced attention capture and
maintenance for static faces compared to monolinguals and
possibly greater than unimodal bilinguals.

The deployment of selective attention in adulthood is not
only influenced by perceptual properties of the object (e.g.,
luminance, contrast, movement), but also by strategies, rewards,
and the significance that objects have gained through experience
(Chelazzi et al., 2013). Since language experience influences
the significance of the face cues in social communication, it
is also likely to influence attention to faces. The present study
addresses this question by comparing three groups of infants
with different language experience. The comparison of two
groups of bilinguals – unimodal and bimodal bilinguals – allows
distinguishing effects that are caused by learning two languages,
from those that are linked to bimodal bilinguals’ unique
experience of communication in the visual modality. Visual
scanning of complex arrays was studied in two independent
samples of infants, following an existing experimental protocol
(Gliga et al., 2009; Elsabbagh et al., 2013). Sample 1 compared
monolinguals and unimodal bilinguals between 7 and 10
months. Sample 2 compared three groups of 4-to-8-month-
old infants with different language experience: monolinguals,
unimodal bilinguals, and bimodal bilinguals. It was hypothesized

that, compared to monolingual infants, unimodal and bimodal
bilinguals would show enhanced attention capture and attention
maintenance by faces when they are presented within a complex
visual array. It was also predicted that bimodal bilinguals may
show this effect to a greater degree that unimodal bilinguals.

MATERIALS AND METHODS

Participants
Sample 1
A total of 49 hearing infants between 7 and 10 months
contributed data. A further seven infants participated in the
study but were excluded due to equipment malfunction or
failure to calibrate (n = 6), or experimenter error (n = 1).
Infants were from two groups with different language experience:
26 monolingual infants with hearing parents (16 girls, mean
age = 8.7 months), 23 unimodal bilingual infants with hearing
parents (6 girls, mean age = 8.4 months). Age did not differ
significantly between groups [F(1) = 2.0; p = 0.159; η2 = 0.042].
Monolingual infants were only exposed to English. Both parents
were hearing and only used one language. Unimodal bilinguals
were frequently and regularly exposed to English and one
or more additional spoken language(s). The combination of
languages varied between infants. Exposure to each language was
estimated by using an English adaptation (Byers-Heinlein, 2009)
of the language exposure questionnaire designed by Bosch and
Sebastián-Gallés (1997). Unimodal bilinguals were exposed to
English on average 52% of the time (standard deviation = 24).

Sample 2
A total of 88 hearing infants between 4 and 8 months contributed
data. A further seven infants participated in the study but were
excluded due to equipment malfunction or failure to calibrate
(n = 3), withdrawal (n = 1), or failure to reach looking time
criteria (n = 3; see section “Data Analyses”). Infants were from
three groups with different language experience: 32 monolingual
infants with hearing parents (16 girls, mean age = 6.2 months),
25 unimodal bilingual infants with hearing parents (eight girls,
mean age = 6.2 months), and 31 bimodal bilingual infants with
a Deaf mother (18 girls; mean age = 6.4 months). Age did not
differ between groups [F(2) = 0.354; p = 0.703; η2 = 0.008].
Monolingual infants were only exposed to English. Both parents
were hearing and only used one language. Unimodal bilinguals
were frequently and regularly exposed to English and one or more
additional spoken language(s). The combination of languages
varied between infants. All infants in this group had a hearing
bilingual/multilingual mother. 18 unimodal bilingual infants also
had a bilingual/ multilingual father, and seven had a monolingual
father. None reported hearing deficits in any immediate family
members. Unimodal bilinguals were exposed to English on
average 46% of the time (standard deviation = 23; Byers-Heinlein,
2009). Bimodal bilinguals were frequently and regularly exposed
to BSL and English. All infants in this group had a Deaf mother
using BSL as her preferred mode of communication; 27 bimodal
bilinguals also had a second severely/profoundly D/deaf parent,
three had a second parent who was hearing or had mild hearing
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loss, and one had a single Deaf mother. Bimodal bilinguals
were exposed to English on average 40% of the time (standard
deviation = 21; Byers-Heinlein, 2009). There was no difference
in language exposure to English between the two groups of
bilinguals (p = 0.311).

Infants with hearing parents (Sample 1 and 2) were contacted
from the Birkbeck Babylab database of volunteers recruited from
advertisements at mum-and-baby groups, parenting websites
and publications. Bimodal bilinguals (Sample 2) were recruited
through social media and websites specifically aimed at the
Deaf community. Most infants were born at term (37–42 weeks
gestation), except for five infants born slightly before term (34–
36 weeks) (four monolinguals and one unimodal bilingual: for
these infants, a corrected age was used). Parents reported no
hearing problems (except for one infant’s mother reporting glue
ear) or vision problems (except for one infant’s mother reporting
a suspected squint), and no serious mental or physical conditions
(except for one infant who had undergone heart surgery).
Deaf families were geographically spread across the whole of
Great Britain, while infants with hearing parents came mostly
from London and surrounding areas. Travel expenses were
reimbursed, and a baby t-shirt and certificate of participation
were offered to families. This study was carried out in accordance
with the recommendations of UCL and Birkbeck Research Ethics
Committees. All parents gave written informed consent prior to
participation, after explanations of the study in English or BSL
depending on the parents’ preferred mode of communication by
fluent members of the research team. The protocol was approved
by the UCL and Birkbeck Research Ethics Committees and
conforms to the Declaration of Helsinki.

Procedure
Infants from Sample 1 were invited to participate in a larger
Bilingual Babies research protocol, which began with three eye-
tracking tasks presented in TobiiStudio (the “attention to faces”
task reported here, as well as tasks investigating audiovisual
speech perception and eye gaze perception), followed by seven
short eye-tracking tasks on a different experimental set up.
The whole protocol usually required between 1 and 1.5 h per
infant, including resting, napping, and feeding time. Infants
from Sample 2 were invited to participate in the larger Speak
and Sign research protocol, including a functional near infrared
spectroscopy task (investigating brain activation in response
to infant-directed spoken and sign language), the same three
eye-tracking tasks on TobiiStudio described for Sample 1 and
behavioral measures (the Mullen Scales of Early Learning and
videos of parent–child interaction). The whole protocol usually
required between 1.5 and 3 h per infant, including resting,
napping, and feeding time. Only data from the “‘attention to
faces” task are reported in the present article. The stimuli and
procedures for this task were identical for both samples.

During the “attention to faces” task, infants sat on their
parent’s lap in a dimly lit room about 60 cm away from a
TobiiT120 eye-tracker (17-in diameter, screen refresh rate 60 Hz,
ET sampling rate of 60 Hz, spatial accuracy < 1◦). Infant gaze
position was calibrated with colorful animations using a five-
point routine. Each infant’s gaze and behavior was monitored

throughout the study via camera and Tobii Studio LiveViewer.
The experimenter occasionally shook a rattle behind the screen
to attract the infant’s attention.

Stimuli
Five different slides were presented for 10 s each (Gliga et al.,
2009; Elsabbagh et al., 2013). In each slide, five color images
belonging to five object categories were presented: faces, phase-
scrambled faces, birds, cars, and phones (see Figure 1). Each
individual image was presented only once and the position of
each category in the slide was randomized. Images were all of
comparable size and presented at an equal distance from the
center of the screen. When viewed from a 55 cm distance,
the images had an eccentricity of 9.3◦ and covered an area of
approximately 5.2◦

× 7.3◦. Differences in color and luminosity
were minimized. Visual saliency (the sensory prominence of
an object compared to its background) has been observed
to influence visual attention selection mechanisms in adults
(Santangelo, 2015), children (Cavallina et al., 2018), and infants
(Althaus and Mareschal, 2012). The stimulus categories used
in the present study did not differ in terms of visual saliency
(Elsabbagh et al., 2013). Faces all had direct gaze and happy
expression. There were three female faces and two male faces
of different ethnic origins. Scrambled faces were created from
each face by randomizing the phase spectra while maintaining
the original outer face contour, with the amplitude and color
spectra remaining constant. These “attention to faces” slides were
interleaved with blocks from other studies.

Data Analysis
Data were excluded in trials where infants looked at the entire
slide for less than 1 s. Only infants with at least three good trials
were included in the analyses. These criteria are identical to the
ones used by Elsabbagh et al. (2013). Five rectangular regions of
interest corresponding to the five categories of objects on each
slide were defined in Tobii Studio. Three measures were extracted

FIGURE 1 | Sample stimulus slides. Face was obscured for publication
purposes only.
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for each category of objects and averaged for all included trials:
fixation latency (the time difference between the beginning of
the trial and the beginning of the first fixation to each region
of interest), fixation count (the number of fixations within each
region of interest), and total fixation duration (the total time
spent fixating within each region of interest during the trial
period of 10 s). As we did not have any specific hypotheses
regarding group differences in attention to birds, cars, phones,
and scrambled faces stimuli, the measures for all these stimuli
were averaged to create a Non-Face stimulus category. However,
any significant Face vs. Non-Face effect was followed by planned
comparisons for individual contrasts between Face and each
stimulus category to clarify the stability of the effect across control
conditions.

RESULTS

Fixation Latency
Sample 1
The latency between the beginning of each trial and the beginning
of the first fixation to Face and Non-Face stimuli was analyzed
with a stimulus (2) × group (2) ANOVA (see Figure 2).
A significant effect of stimulus was found [F(1,47) = 86.1;
p < 0.001; η2 = 0.647], with Faces attracting infants’ attention
faster than other stimulus categories. Individual comparisons
of Faces to each stimulus category (birds, cars, phones, and
scrambled faces) revealed highly significant effects (all p< 0.001).
There were no interaction of stimulus × group, but a borderline
group effect [F(1) = 3.2; p = 0.058; η2 = 0.075], suggested that
unimodal bilinguals tended to orient to both stimulus categories
faster than monolinguals. The group effect was significant for
Face stimuli [F(1) = 4.2; p = 0.045; η2 = 0.083], but not for
Non-Face stimuli [F(1) = 0.4; p = 0.542; η2 = 0.008].

Sample 2
Fixation latency was analyzed with a stimulus (2) × group (3)
ANOVA (see Figure 2). A significant effect of stimulus was found
[F(1,85) = 124.7; p < 0.001; η2 = 0.595], with infants orienting
faster to Face than to Non-Face stimuli [individual contrasts all
p < 0.001]. There were no main effect of group [F(2) = 1.1;
p = 0.342; η2 = 0.025] or interaction of group × stimulus
[F(2,85) = 0.6; p = 0.572; η2 = 0.013]. Group effects were
not significant on Face fixation latency [F(2) = 1.6; p = 0.204;
η2 = 0.037; post hoc t-tests: monolinguals vs. unimodal bilinguals :
p = 0.391; monolinguals vs. bimodal bilinguals: p > 0.999;
unimodal vs. bimodal bilinguals: p = 0.312].

Pooled Analyses
Data from monolinguals and unimodal bilinguals of both studies
were pooled together and Face fixation latencies were analyzed
in a group (2) × sample (2) ANOVA (see Figure 2). Bimodal
bilinguals were excluded as they were only present in Sample 2.
There was a significant group effect [F(1) = 6.2; p = 0.014;
η2 = 0.057]. Overall unimodal bilinguals oriented to faces faster
than monolinguals. There were no effect of sample [F(1) = 0.1;
p = 0.741; η2 = 0.001], and no interaction of sample × group

[F(1) = 0.2; p = 0.664; η2 = 0.002]. The same ANOVA for Non-
Face fixations revealed no group effect [F(1) = 0.6; p = 0.440;
η2 = 0.006], no sample effect [F(1) = 2.1; p = 0.145; η2 = 0.021]
and no interaction of group × sample [F(1) < 0.1; p = 0.964;
η2 < 0.001].

Fixation Count
Sample 1
The number of fixations that infants directed to Faces and Non-
Faces was analyzed in a stimulus (2) × group (2) ANOVA
(see Figure 3). A significant effect of stimulus was found
[F(1,47) = 188.2; p < 0.001; η2 = 0.800]. Faces attracted more
fixations than any of the other object categories (all p < 0.001).
There were no main effect of group [F(1) = 0.6; p = 0.443;
η2 = 0.013] or stimulus × group interaction [F(1,47) = 0.2;
p = 0.634; η2 = 0.005]. A main effect of group was not significant
when only Face stimuli were considered [F(1) = 0.4; p = 0.511;
η2 = 0.009].

Sample 2
The number of fixations was analyzed in a stimulus (2) × group
(3) ANOVA (see Figure 3). There was a significant effect
of stimulus [F(1,85) = 235.9; p < 0.001; η2 = 0.735] with
faces attracting more fixations than any of the other objects
(all individual contrasts p < 0.001). There was a significant
interaction of stimulus x group [F(2,85) = 3.4; p = 0.037;
η2 = 0.075], but no significant main effect of group [F(2) = 3.0;
p = 0.055; η2 = 0.066]. Unimodal bilinguals tended to direct
more fixations to faces than the other groups [group effect on
Face fixation: F(2) = 3.4; p = 0.038; η2 = 0.074; post hoc t-tests:
monolinguals vs. unimodal bilinguals: p = 0.075; monolinguals
vs. bimodal bilinguals: p > 0.999; unimodal vs. bimodal
bilinguals: p = 0.067]. Groups did not differ in terms of fixation
to Non-Face stimuli [F(2) = 0.2; p = 0.699; η2 = 0.008].

Pooled Samples
After excluding bimodal bilinguals, the number of Face fixations
was analyzed for monolinguals and unimodal bilinguals in a
group (2) × sample (2) ANOVA (see Figure 3). Unimodal
bilinguals directed significantly more fixations to Faces than
monolinguals [F(1) = 4.7; p = 0.032; η2 = 0.044]. There were
no effect of sample [F(1) = 0.2; p = 0.636; η2 = 0.002] and no
interaction of sample × group [F(1) = 1.7; p = 0.201; η2 = 0.016].

Total Fixation Duration
Sample 1
The total amount of time fixating Faces and Non-Faces over
the whole trial was analyzed in a stimulus (2) × group (2)
ANOVA (see Figure 4). A significant effect of stimulus was
found [F(1,47) = 135.6; p < 0.001; η2 = 0.743]. Infants looked
at faces for longer than any of the other object categories (all
p < 0.001). There were no main effect of group [F(1) = 0.4;
p = 0.513; η2 = 0.009] or stimulus × group interaction
[F(1, 47) = 0.2; p = 0.622; η2 = 0.005]. The main effect of
group was not significant when only Face stimuli were considered
[F(1) = 0.3; p = 0.562; η2 = 0.007].
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FIGURE 2 | Fixation latency for Face and Non-Face stimuli in Sample 1 and Sample 2; fixation latency for Face stimuli in the pooled samples. Error bars represent
standard error.

Sample 2
Total fixation duration was analyzed in a stimulus (2) × group (3)
ANOVA (see Figure 4). There was a significant effect of stimulus
[F(1,85) = 283.2; p < 0.001; η2 = 0.769] with faces being fixated
for longer than any of the other objects (all individual contrasts
p < 0.001). The main effect of group [F(2) = 1.8; p = 0.175;
η2 = 0.040], and the stimulus × group interaction [F(2,85) = 2.2;
p = 0.113; η2 = 0.050] was not significant. Group effects were
not significant on Face fixation duration [F(2) = 2.1; p = 0.131;
η2 = 0.047; post hoc t-tests: monolinguals vs. unimodal bilinguals:
p = 0.304; monolinguals vs. bimodal bilinguals: p > 0.999;
unimodal vs. bimodal bilinguals: p = 0.178].

Pooled Samples
After excluding bimodal bilinguals, total fixation duration to
Face stimuli were analyzed for monolinguals and unimodal
bilinguals in a group (2) × sample (2) ANOVA (see Figure 4).

Unimodal bilinguals tended to spend longer looking at faces than
monolinguals, but this difference was not significant [F(1) = 3.9;
p = 0.136; η2 = 0.022]. There were no effect of sample [F(1) = 0.2;
p = 0.647; η2 = 0.002] and no interaction of sample × group
[F(1) = 0.4; p = 0.522; η2 = 0.004].

DISCUSSION

The present study assessed the influence of early language
experience on the development of attention to faces in infancy.
Previous literature suggests that faces capture and/or maintain
infants’ visual attention more than other stimuli (Gliga et al.,
2009; Di Giorgio et al., 2012; DeNicola et al., 2013; Elsabbagh
et al., 2013). The present findings are consistent with this
literature. Indeed, it was observed that infants from 4 to 10
months orient to faces in a complex visual array faster than they
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FIGURE 3 | Number of fixations to Face and Non-Face stimuli in Sample 1 and Sample 2; number of fixations to Face stimuli in the pooled samples. Error bars
represent standard error.

orient to objects or abstract patterns. Infants also directed more
fixations at faces than other visual stimuli. They also fixated faces
for longer than other visual stimuli.

It was predicted that unimodal bilingual infants would
demonstrate increased attention capture and maintenance by
face stimuli compared to monolinguals. Consistent with this
hypothesis, it was observed that unimodal bilinguals between
4 and 10 months were generally faster at orienting to faces
compared to monolinguals. This effect was significant in the
pooled samples, and appeared to be more reliable in older infants
as it approached significance in Sample 1 (7-to-10-month-olds),
but not in Sample 2 (4-to-8-month-olds). Unimodal bilinguals
also directed more fixations to faces than monolingual infants
of the same age. These effects appeared to be more reliable in
younger infants, as it was significant in the younger sample,
but not the older sample alone. However, no reliable group

differences could be observed in the amount of time infants
spent fixating faces. Taken together, these results suggest that
unimodal bilinguals direct their attention to faces faster than
monolinguals (especially older infants) and that they scan faces
more extensively than monolinguals (especially younger infants).

The second hypothesis was that bimodal bilingual infants with
Deaf mothers would demonstrate increased attention capture
and maintenance by face stimuli compared to monolinguals
and potentially unimodal bilinguals. Like unimodal bilinguals,
bimodal bilinguals learn two languages, but unlike unimodal
bilinguals, they also have a unique experience of communication
in the visual modality with their Deaf mother and potentially
other Deaf communication partners. Visual attention is key to
communication between a Deaf mother and her infant and
it has been observed that Deaf mothers deploy strategies to
obtain visual attention from their infants (Woll and Kyle, 1989).
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FIGURE 4 | Fixation duration for Face and Non-Face stimuli in Sample 1 and Sample 2; fixation duration for Face stimuli in the pooled samples. Error bars represent
standard error.

It was hypothesized that these strategies would act to maximize
attention to faces in bimodal bilingual infants, and predicted
that increased attention capture and maintenance by face stimuli
would be apparent even when presented with static faces.
Contrary to hypothesis, bimodal bilinguals did not differ from

monolinguals in terms of attention to faces. Bimodal bilinguals
oriented to faces faster than to objects and they scanned
faces more extensively than objects. However, the magnitude
of these effects did not differ from those of monolinguals. It
was previously observed that bimodal bilinguals demonstrated

TABLE 1 | p-value of the group differences for Face stimuli for each measure and each experimental sample.

Monolinguals vs. unimodal
bilinguals

Monolinguals vs. bimodal
bilinguals

Unimodal vs. bimodal
bilinguals

Fixation latency Sample 1: p = 0.045∗

Sample 2: p = 0.391 Pooled
samples: p = 0.014∗

p > 0.999 p = 0.312

Fixation count Sample 1: p = 0.511 Sample 2:
p = 0.075 Pooled samples:
p = 0.032∗

p > 0.999 p = 0.067

Fixation duration Sample 1: p = 0.562 Sample 2:
p = 0.304 Pooled samples:
p = 0.136

p > 0.999 p = 0.178
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increased looking time to talking faces in comparison to
monolinguals (Mercure et al., 2018). However, the present
results suggest that this effect does not translate to static faces
within a complex array. Unlike unimodal bilinguals, bimodal
bilinguals do not have to differentiate two spoken languages
or learn two systems of speech sounds. The languages that
they learn use different sensory modalities and are therefore
more easily discriminable. When presented with an unfamiliar
static face, bimodal bilinguals do not know whether this is the
face of someone using spoken or sign language. The face, but
also the hands can be used as cues to discriminate between
these languages. For this reason, the presence of a static face
without spoken or sign language production may not lead to
increased attention to faces in bimodal bilinguals as it does for
unimodal bilinguals. However, if the face begins to produce
speech, increased attention to the face would be observed in
bimodal bilinguals as a strategy to process a language modality in
which the infant has less experience than monolinguals (Mercure
et al., 2018).

It is important to note that the first hypothesis was tested
on data pooled from two independent samples of infants that
were collected at two different time points, with a total of 58
monolingual and 48 unimodal bilingual infants. In contrast,
the second hypothesis was tested on a single sample of infants
collected at one time point, including 32 monolingual and 31
bimodal bilingual infants. Differences in visual attention to
faces between monolinguals and unimodal bilinguals were more
reliable in the pooled samples than in either of the individual
samples. This suggests that there was individual variability
in these measures and that analyses benefited from increased
sample sizes. Nevertheless, for each of the measures that showed
significant group differences in the pooled samples (fixation
duration and fixation count), a significant or borderline effect was
also observed on one of the individual samples, with a smaller
sample size. Due to difficulty in recruiting bimodal bilinguals,
it was not possible to recruit a second sample from this special
population. However, inspection of Figures 2–4 suggests that
attention capture and attention maintenance was highly similar
in monolingual and bimodal bilingual infants. Moreover, the
p-values of the pairwise contrasts between monolingual and
bimodal bilingual infants on each of the three measures taken on
Face stimuli were larger than 0.999 (see Table 1). It is therefore
unlikely that significant group differences between monolinguals
and bimodal bilinguals would be present in a larger sample size.

In adulthood, it has been observed that visual search
performance is influenced by rewards associated with each target
(Kristjánsson et al., 2010), and selective attention is greatly
influenced by the significance that objects have gained through
experience (Chelazzi et al., 2013). Unimodal bilingual infants
learn that visual cues of articulation are useful to distinguish
spoken languages. This is reflected in their increased attention to
the mouth of talking faces (Pons et al., 2015), and their increased
ability at distinguishing languages based on visual articulation
(Sebastián-Gallés et al., 2012). The current data suggest that
a unimodal bilingual experience in infancy may reinforce an
increased allocation of visual attention to faces, and that this effect
could generalize to still faces. Increased visual attention to still

faces would allow unimodal bilinguals to take advantage of visual
cues of articulation to discriminate different spoken languages
if the face was to begin producing speech. It was observed
in the present study that unimodal bilinguals scanned faces
more extensively than monolinguals and this effect was more
pronounced in the younger infant sample (4–8 months). In older
infants, this strategy might be modified to orient faster to faces
and to engage in extensive scanning for moving/talking faces, but
not for still faces. This more sophisticated strategy would allow
them to take advantage of visual cues of articulation of talking
faces, but would free the infant’s attention to explore other stimuli
in the case that articulation cues are not available (for example, in
still faces). Congruent with this idea, a faster orientation to faces
was observed in unimodal bilinguals compared to monolinguals,
and was more pronounced in the older infant sample (7–10
months).

This study demonstrates an impact of language experience
on the early development of attention to faces in infancy. The
increased complexity of learning two spoken languages was found
to increase attention capture and maintenance for still faces.
These visual strategies may be adaptive to maximize the use of
potential visual cues of articulation to allow the discrimination of
two spoken languages. Bimodal bilingualism and the experience
of communication in the visual modality with a Deaf mother
do not appear to impact attention to unfamiliar still faces.
Increased attention to faces for bimodal bilinguals compared to
monolinguals may be restricted to talking faces in this group
(Mercure et al., 2018). Our data suggest that there are complex
interactions in the development of face processing and language
learning in the context of social communication in infancy.

AUTHOR CONTRIBUTIONS

The original idea was conceived by EM, with input from MM,
MJ, RF, PB, and TG. The task was designed by TG. Sample 1 was
recruited and tested by IQ. Sample 2 was recruited and tested
by EM, LG, HB-H, and KC. The data were analyzed by EM
with advice from TG, MM, PB, RF, and MJ. The manuscript was
written by EM with input from RF, PB, TG, MJ, and MM.

FUNDING

This study was funded by an ESRC Future Research
Leader fellowship to EM (ES/K001329/1) and by a British
Academy/Leverhulme grant to RF and PB (SG162171). MJ was
supported by the UK Medical Research Council (G0701484), and
MM by a Wellcome Trust Fellowship (100229/Z/12/Z).

ACKNOWLEDGMENTS

The authors would like to thank all the parents and carers who
contributed to this study, Laura Pirazzoli and Catherine Weston
for their help with data collection, Prof. Bencie Woll for helpful
comments on this dataset, and Prof. Annette Karmiloff-Smith
who inspired our research.

Frontiers in Psychology | www.frontiersin.org October 2018 | Volume 9 | Article 1943127

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01943 October 13, 2018 Time: 11:59 # 10

Mercure et al. Attention to Faces in Infancy

REFERENCES
Althaus, N., and Mareschal, D. (2012). Using saliency maps to separate competing

processes in infant visual cognition. Child Dev. 83, 1122–1128. doi: 10.1111/j.
1467-8624.2012.01766.x

Ayneto, A., and Sebastian-Galles, N. (2017). The influence of bilingualism on
the preference for the mouth region of dynamic faces. Dev. Sci. 20:e12446.
doi: 10.1111/desc.12446

Bettger, J. G., Emmorey, K., McCullough, S. H., and Bellugi, U. (1997). Enhanced
facial discrimination: effects of experience with American Sign Language.
J. Deaf Stud. Deaf Educ. 2, 223–233. doi: 10.1093/oxfordjournals.deafed.a014328

Bosch, L., and Sebastián-Gallés, N. (1997). Native-language recognition abilities in
4-month-old infants from monolingual and bilingual environments. Cognition
65, 33–69. doi: 10.1016/S0010-0277(97)00040-1

Byers-Heinlein, K. (2009). Bilingualism Questionnaire Usage Guidelines. Personal
communication.

Cavallina, C., Puccio, G., Capurso, M., Bremner, A. J., and Santangelo, V. (2018).
Cognitive development attenuates audiovisual distraction and promotes the
selection of task-relevant perceptual saliency during visual search on complex
scenes. Cognition 180, 91–98. doi: 10.1016/j.cognition.2018.07.003

Chelazzi, L., Perlato, A., Santandrea, E., and Della Libera, C. (2013). Rewards teach
visual selective attention.Vision Res. 85, 58–72. doi: 10.1016/j.visres.2012.12.005

Costa, A., and Sebastián-Gallés, N. (2014). How does the bilingual experience
sculpt the brain? Nat. Rev. Neurosci. 15, 336–345. doi: 10.1038/nrn3709

De Filippo, C. L., and Lansing, C. R. (2006). Eye fixations of deaf and hearing
observers in simultaneous communication perception. Ear Hear. 27, 331–352.
doi: 10.1097/01.aud.0000226248.45263.ad

de Klerk, C. C. J. M., Gliga, T., Charman, T., Johnson, M. H., and The BASIS
team. (2014). Face engagement during infancy predicts later face recognition
ability in younger siblings of children with autism. Dev. Sci. 17, 596–611. doi:
10.1111/desc.12141

DeNicola, C. A., Holt, N. A., Lambert, A. J., and Cashon, C. H. (2013). Attention-
orienting and attention-holding effects of faces on 4-to 8-month-old infants.
Int. J. Behav. Dev. 37, 143–147. doi: 10.1177/0165025412474751

Di Giorgio, E., Turati, C., Altoè, G., and Simion, F. (2012). Face detection in
complex visual displays: an eye-tracking study with 3-and 6-month-old infants
and adults. J. Exp. Child Psychol. 113, 66–77. doi: 10.1016/j.jecp.2012.04.012

Elsabbagh, M., Gliga, T., Pickles, A., Hudry, K., Charman, T., Johnson, M. H., et al.
(2013). The development of face orienting mechanisms in infants at-risk for
autism. Behav. Brain Res. 251, 147–154. doi: 10.1016/j.bbr.2012.07.030

Emmorey, K. (2001). Language, Cognition, and the Brain: Insights from Sign
Language Research. London: Psychology Press.

Emmorey, K., Thompson, R., and Colvin, R. (2008). Eye gaze during
comprehension of American Sign Language by native and beginning signers.
J. Deaf Stud. Deaf Educ. 14, 237–243. doi: 10.1093/deafed/enn037

Farroni, T., Johnson, M. H., Menon, E., Zulian, L., Faraguna, D., and Csibra, G.
(2005). Newborns’ preference for face-relevant stimuli: effects of contrast
polarity. Proc. Natl. Acad. Sci. U.S.A. 102, 17245–17250. doi: 10.1073/pnas.
0502205102

Frank, M. C., Vul, E., and Johnson, S. P. (2009). Development of infants’ attention
to faces during the first year. Cognition 110, 160–170.

Gliga, T., Elsabbagh, M., Andravizou, A., and Johnson, M. (2009). Faces attract
infants’ attention in complex displays. Infancy 14, 550–562.

Hofmann, K., and Chilla, S. (2015). Bimodal bilingual language development of
hearing children of deaf parents. Eur. J. Spec. Needs Educ. 30, 30–46. doi:
10.1080/08856257.2014.943563

Johnson, M. H., Dziurawiec, S., Ellis, H., and Morton, J. (1991). Newborns’
preferential tracking of face-like stimuli and its subsequent decline. Cognition
40, 1–19. doi: 10.1016/0010-0277(91)90045-6

Kandel, S., Burfin, S., Meary, D., Ruiz-Tada, E., Costa, A., and Pascalis, O. (2016).
The impact of early bilingualism on face recognition processes. Front. Psychol.
7:1080. doi: 10.3389/fpsyg.2016.01080

Kristjánsson, Á, Sigurjónsdóttir, Ó, and Driver, J. (2010). Fortune and reversals
of fortune in visual search: reward contingencies for pop-out targets affect

search efficiency and target repetition effects. Atten. Percept. Psychophys. 72,
1229–1236. doi: 10.3758/APP.72.5.1229

Lewkowicz, D. J., and Hansen-Tift, A. M. (2012). Infants deploy selective attention
to the mouth of a talking face when learning speech. Proc. Natl. Acad. Sci. U.S.A.
109, 1431–1436. doi: 10.1073/pnas.1114783109

McCullough, S., and Emmorey, K. (1997). Face processing by deaf ASL
signers: evidence for expertise in distinguishing local features. J. Deaf
Stud. Deaf Educ. 2, 212–222. doi: 10.1093/oxfordjournals.deafed.a01
4327

Meissner, C. A., and Brigham, J. C. (2001). Thirty years of investigating the own-
race bias in memory for faces: a meta-analytic review. Psychol. Public Policy Law
7, 3–35. doi: 10.1037/1076-8971.7.1.3

Mercure, E., Kushnerenko, E., Goldberg, L., Bowden-Howl, H., Coulson, K.,
Johnson, M. H., et al. (2018). Language experience influences audiovisual
speech integration in unimodal and bimodal bilingual infants. Dev. Sci. doi:
10.1111/desc.12701 [Epub ahead of print].

Muir, L. J., and Richardson, I. E. (2005). Perception of sign language and its
application to visual communications for deaf people. J. Deaf Stud. Deaf Educ.
10, 390–401. doi: 10.1093/deafed/eni037

Palmer, S. B., Fais, L., Golinkoff, R. M., and Werker, J. F. (2012). Perceptual
narrowing of linguistic sign occurs in the 1st year of life. Child Dev. 83, 543–553.
doi: 10.1111/j.1467-8624.2011.01715.x

Petitto, L. A., Katerelos, M., Levy, B. G., Gauna, K., Tétreault, K., and
Ferraro, V. (2001). Bilingual signed and spoken language acquisition
from birth: implications for the mechanisms underlying early bilingual
language acquisition. J. Child Lang. 28, 453–496. doi: 10.1017/S0305000901
004718

Pons, F., Bosch, L., and Lewkowicz, D. J. (2015). Bilingualism modulates infants’
selective attention to the mouth of a talking face. Psychol. Sci. 26, 490–498.
doi: 10.1177/0956797614568320

Santangelo, V. (2015). Forced to remember: when memory is biased by
salient information. Behav. Brain Res. 283, 1–10. doi: 10.1016/j.bbr.2015.
01.013

Sebastián-Gallés, N., Albareda-Castellot, B., Weikum, W. M., and Werker, J. F.
(2012). A bilingual advantage in visual language discrimination in infancy.
Psychol. Sci. 23, 994–999. doi: 10.1177/0956797612436817

Stoll, C., Palluel-Germain, R., Caldara, R., Lao, J., Dye, M. W., Aptel, F., et al. (2017).
Face recognition is shaped by the use of sign language. J. Deaf Stud. Deaf Educ.
23, 62–70. doi: 10.1093/deafed/enx034

Valenza, E., Simion, F., Cassia, V. M., and Umiltà, C. (1996). Face preference at
birth. J. Exp. Psychol. Hum. Percept. Perform. 22, 892–903. doi: 10.1037/0096-
1523.22.4.892

Weikum, W. M., Vouloumanos, A., Navarra, J., Soto-Faraco, S., Sebastián-
Gallés, N., and Werker, J. F. (2007). Visual language discrimination in infancy.
Science 316:1159. doi: 10.1126/science.1137686

Werker, J. (2012). Perceptual foundations of bilingual acquisition in infancy.
Ann. N. Y. Acad. Sci. 1251, 50–61. doi: 10.1111/j.1749-6632.2012.06
484.x

Woll, B., and Kyle, J. G. (1989). “Communication and language development in
children of deaf parents,” in The Social and Cognitive Aspects of Normal and
Atypical Language Development, eds S. von Tetzchner, L. S. Siegel, and L. Smith
(Berlin: Springer), 129–144.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018Mercure, Quiroz, Goldberg, Bowden-Howl, Coulson, Gliga, Filippi,
Bright, Johnson andMacSweeney. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org October 2018 | Volume 9 | Article 1943128

https://doi.org/10.1111/j.1467-8624.2012.01766.x
https://doi.org/10.1111/j.1467-8624.2012.01766.x
https://doi.org/10.1111/desc.12446
https://doi.org/10.1093/oxfordjournals.deafed.a014328
https://doi.org/10.1016/S0010-0277(97)00040-1
https://doi.org/10.1016/j.cognition.2018.07.003
https://doi.org/10.1016/j.visres.2012.12.005
https://doi.org/10.1038/nrn3709
https://doi.org/10.1097/01.aud.0000226248.45263.ad
https://doi.org/10.1111/desc.12141
https://doi.org/10.1111/desc.12141
https://doi.org/10.1177/0165025412474751
https://doi.org/10.1016/j.jecp.2012.04.012
https://doi.org/10.1016/j.bbr.2012.07.030
https://doi.org/10.1093/deafed/enn037
https://doi.org/10.1073/pnas.0502205102
https://doi.org/10.1073/pnas.0502205102
https://doi.org/10.1080/08856257.2014.943563
https://doi.org/10.1080/08856257.2014.943563
https://doi.org/10.1016/0010-0277(91)90045-6
https://doi.org/10.3389/fpsyg.2016.01080
https://doi.org/10.3758/APP.72.5.1229
https://doi.org/10.1073/pnas.1114783109
https://doi.org/10.1093/oxfordjournals.deafed.a014327
https://doi.org/10.1093/oxfordjournals.deafed.a014327
https://doi.org/10.1037/1076-8971.7.1.3
https://doi.org/10.1111/desc.12701
https://doi.org/10.1111/desc.12701
https://doi.org/10.1093/deafed/eni037
https://doi.org/10.1111/j.1467-8624.2011.01715.x
https://doi.org/10.1017/S0305000901004718
https://doi.org/10.1017/S0305000901004718
https://doi.org/10.1177/0956797614568320
https://doi.org/10.1016/j.bbr.2015.01.013
https://doi.org/10.1016/j.bbr.2015.01.013
https://doi.org/10.1177/0956797612436817
https://doi.org/10.1093/deafed/enx034
https://doi.org/10.1037/0096-1523.22.4.892
https://doi.org/10.1037/0096-1523.22.4.892
https://doi.org/10.1126/science.1137686
https://doi.org/10.1111/j.1749-6632.2012.06484.x
https://doi.org/10.1111/j.1749-6632.2012.06484.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01983 October 13, 2018 Time: 12:12 # 1

CONCEPTUAL ANALYSIS
published: 16 October 2018

doi: 10.3389/fpsyg.2018.01983

Edited by:
Roberto Filippi,

University College London,
United Kingdom

Reviewed by:
Judith F. Kroll,

Pennsylvania State University,
United States

Evelyne Mercure,
University College London,

United Kingdom
Megan Zirnstein,

University of California, Riverside,
United States, in collaboration with

reviewer JK

*Correspondence:
Sara Incera

sara.incera@eku.edu

Specialty section:
This article was submitted to

Cognitive Science,
a section of the journal
Frontiers in Psychology

Received: 27 June 2018
Accepted: 27 September 2018

Published: 16 October 2018

Citation:
Incera S (2018) Measuring

the Timing of the Bilingual Advantage.
Front. Psychol. 9:1983.

doi: 10.3389/fpsyg.2018.01983

Measuring the Timing of the Bilingual
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Empirical evidence has supported the idea that the bilingual advantage is a question
of nuanced differences between bilinguals and monolinguals. In this article, I review
findings from studies using eye tracking, mouse tracking, and event-related potentials
(ERPs) which are particularly suited to measure time. Understanding the timing of the
processes underlying executive function is crucial in evaluating the intricacies of the
bilingual mind. Furthermore, I provide recommendations on how to best use these
timing techniques to compare bilinguals and monolinguals. Temporal differences can
characterize ongoing discussions of the bilingual advantage and help explain conflicting
findings. Methodological and analytical innovations to better investigate the timing of the
cognitive processes at play will inform a wide range of areas in cognitive science.

Keywords: bilingualism, timing, eye tracking, mouse tracking, event-related potentials

INTRODUCTION

More than half of the world’s population is bilingual (Grosjean, 2010). Studying the cognitive
processes (e.g., executive function, conflict monitoring) underlying the bilingual mind is an
important topic. The bilingual advantage refers to the idea that being bilingual is linked to cognitive
benefits (for a review see Bialystok, 2017). However, there are researchers that have challenged
this idea (Paap and Greenberg, 2013; de Bruin et al., 2015; Paap, 2015). In light of the debate
over the bilingual advantage, there is a need for a more nuanced explanation of the consequences
of bilingualism. It is crucial to take into account information regarding who the bilinguals and
monolinguals are (Luk and Biaylstok, 2013), the types of experimental tasks implemented, the
particular cognitive resources that may be critical to bilingualism (Takahesu Tabori et al., 2018), and
the contexts in which bilinguals learned and normally use their languages (Green and Abutalebi,
2013). In addition to all of these variables, and possibly interacting with many of them, researchers
need to consider the timing of the cognitive processes underlying participants’ responses.

The focus of the present paper is the timing of the cognitive differences between bilinguals and
monolinguals. By timing I refer to the first one second (1,000 ms) of participants’ responses. Even
though an important endeavor for researchers is to investigate the bilingual advantage over years or
decades (Filippi et al., 2018; Incera and McLennan, 2018a), a review of those studies is beyond the
scope of the current article. In addition, practice effects (Green and Abutalebi, 2013) and stimulus
onset asynchrony manipulations (Martín et al., 2010) are likely to influence the bilingual advantage.
However, investigations that do not measure participants’ responses as they unfold over time are
beyond the focus of this review. When talking about timing in the present paper I am always
referring to the unfolding of participants’ responses in milliseconds (ms). Using high temporal
resolution techniques such as eye tracking, mouse tracking, and event-related brain potentials
(ERPs), it is possible to analyze how each participant responds over time. Studying participants’
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responses using time-sensitive techniques can guide the debate
over the bilingual advantage by providing information about the
timing of the cognitive processes at play.

Many researchers investigating the bilingual advantage have
used experimental tasks in which the main outcome variable
is reaction times (RTs). Typically, the dependent variable is the
amount of time that participants take to complete a specific task,
such as pressing a button after being exposed to visual or auditory
stimuli. In this paper, I review studies that compare bilinguals
and monolinguals using techniques that measure participants’
responses over time. Furthermore, I put forward methodological
recommendations (see Table 1) that I believe will improve
our understanding of the timing of the bilingual advantage.
The goal of these suggestions is to better compare across
studies using high temporal resolution measures. Triangulating
across these techniques can generate new research questions
and provide novel insights. A better understanding of the
timing of the cognitive processes underlying executive function
can help uncover nuanced differences between bilinguals and
monolinguals.

EYE TRACKING

Eye tracking has been available as a research tool since the 1970s
(Cooper, 1974), but eye tracking did not become a mainstream
methodology in spoken language research until the 1990s

TABLE 1 | Summary of the recommendations covered in this article.

Design Include a time-sensitive measure in your investigation

Triangulate across measures and compare the results

Collaborate with researchers who are proficient using other methods

Control for variables that influence timing (language
exposure/proficiency)

Add a baseline condition before starting your experimental task

Analysis Pre-register separate hypotheses for each time-sensitive measure

Use factor analyses to combine different dependent variables

Use factor analyses to combine different independent variables

Decide whether you want to treat “time” as categorical or
continuous

Treat bilingualism as a continuous variable

Focus on the interactions instead of the main effect of bilingualism

Include trial presentation order as a control variable

Report the raw (in ms) instead of the normalized mouse trajectories

Report the time window of the effects instead of a single point in
time

Report stimulus-locked instead of response-locked ERP responses

Create a section in the results to integrate across findings

Develop statistical procedures to pinpoint the timing of the effects

Visualization Create time figures that can be compared across measures

Plot at least the first 1,000 ms of the responses (more if RTs are
longer)

Place time on the x-axis and the dependent variable on the y-axis

Present different conditions as different lines

Include lines for bilinguals and monolinguals within the same figure

(Tanenhaus et al., 1995; Tanenhaus and Spivey-Knowlton, 1996;
Allopenna et al., 1998). Using the eye-tracking methodology, it is
possible to measure “the probability of fixating a particular object
as a function of time” (Tanenhaus and Spivey-Knowlton, 1996,
p. 584). Researchers can analyze the total number of fixations
on a specific area of the screen, or the proportion of fixations
on areas of interest compared to control areas. Furthermore,
it is typical to calculate the average number of fixations every
100 ms. Traditionally, eye-tracking figures include “time” on
the x-axis and “proportion of fixations” on the y-axis (e.g.,
Allopenna et al., 1998). Most researchers report the first second
(1,000 ms) of participants’ responses from target onset and
represent the different conditions (e.g., fixations to each object)
as separate lines. This way of representing the results has also
been used when reporting mouse-tracking and ERP data, which
makes this method a convenient way to compare results across
methodologies.

Many of the eye-tracking studies with bilingual populations
have focused on reading (Libben and Titone, 2009; Pivneva
et al., 2014; Cop et al., 2017; Enkin et al., 2017; Indrarathne
and Kormos, 2018) or auditory processing (Spivey and Marian,
1999; Marian and Spivey, 2003; Blumenfeld and Marian, 2007;
Bartolotti and Marian, 2012; Ito et al., 2018). However, there are
a few studies that have used eye tracking to test the bilingual
advantage hypothesis for inhibitory control (Bialystok et al., 2006;
Blumenfeld and Marian, 2011; Mercier et al., 2014; Blumenfeld
et al., 2016).

Bialystok et al. (2006) measured executive control using an
antisaccade task, an experimental paradigm in which response
suppression is required to resist moving the eyes toward the
briefly exposed target. These researchers performed two studies,
each with 96 participants (24 monolingual young adults, 24
bilingual young adults, 24 monolingual older adults, and 24
bilingual older adults) recruited from their university research
pool in Toronto. Bialystok et al. (2006) found no effects of aging
or bilingualism when the eye-tracking task was presented in
isolation (Study 1). However, they found a bilingual advantage
that increased with age when the same visual display was coupled
with keypress responses (Study 2). The authors explained this
pattern by stating: “Saccadic eye movements are more rapid
(150–350 ms) than button-pressing responses (350–650 ms) and
are arguably more automatic and less amenable to higher level
cognitive control” (Bialystok et al., 2006, p. 1352).

The fact that effects can emerge in button press but not
in eye tracking is not limited to the bilingual advantage. For
example, long-term repetition priming effects (responding to a
word faster when you have heard that word in a previous block
of trials) are very robust in button-press tasks but do not emerge
in eye-tracking tasks. To my knowledge, no published study has
reported long-term repetition priming in proportion of fixations
over time. It follows that triangulation across methodologies
is crucial toward gaining a better understanding of the nature
of the effects found in such experiments. These apparently
contradictory results are puzzling, but can be an opportunity
to refine our theories. Using the same stimuli across different
techniques researchers can explore what aspects of the task are
driving the results.
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Blumenfeld and Marian (2011) asked bilingual and
monolingual participants to listen to words in English (their
native language). For each trial participants had to identify the
target word among four pictures, one of which was a similar-
sounding within-language competitor (e.g., hamper/hammer).
In the next trial the previously inhibited competitor picture
became the target, a clever way to measure negative priming. In
addition, participants responded to a version of the Stroop task in
which they had to indicate the direction of an arrow. The arrow
direction and arrow location could be congruent (leftward-facing
arrow located on the left) or incongruent (leftward-facing arrow
located on the right). These researchers reported a bilingual
advantage in inhibitory control related to timing: “. . .bilinguals
may return to a baseline activation state faster after inhibiting
irrelevant information. In fact, the better bilinguals were at
resolving Stroop interference, the less residual competitor
inhibition they showed” (p. 11). Furthermore, they extended
these findings to older adults: “. . .bilingual groups showed
quicker target deactivation, reflecting more lifespan changes
in activation for monolinguals than bilinguals” (Blumenfeld
et al., 2016, p. 8). According to Blumenfeld and Marian (2011),
the timing of inhibition (i.e., the time participants take to
activate/deactivate a particular target) could be an important way
in which bilinguals and monolinguals differ.

Mercier et al. (2014) monitored the eye movements of English
monolinguals and French-English bilinguals while they listened
to words in English. The non-target pictures included a within-
language competitor, a between-language competitor, and a
filler. Participants also responded to a battery of inhibitory
control tasks. Mercier et al. (2014) reported a delayed onset
of within-language competition for native French participants
with low English exposure when compared to native English
participants and to native French participants with high
English exposure. According to these results, the timing of
participant’s responses not only differs between bilinguals and
monolinguals, timing differs between bilingual groups with
unequal levels of language exposure. If you test bilingual
participants in English, those with more experience using
English will respond faster than those with less experience using
English.

While these studies have made tentative conclusions
about time and have supported the idea that the timing
of bilinguals and monolinguals differs, the reporting of
the results is heavily focused on overall responses. As it is
typical in the literature, researchers report overall patterns
across several hundreds of milliseconds. Furthermore,
it is common to create a separate graph for each group
(bilingual/monolingual) and then show the patterns for the
different conditions (target/within-language competitor/cross-
language competitor/filler). While this approach is very useful
to understand lexical activation, it might fall short to understand
bilingual effects. To better evaluate group differences researchers
need to compare the unfolding patterns of bilinguals and
monolinguals by plotting them within the same figure. This
approach will make it possible to measure the time at which
the responses of bilingual and monolingual participants
diverge.

MOUSE TRACKING

Mouse tracking is a tool that allows researchers to measure
the unfolding of cognitive processes by recording participants’
computer mouse trajectories (Spivey et al., 2005). Since
the landmark PNAS article, “Continuous attraction toward
phonological competitors” (Spivey et al., 2005), researchers have
applied the mouse-tracking paradigm to a wide range of cognitive
tasks. In 2009, the open source software MouseTracker became
publicly available (Freeman and Ambady, 2010), making the
technology accessible to a larger number of researchers. More
recently, Kieslich and Henninger (2017) developed Mousetrap,
an OpenSesame plugin that facilitates the combination of mouse
tracking with other techniques such as eye tracking. Within
the open science framework, researchers are building online
communities to increase the exchange of validated experimental
tasks across teams, an approach that increases replicability.
Furthermore, Mousetrap directly connects to the statistical
programming language R, a feature designed to streamline data
analysis (Kieslich and Henninger, 2017).

Mouse-tracking measures have been implemented with
bilingual populations (Bartolotti and Marian, 2012; Incera and
McLennan, 2016, 2018a,b). In 2016, my co-author and I reported
the results of a Stroop task in which English-Spanish bilinguals,
English-Other bilinguals (a group that included a wide range
of language backgrounds), and English monolinguals responded
to Spanish and English color words (Incera and McLennan,
2016). We found that initiation times (the time it takes to
start moving the mouse) were longer for the English-Spanish
bilinguals, followed by the English-Other, and the English
monolinguals. However, the overall trajectory was more efficient
(straighter/faster) for those who took longer to start moving
the mouse. In light of these results, we argued that bilinguals
are qualitatively (as opposed to quantitatively) different from
monolinguals. We proposed that this pattern of results indicates
that bilinguals are experts at managing information (Incera and
McLennan, 2016).

Results from our study provided initial support for the
Bilingual Expertise Hypothesis, the idea that bilinguals are
experts at managing information. The expertise pattern (i.e.,
longer initiation times coupled with more efficient responses)
has been recently replicated in a study in which English
monolinguals and Chinese-English bilinguals were compared
using the Flanker, Simon, and Spatial Stroop tasks (Damian
et al., 2018). Furthermore, this pattern also emerged in a Master’s
Thesis about attentional switching that compared bilingually
exposed infants to their monolingual counterparts (Kakvan,
2017). Just as experts in a variety of domains (e.g., baseball)
have a slower initiation of response followed by more efficient
performance (Shank and Haywood, 1987; Incera and McLennan,
2016), bilinguals across different tasks show this expertise pattern.

The Bilingual Expertise Hypothesis can also be connected to
the literature regarding the long term consequences of language
experience. According to the Adaptive Control Hypothesis (Green
and Abutalebi, 2013), language control processes adapt to the
recurrent demands placed on them by the interactional context.
One of the ways in which this adaptation might occur is that
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bilinguals become experts at managing their languages. If that is
the case, changes due to language exposure will not simply result
in participants becoming “faster” or “slower” at responding to
a particular task. Instead, language exposure could qualitatively
alter the unfolding of participants’ responses. Furthermore,
changes across the lifespan that influence cognitive processes
could also interact with the expertise pattern. For example, older
adults might take longer to initiate mouse movements regardless
of their language background, an aging pattern that could obscure
expertise effects in older groups. The short and long term
consequences of bilingualism are likely to interact, resulting in
a variety of patterns that researchers need to disentangle.

It is important to acknowledge that the expertise pattern not
always emerges when comparing bilinguals and monolinguals in
a mouse-tracking task. In a recent study, my co-author and I
used a similar Stroop task to investigate bilingualism across the
lifespan and did not find differences in initiation times (Incera
and McLennan, 2018a). There are several differences between
our 2016 and our 2018 study that could explain these apparently
contradictory findings. First, in the 2016 study we presented
four response alternatives in the screen (RED YELLOW – BLUE
GREEN), while in the 2018 study there were only two (RED –
GREEN). The working memory capacity necessary to keep in
mind four (as opposed to two) responses could have enhanced
the expertise pattern. Second, in the 2016 study Spanish and
English words were presented randomly, while in the 2018
only English words were presented. Being in bilingual mode
might be more likely to result in the emergence of the expertise
pattern, a possibility supported by the fact that in the original
experiment the expertise pattern was more pronounced in the
English-Spanish bilinguals than the English-Other bilinguals.
These results point to the idea that task characteristics are likely
to influence the unfolding of participants’ responses.

Another interesting aspect of the Incera and McLennan’s
(2018a) study is that, contrary to previous research (Bialystok
et al., 2004, 2008; Blumenfeld et al., 2016), no Bilingualism by
Age interaction emerged. Instead, our results suggest that after
controlling for baseline performance the bilingual advantage
remains stable across the lifespan. Consequently, it is important
to control for baseline motor differences between groups.
Choices like the distance or size of the target can alter
the mouse trajectory (Walker et al., 1997). Controlling for
differences in motor movements is particularly important in
quasi-experimental approaches–when comparing participants
that cannot be randomly assigned to groups. To evaluate the
influence of personal variables (e.g., bilingualism, age), it is
necessary to distinguish effects at the motor level from those
arising at the cognitive level. To do so, I strongly encourage
researchers to add a baseline measure to their studies (see Incera
and McLennan, 2018a, for an example of a baseline task).

Another important consideration to be mindful of when
analyzing mouse-tracking data is the abundance of dependent
variables. MouseTracker (Freeman and Ambady, 2010) provides
numerous overall variables that summarize the trajectory using
a single number: initiation time, reaction time, maximum
deviation, area under the curve, maximum deviation time, x-flips,
and y-flips. Based on preliminary analyses of the data collected

in my lab, most of these variables tend to load onto two factors:
(1) how straight are the mouse movements? (area under the
curve, maximum deviation, x flips) and (2) how fast are the
mouse movements? (initiation time, reaction time, maximum
deviation time). Additional factor analyses are necessary to
properly evaluate whether these two factors remain stable across
different populations and tasks. Moreover, factor analysis is a
powerful methodology to summarize across a wide range of
independent variables traditionally used in bilingual research
(Marian et al., 2007; Anderson et al., 2018a,b).

The key advantage of mouse tracking is that this paradigm
provides measures that unfold over time: x-coordinates,
y-coordinates, velocity, acceleration, and angle. The most
commonly reported dependent variable–and closest equivalent
to proportion of fixations–is x-coordinates over time. When
looking at the mouse trajectories (Incera and McLennan,
2018a, Figure 2), it is possible to observe that the difference in
x-coordinates (separation of the lines) between bilinguals and
monolinguals emerges around 500 ms after stimulus onset. These
results follow those of Bialystok et al. (2006) eye-tracking study
in that the bilingual advantage may be evident only later on in the
response. If we want to represent the mouse trajectories in line
with the eye-tracking figures, we should put time on the x-axis,
and x-coordinates on the y-axis. Alternatively, it is possible to
represent these trajectories to closely mimic the visual display of
the actual experiment. To mimic the visual display, we need to
flip the figure by putting time on the y-axis and the dependent
variable (x-coordinates) on the x-axis. The latter approach (time:
y-axis) is more visually appealing, but the former (time: x-axis)
might be better aligned with the way data from eye-tracking and
event-related potentials are often represented.

EVENT-RELATED POTENTIALS

Event-related brain potentials provide detailed information about
timing (see Moreno et al., 2008, for an overview of ERPs in
the study of bilingual language processing). Several research
teams have investigated bilingual populations using ERPs (Liu
and Perfetti, 2003; Moreno and Kutas, 2005; Ojima et al., 2005;
Kotz, 2009; Van Heuven and Dijkstra, 2010; Garcia-Sierra et al.,
2011; Martin et al., 2013; Grundy et al., 2017; Zirnstein et al.,
2018). Researchers have used this methodology to specifically test
the bilingual advantage by measuring the effects of learning a
second language on brain activation (Sullivan et al., 2014; Moreno
and Lee, 2015) and by comparing bilinguals’ and monolinguals’
levels of executive control (Kousaie and Phillips, 2012, 2016;
Kuipers and Thierry, 2013; Coderre and Van Heuven, 2014;
Moreno et al., 2014; Heidlmayr et al., 2015; Grundy et al., 2017;
Zirnstein et al., 2018). In this review, I focus on studies that
used the Stroop task to investigate how the cognitive processes
underlying the bilingual advantage unfold over time (Kousaie and
Phillips, 2012, 2016; Coderre and Van Heuven, 2014; Heidlmayr
et al., 2015).

In the Stroop task (Stroop, 1935) participants need to avoid
reading the word and instead report the color of the stimuli in
front of them (e.g., answering “green” to the stimuli BLUE written
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in green font). The Stroop effect refers to the difference between
the incongruent (BLUE in green) and the congruent (BLUE in
blue) conditions. The Stroop task has been used in numerous
studies to investigate the timing of conflict resolution (Liotti
et al., 2000; Badzakova-Trajkov et al., 2009). In monolingual
participants, researchers have found an effect between 400
and 450 ms (Liotti et al., 2000) or between 370 and 480 ms
(Badzakova-Trajkov et al., 2009); this negative interference effect
has been associated with the N400. According to Badzakova-
Trajkov et al. (2009), in the Stroop task the N400 emerges
in the anterior cingulate region, and it is likely to reflect the
identification and resolution of conflict between reading the
word and naming the color. The N400 is also an important
ERP component in the bilingual literature (Kerkhofs et al., 2006;
Midgley et al., 2009).

Heidlmayr et al. (2015) compared French-German bilinguals
to French monolinguals in an adapted version of the Stroop task.
In addition to congruent, incongruent, and control conditions
participants had to respond to a negative priming condition
(the color inhibited in the previous trial becomes the target
color in the new trial). In line with eye-tracking and mouse-
tracking studies that speculated that the bilingual advantage
might only become evident relatively late during processing
(Bialystok et al., 2006; Incera and McLennan, 2018a), Heidlmayr
et al. (2015) found reduced ERP effects in bilinguals’ responses
to the Stroop task in the N400 and in late time windows (540–
700 ms). These researchers found a bilingual advantage in the
N400 Stroop effect over the posterior scalp, associated with the
anterior cingulate cortex. Heidlmayr et al. (2015) did not find
group differences in early components (e.g., N200, P300), but the
N400 Stroop effect was reduced in bilinguals when compared to
monolinguals.

Kousaie and Phillips (2012, 2016) used ERPs to compare high
proficient English-French bilinguals to English monolinguals in
the Stroop, Simon, and Flanker tasks (Kousaie and Phillips,
2012, 2016). In the Stroop task, the P300 peaked earlier for
young bilinguals than young monolinguals (Kousaie and Phillips,
2012) and the N200 peaked earlier for old bilinguals than old
monolinguals (Kousaie and Phillips, 2016). It is important to
highlight that Kousaie and Phillips defined the N200 between
220 and 360 ms, and the P300 between 300 and 500 ms
(which technically includes the N400). When looking at the
waveforms of their Stroop task (Kousaie and Phillips, 2012,
Figure 2), it becomes obvious that the bilingual and monolingual
lines diverge during both the P300 and the N400. In order to
better compare the time-course of the bilingual advantage across
studies, researchers need to report the specific time period during
which bilingual and monolingual groups differ.

Coderre and Van Heuven (2014) used ERPs to compare
a group of Chinese-English bilinguals to a group of English
monolinguals in a version of the Stroop task in which stimulus
onset asynchronies (SOAs) were manipulated (the word and the
color were not always presented at the same time). Coderre and
Van Heuven (2014) found a significant negative effect at Cz and
Pz between 350 and 550 ms in the monolingual group and the
bilingual group when tested in their native language. However,
when bilinguals were tested in their second language the effect

was delayed (see Mercier et al., 2014, for equivalent findings in
eye tracking). It is important to highlight that the time window
reported by Coderre and Van Heuven (2014) (350 – 550 ms)
incorporates the previously discussed P300 (Kousaie and Phillips,
2012) and N400 (Heidlmayr et al., 2015) components.

In order to compare across studies it is important to
better determine how many milliseconds after stimulus onset a
particular process is expected to emerge. A helpful approach to
avoid large time-windows it to report peak latencies. For example,
Coderre and Van Heuven (2014) reported that the bilingual L2
incongruent effect (529 ms) peaked later than the bilingual L1
(459 ms) and the monolingual (434 ms) incongruent effect. In
order to report peak latencies, the ERP averages need to be
time-locked to the moment in time in which the stimulus was
presented. Researchers need to carefully consider the theoretical
implications of reporting stimulus-locked (time-locked to the
moment in time in which the stimulus was presented) or
response-locked (time-locked to the response of the participant)
ERP averages. In order to compare ERP responses to eye-
tracking and mouse-tracking responses, I recommend reporting
responses locked to the moment in time in which the stimulus
was presented.

Crucially, Coderre and Van Heuven (2014) reported that in
the −400 ms SOA, the bilingual L1 experienced a significantly
later Stroop effect compared to monolinguals. This delayed
onset of conflict processing in bilinguals could be indicative of
enhanced inhibitory control. Coderre and Van Heuven (2014)
discuss these findings in line with the dual control theory
(De Pisapia and Braver, 2006; Braver et al., 2009). According
to Braver and Colleagues (2009), there are “two mechanisms
of cognitive control: one a “late correction” reactive response
engaged to resolve conflict once it has occurred; and one a
proactive “early selection” strategy engaged to pre-emptively
reduce control demands for when conflict occurs.” (Coderre and
Van Heuven, 2014, p. 13). This dual control theory aligns with the
predictions derived from the Bilingual Expertise Hypothesis. First,
the proactive “early selection” strategy could be the reason why
bilinguals take longer to start moving the mouse. Second, the “late
correction” reactive response relates to how bilinguals respond
faster later on. Differences between bilinguals and monolinguals
could emerge from alternative ways of processing information
through these two mechanisms of cognitive control.

INTEGRATION

Triangulating eye-tracking, mouse-tracking, and ERP measures
can be tremendously useful in painting a clearer picture of
the timing of the bilingual advantage. When trying to evaluate
the timing of a particular task across different techniques it
becomes obvious that there are numerous gaps in the literature.
However, the few studies that have focused on timing point to
the conclusion that investigating the unfolding of participants’
responses can help improve our understanding of the differences
between bilinguals and monolinguals. In order to move forward
it is important to (1) use the same sample and task across different
techniques, (2) use the same task and technique across different
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samples, and (3) use the same technique and sample across
different tasks. The type of task being used, and the cognitive
processes engaged in that particular task, are likely to influence
the timing of participants’ responses. Only by triangulating across
samples, tasks, and techniques it will be possible to understand
the timing of the cognitive processes driving these effects.

Pioneer researchers have already made efforts to integrate
eye tracking and mouse tracking in their work with bilinguals.
Bartolotti and Marian (2012) reported eye-tracking and mouse-
tracking data collected within the same task. These researchers
trained bilingual and monolingual participants in an artificial
language to be able to compare them. Participants listened
to spoken words and had to choose from pairs of drawings
in the screen (Bartolotti and Marian, 2012). According to
their eye-tracking data, bilingual and monolingual participants
experienced similar early activation of the native-language
competitor (200 ms after word onset) but bilinguals resolved
the competition faster than monolinguals (700 ms vs. 1400 ms).
While Bartolotti and Marian (2012) used the mouse-tracking
results to discuss how bilinguals and monolinguals differ in the
way in which they manage competition, they did not report
specific timing information derived from the mouse trajectories.

Bartolotti and Marian (2012) reported the normalized, as
opposed to the raw, mouse trajectories (this distinction relates
to the previously mentioned way of plotting ERP data by using
stimulus-locked vs. response-locked averages). The normalized
mouse trajectories standardize participants’ responses by dividing
each trajectory in 100 bins. These bins include longer time
windows for slower participants (e.g., 50 ms per bin for someone
who took 5000 ms to respond) and shorter time windows for
faster participants (e.g., 10 ms per bin for someone who took
1000 ms to respond). Normalized trajectories can be useful to
answer questions like: what was the position of the mouse half
way through the response? However, raw mouse trajectories are
necessary to answer questions like: how many milliseconds after
stimulus onset does the bilingual advantage emerge? Researchers
can only examine the average time at which a particular effect
emerges using raw trajectories (e.g., x-coordinates over time).

In addition to measuring participants’ responses to the same
task using different techniques, it is important to analyze the
data in an integrated way. Researchers tend to report results from
different dependent variables in separate sections. I recommend
creating a paragraph within the results section in which the
outcomes from different techniques can be integrated (similar to
the “General Discussion” when reporting several experiments). It
would be helpful to plot the eye- and mouse-tracking data in a
single plot, and to discuss the similarities and differences of the
timing across these techniques. Importantly, the way in which
the data from these different methodologies converge can be as
informative as the way in which they differ.

SUGGESTIONS

Combining time-sensitive techniques can be extremely useful
when trying to understand the time course of the cognitive
processes underlying executive function. However, it is important

to keep in mind that using different methodologies can pose
technical challenges and increase the complexity of the statistical
analyses. Team collaborations, in which different researchers are
experts in a variety methodologies, can be highly effective in
overcoming these difficulties. Furthermore, it is important to pre-
register specific hypotheses for each technique, in particular when
differences between these methodologies are likely to emerge.
Triangulating across techniques can substantially increase the
number of dependent variables, so researchers need to clearly
distinguish between confirmatory and exploratory analyses.

Numerous analytical innovations have been proposed in an
effort to shed new light on the discussion surrounding the
bilingual advantage (Woumans and Duyck, 2015; Calvo et al.,
2016). Useful methodological advances like multiverse analysis–
performing all analyses across the whole set of alternatively
processed data sets corresponding to a large set of reasonable
scenarios (Steegen et al., 2016)–are being implemented to
investigate whether arbitrary analytical choices can influence
the effects of language usage on executive function (Poarch
et al., 2018). Since it is virtually impossible to perfectly match
bilinguals and monolinguals (Filippi et al., 2018), it is important
to control for baseline levels of performance and to focus on
the group by condition interactions–as opposed to the main
effect of bilingualism (Incera and McLennan, 2018a). In addition,
including trial presentation order as a control variable (Mercier
et al., 2014) can help eliminate noise and improve the quality of
the analysis.

When using statistical analyses to investigate responses over
time it is crucial to properly model the covariance structure.
When data points are collected over time, it is logical to
assume that measures of the same participant are correlated.
Data points that are closer together tend to correlate more
than data points that are farther apart, which challenges the
assumption of random error. Therefore, time analyses must
address the issue of covariation between time points. Ignoring the
covariance structure when modeling time can lead to erroneous
inferences (Littell et al., 2000; Lui et al., 2012). According to
Littell et al. (2000) the choice of the covariance structure can
have important effects on tests and estimates of fixed effects. Lui
et al. (2012) argued that researchers need to empirically consider
what type of error structure best fits the data. To do so, they
recommend using AIC and BIC in the selection of a proper
residual covariance structure. The Akaike information criterion
(AIC) and the Bayesian information criterion (BIC) are tools to
compare statistical models in order to choose the best fit for a
given set of data. Covariation can be a problem when analyzing
timing data, researchers need to ensure they are choosing models
with the right covariance structure.

A key question that researchers focusing on timing need to
consider is whether “time” should be treated as a categorical
(Kousaie and Phillips, 2012, 2016; Mercier et al., 2014) or as a
continuous (Blumenfeld et al., 2016; Incera and McLennan, 2016,
2018a) variable (for a discussion of the statistical implications of
this choice see Lui et al., 2012). The advantage of treating time as
a categorical variable is that you can use specific time windows
(e.g., P300, N400) to compare across studies. In addition, this
approach simplifies the statistical analyses and allows for clearer
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a priori predictions. However, focusing on 100 ms time bins is a
crude approach when the goal is to better understand the timing
of the effects. Researchers have argued against the practice of
categorizing continuous variables (MacCallum et al., 2002) and in
favor of treating time (and bilingualism) as continuous variables
(Incera and McLennan, 2018a). Approaches like growth curve
analysis (Mirman, 2016), latent growth curve analysis (Ferrer
et al., 2008), and piecemeal growth curve analysis (Calet et al.,
2015), can be useful when treating time as a continuous variable.
These methodologies take into account the overall pattern of the
trajectory instead of focusing on arbitrary time windows.

Temporal differences are often easy to visualize in figures,
but relatively difficult to pinpoint with our current statistical
methods. For example, in a mouse-tracking study in which a
group of Spanish-English bilinguals participated in a Stroop task
with Spanish and English color words (Incera and McLennan,
2018b), my co-author and I reported that within-language
interference (English words with English response alternatives)
emerged 80 ms earlier than between-language interference
(Spanish words with English response alternatives). It is obvious
that if we had used 100 ms time-windows we would have missed
this 80 ms time difference. Instead, we performed 50 within-
participants t-tests (one every 20 ms) for the first 1,000 ms of
the mouse trajectories. To maintain the overall Type-I error
rate below 0.05, we used Monte Carlo simulations to calculate
the minimum threshold of contiguous t-tests that had to be
significant in order to consider the effect real (for a detailed
explanation of this approach, see Dale et al., 2007; Yamamoto
et al., 2016). Using this threshold, we observed that interference
emerged 420 ms after stimulus onset in the within-language
condition and 500 ms after stimulus onset in the between-
language condition, which led us to conclude that the difference
is 80 ms.

To my knowledge, there is no clear path to test whether this
80 ms temporal difference is a real effect above and beyond
random chance. One approach could be to perform 50 ANOVAs,
but establishing thresholds using Monte Carlo simulations would
become increasingly difficult. Another approach could be to use
growth curve analysis. However, it is not clear how researchers
can use this technique (a tool that was created to evaluate the
overall pattern of the trajectory) to pinpoint the moment at
which two trajectories diverge. Even piecemeal growth curve
analysis can be limited when the goal is to evaluate timing
because researchers tend to use theoretical reasons (not empirical
analyses) to select the time periods for the different growth

patterns. As such, developing new statistical approaches that
researchers can use to specify the moment at which a particular
cognitive process influences participants’ responses (e.g., an
analysis of the point of divergence between two trajectories or
the inflection point within a single trajectory) is an important
endeavor likely to inform other areas of psychological science.

CONCLUSION

While data on the timing of the bilingual advantage are scarce, the
empirical evidence available suggests that the effects of language
experience unfold differently in the bilingual mind than in the
monolingual mind. Bilinguals may be more efficient processers
than monolinguals, but those effects may only be evident at
certain points in time, and may differ across different samples
and tasks. Understanding the timing of these effects can help
explain why and how bilinguals process information differently.
Therefore, it is crucial to take advantage of temporally sensitive
methodologies such as eye tracking, mouse tracking, and ERPs,
in order to better understand the bilingual advantage.

Investigating the timing of the bilingual advantage has the
potential to stimulate new research questions and provide novel
insights. Focusing only on the final outcome of participants’
responses can lead to inconclusive results because of subtle time
differences in the unfolding of the underlying cognitive processes.
In addition to many other important aspects of the bilingual
experience (e.g., sample characteristics, task characteristics),
researchers need to consider the timing of the cognitive processes
at play. Methodological and analytical innovations to better
investigate the timing of the bilingual advantage have the
potential to inform a wide range of areas in psychological science.
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Between-group variability in socioeconomic status (SES) has been identified as a
potentially important contributory factor in studies reporting cognitive advantages in
bilinguals over monolinguals (the so called “bilingual advantage”). The present study
addresses the potential importance of this alternative explanatory variable in a study
of low and high SES bilingual and monolingual performance on the Simon task and
the Tower of London (TOL) task. Results indicated an overall bilingual response time
advantage on the Simon task, despite equivalent error rates. Socioeconomic status was
an important modulator in this effect, with evidence that bilingualism may be particularly
important in promoting speed of processing advantages in low status individuals but
have little impact in high status individuals. However, there was a monolingual advantage
on the TOL test of executive planning ability. Together, our findings run counter to the
central assertion of the bilingual advantage account, that the process of multi-language
acquisition confers a broad cognitive advantage in executive function. We discuss these
findings in the context of SES as an important modulator in published studies advocating
a bilingual cognitive advantage.

Keywords: bilingual advantage, socioeconomic status, executive function, demographics, Simon task, Tower
of London

INTRODUCTION

According to recent estimates, more of the world’s population today is bilingual or multilingual
than monolingual (Grosjean, 2010; Paradis et al., 2011). The dominant belief amongst academics
until the 1960s was that second language learning had detrimental effects on cognitive
development, particularly verbal IQ (e.g., Saer, 1923), and second language learning was
discouraged (Hakuta and Diaz, 1985). This view was gradually overturned following the
publication of a large scale study of middle-class monolingual and balanced-bilingual children
attending French primary schools in Canada (Peal and Lambert, 1962). On the basis of their
findings, these authors claimed that bilinguals typically show better mental flexibility, superior
concept formation and higher IQ. In particular, their work indicated that bilingualism can
confer general cognitive advantages which are not restricted to linguistic processing. Nevertheless,
socioeconomic status (SES) was inadequately addressed as a possible alternative explanatory
variable distinguishing the monolingual and bilingual groups, and the possibility that any bilingual
advantage might be explained by such uncontrolled variables has become an important debate.
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The likelihood that bilingual environments place
disproportionately challenging demands on the developing
brain is intuitively attractive and plausible if we accept the claim
that cognitive resources must be allocated to the inhibition of
one language while thinking or communicating in the other.
The argument follows that these additional inhibitory demands
underpin the development of our cognitive resources in such
a way that would not typically be observed in monolingual
contexts. Confirmatory evidence focused on and highlighted a
bilingual advantage in inhibitory control (e.g., Bialystok, 1982,
2001), a position substantiated by a wealth of published evidence
(e.g., Frye et al., 1995; Zelazo et al., 1996; Bialystok, 1999; Zelazo
et al., 2003).

Much of the evidence for the bilingual advantage is based on
performance on the Simon task, in which participants respond
to the color of a stimulus, ignoring its position on the computer
display. Typically, the stimulus is either green or blue and can
be presented on the right or left of central fixation. In congruent
trials the correct response (left or right) is aligned with its spatial
position, but in incongruent trials the stimulus color/response
mapping is crossed such that presentation on the left requires
a right motor response and presentations on the right requires
a left motor response. Reaction times are generally shorter for
congruent trials than incongruent ones (known as the Simon
effect), but this disparity is typically smaller for bilinguals than
for monolinguals (Bialystok, 2006). Age has been found to
influence the size of the bilingual advantage on this test, with
evidence that the effect is particularly strong in older adults,
indicating that lifelong experience of managing two languages
may attenuate the age-related decline in inhibitory processing
(Bialystok et al., 2004). Furthermore, the advantage was observed
not only on the incongruent trials, suggesting that bilingualism
may confer cognitive enhancement beyond inhibitory control per
se and generalize to executive function more generally. These
results have been replicated in subsequent research (Bialystok,
2006; Bialystok et al., 2006; Costa et al., 2008; Martin-Rhee and
Bialystok, 2008), which has allowed refinement and clarification
of the bilingual advantage to encompass monitoring (Costa et al.,
2009), task switching (Prior and Gollan, 2011), and working
memory (Luo et al., 2013; Kerrigan et al., 2017). Such work
has encouraged reconceptualization of the bilingual advantage
in terms of conflict monitoring (Costa et al., 2009) and general
mental flexibility (Kroll and Bialystok, 2013). Synthesizing the
findings from 31 studies, Hilchey and Klein (2011) concluded
that, rather than reflecting advantages in inhibitory control, the
bilingual advantage is better characterized as a domain-general
“global advantage” in monitoring conflict and regulating task
demands, and this explains the faster overall response times
on both congruent and incongruent trials in conflict resolution
tasks.

In the last decade, much of the research favoring the
bilingual advantage has come under increasing scrutiny, with
claims of poor experimental control, particularly with respect to
matching of potential confounding variables across monolingual
and bilingual groups. In particular, authors have claimed that
alternative explanatory variables for intergroup differences, such
as SES and other demographic or cultural factors, have not

been systematically considered within study designs (for large-
scale reviews see Paap et al., 2015; Lehtonen et al., 2018).
Compounding this issue, evidence has been presented which
indicates a lack of convergent validity across different tests
developed to measure the same specific cognitive mechanisms
thought to underpin the bilingual advantage (e.g., inhibitory
control; Paap and Greenberg, 2013). Furthermore, another recent
meta-analysis raises the complication that evidence for a bilingual
advantage has been overplayed in the literature because of the
tendency for journals to favor positive rather than null effects (i.e.,
publication bias; De Bruin et al., 2015b).

Whether the process of acquiring a second language confers
a genuine cognitive advantage remains fiercely debated in the
literature, and the counterclaim that factors independent of
multi-language acquisition, such as SES, offer more plausible
and parsimonious explanations for group differences in test
performance is increasingly reported (e.g., Morton and Harper,
2007; Paap and Greenberg, 2013; Antón et al., 2014; Duñabeitia
et al., 2014; Gathercole et al., 2014; Paap et al., 2015; Von Bastian
et al., 2016; D’Souza et al., 2018; Goldsmith and Morton, 2018). In
one of the earliest studies to question modern conceptualization
of the bilingual advantage, Morton and Harper (2007) single
out SES as a particularly important variable. They found a
clear cognitive control advantage in children from high SES
families relative to those from low SES families, but no evidence
for performance differences between bilingual and monolingual
children from the same socioeconomic backgrounds (see also
Noble et al., 2005). Participants with low SES, particularly in
young adult populations, are underrepresented in the literature
on the bilingual advantage. However, one recent study has
focused on non-linguistic executive control in Greek-Albanian
young adult bilinguals from underprivileged social contexts,
finding no bilingual advantage in interference control (Vivas
et al., 2017).

In the present study we examine the effects of bilingualism
and multilingualism on executive function in low and high
SES, age-matched participants, addressing whether cognitive
performance in young adults from underprivileged, low SES
backgrounds might be disproportionately sensitive to factors
associated with multilanguage acquisition. Given the interest
of SES as an alternative explanatory variable for the bilingual
cognitive advantage, we established this for each participant
using stringent measurement criteria. The low SES bilingual
group was composed of first-generation immigrants, half of
whom had refugee and/or asylum seeker status. We employed
two widely used tests in the literature on bilingual cognition
and executive function, the Simon task and the Tower of
London (TOL) task. To the extent that bilingualism, regardless
of SES, confers an advantage in response inhibition, we
predicted that bilinguals would perform disproportionately
well on incongruent (conflict condition) relative to congruent
(non-conflict condition) trials on the Simon task. Conversely,
if bilingualism is associated with a more global cognitive
monitoring advantage, they should perform proportionately
better on both congruent and incongruent trials, relative to
monolinguals. We also predicted that, if the bilingual advantage
extends to planning and sustained cognitive control of behavior
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toward a goal, bilinguals should perform better on the TOL
task.

MATERIALS AND METHODS

Participants
The participants consisted of 90 adults aged between 18 and
30 years at the time of testing, of whom 45 were monolingual
and 45 bilingual. Within each of these language groups, 20 had
low SES and 25 high economic status, calculated on the basis
of employment status and history, education and income. Age
was statistically equivalent across language [F(1, 86) = 0.08,
p = 0.76, eta-squared (η2)1 = 0.001] and SES [F(1, 86) = 0.19,
p = 0.66, η2 = 0.002] groups and the language by SES interaction
effect was negligible [F(1, 86) = 0.039, p = 0.84, η2 = 0.000].
With respect to background cognitive performance, the language
groups were equivalent on the Raven’s Matrices test of fluid
intelligence [F(1, 86) = 0.095, p = 0.76, η2 = 0.001], digit span
forward [F(1, 86) = 0.87, p = 0.35, η2 = 0.007] and backwards
[F(1, 86) = 0.05, p = 0.82, η2 = 0.000] and although there was a
highly significant main effect of SES (p < 0.001 in all cases), there
were no significant language group by SES interaction effects
(p = 0.76, η2 = 0.001; p = 0.96, η2 = 0.000; p = 0.16, η2 = 0.019,
respectively).

All low SES participants attended government-funded
vocational courses at the same college in a predominantly low
socioeconomic area in London, where they were recruited for
participation in the current study. Although the monolingual
controls were born and educated in the United Kingdom, the
low SES bilinguals were immigrants of which half (n = 10)
reported having refugee or asylum seeker status. The low SES
participants were in receipt of financial social support, which
was a condition for their participation and group allocation.
High SES participants were recruited, using opportunity
sampling, from local university and professional sectors in
London.

Irrespective of SES (high/low), participants received their
education in English, but the bilinguals spoke a language or
languages other than English at home, and the majority reported
using predominantly English to communicate outside of the
home2. Among the low SES bilinguals, 18 claimed proficiency in
a third language, 8 in a fourth language and 4 in a fifth language.
Among the high SES bilinguals, 8 claimed proficiency in a third
language and 1 in a fourth language. The monolinguals were not
functionally proficient in any language other than English despite
foreign language instruction in school.

All participants completed a language history questionnaire
adapted from Li et al. (2006) and used in earlier studies by

1For all our reported ANOVA effects we manually calculated the eta-squared
statistic (η2) as a measure of effect size rather than partial eta-squared,
automatically provided in the SPSS statistical package. Apart from one-way
ANOVAs (where the two values will be identical), η2 provides a more conservative
estimate of the effect size.
2The following second languages were represented in our bilingual group:
Amharic, Arabic, Azeri, Bangla, Chinese, Darry, Farsi, French, Fur, Greek, Gujarati,
Hindi, Hungarian, Irish, Italian, Koka, Kurdish, Lingala, Malay, Mauritian, Polish,
Portuguese, Punjabi, Romanian, Russian, Spanish, Tagalog, Twi, Urdu, Zahau.

TABLE 1 | Bilingual participants’ language history information.

Low SES SD High SES SD

Years learning L2 11.75 5.71 16.72 5.41

Self-rated L2 literacy 15.00 3.81 15.80 3.61

Self-rated L2 proficiency 14.50 3.75 17.40 2.38

Sum of scores for L2 Reading and Writing was used to achieve self-rated L2
literacy, and Speaking and Comprehension to achieve self-rated L2 proficiency
(each of the four skills were measured on a scale 1–10, where 1 = not literate
and 10 = highly literate/proficient.

Filippi et al. (2012, 2015), which gathered language background
and biographical information. The questionnaire items included
details of employment, education and income to achieve a
summary of SES. Additionally, bilingual participants provided
language-related information, such as the number of languages
acquired, years learning the second language, and individual self-
rated competence in each language. Both objective information
(e.g., years spent learning the second language) and subjective
ratings on reading, writing, speaking and comprehension
abilities indicated that all participants categorized as bilingual,
irrespective of SES, were highly proficient in at least two
languages (Table 1).

This project was reviewed and approved by the UCL Institute
of Education Research Ethics Committee. All participants gave
informed consent prior to testing.

Tasks
In addition to the tests of background cognitive ability (Raven’s
Matrices, digit span forward and backwards), all participants
were administered the Simon Test and the TOL task:

Simon Task
A computerized version of the Simon task (Simon and Wolf,
1963) was implemented in E-Prime (version 2.0; Schneider
et al., 2002, 2007) and administered to all participants to assess
inhibitory control based on stimulus-response conflict. The
experiment was presented on a laptop computer with a 15.6-
inch monitor and a two-button USB keypad connected to the
laptop. Each trial began with a fixation cross (+) in the middle
of the display that remained visible for 500 ms and was followed
by a filled blue or red star (height = 1.7 cm, width = 1.8 cm
on screen) displayed 3.9o to the left or right of the fixation
point. The goal was to press the corresponding key as quickly as
possible according to the color of the star, which was presented
for 1000 ms. The blue star was associated with the right index
finger key on the keypad, whereas the red star was associated
with the left index finger key. Blue and red dots were placed
directly above the corresponding keys. Participants rested their
index fingers on these keys and were instructed to press the
key on the correct side according to the color of the stimulus,
regardless of its position on the screen. Trials were defined as
congruent if the color stimulus matched the key position (e.g.,
red star appearing on the left side of the screen required a left
key response), and incongruent, when the color stimulus did not
match the key position (e.g., red star appearing on the right side
of the screen required a left key response). Participants scored
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one point when they pressed the correct key, with failure to
respond within the 1000 ms stimulus presentation time classified
as an error. There were in total 36 sequential randomized
test trials, 18 congruent and 18 incongruent, with no practice
trials. Raw scores were recorded as response times (RTs) and
accuracy (proportion correct) for congruent and incongruent
trial types.

Tower of London Task
A computerized version of the classic TOL task was administered
to assess planning and problem solving (Berg and Byrd, 2002).
In this version, the participants had to move colored discs
on three pegs of different height to solve 12 problems of
increasing difficulty in a fixed number of moves per trial (PEBL
software, cf., Mueller and Piper, 2014). The computerized TOL
instrument consisted of three piles of different height, the first
of which could hold three discs, the second two discs, and the
last only one disc. On each trial, the participant was shown a
target disc configuration (top panel) and a start configuration
(lower panel), each of which displayed three differently colored
discs distributed across the three piles. The participant was
required to move the discs in the lower panel to match the
target configuration using the computer mouse. The number
of possible moves was presented on a bar on the side of
the screen, which reduced with each complete move. Twelve
problems were presented, beginning with those that could be
solved in two moves and progressing to those that required five
moves. The trial was considered as successful if the solution
was correctly submitted within the set number of moves. If
the maximum number of moves was reached (irrespective of
trial success) that trial terminated and the participant progressed
onto the next problem. Scores were recorded as accuracy
rates, the number of trials successfully solved, mean first-
move latency, calculated as the length of time between the
problem presentation and the first move, and mean total trial
time.

Design and Procedure
Participants were tested individually. The tasks were presented
to all participants in a single session, which lasted between
40 min and 1 h including as many breaks between tasks as
the participants wished to take. The order of the tests was as
follows: Raven’s Progressive Matrices, digit span forward, digit
span backward, Simon task, and TOL task. Raw data is provided
online in Supplementary Table 1.

Materials
All tasks were presented on a laptop computer. Responses for
the background measures were recorded by the experimenter
on a scoring sheet. Simon and TOL data scores (response
times and accuracy) were automatically recorded using E-Prime
2.0 software (Schneider et al., 2007) and stored electronically
in a password-protected file. Additionally, the Simon task
required the use of a Logitech Gamepad (model F310)
and the TOL task was completed using an HP wireless
computer mouse (model X3000) to ensure accuracy and ease of
navigation.

RESULTS

Simon Task Performance
We applied two three-way mixed ANOVA models, one on
response times and one on accuracy, with congruency as a
within-subjects variable (congruent/incongruent) and language
group (monolingual/bilingual) and SES (low/high) as between-
subjects variables. The analysis of response times identified a
very robust main effect of congruency (i.e., a Simon effect), with
longer response times on incongruent trials [F(1, 86) = 110.71,
p < 0.001, η2 = 0.563] but negligible congruency × language
group [F(1, 86) = 0.06, p = 0.81, η2 = 0.000], congruency × SES
[F(1, 86) = 0.02, p = 0.88, η2 = 0.000] and congruency× language
group × SES [F(1, 86) = 0.02, p = 0.9, η2 = 0.000] interaction
effects.

There was a marginal main effect of language group [F(1,
86) = 3.236, p = 0.08, η2 = 0.022], with shorter response times
in the BL group. The main effect of SES was, however, highly
significant [F(1, 86) = 47.19, p < 0.001, η2 = 0.326], with high
SES associated with shorter response times. The language group
× SES interaction effect was also significant [F(1, 86) = 8.17,
p = 0.005, η2 = 0.056]. The discrepancy in reaction times between
low and high SES participants was disproportionately wider in
monolinguals, indicating that the importance of SES in driving
response times on the Simon task may be greater in monolinguals
(Figure 1). Of particular interest here was the observation that
although high SES MLs and BLs produced statistically equivalent
response times [F(1, 48) = 0.87, p = 0.36, η2 = 0.018], low SES
MLs produced statistically longer response times than low SES
BLs [F(1, 38) = 7.22, p = 0.011, η2 = 0.160].

Mean accuracy performance was at/close to ceiling for
congruent trials (0.966) but lower for incongruent trials (0.887).
This effect of congruency was highly significant [F(1, 86) = 33.56,
p < 0.001, η2 = 0.278] but there were negligible congruency
× language group [F(1, 86) = 0.02, p = 0.89, η2 = 0.000],
congruency × SES [F(1, 86) = 0.56, p = 0.46, η2 = 0.005] and
congruency × language group × SES [F(1, 86) = 0.49, p = 0.49,
η2 = 0.004] interaction effects. Accuracy performance was
statistically equivalent across language groups [F(1, 86) = 0.55,
p = 0.46, η2 = 0.006] and SES groups [F(1, 86) = 1.85, p = 0.178,
η2 = 0.021] and the language group × SES interaction effect was
also non-significant [F(1, 86) = 1.11, p = 0.296, η2 = 0.012].

Tower of London Performance
We applied two-way between groups analysis of variance models
on accuracy, planning time and total response time. Each
was specified with language group (monolingual/bilingual) and
SES (high/low) as the between-subjects variables. There was a
significant main effect of language group on accuracy (proportion
of trials correct), with monolinguals outperforming bilinguals
[F(1, 86) = 7.87, p = 0.006, η2 = 0.060]. There was also a highly
significant main effect of SES, with high status conferring the
accuracy advantage [F(1, 86) = 32.33, p < 0.001, η2 = 0.247]. The
SES× language group interaction effect was also significant [F(1,
86) = 4.88, p = 0.030, η2 = 0.037]. The difference in performance
between low and high SES participants was disproportionately
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FIGURE 1 | Mean Simon task response times (with standard error bars) for congruent and incongruent trials by group (bilinguals/monolinguals) and socioeconomic
status (low/high).

FIGURE 2 | Tower of London test accuracy: proportion of trials correctly
completed by low and high socioeconomic status bilinguals and
monolinguals. Bars show standard error.

large in bilinguals, with the low status bilingual participants
failing to successfully complete more than half the trials on
average (see Figure 2). Simple effects analysis confirmed the
disproportionately poor performance in low SES bilinguals
relative to low SES monolinguals [F(1, 38) = 8.79, p = 0.005,
η2 = 0.188] and statistically equivalent high SES bilingual and
monolingual performance [F(1, 48) = 0.26, p = 0.61, η2 = 0.006].

Time taken to produce the first move (an indication of
solution planning time prior to execution) was compared
across language and SES groups. Bilingual participants took
significantly longer on this measure [F(1, 86) = 6.05, p = 0.016,
η2 = 0.065], which when considered in the context of
poorer overall accuracy, is clearly inconsistent with claims

that bilingualism confers a broad intellectual advantage. The
evidence against bilingual advantage theory is compounded by
our observation that monolinguals also produced a shorter
mean trial response time across the 12 trials [F(1, 86) = 5.32,
p = 0.024, η2 = 0.053]. There was a main effect of SES
on mean trial completion time, with faster timings produced
by high SES participants [F(1, 86) = 8.31, p = 0.005,
η2 = 0.083] but no main effect for first move response time
[F(1, 86) = 0.80, p = 0.37, η2 = 0.009]. Language Group × SES
interaction effects were non-significant in both cases (p > 0.8;
Figure 3).

In summary, the bilingual advantage emerged in a marginal
overall speed advantage in controlling interference (Simon task
performance), but not in higher order cognitive processes
involved in planning and problem-solving, as engaged by
the TOL task. Socioeconomic status was identified as an
important predictor of task performance in both tasks, and
there was evidence from the Simon task that bilingualism
may offset the response time disadvantage associated with
low SES. Nevertheless, in our data, bilingualism conferred
a performance disadvantage on the TOL test of planning
and problem solving, and the accuracy disadvantage was
particularly acute in those bilinguals with low SES, a finding
incompatible with claims that multilanguage acquisition is
associated with advantages in general mental flexibility and
executive function. Although self-rated L2 proficiency was higher
in high SES bilinguals [t(43) = 3.22, p = 0.002], correlations
of proficiency with Simon and TOL task performance were
negligible (p > 0.1 in all cases), and statistically controlling
for this measure did not meaningfully alter the size of our
reported effects. Correlational analyses conducted across the
Simon and TOL tests revealed consistently small effect sizes,
the largest of which (r = 0.271), between incongruent response
times on the Simon task and total response time on the
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FIGURE 3 | Tower of London mean response times: first move (an indication of planning time prior to trial execution) and trial completion time shown for low and
high socioeconomic status bilinguals and monolinguals. Bars show standard error.

TOL test, revealed approximately 7% shared variance in these
measures. Although correlations of performance on these
tests with non-verbal general ability (as measured by Raven’s
Matrices) were statistically equivalent across the monolingual
and bilingual groups (p > 0.2 in all comparisons), these
findings suggest that the Simon test and the TOL test may
tap different mechanisms of cognitive control, and that these
may be differentially influenced by the process of becoming
bilingual.

DISCUSSION

The present study examined the effects of bilingualism on
cognitive control and higher order executive function in
low and high SES young adult bilinguals and monolinguals.
We found a monolingual advantage in performance on
the TOL task, which is not only incompatible with claims
that bilingualism confers a general cognitive advantage
in executive function, but infers that it may in fact
obstruct the development of planning and goal-directed
strategy formation. However, results from the Simon
task indicate a marginal bilingual advantage in response
times, irrespective of congruency (i.e., whether or not
there was a strong demand on response inhibition), but
that the advantage is modulated by SES. Our data raise
the potentially important and intriguing possibility that
multilanguage acquisition may be unimportant in high
SES populations, but may help offset the negative impact
that impoverished, low socioeconomic conditions have for
the development of cognitive mechanisms underpinning
information processing. In our study, low-status bilinguals
showed significantly faster response times than low-status
monolinguals, a pattern that was not replicated in high-status
participants.

These findings help clarify the role of SES as a modulating
influence on the likelihood that multilanguage acquisition
will lead to cognitive advantages. The implication in the
context of the size of our observed effects is that SES is
the more important variable driving observed advantages, but
that multilingual contexts may also be of significant benefit
in environments in which access to economic, recreational
and educational opportunities are relatively constrained. The
advantage, however, appears to be quite specific. Low SES
bilinguals performed disproportionately poorly on the TOL
task (trials correctly completed) but high-status bilingual
and monolingual participants’ performance was statistically
equivalent. Bilinguals were also slower to produce their first
move on this test (an indication of the need for longer planning
time prior to execution) and to complete each trial. Therefore,
a fractionation among components associated with cognitive
control was apparent: bilinguals outperformed monolinguals
on a task requiring monitoring and responding to compatible
and incompatible stimulus-response mappings (the Simon task)
and monolinguals outperformed bilinguals on a classic test
requiring goal-directed strategic thinking and planning (the TOL
test). While these observations cannot strictly be considered a
double dissociation (all comparison groups are independent),
we find it intriguing that well-matched groups undertaking the
same tests under equivalent conditions have presented with
a reversal of comparative performance as a function of our
primary variable of interest (monolingualism/multilingualism).
Our finding that SES influences the effect of multilanguage
acquisition on performance in one of these tests but not the other,
further complicates our ability to conceptualize the “bilingual
advantage.”

How should we characterize, separate and distinguish
between the cognitive mechanisms associated with the Simon
and TOL tasks? Like the Simon task (and the Stroop test),
the visual Flanker task incorporates the demand to suppress
a prepotent/habitual response tendency (i.e., there is an
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incongruent stimulus/response mapping) which is compared
with a non-conflicting/congruent response. Costa et al.
(2009) employed versions of a flanker task which varied
in their monitoring demands in young adult bilingual and
monolingual university students and observed an overall
bilingual speed advantage in the high-monitoring but not
low-monitoring conditions, leading the authors to attribute
the advantage to a more effective or efficient monitoring
process (rather than, for example, an advantage in inhibitory
control). Our data are also inconsistent with the inhibitory
control explanation of the bilingual advantage, given that
we observed virtually identical trends across monolinguals
and bilinguals in both the congruent and incongruent
Simon test conditions (a finding robustly supported in a
large scale review by Hilchey and Klein, 2011). The model
proposed by Costa et al. (2009) attributes the advantage to an
enhanced cognitive flexibility for switching between contrasting
demands associated with different task conditions (perhaps
consistent with the way bilinguals disengage and engage
between languages contingent upon social context). The authors
further develop their theoretical framework by claiming that
this monitoring advantage might incorporate an ongoing
evaluation of the likely requirement for active attentional
control (e.g., response suppression) given current task demands.
That is, the real time processing advantage associated with
bilingualism may occur before conflict resolution mechanisms
are triggered.

The present findings are, in part, consistent with the kind of
bilingual monitoring advantage described by Costa et al. (2009),
but indicate that the capacity for bilingualism to confer such as
an advantage is mitigated by situational conditions associated
with SES. On the Simon task, only those with demonstrably low
status benefitted from being bilingual, and the fact that, while
the disparity in response times between low and high SES was
smaller in bilinguals than monolinguals, high SES participants
still responded numerically faster. It follows that SES appears
to be a more important predictor of cognitive performance
(as gauged by this task) than whether or not a person is
bilingual. Nevertheless, implications for society of a significant
beneficial cognitive impact in low socioeconomic populations
are considerable, and we therefore recommend further studies
employing a broader range of tasks and larger numbers of
trials to examine the replicability of this finding and to further
characterize the relationship.

The advantages observed on the Simon task did not transfer
to TOL test performance: bilinguals were consistently slower
in planning the moves required to match the target disk
configuration and in executing those moves, and this was the
case irrespective of SES. Compounding this evidence against
any bilingual advantage in complex goal-relevant planning
was the observation of disproportionately poor accuracy
performance in low SES bilinguals. These findings are, in
part, consistent with a study of simple and complex Simon
task performance which indicated that bilingualism conferred
advantages in selective attention specifically in the context
of low working memory demand (Salvatierra and Rosselli,
2011). Other studies have reported equivalent monolingual

and bilingual performance on the TOL test (e.g., De Bruin
et al., 2015a; Cox et al., 2016) but, to our knowledge, the
present study is the first to clearly indicate a disadvantage
in a bilingual group. We suggest that the most likely
reason for this disparity is that our study is also the first
to explicitly recruit participants from the lowest level of
SES (like the Cox et al., and de Bruin et al. studies, we
observed similar performance in our other (i.e., high SES)
monolingual and bilingual groups). Nevertheless, it is also
possible that other experience-related factors operating in
this group (half of whom were asylum seekers) underpinned
the patterns of performance reported here, and more formal
assessment of language fluency within and across comparison
groups is encouraged. We also note recent evidence that, in
young economically disadvantaged bilingual children with low
proficiency in both languages, a stronger performance advantage
over monolinguals was observed in tasks incorporating higher
relative to lower cognitive control demands (Engel de Abreu et al.,
2012).

We have recently reported evidence for a bilingual
disadvantage in metacognitive processing (Folke et al., 2016),
in which we employed a two-alternative-forced-choice task
which required participants to determine which of two visually
presented circles contained the most dots (with task difficulty
systematically manipulated) and then state their confidence in
their choice. We found that bilinguals were comparatively less
confident on correctly completed trials and more confident
on trials completed incorrectly. While purely speculative,
one possible explanation for the patterns of TOL accuracy
performance in the present study is that the cumulative effect
of low SES and bilingualism might underpin comparatively
low confidence in ongoing ability on this test, which, in turn,
impacts on actual performance. In other words, if accurate
monitoring of ongoing performance is not possible (i.e., on tasks
in which our subjective assessment of our cognitive performance
is poorly calibrated with objective performance) we cannot
optimally regulate our knowledge or strategies in the service of
goal attainment (see Bright et al., 2018, for further discussion of
this theme). The TOL test is considerably more complex than
the Simon test, incorporating strategic planning in order to
determine moves that will bring the current disk configuration
closer to the goal/target configuration, and subgoal conflicts,
in which counterintuitive moves away from the goal state are
sometimes required. This level of complexity, we would argue,
renders performance on this test considerably more likely to be
sensitive to the effects of poor metacognitive processing than is
the case for the Simon test, which is operationally straightforward
(i.e., restricted to processing binary congruent and incongruent
stimulus/response mappings).

In summary, our findings are inconsistent with the
claim that the process of acquiring a second language
confers broad advantages in executive function. Instead,
any cognitive advantage appears to relate to basic processing
efficiency and is both contingent upon – and of secondary
importance to – SES. Furthermore, this advantage
may be offset by disadvantages in more complex tasks
with stronger strategic and forward planning demands.
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We encourage further efforts toward isolating specific cognitive
mechanisms that may be modulated positively or negatively
through the process of multilanguage acquisition, and to carefully
consider the moderating influence of situational, demographic
and other factors.
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Recent meta-analyses have indicated that the bilingual advantage in cognitive control
is not clear-cut. So far, the literature has mainly focussed on behavioral differences and
potential differences in strategic task tendencies between monolinguals and bilinguals
have been left unexplored. In the present study, two groups of younger and older
bilingual Dutch–French children were compared to monolingual controls on a Simon
and flanker task. Beside the classical between-group comparison, we also investigated
potential differences in strategy choices as indexed by the speed-accuracy trade-off.
Whereas we did not find any evidence for an advantage for bilingual over monolingual
children, only the bilinguals showed a significant speed-accuracy trade-off across tasks
and age groups. Furthermore, in the younger bilingual group, the trade-off effect
was only found in the Simon and not the flanker task. These findings suggest that
differences in strategy choices can mask variations in performance between bilinguals
and monolinguals, and therefore also provide inconsistent findings on the bilingual
cognitive control advantage.

Keywords: bilingualism, cognitive control, inhibition, speed-accuracy trade-off, choice strategy

INTRODUCTION

The bilingual advantage in cognitive control assumes that bilinguals outperform monolinguals in
conflict tasks, such as the Simon or flanker, due to their continued practice in handling between-
language competition (for a recent review, see Zhou and Krott, 2016). These tasks typically contain
a mixture of non-conflict (i.e., congruent) and conflict (i.e., incongruent) trials. Performance is
consistently slower or less accurate for the latter (for a review study on these effects, see Lu and
Proctor, 1995). Despite the general label of an advantage, the reported benefits for bilinguals are
actually quite diverse (Hilchey and Klein, 2011), and not very consistent across studies: sometimes,
they show better performance only on incongruent trials, but not on congruent trials (e.g.,
Schroeder and Marian, 2012; Marzecova et al., 2013; Pelham and Abrams, 2014); at other times,
they outperform monolinguals on overall performance (e.g., Costa et al., 2009; Kapa and Colombo,
2013; Morales et al., 2013). And yet, there are also studies showing a combination of both (Bialystok
et al., 2004; Tao et al., 2011; Yang et al., 2011).

Besides the varying manifestation of effects, bilingual benefits have become highly controversial
because of repeated failures to replicate this superior performance altogether (e.g., Paap et al., 2015;
von Bastian et al., 2016; de Bruin and Della Sala, 2017; Paap, in press). This has even led to the
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assertion that there is no coherent evidence for a bilingual
advantage in cognitive control (Paap and Greenberg, 2013).
Still, the lack of significant differences between groups of
monolingual and bilingual participants does not necessarily mean
that bilinguals and monolingual process these cognitive tasks in
exactly the same way. There is some evidence that the processes
needed for bilingual language control are not the same as those
required by monolinguals (e.g., Hernandez et al., 2001), and that
these differences have behavioral implications (e.g., Abutalebi
et al., 2012). Therefore, it is recommended to abandon the quest
for bilingual advantages and instead to focus on the question
as to why at least some (but not all) bilinguals tend to process
cognitive control tasks differently (but not always better) than
monolinguals.

One explanation for this could be related to developmental
differences between monolinguals and bilinguals because
bilingual advantages are not consistently present across
the lifespan of a bilingual individual (see Bialystok, 2007).
As suggested by Bialystok et al. (2004), it is plausible that
enhanced performance on conflict tasks only manifests itself
in early childhood when individuals have not yet reached peak
performance on these tasks. This in contrast to young adulthood,
when performance is at ceiling level and environmental factors
have little or no room to increase the efficiency of the processes
involved in cognitive control. However, age cannot be the only
factor to explain contradictory findings, because even research
with children has produced bilingual advantage null effects (see,
for instance, Antón et al., 2014).

One other explanation as to why bilingual advantages in
cognitive control have only been observed in some but certainly
not all studies can be related to the strategic choices made by
individuals to carry out these tasks. In any task that involves
the registration of response times and accuracy, such as in
the interference tasks used to test the bilingual advantage,
participants can optimize either speed or accuracy, or any
compromise between both. Such conscious or unconscious
strategic tendencies will have an effect on performance and
this phenomenon is referred to as the speed-accuracy trade-
off (Meyer et al., 1988). A tendency for speed may decrease
response times at the cost of accuracy rates, whereas a tendency
for accuracy may lead to slower response times but higher
accuracy rates. This trade-off has been widely tested across
various cognitive domains (see, for instance, Mackay, 1982;
Forster et al., 2003), and it has been observed in interference tasks,
such as the Simon (e.g., Hilchey et al., 2011; Ivanoff et al., 2014;
van Wouwe et al., 2014) and flanker task (e.g., Rinkenauer et al.,
2004; Wylie et al., 2009; Uemura et al., 2013).

Most studies about bilingual effects on cognitive control only
focus on speed but not on accuracy. In a highly critical review
article on the bilingual advantage, Paap et al. (2014) report that
only 12 out of the 24 reviewed studies found lower response times
for bilinguals than monolinguals (Luk et al., 2011; Tao et al., 2011;
Salvatierra and Rosselli, 2011; Yang et al., 2011; Abutalebi et al.,
2012; de Abreu et al., 2012; Poarch and van Hell, 2012; Schroeder
and Marian, 2012; Kapa and Colombo, 2013; Marzecova et al.,
2013; Morales et al., 2013; Pelham and Abrams, 2014), while
information about the accuracy data is not provided. A separate

analysis on the accuracy data of these 24 studies reveals that only
five mention a bilingual advantage in terms of accuracy (Tao et al.,
2011; Yang et al., 2011; Marzecova et al., 2013; Morales et al., 2013;
Gathercole et al., 2014). This logically implies that the speed and
accuracy outcomes did not align in the other studies reporting a
bilingual advantage in speed processing and it could also indicate
the presence of a speed-accuracy trade-off. One reason why
analyses on accuracy are often neglected is because errors are
rare in young adults performing cognitive control tasks. Error
rates on these tasks are much higher in populations of children
under the age of 12 (Bunge et al., 2002), which makes this group
perfectly suitable for investigating the developmental aspects of
differences in the speed-accuracy trade-off between bilinguals
and monolinguals. Moreover, some studies on bilingualism and
cognitive control in children have found advantages in response
times but not in accuracy (e.g., Martin-Rhee and Bialystok, 2008;
Barac and Bialystok, 2012; Poarch and van Hell, 2012), again
suggesting a potential speed-accuracy trade-off also in that age
group.

The Present Study
This study set out to determine to what extent differences in
strategic tendencies toward speed or accuracy between bilinguals
and monolinguals explain part of the ongoing controversy
surrounding the existence of a bilingual control advantage. It is
well-known that the presence of two language systems in the
bilingual mind generates conflict at various levels of linguistic
analysis (e.g., van Heuven et al., 2008; Moreno et al., 2010;
Blanco-Elorrieta and Pylkkanen, 2016) and that bilinguals must
develop strategies to cope with this conflict in order to suppress
the non-target language system and to activate the target one
(e.g., FrenckMestre and Pynte, 1997). It has been proposed that
domain-general interference tasks (such as the flanker or Simon
task) generate conflict that is solved by the same processes as
those required for daily bilingual language usage (e.g., Coderre
et al., 2016). Strategic choices are not only needed to resolve
the conflict generated by the most complex trials, but also to
decide how to increase performance on these interference tasks.
In general, individuals may optimize either speed or accuracy,
which means that they can show faster response times at the cost
of higher error rates, or instead be more accurate at a slower pace.

We hypothesize that bilinguals may show different strategies
relative to monolinguals, after daily exposure to language
conflicts and the need for developing strategies to overcome such
conflict. This hypothesis is based on a review of the literature
on the bilingual advantage. While some have challenged its
existence based on reaction time data (Paap et al., 2014), their
case could even be more convincing when error rates or accuracy
of processing is considered. In some cases, better performance
for bilinguals is only observed when reaction times and not
accuracy scores are taken into account. This may be indicative of
a selective speed-accuracy trade-off only for bilinguals, suggesting
that bilinguals opt for a clear speed strategy when carrying out
interference tasks, and this strategic choice may go at the cost of
accuracy.

Our study intended to investigate this by assessing the
correlation between response time (lower = better) and accuracy
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rates (higher = better), possibly showing that faster processing
is compensated by lower accuracy. Additionally, we aimed
to examine to what extent this speed-accuracy trade-off was
related to developmental differences in bilinguals’ cognitive
control performance. Recent literature on the interaction
between bilingualism and cognitive control seems to indicate
that bilingual benefits are more frequently found in young
children than in young adults, thereby highlighting potential
developmental factors affecting this interaction (for a recent
review, see Zhou and Krott, 2016). Even within older children
and young adults, the cognitive effects of bilingualism seem to
dissipate, and this phenomenon can be related to the finding that
the age between 6 and 8 years old is critical for rapid development
of executive functioning (Best and Miller, 2010). Often, beneficial
effects related to bilingualism are reported in children from birth
up to the age of six (e.g., Martin-Rhee and Bialystok, 2008; Kovacs
and Mehler, 2009; Morales et al., 2013; Crivello et al., 2016;
Woumans et al., 2016), but not in children over the age of six (e.g.,
Martin-Rhee and Bialystok, 2008; Antón et al., 2014; Abdelgafar
and Moawad, 2015), which again is indicative of the transition
phase of this age group. Therefore, we compared two groups of
younger and older children.

Based on previous studies, we anticipated differences between
monolinguals and bilinguals in the younger but not in the older
age group. In line with the main focus of this article and our
first hypothesis, we expected strategic task tendencies to play
a role in the development of the bilingual advantage. If it is
true that speed-accuracy trade-offs are one of the reasons why
bilingual advantages may be very variable, they should be smaller
or non-existent in younger compared to older children.

MATERIALS AND METHODS

Participants
Participants were recruited through schools and after-school-care
centers in Belgium. Parents received an information letter on
the study’s procedure and filled out an informed consent when
they agreed to let their child take part. In total, we obtained
authorisations for a large group of 122 children. There were 59
younger children (6-year-olds), of which 29 were monolingual
and 30 bilingual. The older children (11-year-olds) consisted
of 31 monolinguals and 32 bilinguals. Mean ages and other
demographic variables are reported in Table 1. With regard to
age, younger monolinguals (M = 6.7, SD = 0.3) did not differ
from younger bilinguals (M = 6.6, SD = 0.3) (t < 1.0, ns). Older
monolinguals (M = 11.5, SD = 0.3) were slightly younger than
older bilinguals (M = 11.8, SD = 0.5) (t118 = −2.91, p = 0.004),
hence we analyzed a subset of these two groups, excluding the two
youngest monolinguals and the three oldest bilinguals. This left
us with two comparable groups of older monolinguals (M = 11.6,
SD = 0.3) and older bilinguals (M = 11.7, SD = 0.3) (t56 = −1.35,
p = 0.184).

The children’s language background and socioeconomic status
(SES) was assessed through a questionnaire. Parents indicated
which languages their child had mastered, at which age they
acquired them and how proficient they are in them. The parents

specified the child’s language proficiency on a 4-point Likert scale,
ranging from 1 (=very low) to 4 (=very high/native). They also
confirmed that their child did not have any learning disorders,
or language development or comprehension issues. SES was a
composite score of the parents’ educational levels (elementary,
secondary, or higher education) and intelligence was measured
through Raven’s Progressive Matrices (Raven, 1938; Raven et al.,
1998). Table 1 shows that monolinguals and bilinguals from both
age groups were matched for these measures.

Design and Procedure
All children were tested individually and the test battery consisted
of an intelligence test (Raven’s Matrices) and two control tasks
(Simon and flanker). The order of task administration was
fixed for all participants: the Simon task came first, followed
by the flanker task, to end with the Raven’s test. Testing lasted
around 30 min per participant. Breaks were allowed between
tasks and between experimental blocks during the control tasks.
The children were seated at a distance of approximately 60 cm
from the screen. Control task stimuli were presented via Tscope
software (Stevens et al., 2006) on an IBM-compatible laptop with
15-inch screen, running XP.

Raven’s Progressive Matrices
Raven’s Matrices is a test of analytic reasoning and is considered
to be a good measure of fluid intelligence. This test of intelligence
was added to our research design because previous research has
shown that acquisition of a second language at a young age
may foster intellectual development (Woumans et al., 2016). We
administered two versions; the colored (Raven et al., 1998) and
the standard version (Raven, 1938). The colored matrices are
suited for children aged 5 to 11, whereas the standard matrices are
suited for age 11 and older. The former test consists of 36 colored
drawings with a missing segment which are equally divided over
three sets (A, Ab, B) and ordered in terms of increasing difficulty.
Participants are asked to complete the drawings indicating one
of the six possible answers. A shortened version of the standard
matrices was conducted (Van der Elst et al., 2013) to match the
amount of items in the colored version, in which only set B, C,
and D of the traditional sets A, B, C, D, and E were employed.
In set B, each item had six possible options for completion, in
set C and D, each item had eight possible options. Since we used
subtests instead of the complete one, raw scores were employed
as an estimate of participants’ intelligence.

Simon Task
A version of the original task by Simon and Rudell (1967)
was implemented. Colored dots appeared either on the left or
right side of the screen. Participants were asked to press the
left (right) key on the keyboard when a green dot appeared,
and the right (left) key when the red dot appeared, and this
as quickly and as accurately as possible. Response mapping
was counterbalanced across participants according to parity of
participant number. Each trial began with a fixation of 600 ms,
followed by a clear screen and the stimulus, which lasted until the
participant’s response or up to 2500 ms. There was a 500 ms blank
interval before the next fixation period. The task consisted of 10
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TABLE 1 | Demographic data of monolinguals and bilinguals in both age groups.

Younger children Older children Analysis

Monolingual Bilingual Monolingual Bilingual Test p

N 29 30 29 29

Male/female Ratio 17/12 13/17 13/16 11/21 Chi2(3) = 2.72 0.437

Age (in years) 6.7 (0.3) 6.6 (0.3) 11.6 (0.3) 11.7 (0.3) F3,113 = 2301.71 <0.001

Raven Score 23.7 (3.9) 28.4 (4.4) 24.4 (4.8) 27.9 (3.8) F3,118 = 9.30 <0.001

L1 Dutch/French 29/0 30/0 31/0 32/0 – –

L1 AoA (in years) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) – –

L1 Proficiency1 4.0 (0.0) 3.4 (0.5) 4.0 (0.0) 3.5 (0.5) F3,113 = 18.55 <0.001

L2 AoA (in years) – 0.8 (0.8) – 0.7 (0.8) F1,57 < 1.0 0.618

L2 Proficiecy1 – 3.1 (0.9) – 3.4 (0.6) F1,57 = 2.72 0.105

SES2 2.6 (0.5) 2.7 (0.4) 2.6 (0.4) 2.5 (0.5) F3,113 < 1.0 0.513

Standard deviations are presented between parentheses. 1L1 and L2 proficiency were indicated on a 4-point Likert scale, ranging from 1 (=very low proficiency) to 4
(=very high/native proficiency). 2SES was a composite scores of parents’ education levels. Three levels were defined: 1 (=elementary), 2 (=secondary), and 3 (=higher).

randomized practice trials and three blocks of 40 randomized
experimental trials. Half of all trials presented the colored dot on
the same side of the associated response key (congruent trials)
and half on the opposite side (incongruent trials).

Flanker Task
A version of the Eriksen flanker task (Eriksen and Eriksen, 1974)
was administered, in which five arrows were presented in the
center of the screen and participants were asked to indicate the
direction (left or right) of the central arrow. The central arrow
could either point into the same direction as the four flankers
(e.g., < < < < <, congruent trials) or into the other direction
(e.g., < < > < <, incongruent trials). Each trial started with a
fixation period of 500 ms and was followed by a clear screen and
a stimulus presentation of maximum 2500 ms. A blank interval
of 500 ms preceded the next trial. The task included 10 practice
trials and three blocks of 40 experimental trials each. Half of the
trials were incongruent.

TABLE 2 | Reaction times of correct trials (RT – ms) and accuracy scores (ACC –
percentages) in the Simon and flanker task split for younger and older
monolinguals and bilinguals (standard deviations between parentheses).

Younger children Older children

Monolingual Bilingual Monolingual Bilingual

Simon RT

Congruent 859 (119) 816 (185) 605 (112) 568 (102)

Incongruent 918 (135) 911 (195) 653 (118) 604 (91)

Simon ACC

Congruent 92.3 (4.7) 89.8 (6.2) 91.4 (7.1) 92.6 (5.1)

Incongruent 88.2 (8.2) 81.8 (9.9) 86.1 (7.8) 88.5 (10.2)

Flanker RT

Congruent 980 (124) 992 (207) 612 (96) 594 (131)

Incongruent 1241 (200) 1241 (240) 757 (137) 684 (159)

Flanker ACC

Congruent 92.1 (6.9) 89.3 (9.3) 97.3 (2.1) 95.1 (4.3)

Incongruent 79.6 (14.0) 70.7 (19.9) 88.7 (6.4) 88.4 (7.5)

RESULTS

Cognitive control tasks were analyzed by mean reaction times
of correct trials (RT) and accuracy scores (ACC) (see Table 2).
Outlier RTs were trimmed for individual participants by
calculating the mean across all trials and excluding any response
deviating by more than 2.5 SD of the mean. This procedure
eliminated 2.9% of all Simon data and 2.6% of all flanker
data. On the Simon task, data from one younger monolingual
and one younger bilingual participant were excluded from
further analyses due to performance below chance accuracy
level of 60%. On the flanker task, data from 10 younger
monolingual and 6 younger bilingual participants were excluded
from further analyses for the same reason. This exclusion rate is
in line with results from previous studies on cognitive control
in young children (e.g., Woumans et al., 2017) and can be
explained by our choice to administer the default version of
the flanker task (thus not the child-friendly version with fish
as stimuli) for the purpose of better comparability with the
data from the older children. On the remaining data, 2 (Age
Group: Younger, Older) × 2 (Language Group: Monolingual,
Bilingual) × 2 (Congruency: Congruent, Incongruent) repeated
measure ANOVAs were performed to measure the effect of
L2 Exposure. Planned comparisons were always employed to
disentangle the effects of Age Group and Language Group.
When the Levene Statistic was significant, equal variance was
not assumed. On the same data, Pearson’s correlational analyses
between mean response times and mean accuracy rates were
conducted to test for speed-accuracy trade-offs. These analyses
were first applied to the entire groups of younger and older
bilinguals and then to the bilingual and monolingual groups
within these two age groups, separately. Statistical significance
was corrected for multiple comparisons using a Bonferroni
corrected significance level.

Demographics
Analyses revealed that none of the groups differed for
male/female ratio or SES (Table 1). There was, however, a
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FIGURE 1 | Scatterplot and regression fit line showing the relationship between mean response times (in milliseconds) and mean accuracy rates (in percentages) on
incongruent trials of the Simon task for the monolingual and bilingual younger children.

difference between younger and older children on Raven scores
(t115 = 27.64, p < 0.001), probably due to the fact that raw
scores instead of norm scores were used. To our knowledge,
no reliable norm scores are available for the subtests that we
administered to the participants of the current study (see section
“Design and Procedure”). Within the two age groups, none of
the Language Groups differed from each other (all ts < 1.0, ns).
Planned comparisons showed that L1 proficiency was, within
Age Group, always higher for monolinguals than for bilinguals
(Younger: t29 = 6.16, p < 0.001, Older: t28 = 4.53, p < 0.001).
Independent samples showed that, across Age Groups, there
were no differences between monolinguals and bilinguals on L2
AoA (t57 < 1.0, p = 0.618) and self-reported L2 proficiency
(t57 = −1.65, p = 0.105).

Simon Task
Descriptive statistics are summarized in Table 2. In the
RT analysis, the main effect of Congruency was significant
(F1,111 = 147.66, p < 0.001, η2

p = 0.571), indicating faster
responses to congruent trials (M = 711 ms, SD = 184) than to
incongruent trials (M = 770 ms, SD = 200). There was also a
main effect of Age Group (F1,111 = 114.66, p < 0.001, η2

p = 0.508)
with faster RTs for older children, but no main effect of Language
Group (F1,111 = 1.87, p = 0.174, η2

p = 0.017). The two-way
interaction between Congruency and Age Group was significant
(F1,111 = 12.32, p = 0.001, η2

p = 0.100), revealing a smaller
Simon effect for older children (M = 42 ms, SD = 40) than
for younger children (M = 77 ms, SD = 64). The interaction

between Congruency and Language Group was not significant
(F1,111 = 1.39, p = 0.240, η2

p = 0.012), and neither was the
one between Age Group and Language Group (F1,111 < 1.0,
ns). Yet, further analyses disclosed a significant three-way
interaction between Congruency, Language Group, and Age
Group (F1,111 = 6.05, p = 0.015, η2

p = 0.052). Planned comparisons
demonstrated a significant difference on the Simon effect for
younger monolinguals and bilinguals (t54.25 = −2.16, p = 0.036),
with monolinguals displaying a smaller effect, and no significant
difference between the older language groups (t55.64 = 1.18,
p = 0.245).

In the accuracy analyses, there was a main effect of
Congruency (F1,111 = 49.68, p < 0.001, η2

p = 0.309), with
higher scores for congruent trials (M = 91.5%, SD = 5.9) than
for incongruent trials (M = 86.1%, SD = 9.4). There was no
effect of Age Group (F1,111 = 1.90, p = 0.171, η2

p = 0.017) or
Language Group (F1,111 = 1.204, p = 0.275, η2

p = 0.011). There
was an Age Group∗Language Group interaction (F1,111 = 3.48,
p = 0.011, η2

p = 0.056). The difference between younger
monolinguals and bilinguals (4.43%) was larger than that between
older monolinguals and bilinguals (1.77%). None of the other
interactions were significant either (all ps > 0.095).

A Pearson’s correlational analysis on the subset of younger
monolingual children revealed no significant speed-accuracy
trade-off on any of the investigated measures, all ps > 0.017,
the Bonferroni corrected significance level. The one on the
subset of younger bilingual children, however, indicated a
highly significant speed-accuracy trade-off for incongruent trials
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FIGURE 2 | Scatterplot and regression fit line showing the relationship between mean response times (in milliseconds) and mean accuracy rates (in percentages) on
incongruent trials of the Simon task for the monolingual and bilingual older children.

(r29 = 0.48, p = 0.001) but not for congruent trials or global
performance (all ps > 0.017). See Figure 1 for a graphical
representation of the comparison between younger bilingual and
monolingual children on the correlation between accuracy rates
and response times on incongruent trials of the Simon task.

The same analyses on the subset of older monolingual
children also disclosed no significant results (all ps > 0.05).
In contrast, analyses on the subset of older bilingual children
showed a highly significant speed-accuracy trade-off for global
performance (r29 = 0.53, p = 0.003), and for incongruent
(r29 = 0.49, p = 0.007) but not congruent trials (r29 = 0.15,
p = 0.435). See Figure 2 for a graphical representation of the
comparison between older bilingual and monolingual children
on the correlation between accuracy rates and response times on
incongruent trials of the Simon task.

Flanker Task
Descriptive statistics are summarized in Table 2. For RTs, the
main effect of Congruency was significant (F1,97 = 280.44,
p < 0.001, η2

p = 0.743), indicating faster responses to congruent
trials. There was also a main effect of Age Group (F1,97 = 206.74,
p < 0.001, η2

p = 0.681), demonstrating faster RTs for older
children, but no effect of Language Group (F1,97 < 1.0, p
ns.). There was, however, a Congruency∗Age Group interaction
(F1,97 = 38.19, p < 0.001, η2

p = 0.282), with a smaller flanker
effect for older children (M = 118 ms, SD = 68) than for younger
children (M = 255 ms, SD = 152). Although repeated measures
analyses exposed no other two-way interaction effects and no

three-way interaction between Congruency, Language Group,
and Age Group (F1,97 < 1.0, p ns.), planned comparisons still
signaled a significant difference between older monolinguals and
bilinguals on the flanker effect (t55.96 = 3.40, p = 0.001), with a
smaller effect for bilinguals (M = 90 ms, SD = 63) as opposed to
monolinguals (M = 145 ms, SD = 61).

Measuring accuracy, similar results were obtained, with higher
scores for congruent trials (F1,97 = 92.07, p < 0.001, η2

p = 0.487)
and for older participants (F1,97 = 35.99, p < 0.001, η2

p = 0.271),
and for monolinguals (F1,97 = 5.06, p < 0.05). There was also
a Congruency∗Age Group interaction (F1,97 = 10.75, p = 0.001,
η2

p = 0.100), with older children (M = 7.6%, SD = 5.9) having
a smaller accuracy effect than younger children (M = 15.5%,
SD = 27.3). No other effects were significant.

Pearson’s correlational analyses on the subset of younger
monolingual or young bilingual children did not reveal any
significant speed-accuracy trade-offs (all ps > 0.017, the
Bonferroni corrected significance level). See Figure 3 for a
graphical representation of the comparison between younger
bilingual and monolingual children on the correlation between
accuracy rates and response times on incongruent trials of the
flanker task.

A Pearson’s correlational analysis on the subset of older
monolingual children revealed no significant correlations at all
(all ps > 0.017). The same analysis on the subset of older bilingual
children, however, revealed highly significant speed-accuracy
trade-off for global performance (r29 = 0.54, p = 0.002) and for
incongruent trials (r29 = 0.55, p = 0.002), but not for congruent
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FIGURE 3 | Scatterplot and regression fit line showing the relationship between mean response times (in milliseconds) and mean accuracy rates (in percentages) on
incongruent trials of the flanker task for the monolingual and bilingual younger children.

FIGURE 4 | Scatterplot and regression fit line showing the relationship between mean response times (in milliseconds) and mean accuracy rates (in percentages) on
incongruent trials of the flanker task for the monolingual and bilingual older children.
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trials (ps > 0.017). See Figure 4 for a graphical representation
of the comparison between older bilingual and monolingual
children on the correlation between accuracy rates and response
times on incongruent trials of the flanker task.

DISCUSSION

The aim of this study was to investigate the role of cognitive
development and speed-accuracy trade-offs in the bilingual
advantage controversy. Therefore, two groups of children
(monolinguals and bilinguals) from two different age categories
(younger and older children) were tested on cognitive control
performance in two of the most frequently used tasks in the
bilingualism literature: the Simon task and the flanker task. In
line with previous findings, we only expected group differences
between bilinguals and monolinguals in the youngest age group
but not in the older one (Bialystok et al., 2004). Nevertheless,
we did not merely intend to compare bilinguals to monolinguals
in a between-group design, but also determine whether the
absence or presence of differences in cognitive control are related
to strategic task tendencies (i.e., optimizing either speed or
accuracy performance) to resolve conflict. Our expectation was
that bilinguals would follow a particular strategy to carry out
these tasks, as indicated by a significant speed-accuracy trade-
off, while monolinguals would show a more random pattern of
behavior. Most crucially, we anticipated a relationship between
speed-accuracy trade-off and the bilingual advantage, in the sense
that such a trade-off could hide potential group differences.

No Clear-Cut Evidence for a Bilingual
Advantage
A first important finding of this study was that there was no
clear-cut evidence for a bilingual advantage. On the one hand, we
did observe a smaller congruency effect for the older bilinguals
on the flanker task; whereas, on the other, we found smaller
congruency effects for younger monolinguals on the Simon task
and higher accuracy scores for monolinguals in general on the
flanker. We could therefore not confirm our first hypothesis that
the bilingual advantage would only be found in the youngest
and not the oldest group. Our results are, however, in line with
recent meta-analyses on the bilingual advantage showing dubious
results (de Bruin et al., 2014; Lehtonen et al., 2018). Furthermore,
because both global measures of cognitive control (performance
on the task as a whole, see, for instance, Costa et al., 2009)
and specific measures (performance on incongruent trials only,
see, for instance, Marzecova et al., 2013) were not consistently
affected by bilingualism, we were unable to distinguish between
interpretations of the bilingual advantage in terms of monitoring
or inhibition.

Speed-Accuracy Trade-Offs
The major interest of the current study did not lie in the quest
for a bilingual advantage, but rather in the investigation of
potential differences between bilinguals and monolinguals in
strategic task tendencies. In line with our expectations, we found
evidence for speed-accuracy trade-offs only for bilinguals and

not monolinguals, and this in the two tasks under scrutiny.
These results reveal for the first time a group difference in the
strategies underlying the execution of cognitive control tasks.
Confronted with the need for conflict resolution in a control
task, bilinguals sought to optimize their performance by choosing
a clear strategy, either by boosting their response times at
the cost of accuracy, or by improving their accuracy rate by
slowing down their performance. The monolinguals did not
implement a similar strategy, as their performance did not show
any relationship between speed and accuracy. We suggest that
the cause for this between-group difference is comparable to
that of the bilingual advantage, as it may also constitute the
combination of training and transfer effects. Bilinguals face the
constant need for conflict resolution as they have to manage two
language systems, either when they activate the target language
in face of interference from the non-target language, or when
they switch between languages (e.g., Moreno et al., 2010; Tse
and Altarriba, 2012). Compared to other language users, it has
been found that bilinguals develop specific strategies to solve
these linguistic conflicts (e.g., FrenckMestre and Pynte, 1997;
Blanco-Elorrieta and Pylkkanen, 2016), and in the domain of
language contact at the level of the individual language user, these
have been labeled as ‘bilingual optimisation strategies’ (Muysken,
2013; Indefrey et al., 2017). In the same vein, speed-accuracy
trade-offs can be seen as an optimisation strategy intended
to boost performance in conflict situations. Interestingly, the
implementation of this strategy in bilinguals in the Simon
task was only visible for incongruent trials, or those trials
for which conflict resolution is needed to attend to the task-
relevant dimension in face of competition from a task-irrelevant
dimension.

These findings suggest that the optimisation strategies that
bilinguals develop when dealing with linguistic conflict may
transfer into the non-verbal domain and that they may apply
to any situation where a bilingual individual encounters conflict.
As such, this training and transfer effect is an elaboration of the
theoretical foundations of the bilingual advantage in cognitive
control (see Kroll and Bialystok, 2013) as it suggests that a
crucial difference between bilinguals and monolinguals regarding
cognitive control lies in the strategies bilinguals actively recruit to
resolve conflict, even when their response times or accuracy rates
do not significantly deviate from those of monolinguals. This
observation may have important implications for the bilingual
advantage debate. Previously, the quest for bilingual effects in
cognitive control was confined to an investigation of potential
differences in the speed (or accuracy) of processing, and the
absence of these differences led to the assumption that there
is no consistent evidence for a bilingual advantage (Paap and
Greenberg, 2013; Paap et al., 2014; von Bastian et al., 2016).
However, this quest for behavioral advantages could interfere
with the different strategies used by bilinguals and monolinguals
to carry out these tasks. If bilinguals seek – even unconsciously –
to optimize their performance, only one of these two dimensions
will be positively affected. Between-group differences in speed-
accuracy trade-offs could thus explain why bilingual advantages
are observed either in terms of processing speed or accuracy
(compare to the studies listed by Paap et al., 2014).
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We also propose that differences in strategic task tendencies
may mask potential group differences in accuracy or speed.
In spite of the between-group differences in speed-accuracy
trade-offs, no similar differences were detected when speed and
accuracy were analyzed separately. However, our descriptive
statistics revealed a tendency of lower response times for the
bilinguals and higher accuracy for the monolinguals. In one
subgroup (the older children on the flanker task), this even led
to a monolingual advantage in accuracy. Within the explanatory
framework of strategy choices, we suggest that this is the result
of the bilinguals’ optimisation strategy to boost response times at
cost of lower accuracy. The question may arise why these group
differences in speed-accuracy trade-offs have led on only one
occasion to group differences in speed or accuracy. One reason
for this could be that while the bilinguals as a group make use
of optimisation strategies to resolve conflict in control tasks, the
choice for a speed or an accuracy strategy may differ between
individuals based on their need for interference suppression
in daily bilingual language use related to variables such as the
differences in proficiency level between L1 and L2, the degree
of language switching, and the typological distance between
both languages. Only if most or nearly all bilingual participants
implement the same strategy to resolve conflict, a clear advantage
may be found on that dimension. Previous studies seem to
suggest that advantages are more frequently observed in speed
than in accuracy, which may reveal a preference for a speed
strategy among bilinguals (compare to the studies listed by Paap
et al., 2014). However, the design of the current study did not
allow us to make any claims on this issue and this is also one of
its limitations. We therefore strongly recommend future studies
on the bilingual to manipulate the speed and accuracy strategy by
explicitly instructing which dimension must be prioritized (Wylie
et al., 2009; Uemura et al., 2013). In line with the interpretation
of this study’s findings, we expect bilinguals to benefit more from
these explicit instructions because they have been trained in the
usage of optimisation strategies.

Development
The final research question of the current study dealt with
the developmental aspects of the bilingual advantage and the
potentially interfering role of speed-accuracy trade-offs in the
manifestation of this advantage. Compatible with the results
for the test population as a whole, an age difference was
found between the flanker and the Simon task specifically for
the bilingual subgroup. Whereas speed-accuracy trade-offs were
observed in both age groups for the Simon task, only the older
children showed a correlation between speed and accuracy on
the flanker task. These findings were – at least for the Simon
task – not in line with our own expectations, as we anticipated
a speed-accuracy trade-off in the older but not in the younger
children.

A first reason for this may be related to the specific
characteristics of each of the two cognitive control tasks, which
do not only differ from each other in the mean length of response
times (which is significantly higher for the flanker than for the
Simon task), but also in the underlying mechanisms of conflict
resolution due to compatibility or congruency between stimulus

and response (Kornblum et al., 1990). On an incongruent
flanker trial, one (task-relevant) dimension of the stimulus (the
direction of the central arrow) conflicts with another (but task-
irrelevant) dimension of the same stimulus (the direction of the
surrounding arrows). On the other hand, on an incongruent
Simon trial, a (task-relevant) dimension of the stimulus (the color
of the square) conflicts with a (task-irrelevant) dimension of
the response (the location of the response). As a result of these
differences, both types of conflict are processed independently (Li
et al., 2014) with stimulus–stimulus conflicts (as generated in a
flanker task) inducing stronger behavioral effects (Fruhholz et al.,
2011) than stimulus–response conflicts (as generated in a Simon
task). As it may be more effortful to process a task that induces
stronger behavioral effects, it could be that only older children
have the ability to make strategic choices on stimulus–stimulus
conflicts in the flanker task, whereas the same does not apply to
the easier stimulus–response conflicts in the Simon task.

The second reason for the mismatch between the current
study’s hypotheses and its actual findings is that our expectations
regarding the role of development were related to an anticipated
bilingual advantage in the younger but not in the older children.
As we did not consistently observe such an advantage, the
rationale behind developmental differences in speed-accuracy
trade-off was no longer present. We therefore assume that the
developmental differences between the two tasks were solely
caused by the characteristics of the individual tasks instead of any
possible relationship with a bilingual advantage.

CONCLUSION

The most important contribution of the current study to the
expanding bilingual advantage literature is that cognitive control
differences between bilinguals and monolinguals can manifest
themselves in strategic task tendencies implemented to resolve
conflict, even when consistent performance differences between
bilinguals and monolinguals in terms of speed and accuracy
are absent. The crucial difference between our two language
groups was that only bilingual children showed a consistent
pattern of speed-accuracy trade-offs on the flanker and Simon
task. Comparable to the theoretical foundations of the bilingual
advantage, we have related these differences to a combined
training and transfer effect as a result of the specific demands
of bilingual language usage. Our findings prompt a nuanced
view on the bilingual advantage debate: as we did not find any
evidence for performance differences, the term ‘advantage’ may
be a misnomer for what is happening in the bilingual mind (as
compared to monolinguals); but at the same time, the variation
in implemented strategies to resolve conflict illustrate the impact
that constant exposure and usage of two (or more) language
systems may have on cognitive processing in the bilingual mind
(compare to Woumans et al., 2016).
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Within the past decade, there has been an explosion of research investigating the
cognitive consequences of bilingualism. However, a controversy has arisen specifically
involving research claiming a “bilingual advantage” in executive function. In this brief
review, we re-examine the nature of the “bilingual advantage” and suggest three themes
for future research. First, there must be a theoretical account of how specific variation
in language experience impacts aspects of executive function and domain general
cognition. Second, efforts toward adequately characterizing the participants tested
will be critical to interpreting results. Finally, designing studies that employ converging
analytical approaches and sensitive methodologies will be important to advance our
knowledge of the dynamics between bilingual language experience and cognition.

Keywords: bilingualism, bilingual advantage, individual differences, executive function, cognitive control

INTRODUCTION

A key tenet in research design is parsimony: to design studies that are as simple as possible.
However, complex questions and designs are sometimes oversimplified, more so than parsimony
requires. For example, the psychological and language sciences have traditionally looked for
unifying principles across groups of people, which has led to questions such as “are bilinguals better
at cognitive control than monolinguals?” However, this approach leads to group-level analyses with
little regard for meaningful variation within each group. Rather than treating variation within
groups as noise, perhaps we should start by studying that variation. Investigating individual
differences is not new in the field of Psychology (e.g., Tyler, 1947; Anastasi, 1958), but consistently
applying such an approach may provide clarity to the recent controversy about bilingual benefits
(Paap and Greenberg, 2013; Paap, 2014; de Bruin et al., 2015; Valian, 2015; von Bastian et al.,
2016; but see Baum and Titone, 2014; Fricke et al., in press) and bring about a more nuanced
approach to the field. For instance, in much of the published literature on bilingualism, it is
difficult to disentangle true null results from those arising from methodological constraints or
inadequate comparisons (for a review, see Laine and Lehtonen, in press). This paper identifies
three key themes to guide future research in the field. Specifically, we focus on re-examining the
notion of the “bilingual advantage,” how we report participant characteristics, and how we might
modify research methods and analytical approaches to better account for variability. In particular,
we advocate for embracing variability and examining individual differences in bilingual experiences
to better understand the cognitive and linguistic consequences of bilingualism. These suggestions
take a multidimensional approach on language and have implications for all language researchers.
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ON THE “BILINGUAL ADVANTAGE”

The “bilingual advantage” was a phrase first used to describe a
result in which bilinguals out-performed monolinguals on tasks
of cognitive control, and this advantage was theorized to be
driven by the bilinguals’ constant need to manage competition
from each language (Bialystok, 2001; Bialystok et al., 2004).
This result sparked interest in the potential cognitive benefits
of bilingualism, motivating studies that compared bilinguals
and monolinguals on tasks of cognitive control (e.g., Costa
et al., 2008; Poarch and van Hell, 2012). Although an increasing
number of studies examined speakers in varied locations, of
varied ages, and with varied tasks, the underlying theory
remained largely unchanged and did not grow to encompass how
variation may impact outcomes. As a result, research addressing
the “bilingual advantage” became dichotomized, both in the
experimental groups tested (monolinguals vs. bilinguals) and in
the possible outcomes (bilingual advantage vs. no advantage).
As such, an expectation that bilingualism would have a main
effect on cognitive control performance became commonplace.
Dichotomizing the groups tested and the possible outcomes
has created controversy whenever studies do not demonstrate
advantages for bilinguals relative to monolinguals. However, the
problem with this logic is that bilingualism is a multidimensional
construct (Luk and Bialystok, 2013), and as such, cannot be
treated as a categorical variable. To overcome the controversy
surrounding the bilingual advantage, it will be important to
understand the mechanisms by which aspects of bilingual
language experience (e.g., proficiency, literacy, age of acquisition)
give rise to cognitive adaptations.

The Adaptive Control Hypothesis proposed by Green and
Abutalebi (2013) provided an initial step toward understanding
the relation between bilingual language contexts and cognitive
changes. According to this hypothesis, variation in dual language
contexts constrain which languages a bilingual can use and the
degree to which they can switch between their languages. This
contextual constraint is thought to impact cognitive control in
distinct ways. Critically, bilingual language contexts are proposed
to have specific cognitive outcomes – not just a generalized
advantage. Thus, depending on the particular outcome that
is investigated, there may or may not be differences between
bilinguals and monolinguals. Finding a lack of differences
between bilinguals and monolinguals (or between different types
of bilinguals) is not inherently a problem, but rather, can be
explanatory in its fit into the broader theoretical framework.
For example, more than one aspect of bilingual language
variation may be responsible for effects of bilingualism on
cognitive control: there are mixed results reported in the language
switching, language control, and cognitive control literature (e.g.,
Paap et al., 2014, 2017; Verreyt et al., 2016). Mixed results
could be due to a variety of factors such as not measuring
and accounting for a critical aspect of language experience
or other relevant variables that also affect cognitive control
(e.g., age; Kousaie and Phillips, 2017). Thus, in addition to
the Adaptive Control Hypothesis, it will be critical to further
develop theories that make specific predictions regarding how
the variation in bilingual language experience may give rise to

differences in cognitive control or cognition more generally.
Without specifying the underlying mechanism, further attempts
to investigate bilingual differences may only contribute to, rather
than clarify, the controversy.

Pivoting from testing monolinguals vs. bilinguals to answer a
yes or no, advantage or no advantage question to one of “bilingual
differences” may create greater insight into the mechanisms
underlying the consequences of varied language experience
(Bak, 2016). Although the primary source of the controversy
of the “bilingual advantage” surrounds research investigating
the consequences of bilingualism for executive function, the
phrase “bilingual advantage” itself is now used widely. In
the decade since the initial report (Bialystok, 2001; Bialystok
et al., 2004), a virtual explosion of research has arisen claiming
bilingual advantages in domains such as visual discrimination
and habituation (e.g., Weikum et al., 2007; Sebastián-Gallés et al.,
2012; Singh et al., 2015), communicative development (e.g.,
Fan et al., 2015; Liberman et al., 2017), novel word learning
(e.g., Kaushanskaya and Marian, 2009), episodic memory (e.g.,
Schroeder and Marian, 2012), and phonetic learning (e.g.,
Antoniou et al., 2015), to name a few. While many of these
studies draw connections to the underlying theory relating
bilingual language regulation to cognitive control and executive
function, more broadly, the results reported are domain-specific
and suggest that the controversy surrounding the “bilingual
advantage” may be focused too narrowly. While there are many
advantages associated with bilingualism, we argue here that it
will be important to redefine the way in which we describe
such “advantages” to acknowledge the scope of the observed
consequences and to promote a more appropriate approach to
generalization across studies.

The controversy surrounding the consequences of
bilingualism may provide a set of lessons for the field that
extend beyond the studies that have been associated with
this issue. The lessons emerging from this controversy have
relevance not only for those directly investigating the cognitive
consequences of bilingualism, but for language science more
broadly. Embracing parsimony in the face of complexity may
actually lead to oversimplification that slows progress rather than
promoting it. Being specific and intentional about the degree to
which we generalize terms across domains will clarify similarities
and differences between theories of language and cognition.
Additionally, there is a fundamental need to embrace variation,
appropriately characterize it, and delineate how differences in
experience may have consequences for the mind and brain. The
following sections identify and suggest initial steps to move
toward these goals by providing insight for characterizing our
samples and designing our methodology.

ON CHARACTERIZING OUR SAMPLES:
BILINGUALS ARE A DIVERSE GROUP

A critical factor that has been largely overlooked in research
on the “bilingual advantage” is that bilinguals – as well as
monolinguals – are heterogeneous, with a wide range of language
backgrounds and experiences. Though a call for more nuanced
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characterizations of bilinguals’ diverse language experiences is
not new (e.g., Green and Abutalebi, 2013; Kroll and Bialystok,
2013; Luk and Bialystok, 2013; Abutalebi and Green, 2016;
Bialystok, 2016; Surrain and Luk, in press; Laine and Lehtonen,
in press), the focus of much of the published research remains
on differences between bilinguals and monolinguals, with little
attention paid to who these bilinguals – or even monolinguals,
for that matter – are. Understanding speakers’ diverse language
experiences will allow for a more critical investigation of the
consequences of different language experiences for the mind and
brain, providing insight into the interactions and moderating
variables that may be obscuring group-level differences between
bilinguals and monolinguals.

Given that bilingualism is a dynamic, multidimensional
variable (e.g., Luk and Bialystok, 2013), detailed information
about participant background and experiences – both past and
present – is critical. Although participant characteristics such as
self-rated proficiency, amount of use, and age of acquisition of
each language are often provided (for a review, see Surrain and
Luk, in press), in what context speakers learned and used each
language in the past is typically left undescribed. However, there
is evidence that learning to read in the home language affects
literacy skills in other languages (e.g., Shanahan and Escamilla,
2009; Sparrow et al., 2014; Shin et al., 2015), suggesting that
biliteracy – and likely the language of schooling – may be relevant
dimensions to examine in studies of bilingualism and cognition.
Additionally, language brokering (i.e., informal translation)
experience has been found to affect language processing (e.g.,
López et al., 2017; López and Vaid, 2018) and conceptual
representations (e.g., López and Vaid, 2016), pointing to the
importance of understanding not only how much bilinguals have
used each language but also for what purpose they have used each
language. Such findings shed light on the need to consider past
language experiences when examining a “group” as diverse as
bilinguals.

Additionally, evidence for the enduring consequences of early
language exposure can be found in research on functionally
monolingual speakers who were exposed to a language early in
life, but due to life circumstances, lost explicit knowledge of that
language, and consequently function exclusively in their second
language. One group of such “monolinguals” is international
adoptees (IA): those who were exposed to one language as
children and later lost all contact with and knowledge of this
language after relocating permanently into their country of
adoption. A number of studies suggest that despite having no
functional knowledge in their first language and having spent
the majority of their lives speaking another language, IAs show
language processing signatures that are more similar to those
of bilingual speakers of their lost language and their second
language than those of monolingual speakers of their second
language (e.g., Pierce et al., 2014, 2015, 2017). Similarly, research
on childhood overhearers (i.e., adults who, as children, overheard
speech in a language other than their native language) also
suggests that despite not having productive knowledge of the
language they overhead, overhearers are able to learn aspects
of the phonology of that language better than those who were
not childhood overhearers of that language (e.g., Au et al., 2002;

Knightly et al., 2003). Taken together, these findings suggest that
despite discontinued use of an early exposed language, there are
fundamental changes in language processing that endure into
adulthood. Without adequately characterizing speakers’ language
history, there would be an incomplete picture of the story of how
experience with multiple languages impact cognition. Although
IAs and overhearers are traditionally considered monolinguals,
these studies demonstrate that there is significant variation
with second language experience within monolinguals that, if
studied, can contribute to our understanding of bilingualism
more generally.

Objective measures of speakers’ language skills are also needed
to not only better characterize bilingual and monolingual samples
but also understand the cognitive processes underlying language
skill. Objective measures of language proficiency – in addition to
self-rated proficiency – should be used and reported to provide a
more accurate measure of current language skill (e.g., Tomoschuk
et al., in press). Although objective proficiency measures have
been found to be correlated with self-rated proficiency (e.g.,
Marian et al., 2007), the addition of objective measures –
especially for aspects of language skill that are particularly
relevant for a specific research question – could uncover how
bilinguals’ diverse language skills may affect cognition as well.
For instance, if productive language skills or vocabulary are
important aspects of language skill for a particular study,
measures such as picture naming tasks (e.g., Multilingual Naming
Test; Gollan et al., 2012) and verbal fluency tasks (e.g., Delis
et al., 2001) are relatively simple tasks that can be used to
objectively measure productive language skills or vocabulary.
Additionally, when such objective proficiency measures are
combined with cognitive tasks, we can begin to understand what
cognitive processes may underlie different language processes
(e.g., Zirnstein et al., 2018) – something that is critical to
understand in order to uncover the underlying mechanisms
of any bilingual differences in cognition. Moreover, objective
proficiency measures also better control for cultural differences
in self-ratings of language proficiency (e.g., Hoshino and Kroll,
2008; Tomoschuk et al., in press), particularly when comparing
multiple groups of bilinguals (e.g., Japanese-English bilinguals
vs. Spanish-English bilinguals). Thus, we recommend that future
research incorporate both language history questionnaires that
capture self-ratings of language proficiency (e.g., LEAP-Q;
Marian et al., 2007) as well as objective measures of speakers’
language skills to more accurately characterize speakers.

Precise descriptions of speakers’ languages, as well as clear
definitions for terminology used to describe bilinguals, are
also necessary. Although terms such as “native language,” “first
language,” and “second language” typically provide information
about the order of language acquisition, they are often conflated
with other aspects of language skill or status. For instance, these
terms may be used to describe a speaker’s language dominance
(e.g., “native” or “first” language referring to a speaker’s most
dominant language) or whether a specific language is the
majority vs. minority language (e.g., “native” or “first” language
referring to the majority language in the community and “second
language” referring to the minority language in the community).
Bilinguals can also differ in the nature of the two languages
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they speak, where some bilinguals’ languages differ in phonemic
inventories, script, syntactic rules, or even in modality. Moreover,
given that some bilinguals have two first languages that were
acquired simultaneously (e.g., De Houwer, 1990), and some
speakers have first languages that they can no longer speak and/or
understand (e.g., Pierce et al., 2014), first vs. second languages
can be arbitrary labels for some speakers. Relatedly, there is little
consensus on the definition of a “native” language, and even
monolinguals can vary widely in the skill they have in their one
and only language (e.g., King and Just, 1991; Tanner and Van
Hell, 2014). There is also evidence that monolinguals’ native
language undergoes change when speakers begin to acquire a new
language (e.g., Bice and Kroll, 2015), suggesting that the native
language is not as stable as once thought. We suggest that future
research clearly define terminology used to describe bilinguals
and monolinguals so that terms such as “first language” do not
conflate order of language acquisition with language skill, status,
or other characteristics of bilingual language experience. By both
using objective measures of language proficiency and being more
precise in our descriptions of speakers’ languages, we may be
able to understand how diversity in bilinguals’ language skill and
status are reflected in cognition as well.

Further details about participants’ sociolinguistic context
would also allow for a deeper understanding of what kinds
of speakers were included in a study. Although demographic
variables that typically covary with bilingualism – such as
socioeconomic status, education, and immigration status – are
sometimes reported and/or controlled for in studies (e.g., Morton
and Harper, 2007; Carlson and Meltzoff, 2008; Alladi et al.,
2013), the context of language use is typically unreported.
However, evidence suggests that the larger sociolinguistic context
surrounding speakers – both bilingual and monolingual – may
affect language and cognition. For instance, a bilingual who
speaks a language that is uncommon in their sociolinguistic
context would not have as many opportunities to use that
language – or switch between their two languages—as a
bilingual who speaks a language that is common in their
sociolinguistic context. Accordingly, the Adaptive Control
Hypothesis (Green and Abutalebi, 2013; Abutalebi and Green,
2016) posits that the ways in which bilinguals use their languages
with interlocutors has consequences for language and cognitive
control. Indeed, a meta-analysis of studies on the effect of
bilingualism on cognition found location-based differences in
effect sizes, with effect sizes for studies conducted in Europe
being significantly greater than those for studies conducted
in the United States and the Middle East (Adesope et al.,
2010); such findings suggest that the sociolinguistic contexts
within each of these locations may have consequences for the
relation between bilingualism and cognition. Moreover, recent
evidence from different groups of monolinguals has found that
the linguistic diversity of monolinguals’ sociolinguistic context
impacts infants’ social learning (Howard et al., 2014) and
preschoolers’ language awareness (Atagi, 2018). Altogether, such
evidence provides insight into the kinds of language experiences
that may be critical when describing research participants.
Simply knowing whether individuals are immersed in the first
or second language and whether they are proficient or not,

is not sufficient. Although it would be ideal to use methods
such as daily diaries and speech recorders (e.g., LENA; Xu
et al., 2009) to collect detailed information about speakers’
context of language use on a day-to-day basis (which has
also been suggested by Laine and Lehtonen, in press), these
methods are resource-intensive and can be difficult to collect.
Thus, minimally, future research should gather information
regarding speakers’ social networks and communities – along
with any available corresponding census data on sociolinguistic
context – to better capture speakers’ context of language
use.

Given the lack of detailed information about participants
in the majority of presently published works, it is unsurprising
that it is still largely unknown how these different language
experiences and skills interact to affect cognition. However,
recent research suggests that a complex relation exists
between language processing, language regulation, and
cognitive control (e.g., Zirnstein et al., 2018). By taking a
more nuanced approach to understanding and reporting
participants’ language backgrounds, we may begin to uncover
why and how variability in language background shapes
cognition.

ON STUDYING INDIVIDUALS:
INDIVIDUAL DIFFERENCES AND
CHANGE OVER TIME

A promising direction for the field is to exploit the variability in
both current and previous language experiences by examining
individual differences – both longitudinally and cross-
sectionally – and by conducting more mechanistic studies.
As bilingualism is caused by life circumstances rather than
experimental ones, bilingualism research has traditionally
involved quasi-experimental designs, which is problematic for
establishing causality (for a review, see Laine and Lehtonen,
in press). One way to overcome this problem is by conducting
longitudinal studies to control random variation across time
in order to isolate the effects of bilingualism due to cumulative
language experience. Longitudinal designs have proven to
be particularly sensitive to the consequences of bilingualism
over the course of development. Santillán and Khurana (2017)
followed a large sample of children and used Structural Equation
Modeling to predict executive function trajectories starting
from the children’s entry into the Head Start program until
their transition to Kindergarten. The model revealed different
trajectories for monolinguals, bilinguals, and learners (i.e.,
children who were transitioning from monolingual to bilingual
classrooms). Children who were bilingual at the beginning of
Head Start had the highest executive function performance of
the three groups and showed the steepest growth over time.
The learners had the lowest performance of all groups but
showed more accelerated growth and higher executive function
skill at Kindergarten entry compared to their monolingual
peers. Longitudinal designs not only reveal that the relation
between language and cognition differs across the lifespan,
but importantly, they suggest that the effects of bilingual
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language experience may impact developmental and learning
trajectories.

Although longitudinal designs are especially informative,
the expense associated with such a design often precludes its
feasibility. One way to overcome this problem is to conduct
short-term longitudinal studies or lab-based training studies
that expose participants to a second language and to examine
the neural or behavioral changes that occur as a result of that
exposure (e.g., McLaughlin et al., 2004; Osterhout et al., 2008;
Hämäläinen et al., 2017) or to ask what kinds of changes predict
successful L2 learning (e.g., Prat et al., 2016). Training studies
have also been used to examine how particular bilingual language
skills such as language–switching might impact cognitive control
(Zhang et al., 2015), providing a causal link for the relationship
between aspects of bilingual language experience and executive
function. Given the greater experimental control afforded
by these approaches, we propose that examining individual
differences through learning and training studies will make some
important contributions to the field of bilingualism.

CONCLUSION

The controversy involving the “bilingual advantage” has received
a great deal of attention in the field with numerous studies
addressing the question, and special issues such as this one
dedicated to providing productive future directions. In this
article, we suggest that much of the controversy in bilingualism
research stems from dealing with the variability in bilingual
language experiences inappropriately both at theoretical and
methodological levels. To study the consequences of knowing
multiple languages in its many forms, we must learn to
appropriately measure that variation and design studies that
can exploit that variation without confounding it with other

factors. First, we suggest that if research findings pose problems
for existing accounts, we must actively revise those accounts
to accommodate for the complexity of the data. Second, we
suggest that sensitively measuring and describing the language
histories and skills of participants using behavioral and self-
report measures will more accurately allow us to capture the
effects of bilingualism. Lastly, we propose that diversifying
research design by using more (short or long-term) longitudinal
studies and by focusing more on individual differences, we
can better evaluate how second language experiences affects
cognition while avoiding setbacks of quasi-experimental designs.
The recommendations proposed in this paper will enable us to
move beyond simple group comparisons and to exploit variation
to elucidate the relation among language experience, mind, and
brain.
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Extensive work has demonstrated the benefits of bilingualism on executive functioning
(EF) across the lifespan. Concurrently, other research has shown that EF is related
to emotion regulation (ER), an ability that is integral to healthy socio-emotional
development. However, no research to date has investigated whether bilingualism-
related advantages in EF can also be found in emotional contexts. The current study
examined the performance of 93 children who were 9-years old, about half of whom
were bilingual, on the Emotional Face N-Back Task, an ER task used to assess the
interference effect of emotional processing on working memory. Bilingual children were
more accurate than monolingual children in both 1-back and 2-back conditions but
were significantly slower than monolingual children on the 2-back condition. There
were significant effects of emotional valence on reaction time, but these did not differ
across language groups. These results confirm previous research showing better EF
performance by bilinguals, but no differences in ER were found between language
groups. Findings are discussed in the context of our current understanding of the
ER literature with potential implications for previously unexplored differences between
monolingual and bilingual children.

Keywords: bilingualism, executive control, emotional regulation, working memory, n-back

INTRODUCTION

Flexible and effective emotion regulation (ER) is critical for healthy psychosocial adjustment
throughout development (Cole and Deater-Deckert, 2009; Eisenberg et al., 2010). The inability
to properly regulate emotions, or emotional dysregulation, has been shown to underlie a range
of maladaptive outcomes including aggressive behavior problems (e.g., Stieben et al., 2007; Lewis
et al., 2008; Holley et al., 2017) and academic underachievement (e.g., Hawkins et al., 1999; Gumora
and Arsenio, 2002; Djambazova-Popordanoska, 2016) in children. Although the past several
decades have seen a steady increase in research investigating the consequences of maladaptive
ER, factors that promote the development of adaptive ER remain poorly understood. However,
there is evidence that ER is highly interrelated with executive functioning (EF; e.g., for a review,
see Zelazo and Cunningham, 2007; Calkins and Marcovitch, 2010), and that individual differences
in EF are predictive of ER abilities (e.g., Kieras et al., 2005; McDermott et al., 2009; for a review,
see Schmeichel and Tang, 2015). As such, individual factors that enhance EF may be expected to
promote the development of adaptive ER abilities.

Although seemingly distinct from ER, bilingualism, or proficiency in a second language (L2) is
associated with advantages on a variety of EF tasks (see Adesope et al., 2010, for a meta-analysis;
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for a review, see Barac et al., 2014). Some EF tasks administered
in research on bilingualism have also been used in ER research to
assess cognitive control as it interacts with emotional processing
(e.g., Bell and Wolfe, 2004; for a review, see Cole et al., 2004).
Examining the interrelation between cognitive and emotional
processing (Bell and Wolfe, 2004) may be key to explaining how
proficiency in an L2 may also promote ER. The current study
investigates whether bilingualism supports more adaptive ER
strategies in school-aged children than is found for monolingual
children.

Literature on ER has attracted significant attention due to its
association with a variety of important developmental outcomes
(for review, see Gross, 2002; Eisenberg et al., 2010). Although
some controversy continues to exist over its constituents, Calkins
and Hill (2007) view ER as the range of conscious and
unconscious behaviors, skills, and strategies that change one’s
emotional experience and expression either in an automatic or
effortful way. Most definitions of ER also recognize interacting
emotional and cognitive processes as integral to ER (for review,
see Calkins and Marcovitch, 2010). These cognitive operations,
including working memory, fall under the umbrella term of
EF (Miyake et al., 2000; for a review, see Zelazo and Carlson,
2012). Working memory has been defined as a “cognitive system
in which memory and attention interact to produce complex
cognition” (Shipstead et al., 2015) and is a pivotal component
of the EF system (Miyake et al., 2000). Working memory not
only requires memory updating and retention but also relies on
attentional control, which can vary between task conditions and
challenge the EF system to different degrees (Miyake et al., 2000).
Within ER contexts, EF interacts with emotional processing
to modify appraisals, feelings, and behaviors in response to
emotional experiences (for review, see Zelazo and Cunningham,
2007; Calkins and Marcovitch, 2010). Optimal ER development
thus depends on the acquisition of cognitive skills such as
working memory that allow the child to focus on task-relevant
information with minimal interference from distracting and non-
goal-oriented cues.

Research on emotion and working memory has primarily
focused on adult clinical populations, but other research has
investigated the emotion–cognition interaction in both clinical
and non-clinical samples across development (Bradley et al.,
1999; Bar-Haim et al., 2007; Ladouceur et al., 2009). One of the
most popular paradigms used to assess working memory is the
n-back task (for a review, see Owen et al., 2005; Meule, 2017). In
this task, participants are asked to recall whether the location or
identity of a target on the screen (e.g., the letter M) matches the
location or identity of a stimulus presented n trials previously;
memory load increases as n increases. Emotional faces (angry,
sad, fearful, happy, neutral/calm) are often adopted as distracting
emotional cues.

Studies investigating the impact of emotional valence on
working memory report mixed findings. This is likely due to
the extensive variability in the populations studied (typically
vs. atypically developing, and different age groups), making
it difficult to draw parallels between findings and particularly
challenging to make predictions for typically developing children.
Some authors find only significant slowing in response to

negative emotional cues relative to positive or neutral ones
(healthy adult sample: Kensinger and Corkin, 2003; anxious
sample of 8- to 30-year-olds: Ladouceur et al., 2009), whereas
others report no reaction time (RT) differences by emotion type
and instead report impaired accuracy on trials with negative
compared to neutral distractors (adult controls and ADHD
participants: Marx et al., 2011). Others have reported varying
speed-accuracy trade-offs by emotion type, including higher
accuracy but slower RTs for negative compared to neutral
stimuli in a non-verbal working memory task with a sample
of schizophrenic participants (Becerril and Barch, 2011). This
finding supports previous work showing that in emotionally
dysregulated populations, aversive stimuli generate a significantly
larger burden on the cognitive system than positive ones,
depleting resources available for working memory (Bishop et al.,
2004; Hare et al., 2005). For example, emotionally dysregulated,
clinically depressed patients report an inability to disengage
from pervasive negative thoughts (for a review, see Gotlib and
Joormann, 2010), resulting in memory challenges as well as
difficulty with planning and concentration (Paelecke-Habermann
et al., 2005; Rose and Ebmeier, 2006).

Similar tendencies have been reported among clinically
anxious and depressed children, showing differences in
performance compared to healthy controls. Ladouceur et al.
(2005) administered the Emotional N-back Task to a sample
of 75 children (8–16 years of age) categorized into one of four
groups: children who met criteria for an anxiety disorder, major
depressive disorder, comorbid anxiety and depression, or were
identified as a normal control group. In this version of the task,
the distracting emotional stimuli were neutral, negative, and
positive images in the background of the to-be-remembered
letters. Their results showed that children with major depressive
disorder and those with comorbid anxiety and depression had
significantly longer RTs on the negative condition than on
the neutral condition, whereas children in the normal control
group had significantly longer RTs on the positive condition
than on the neutral condition. Ladouceur et al. (2009) took
a developmental approach to demonstrate ER changes with
age within a sample of 8- to 30-year-old participants with
low versus high levels of trait anxiety. The authors used the
emotional face N-back task with 0-back and 2-back memory load
conditions and three emotional face distractor types (neutral,
fearful, and happy) as well as a control condition with shapes.
Their findings revealed that individuals high in trait anxiety
had slower RTs on the fearful 2-back memory-load condition
than on the happy and neutral trials, but that the effect was
greatest in younger participants. Conversely, individuals low
in trait anxiety did not reveal any emotion effects, either in
RT or accuracy rates. Taken together, these findings highlight
that there are differences between how children and adults
process distracting emotional information and that we continue
to find inconsistent results when investigating interacting
cognitive and emotional processing in typically developing
children.

From a separate area of research, the cognitive benefit
for bilingual individuals has been identified as enhanced
performance on tasks requiring non-verbal EF (for a review, see

Frontiers in Psychology | www.frontiersin.org August 2018 | Volume 9 | Article 1582166

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01582 August 24, 2018 Time: 19:42 # 3

Janus and Bialystok Emotion Regulation and Bilingualism

Bialystok, 2017). Improvement in EF is believed to develop as
a result of the well-documented coactivation of both languages
within the bilingual brain, even when only one language is in
use (e.g., Beauvillain and Grainger, 1987; Colomé, 2001; for a
review, see Kroll et al., 2014). The practice of attending to one
cue (one language) during interference from another “trains” the
EF network (for a review, see Bialystok, 2015), becoming more
effective throughout life and thereby extending the practice of
verbal cognitive control to the non-verbal EF network (Green,
1998; Abutalebi et al., 2008; Luk et al., 2010). Evidence for the
enhanced cognitive control in bilinguals comes from research
using a variety of cognitive tasks with infants (Kovacs and Mehler,
2009), toddlers (Poulin-Dubois et al., 2011), young children
(e.g., see Adesope et al., 2010, for a meta-analysis), and young
adults (e.g., Costa et al., 2009). Recent findings have emerged
that do not support these results with young adults (e.g., Paap
and Greenberg, 2013) possibly due to differences in populations,
criteria for bilingualism, or the nature of the experimental tasks
used to assess cognitive ability (for a review, see Antoniou, 2019).
However, the majority of the research points to bilingual benefits
across a variety of cognitive control operations, especially where
conflict conditions pose additional attentional demands on the
EF system.

Given the central importance of working memory to EF,
some bilingualism research has investigated differences in verbal
and non-verbal working memory in children and adults, with
mixed findings. Morales et al. (2013) conducted two studies that
assessed working memory in 5-year-old (Study 1) and 5- to 7-
year-old (Study 2) monolingual and bilingual children. In Study
1, the authors found that differences in performance between
the groups emerged only on the most challenging condition
of a Simon-type task, with bilingual children showing an EF
advantage when a high level of conflict was present. In the
second study, where children were required to recall the positions
of frogs presented either simultaneously (easy) or sequentially
(hard) within a 3 × 3 grid (Frog Matrices task), bilingual
children had better accuracy on the more challenging sequential
condition. Blom et al. (2014) investigated both visuospatial (Dot
Matrix and Odd-One-Out tasks) and verbal working memory
(Forward and Backward Digit Recall) performance in bilingual
Turkish–Dutch children and Dutch monolingual controls from
low socioeconomic backgrounds. Although no difference was
found between the two language groups in 5-year-old children,
by 6 years of age bilingual children showed overall benefits on the
Dot Matrix task and the Backward Digit Recall task, both of which
pose additional demand for EF over the other two tasks. While
some have failed to reproduce this effect using simpler working
memory measures (Engel de Abreu, 2011), bilingual children
show advantages over their monolingual peers on conditions of
heightened conflict.

In summary, several lines of evidence depict bilingual
advantages in EF on tasks where successful performance depends
on the ability to resolve conflict from competing cues and ignore
interfering information or to maintain task rules in working
memory. Ultimately, by monitoring language choice among
competing linguistic systems, bilinguals must learn to more
effectively regulate attention to distracting information, resulting

in an EF system that is better equipped to support processes of
working memory.

What are the implications of bilingualism for ER?
Importantly, emotional and cognitive processes are highly
interactive and integral to ER in that effective ER in
emotional contexts depends on the EF system to process
relevant information without being impaired by interfering
emotional cues (Gray et al., 2002). Concurrently, literature
on bilingualism shows evidence of strengthened cognitive
control in dual-language users, resulting in greater selective
attention to relevant information and reduced interference
from distracting cues (Bialystok, 2015). It is thus reasonable to
hypothesize that bilingualism may promote the development
of more adaptive ER by strengthening the cognitive control
system and all its constituents, including working memory.
Furthermore, if bilingualism contributes to the development of
self-regulatory abilities in emotionally challenging contexts at
earlier stages of development than is found for monolinguals,
then these enhanced abilities may also have implications for
children’s psychosocial outcomes. However, research assessing
ER differences between monolingual and bilingual children in
this manner, and more comprehensively using standardized ER
tasks, is largely lacking, and a direct evaluation of ER differences
between these groups has not been undertaken.

The present study aimed to investigate the effect of
bilingualism on cognitive and emotional processing that is
integral to ER. The Emotional Face N-Back Task, an emotionally
based EF task of working memory with three emotion conditions
(angry, happy, and neutral), was used to examine differences
in ER in school-aged monolingual and bilingual children.
The overarching hypothesis was that bilingual children would
demonstrate an overall advantage in working memory. Given that
an EF advantage was expected in the bilingual group, and that the
ability to modulate attention toward or away from emotionally
salient information is a marker of ER and associated with EF,
we anticipated finding evidence for ER benefits for bilinguals.
Although the findings in this area with healthy children are
mixed, it was predicted that the ER benefits for bilinguals would
be most salient on the particularly challenging angry emotion
trials, with the highest EF demands. This is the first study to
compare these processes in healthy young children and evaluate
the influence of bilingualism on ER. The novelty of this research
will contribute to our understanding of differences in emotional
processing between groups of children with different language
experiences, over and beyond the known advantage of cognitive
control in bilingual children.

MATERIALS AND METHODS

Participants
One hundred and two children between 8- and 11-years old
were recruited from four elementary schools. Based on caregiver
reports of the child’s language background, an aggregate score
was created to classify children as monolingual or bilingual. Nine
children were removed from the study due to behavioral concerns
that prevented them from completing the tasks. Complete data
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FIGURE 1 | Emotional Face N-Back Task (adapted from Ladouceur et al., 2009). Children see one letter at a time presented on the screen and are asked to indicate
whether the letter is the same as the letter they saw one screen back (1-back) or two screens back (2-back), creating two memory conditions. A face displaying an
angry, happy, or neutral expression is shown on both sides of the letter.

for analysis were available for 93 children, 48 monolinguals
(M age = 9.3 years, SD = 0.6; 18 boys) and 45 bilinguals (M
age = 9.4 years, SD = 0.5; 20 boys). The majority of children were
born in Canada (78.5%), with 10 children born in the Philippines
(10.8%) and the remainder being born in 10 different countries.
Children in the bilingual group proficiently spoke a non-English
language at home: Portuguese (n = 15), Philippine dialect (n = 12;
Tagalog, Vasayan, or Ilonggo), Italian (n = 5), Spanish (n = 6), or
seven other different languages (n = 7). School instruction was in
English for all children.

Procedure
Approval to test in the schools was obtained from the University
Ethics Committee and from the school board’s ethics committee.
The principal and teachers at each school agreed to have
researchers introduce the study tasks to the children within
their own classrooms. A packet of questionnaires was sent home
with each child so that interested parents could complete the
parental informed consent, the Language and Social Background
Questionnaire (LSBQ), the Strengths and Weaknesses of
Attention-Deficit/Hyperactivity Disorder Symptoms and Normal
Behavior Scale (SWAN), and the Emotion Regulation Checklist
(ERC). Before working with a child, qualified research assistants
ensured that the complete packet had been returned to the
teacher. Teachers were also asked to complete the ERC for each
child that returned the packet of questionnaires.

Each child who returned a completed packet to their school
was withdrawn from their classroom for approximately 45 min
to complete the testing session. The procedure was explained
to the child, and verbal assent was obtained prior to testing.
During the session, each participant completed the Peabody
Picture Vocabulary Test (PPVT), a standardized test of English
proficiency, the Raven Standard Progressive Matrices (Raven),

assessing spatial reasoning, and the Emotional Face N-Back Task
(Figure 1), a task of ER. Upon completion of the n-back task,
children were asked to subjectively rate the expression of a
subset of angry, happy, and neutral faces that they had seen
during the task to assess whether all children perceived the faces
similarly. Throughout the session, children received stickers for
completing each task. Research assistants made ongoing notes
during the session to identify children whose behavior (talking,
singing, refusal to continue, excessive fidgeting or movement,
etc.) interfered with their ability to complete the tasks; these
children were later removed from the study (n = 9). Each child
was thanked for their participation and awarded a personalized
certificate to recognize their effort before being walked back to
their classroom.

Questionnaires and Tasks
Language and Social Background Questionnaire
(LSBQ; Anderson et al., 2018)
The LSBQ is completed by parents/guardians and contains
questions pertaining to the child’s age, sex, handedness, time
spent using video/computer games, and language fluency and use
in different contexts. Parental education is indicated and used
as a proxy for socioeconomic status (SES). SES was assessed as
the average of mother’s and father’s education, using a 5-point
scale with 1 indicating no high school diploma, 3 indicating
some college or college diploma, and 5 indicating graduate or
professional degree.

Peabody Picture Vocabulary Test (PPVT; Dunn and
Dunn, 1997)
The PPVT is a standardized measure of receptive vocabulary.
Children hear a word and are required to point to which one
of four pictures corresponds with that word. Testing proceeds
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until the child makes eight errors within a block of 12 words.
The PPVT normally takes 15–20 min to complete. Scores are
standardized based on the participant’s age (µ = 100, SD = 15).
The PPVT has a high reliability (>0.90) across a variety of
measures (i.e., internal consistency, split-half, test–retest) and
a 0.91 correlation with the Wechsler’s Intelligence Scale for
Children’s measure of verbal ability (WISC-III; Wechsler, 1991).

Raven Standard Progressive Matrices (Raven Test;
Raven et al., 1996)
The Raven test is a standardized test of non-verbal spatial
reasoning. Children view test figures and chose which item from
a set of six options provides the best completion. The task
normally takes 10–15 min to complete with children. Results
are converted to standardized scores based on the participant’s
age (µ = 100, SD = 15). The predictive validity of the Raven
test is around 0.70, whereas test–retest reliability and internal
consistency coefficients range between 0.80 and 0.93 (Raven et al.,
1996).

Strengths and Weaknesses of
Attention-Deficit/Hyperactivity Disorder Symptoms
and Normal Behavior Scale (SWAN; Swanson et al.,
2001)
The SWAN questionnaire is completed by a child’s parent
or guardian and teacher. The SWAN includes 18 items that
are associated with the characteristic symptoms assessed for
a diagnosis of ADHD as described in the DSM-5 (American
Psychiatric Association, 2013). These include nine symptoms
related to inattention (e.g., “Stays focused on tasks and
activities”), six symptoms related to hyperactivity (e.g., “Can
sit without constant fidgeting or squirming”), and three items
related to impulsivity (e.g., “Easily waits turn, such as standing
in line-ups”). Each item is positively worded and was modified
slightly from the original test to improve ease of reading and
decrease word difficulty for parents/guardians who may struggle
with understanding English (e.g., “Sustains attention on tasks
or play activities” was changed to “Stays focused on tasks and
activities”). A guardian and teacher rated the child on each item
using a 4-point Likert scale ranging from “Far below average” (1)
to “Far above average” (4). Higher scores are indicative of better
attentional abilities, lower hyperactivity, and lower impulsivity.
The SWAN has excellent internal consistency and reliability
(Young et al., 2009; Lakes et al., 2012).

Emotion Regulation Checklist (ERC; Shields and
Cicchetti, 1997)
The ERC is a 24-item measure intended to assess the frequency
of children’s displays of affective behaviors. Parents/caregivers
and teachers rate the frequency of the behavior using a 4-
point scale. The raw scores generate two subscales: (1) ER,
which assesses socially appropriate emotional responses and
empathy, and (2) lability-negativity, which assess arousal more
broadly, focusing on anger, dysregulation, and mood lability.
High internal consistency has been shown for both the lability-
negativity and ER subscales, with Cronbach’s alphas of 0.96 and
0.83, respectively (Shields and Cicchetti, 1997).

Emotional Face N-Back Task (N-back; Adapted From
Ladouceur et al., 2009)
The emotional variant of the n-back paradigm is designed
to examine the interference effect of emotional information
on working memory performance. The task consisted of two
memory conditions (1-back and 2-back), with blocked emotional
(angry, happy) and neutral conditions, for each level of difficulty.
Letters were presented in the middle of the screen and two of
the same emotional faces were presented simultaneously on both
sides of the letter to act as the emotional distractors (see Figure 1).
In the 1-back condition, participants were asked if the letter was
the same as the letter on the previous trial (target, “yes”) or not
(non-target, “no”). In the 2-back condition, participants decided
whether the current letter matched the trial that was presented
two trials previously (target) or not (non-target). Responses were
made using two mice, one assigned to each response, with the
dominant hand assigned to target trials and the non-dominant
hand to non-target trials. Angry, happy, and neutral faces were
taken from the NimStim set available at www.macbrain.org
(Tottenham et al., 2009), and modified so that only an oval-
shaped face was visible, without hair or a neck. Each emotion
block was made up of 15 target (“yes”) and 25 non-target (“no”)
trials. The task took approximately 15 min to complete.

Affect Rating
After completing the n-back task children were presented with
the angry, happy, and neutral expressions of three NimStim
actors whose faces they had seen during the task. The NimStim
actors were two females and one male, all demographically
diverse. Children chose one adjective to describe the expression
on each face without being told whether the face was meant to
portray a happy, angry, or neutral expression. The purpose was
to assess whether there were differences in how monolingual
and bilingual children perceive emotional expressions. The top
three descriptive words used to identify each emotional face were
compared between the two language groups. The findings were
also used to determine whether the child descriptions found in
the current study replicated previous findings from the child
literature depicting neutral faces as more aversive to children than
happy faces.

RESULTS

The background measures for age, SES (parental education),
vocabulary knowledge (PPVT), and nonverbal cognitive
functioning (Raven test), are reported in Table 1. One-way
ANOVAs for language group showed no differences between
children in the two groups on any of these measures (all
ps > 0.14). Mean scores on the subscales of the SWAN (attention,
hyperactivity, impulsivity) and the ERC (ER, negativity/lability)
are reported in Table 2 for teacher and parent/guardian reports.
One-way ANOVAs for language group showed no differences
between the teacher ratings for children in the two groups on
any of the subscales (all ps > 0.31), but parent ratings revealed
that monolingual and bilingual children were rated similarly on
hyperactivity (p = 0.76), impulsivity (p = 0.99), ER (p = 0.63),
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TABLE 1 | Mean score, standard deviation, and range for background measures
by language group.

Monolingual (n = 48) Bilingual (n = 45)

Background measure M (SD) Range M (SD) Range

Age in months 9.3 (0.6) 8.3–10.5 9.4 (0.5) 8.3–10.3

SES∗ 3.4 (1.0) 2–5 3.1 (1.3) 1–5

PPVT 101.6 (13.5) 81–135 97.5 (13.2) 67–125

Raven test 101.3 (14.9) 75–130 97.8 (12.9) 75–120

∗SES (socioeconomic status) was measured as the average of maternal and
paternal education level (3 = completed college).

TABLE 2 | Mean score and standard deviation for reports made by teachers and
parents on children’s behavior by language group.

Monolingual (n = 48) Bilingual (n = 45)

Teacher and
parental reports
on child
behavior

Teacher M
(SD)

Parent M
(SD)

Teacher M
(SD)

Parental
M (SD)

SWAN (out of 4)

Attention 2.8 (0.8) 2.8 (0.7) 3.0 (0.8) 3.1 (0.6)∗

Hyperactivity 3.1 (0.9) 3.0 (0.7) 3.2 (0.7) 3.1 (0.8)

Impulsivity 3.2 (0.9) 3.0 (0.7) 3.2 (0.8) 3.0 (0.8)

ERC (out of 4)

Emotion
regulation

3.2 (0.6) 3.3 (0.4) 3.2 (0.6) 3.4 (0.4)

Negativity/lability 3.4 (0.6) 3.2 (0.4) 3.5 (0.5) 3.3 (0.4)

∗Significant difference in ratings between language groups, p < 0.05.

and negativity/lability (p = 0.41), but differently on attention, F
(1,90) = 4.53, p = 0.04, η2

p = 0.05, with bilingual children (3.1)
being rated as more attentive than monolingual children (2.8).

The outcomes for accuracy and RT on the Emotional Face
N-back task are reported in Table 3 and Figure 2, respectively.
Accuracy on correct target trials was analyzed using a three-
way ANOVA for n-back condition (1-back, 2-back), emotion
(angry, happy, neutral), and language group (monolingual,
bilingual). The analysis revealed a main effect of condition, F
(1,91) = 239.97, p < 0.001, η2

p = 0.73, with children scoring
higher on the 1-back (75.78%) than on the more challenging 2-
back (52.70%) condition, and a main effect of language group,
F (1,91) = 9.71, p < 0.01, η2

p = 0.08, with bilingual children
(67.83%) outperforming monolingual children (60.6%). There
was no main effect of emotion, p = 0.26, and no interactions, all
Fs < 1.37, ps > 0.26.

Accuracy on nontarget trials was also investigated to
determine whether the higher accuracy scores on target trials
for the bilingual group reflected a response bias to say “yes”
(i.e., identify more trials as target trials). Nontarget trials were
analyzed using a three-way ANOVA for condition, emotion, and
language group. The results revealed only a main effect of n-back
condition, F (1,91) = 27.81, p < 0.001, η2

p = 0.22, with children
correctly identifying more nontarget trials (“no” response) on
the 1-back (87.48%) than on the 2-back (79.04%), as expected.

TABLE 3 | Mean score and standard deviation for accuracy on the Emotional
Face N-back Task by language group.

Monolingual Bilingual

(n = 48) (n = 45)

Working memory by emotion condition M (SD) M (SD)

Accuracy on target (“yes”) trials (% correct)

1-back

Angry 71.4 (15.3) 78.67 (12.5)∗

Happy 73.9 (13.1) 81.6 (12.3)∗

Neutral 71.5 (17.9) 77.6 (14.4)∗

2-back

Angry 49.4 (17.6) 54.5 (21.5)∗

Happy 49.0 (17.5) 57.0 (17.6)∗

Neutral 48.8 (17.8) 57.5 (14.9)∗

Accuracy on nontarget (“no”) trials (% correct)

1-back

Angry 86.8 (16.1) 90.2 (12.3)

Happy 86.5 (17.0) 90.0 (12.1)

Neutral 85.5 (15.0) 86.1 (14.7)

2-back

Angry 80.5 (17.3) 78.0 (18.8)

Happy 78.8 (16.5) 80.0 (13.8)

Neutral 78.3 (18.4) 78.6 (15.4)

∗Significant difference in ratings between language groups, p < .05.

There was no main effect of language group (p = 0.64) or emotion
(p = 0.16), or any interactions, all Fs < 0.60, ps > 0.35.

Reaction time data for the Emotional Face N-back task were
analyzed the same way as accuracy data, using a three-way
ANOVA for n-back condition, emotion, and language group on
target trials (see Figure 2). There was a main effect for condition,
F (1,91) = 21.86, p < 0.001, η2

p = 0.18, with children performing
slower on the more challenging 2-back (958 ms) than the 1-back
(868 ms). A main effect of emotion, F (1,186) = 13.03, p < 0.001,
η2

p = 0.13, revealed that RTs were significantly slower on the
neutral trials (949 ms) than on angry (902 ms), p < 0.001,
or happy (886), p < 0.001, trials, with no difference between
the latter two, p = 0.57. Furthermore, a two-way interaction of
n-back condition and emotion, F (2,182) = 16.71, p < 0.001,
η2

p = 0.08, revealed that the effect of emotion was present on
the 1-back condition, F (2,182) = 39.09, p < 0.001, η2

p = 0.10, but
not on the 2-back condition, p = 0.89. Finally, a main effect of
language group, F (1,91) = 5.46, p = 0.02, η2

p = 0.07, revealed
that bilingual children (956 ms) were significantly slower than
their monolingual peers (870 ms), but a two-way interaction of
condition and language group, F (1,91) = 9.03, p < 0.01, η2

p = 0.08,
restricted this difference to the 2-back condition F (1,91) = 9.10,
p < 0.01, η2

p = 0.10, with no difference between groups in the
1-back condition, p = 0.23.

A correlation was computed between accuracy and RT for
each condition to determine whether there were speed-accuracy
trade-offs. There were no significant correlations in the 1-
back condition, r (93) = 0.19, p = 0.16, but the relation was
significant in the 2-back condition, r (93) = 0.34, p = 0.001.
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FIGURE 2 | Mean reaction times (and standard errors) on the Emotional Face N-back Task by condition (1-back vs. 2-back), emotion (angry, happy, neutral), and
language group (monolingual vs. bilingual).

Given that bilingual children performed significantly slower than
monolingual children on the 2-back, a correlation was run
separately by language group to determine whether the speed-
accuracy trade-off in the 2-back was driven by the bilingual
group. The correlation revealed that the speed-accuracy trade-off
was significant for the bilingual children, r (45) = 0.34, p = 0.02,
but only marginal for monolingual children, r (48) = 0.24,
p = 0.09. However, the Fisher r-to-z transformation revealed that
the difference between the two correlations was not significant,
p = 0.61.

Reaction time on nontarget trials was also investigated using a
three-way ANOVA for n-back condition, emotion, and language
group. There was a main effect of emotion, F (2,182) = 19.29,
p < 0.001, η2

p = 0.18, with children performing more slowly on
neutral trials (969 ms) than on angry (909 ms) or happy (901 ms)
trials, all ps < 0.001, with no difference in speed of performance
between angry and happy emotions, p = 1.00. A main effect of
language group was also found, F (1,91) = 5.30, p = 0.02, η2

p = 0.07,
in which bilingual children (971 ms) were slower than their
monolingual peers (880 ms). An interaction of n-back condition
by emotion, F (2,182) = 21.06, p < 0.001, η2

p = 0.20, revealed
that differences in speed of responding between emotion blocks
emerged only on the 1-back version of the task, F (2,182) = 43.13,
p < 0.001, η2

p = 0.42, where children performed slower on
angry (900 ms) than happy (856 ms) trials, slower on neutral
(995 ms) than angry trials, and slower on happy than neutral
trials, all ps < 0.01; no differences between angry (918 ms), happy
(946 ms), and neutral (944 ms) trials were found on the 2-back

version of the task, all ps > 0.14. No other main or interaction
effects were found, all Fs < 2.5, ps > 0.14.

Children’s affect ratings of nine preselected facial expressions
(three per emotional type) used in the task were recorded and
evaluated. The three most frequently occurring words used
by children in each language group were tabulated by facial
expression and emotion (Table 4). These top three words
were then inspected to determine whether there were notable
differences in the valence of the words within each emotion block
and across language groups. The word inspection revealed that
children used all positively valenced words (e.g., happy, excited,
joyful) to describe the three standardized happy faces, and they
rated all standardized angry faces using negatively valenced
words (e.g., angry, mad, scary, furious), as expected. The three
standardized neutral faces rated by the children generated the
greatest amount of variety in valence. Children described neutral
faces using words with a positive (i.e., happy), negative (i.e.,
shocked, sad, scared, serious), and neutral (i.e., normal, bored,
no emotion/expression) valence. No outstanding differences
were detected between language groups in the words children
selected to describe any of the actors’ faces in either emotion
block.

DISCUSSION

The present study investigated the interrelation between
cognitive and emotional processing in typically developing
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TABLE 4 | Three most commonly used words by children to describe the emotional expressions of three actors with standardized angry, happy, and neutral affects
viewed during the Emotional Face N-back Task by language group.

Standardized n-back faces by emotion Actor 1 (Asian, female) Actor 2 (African American, female) Actor 3 (Caucasian, male)

Monolingual
(n = 48)

Bilingual
(n = 45)

Monolingual
(n = 48)

Bilingual
(n = 45)

Monolingual
(n = 48)

Bilingual
(n = 45)

Angry Angry (34)
Mad (14)

–

Angry (36)
Mad (9)
Scary (1)

Angry (31)
Mad (13)
Furious (2)

Angry (30)
Mad (11)

Frustrated (1)
Furious (1)

Angry (22)
Mad (17)

Frustrated (2)

Angry (18)
Mad (22)
Furious (2)

Happy Happy (48)
–

Happy (46)
–

Happy (35)
Excited (6)

Energized (1)
Joyful (1)

Happy (36)
Excited (10)

–

Happy (46)
Glad (1)
Joyful (1)

Happy (40)
Excited (2)
Silly (2)

Cheerful (2)

Neutral Surprised (19)
Shocked (5)

Sad (4)

Surprised (16)
Shocked (6)

Scared (5)

Sad (11)
Bored (9)
Normal (7)

Sad (19)
Bored (6)
Normal (5)

Normal (14)
Bored (5)
No emotion/

expression (4)

Normal (14)
Happy (7)
Serious (4)

monolingual and bilingual children. Children in the two language
groups were similar on age, SES, English proficiency, and
nonverbal cognitive functioning. Parents provided information
on children’s language background, and both parents and
teachers reported on children’s emotional and behavioral
functioning. All children were tested using the Emotional Face
N-Back Task, an ER task assessing working memory within an
emotional context.

Ratings of attention obtained from the SWAN showed that
all children were rated similarly by teachers, but bilingual
children were rated by parents as significantly more attentive
than monolingual children. Although it is common to find
discrepancies between informants when gathering ratings on
children’s behavior (Gresham et al., 2010; Wray et al., 2013),
little is known about characteristics that predict discrepancies in
ratings. Nonetheless, parental ratings indicating greater attention
in bilingual children bring to light an important consideration,
namely the frame of reference of the informant. Teachers
have experience with children from different communities and
cultures and so have a wide frame of reference for rating
children’s performance relative to their same-aged peers. Parents,
in contrast, may be limited to observing the children living in
their own community or even household. Furthermore, parents
of monolingual or bilingual children may have different culture-
specific expectations that influence their parenting practices and
expectations for normative development. Thus, while it was
beyond the scope of this study, future bilingualism researchers
may consider gathering information on familial expectations
and background as these may be related to differences between
language groups in parental ratings of children’s behavior.

The Emotional Face N-back Task was used to investigate
differences in ER between monolingual and bilingual children
by manipulating working memory load (1-back or 2-back) and
emotional distraction (angry, happy, and neutral faces). As
expected, all children were more accurate and faster on the
easier condition than on the more challenging condition of
the task. Also in line with our predictions, bilingual children
demonstrated better cognitive performance on both working

memory conditions. Specifically, depending on the emotion
block and condition, accuracy rates of bilingual children ranged
from 6% to 9% higher than those of their monolingual
peers. This observed working memory advantage for bilingual
children supports research highlighting the cognitive benefits of
bilingualism on a variety of EF tasks (Adesope et al., 2010).

The findings also revealed significantly slower RTs on neutral
emotion trials than on angry and happy trials for children
in both language groups, but only on the 1-back condition.
Thus, the easy working memory condition showed differences
between the emotional stimuli but the difficult working memory
condition did not, presumably because the effort required
for the working memory response overwhelmed the more
subtle difference between emotion conditions. As in previous
research with emotional n-back tasks (e.g., Ladouceur et al.,
2005; Cromheeke and Mueller, 2016; Villemonteix et al., 2017),
accuracy of responses was not impacted by the emotion
condition.

The longer RTs on neutral trials may reflect the challenges
children experienced in accurately labeling neutral faces. When
asked to generate affect ratings for the angry, happy, and neutral
emotional expressions for the subset of stimuli used in the task, all
children gave accurate positively valenced ratings to happy faces
and negatively valenced ratings to angry faces, but neutral faces
elicited variable responses, ranging from positively to negatively
valenced descriptions. This difficulty in interpreting neutral
faces has been found on previous emotion recognition tasks
(Kujawa et al., 2014; see Herba et al., 2006; Thomas et al., 2007,
for research on age-related changes in emotion recognition).
Consequently, the slow responses to neutral emotion trials may
reflect children’s difficulty in interpreting ambiguous neutral face
stimuli.

The absence of an emotion effect on the 2-back condition
may have been influenced by the difficulty that this task posed
for children this age in both language groups. Support for
this interpretation comes from the neuroscientific literature;
studies using neuroimaging during ER tasks have found that
increasing requirements for EF can override emotional effects
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(Hart et al., 2010; Mueller et al., 2017). For example, Erk et al.
(2006) found no effects of emotional cueing on working memory
accuracy on their ER task; however, the fMRI results revealed
a valence-specific regulation effect on brain regions whereby
participants had significantly reduced activity in brain areas
responsible for emotional processing during high cognitive effort
conditions than during low cognitive effort conditions, and
significantly greater recruitment of regions implicated in working
memory as the complexity of the task increased. This research
supports our behavioral findings in that the effects of emotional
context tend to be reduced under conditions of high cognitive
effort as participants attempt to meet the demands of increasing
task complexity (e.g., on the 2-back version of the task).

In this context, it might therefore be expected that bilingual
children would respond differently than monolingual children
in the 1-back version of the task, but this did not happen.
Overall, the study failed to capture the anticipated differences
in ER between the language groups. Instead, the main finding
was that bilingual children were significantly slower than their
monolingual peers on the 2-back condition of the Emotional Face
N-back Task.

In healthy adult populations, researchers find that positive
emotional stimuli are generally processed more quickly and
automatically than emotionally neutral stimuli (see Pool et al.,
2016, for a meta-analysis), as was found in the present study.
Research with typically developing children is sparse and has
generated mixed results; however, it is generally accepted
that children’s ability to modulate attention toward or away
from emotionally salient information is a marker of ER that
distinguishes healthy from at-risk or atypically developing
children (e.g., Shackman et al., 2007; Nuske et al., 2017), and
that responses are less consistent than those observed in adults.
For example, Mueller et al. (2012) tested healthy versus anxious
12-year-old youth using an antisaccade task with emotional
faces and found that healthy youth were more accurate during
angry trials and happy trials relative to neutral trials, but
revealed no emotion effects in RT. However, typically developing
children have also been shown to demonstrate longer RTs
on positive emotional conditions than on neutral emotional
conditions (Ladouceur et al., 2005). Conversely, studies with
anxious children, youth, and adults on ER tasks consistently find
a threat bias, also described as biased allocation of attentional
resources toward threatening stimuli, which is reflected in
longer RTs on trials with aversive stimuli (Ladouceur et al.,
2005, 2009; for a review, see Williams et al., 1997). Similar
findings have been observed in depressed individuals, whose
responses are characterized by impaired disengagement from
negative stimuli and deficits in cognitive control while processing
negative information (for a review, see Gotlib and Joormann,
2010). Taken together, prolonged engagement with emotionally
threatening information is believed to be mediated by deficits in
cognitive control. However, our finding that bilingual children
exhibited longer RTs, particularly on the 2-back, cannot be
explained by this theoretical proposal, because: (1) the slowing
on (or lack of quick disengagement from) emotional stimuli for
bilinguals was generalized to the whole 2-back condition and
was nonspecific to either emotion condition, and (2) bilingual

children demonstrated overall enhanced working memory
relative to monolingual children, with no cognitive deficits noted
across any conditions on the task. As such, it is reasonable to
assume that there is a continuum between typical capture of
attention by emotional cues and dysregulated or maladaptive
emotional processing.

A possible explanation for the longer RTs for bilinguals and
lack of ER differences between the language groups may lie in
differences in monitoring and cognitive flexibility (or shifting)
abilities between the groups (e.g., Bialystok and Viswanathan,
2009; Prior and MacWhinney, 2010). Shifting or cognitive
flexibility is a component of EF, and the ability to think flexibly
that includes switching strategies or responses as task demands
change (Miyake et al., 2000). Vitiello et al. (2011) have linked
enhanced cognitive flexibility to school success in children. It is
notable that children in both language groups accommodated
the difficulty of the 2-back condition by slowing down, but
only the bilinguals maintained high accuracy in the difficult
condition. Hur et al. (2017) observed that particularly on a more
challenging task as the 2-back, “participants’ efforts are generally
focused more on performing the task accurately than responding
as fast as they can” (p. 4). Many studies show an increase in
RT and decrease in accuracy with increasing task difficulty on
n-back tasks (for a review, see Meule, 2017). Therefore, the
slowing for bilingual children cannot be explained by impaired
cognitive processing within emotional contexts, but may reflect
normal development in healthy bilingual children who are better
able than monolingual children to adjust their behavior to task
demands.

In summary, this study demonstrated advantages in working
memory for bilingual children compared to monolingual
children, consistent with previous research showing EF benefits
in bilingual individuals, but no evidence for better ER in
bilinguals. ER has not been previously investigated with
monolingual and bilingual individuals using a working memory
task outside of the linguistic context. Although behavioral
responses to negative emotional stimuli have commonly been
studied within the context of dysregulation and maladjustment,
and responses to positive emotions have been studied within the
context of healthy socioemotional development, viewing child
behavior through this narrow lens may be an oversimplification
of functioning and undermine the importance of individual
differences that modulate interacting cognitive and emotional
processing. Continued research using ER tasks such as the
Emotional Face N-back Task has the potential of advancing our
understanding of the developmental mechanisms underlying ER
in children, and more specifically in elucidating any differences
in emotional processing between children with different language
experiences.
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Do Bilinguals Have an Advantage in
Theory of Mind? A Meta-Analysis
Scott R. Schroeder*

Department of Speech-Language-Hearing Sciences, Hofstra University, Hempstead, NY, United States

Bilingualism might help children develop Theory of Mind, but the evidence is mixed. To

address the disagreement in the literature, a meta-analysis was conducted on studies

that compared bilingual and monolingual children on false belief and other Theory of

Mind tests. The meta-analysis of 16 studies and 1,283 children revealed a small bilingual

advantage (Cohen’s d = 0.22, p = 0.050). A secondary analysis was conducted on

studies (k = 8) that statistically adjusted the Theory of Mind scores to correct for

a bilingual disadvantage in language proficiency. This secondary analysis indicated a

medium-size bilingual advantage (Cohen’s d = 0.58, p < 0.001). There was no evidence

for publication bias in either analysis. Taken together, the results provide support for

a beneficial effect of acquiring two languages on mental state reasoning. Explanations

for this bilingual advantage, which include bilingual-monolingual differences in executive

functioning, metalinguistic awareness, and socio-pragmatic abilities, are discussed.

Keywords: bilingualism, Theory of Mind, false belief, executive functioning, cognitive development

INTRODUCTION

Bilingualism research in the modern era has been dominated by a potential bilingual advantage
in executive functioning. This advantage, which is supported by many studies (Bialystok, 1999;
Bialystok et al., 2004; Costa et al., 2008), has been communicated to the general public through
significant media coverage (Bhattacharjee, 2012; Reville, 2014). Yet, several recent studies have
failed to replicate this finding (Morton and Harper, 2007; Paap and Greenberg, 2013; Antón et al.,
2014), leading many researchers to doubt its validity (de Bruin et al., 2015; Paap et al., 2016), and
creating a division in the bilingualism research community between believers and skeptics (Bak,
2016; Bialystok, 2016; Titone et al., 2017). This ambiguous state of the literature is not limited to
executive functioning. It extends to other aspects of mental functioning, such as Theory of Mind,
a socio-cognitive ability that is thought to be closely linked to executive functioning (Devine and
Hughes, 2014).

In the research addressing whether bilingual children have an advantage over their monolingual
peers in the development of Theory of Mind, the answer has been mixed (Goetz, 2003; Kovács,
2009; Kyuchukov and De Villiers, 2009; Fan et al., 2015; Gordon, 2016; Dahlgren et al., 2017),
often even within a single study (Bialystok and Senman, 2004; Chan, 2004; Nguyen and Astington,
2014; Diaz and Farrar, 2018). To help disambiguate the ambiguous literature, the current study
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statistically combined data frommany previous studies through a
meta-analysis. To provide the background for the meta-analysis,
the rest of the Introduction describes the concept of a Theory
of Mind and common tests of this ability, followed by reasons
for why bilingual children might perform better than their
monolingual peers on these tests.

Theory of Mind refers to the ability to attribute mental states
to other people and to predict and explain other people’s behavior
on the basis of those attributed mental states. This ability is
often assessed through a false belief test, such as the unexpected-
transfer test (Wimmer and Perner, 1983; Baron-Cohen et al.,
1985) and the unexpected-contents test (Hogrefe et al., 1986;
Perner et al., 1987).

In a popular version of the unexpected-transfer test, known
as the Sally-Anne test (Baron-Cohen et al., 1985), participants
see a character, who is named Sally, put a marble into a basket.
Sally then leaves the scene, and while away, a second character,
who is named Anne, removes the marble from the basket and
puts it into a box. Next, Sally returns to the scene to retrieve the
marble. The key question for the participant is: “Where will Sally
look for the marble?” The correct answer is that Sally will look
for the marble in the basket, which is where she put it (and not
in the box, where it currently is). Answering correctly requires
assigning the correct mental state to Sally (namely, the false belief
that the marble is in the basket) and predicting her behavior on
the basis of that assigned mental state (namely, that she will look
in the basket because she falsely believes that the marble is in the
basket).

In another commonly-used assessment of Theory of Mind
called an unexpected-contents test (Hogrefe et al., 1986; Perner
et al., 1987), participants are shown, for example, a tube
of Smarties candies and are asked what the tube contains.
Participants invariably answer “Smarties” but when the tube is
opened, pencils unexpectedly appear (rather than the anticipated
Smarties candies). Participants are then asked what someone else,
such as a classmate, would predict is contained in the Smarties
tube. The correct answer, which is Smarties candies (rather than
pencils), requires assigning the correct mental state to someone
else (namely, the false belief that the tube contains Smarties
candies) and predicting a person’s behavior on the basis of that
assigned mental state (namely, that the person will say that they
think Smarties are contained in the tube).

These false belief tests and other Theory of Mind tests are
failed by many children before they turn four years old (Wellman
et al., 2001), but there is significant variability among children.
For example, many children on the autism spectrum fail to pass
these tests even when they are several years older than four
(Happé, 1995). Even among typically developing children, there
is detectable variability, such as differences across cultures. For
example, meta-analyses have revealed faster Theory of Mind
development for children from mainland China, Canada, and
the United States relative to children from Hong Kong (Liu
et al., 2008), and for children from Australia and Canada
relative to children from Austria and Japan (Wellman et al.,
2001), differences that are thought to be related to certain
environmental factors, such as the child’s linguistic environment.
These cultural differences in the rate of Theory of Mind

development suggest that Theory of Mind is malleable and
could potentially be facilitated by a dual-language (i.e., bilingual)
environment.

Consistent with this line of thinking, previous studies have
provided evidence that bilingualism accelerates Theory of Mind
development (Goetz, 2003; Farhadian et al., 2010; Han and Lee,
2013; Diaz and Farrar, 2017). For example, Kovács (2009) found
that more than twice as many 2 and 3 year-old Romanian-
Hungarian bilingual children passed an unexpected-transfer
test than intelligence-matched 2 and 3 year-old Romanian
monolingual children.

There are three main accounts for why bilingual children
might pass Theory of Mind tests earlier than monolinguals:
the “executive functioning” account (Goetz, 2003; Bialystok
and Senman, 2004; Kovács, 2009; Greenberg et al., 2013),
the “metalinguistic awareness” account (Goetz, 2003; Diaz and
Farrar, 2017), and the “socio-pragmatic” account (Goetz, 2003;
Fan et al., 2015).

The first account, “executive functioning,” is based on
evidence that bilingualism improves executive functioning
(Carlson and Meltzoff, 2008; Bialystok and Viswanathan,
2009) and that level of executive functioning is a significant
predictor of Theory of Mind performance (Devine and Hughes,
2014). The supposed enhanced attentional control abilities of
bilinguals could be used to down-regulate their own mental
state (i.e., their own beliefs and knowledge) while up-regulating
someone else’s mental state. The second account, “metalinguistic
awareness,” is based on evidence that bilingualism enhances
metalinguistic awareness (Ben-Zeev, 1977; Bialystok, 1988)
and that metalinguistic awareness is linked to Theory of
Mind development (Doherty and Perner, 1998; Doherty, 2000).
Bilinguals’ metalinguistic understanding that there are two labels
for the same concept (i.e., one label in each language) might
facilitate the understanding that two people can have a different
mental state in relation to the same event (and thus that someone
else’s mental state can differ from their own). The third account,
“socio-pragmatic,” is that bilinguals come to understand that
some people speak only one of their languages (either language
A or language B) and some people speak both of their languages
(languages A and B). This understanding that two people can
have different (or similar) language knowledge may transfer to
the more general understanding that two people can have a
different (or similar) mental state.

All three of these accounts predicts a bilingual advantage
in Theory of Mind development. This prediction has received
support both from studies that have used traditional false belief
tests, such as the unexpected-location and unexpected-contents
tests (Goetz, 2003; Kovács, 2009; Farhadian et al., 2010), as well
as studies that have used non-traditional Theory of Mind tests,
such as tests that assess the ability to take someone else’s visual-
spatial perspective when it differs from one’s own visual-spatial
perspective (Greenberg et al., 2013; Fan et al., 2015). In contrast,
several other studies have failed to find a bilingual advantage,
both on traditional false belief tests (Kyuchukov and De Villiers,
2009; Pearson, 2013; Nguyen and Astington, 2014; Gordon, 2016;
Dahlgren et al., 2017) and non-traditional Theory of Mind tests
(Gordon, 2016; Dahlgren et al., 2017).

Frontiers in Communication | www.frontiersin.org August 2018 | Volume 3 | Article 36178

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Schroeder Meta-Analysis of Bilingual Theory of Mind

The inconsistent results across individual studies make it
difficult to draw a conclusion about the effects of bilingualism
on Theory of Mind development. To help draw a conclusion,
the current study statistically combined data from many
studies through a meta-analysis. Specifically, a main analysis
was conducted, which involved aggregating raw Theory of
Mind scores across studies that have compared bilingual and
monolingual children on Theory of Mind tests. A secondary
analysis was then conducted on the subset of these studies that
reported Theory of Mind scores that were statistically adjusted
to account for a bilingual disadvantage in language proficiency.
It has been argued that bilinguals’ lower receptive language
proficiency hurts their performance on language-based Theory of
Mind tests, thereby concealing a bilingual advantage that would
have otherwise emerged (Chan, 2004; Nguyen and Astington,
2014; Diaz and Farrar, 2017, 2018). Thus, the current study
presents a main meta-analysis on raw Theory of Mind scores and
a secondary meta-analysis on language-adjusted Theory of Mind
scores.

METHOD

Literature Search
To identify eligible studies, a three-step process was planned.
First, a search through the databases PsycARTICLES, PsycINFO,
and MEDLINE was to be conducted using the search terms
“bilingual,” “Theory of Mind,” and “false belief.” Second, after
identifying eligible articles through the database search, the
reference lists of these eligible studies were to be scanned for
additional studies that might not have been detected in the
database search (i.e., cited studies were to be searched). Third,
after eligible articles were identified through both the database
search and the reference list search, the studies that cited these
eligible studies were to be checked for eligibility (i.e., cited-by
studies were to be searched). (Then, in a re-iterative process, the
reference lists of the studies identified in the second step and the
reference lists and citations of the studies identified in the third
step were to be checked.) After completing the search plan in
March-May of 2018, a total of 2,032 studies had been considered
(though a small subset were duplicates), of which 16 satisfied the
inclusion criteria.

Inclusion Criteria
To be eligible for inclusion, a study had to satisfy the following
requirements: the study (1) tested bilinguals and monolinguals,
(2) tested children rather than adults, (3) tested spoken language
users rather than sign language users, and (4) tested participants
on a valid Theory of Mind test1. Included studies also provided

1Two studies (Berguno and Bowler, 2004; Yow and Markman, 2015) did not use

a measure of Theory of Mind that was deemed valid for the current purpose and

were thus not included in the meta-analysis. Berguno and Bowler (2004) did not

use any Theory of Mind tests that assessed the attribution of mental states to others

(only to oneself). Because this study did not assess the key component of Theory

of Mind, it was not included in the meta-analysis. Yow and Markman (2015)

used a word learning test that included a Theory of Mind component. Because

there is evidence for a bilingual advantage in word learning (Kaushanskaya et al.,

2014), better performance on the word learning test might not reflect a bilingual

advantage in Theory of Mind per se. Due to this confound, this study was not

sufficient data to compute an effect size and were reported in a
journal (k= 13) or a dissertation (k= 3).

The 16 studies that were included in the main analysis (i.e.,
the analysis of raw Theory of Mind scores) are shown in Table 1.
(Note that the order of the studies in the table was arranged to
duplicate the order in Figure 1.) Collectively, the 16 studies tested
1,283 participants (655 monolinguals, 628 bilinguals). A subset
of these studies (k = 8) was included in a secondary analysis
(i.e., the analysis of language proficiency adjusted Theory of
Mind scores). This secondary analysis used studies that reported
Theory of Mind data that were statistically adjusted to account
for the confounding variable of bilinguals’ reduced language
proficiency. These 8 studies, which included 569 participants (311
monolinguals, 258 bilinguals), are marked with an asterisk in
Table 1.

Most of the studies in the meta-analyses used a version of
the unexpected-location or unexpected-transfer false belief test,
but some studies used non-traditional Theory of Mind tests
(see Table 1; Greenberg et al., 2013; Han and Lee, 2013; Fan
et al., 2015). Additionally, most of the studies tested English-
speaking monolinguals and bilinguals, but some tested non-
English speakers (see Table 1; Kovács, 2008, 2009; Kyuchukov
and De Villiers, 2009; Farhadian et al., 2010; Dahlgren et al.,
2017). Furthermore, most of the studies tested children between
the ages of 3 and 5, but there were some exceptions (Greenberg
et al., 2013; Fan et al., 2015; Dahlgren et al., 2017).

Statistical Analyses
For both the main and secondary analyses, Cohen’s d, also known
as the Standardized Difference in Means, was used as the effect
size measure (Cohen, 1992). The main analysis used raw means
and variances to compute Cohen’s d, whereas the secondary
analysis used statistically adjusted means and variances (typically
from an Analysis of Covariance) to compute Cohen’s d. When
a study used multiple Theory of Mind tests, the effect sizes
were pooled together to create a single grand effect size for each
study. The Cohen’s d effect sizes were entered into a random-
effects model. The computing of the effect sizes and the running
of the random-effects model were performed in the software
Comprehensive Meta-Analysis (Borenstein et al., 2005).

In addition to analyses of effect sizes, potential publication
bias was also examined. To this end, a funnel plot with effect
sizes and standard errors was visually inspected for symmetry.
Following visual inspection, Egger’s regression intercept test
(Egger et al., 1997) was conducted. The software Comprehensive
Meta-Analysis (Borenstein et al., 2005) was used to complete the
tests of potential publication bias.

RESULTS

Main Analysis: Raw Scores
The meta-analysis of raw Theory of Mind scores from the 16
studies indicated a small bilingual advantage, Cohen’s d = 0.22,

included in the meta-analysis. It is important to note, however, that the results

of both of these studies were consistent with the results of the meta-analysis (i.e., a

bilingual advantage).
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TABLE 1 | Studies included in main analysis.

Monolingual NBilingual NMonolingual languagesBilingual languages Theory of Mind Tests

Diaz and Farrar, 2018* 33 32 English English & Spanish Unexpected-Transfer, Unexpected-Contents, Other

Kyuchukov and De Villiers, 2009 a 60 60 Bulgarian Bulgarian & Romani Unexpected-Transfer, Unexpected-Contents

Pearson, 2013 40 28 English English & Spanish Unexpected-Transfer

Bialystok and Senman, 2004*b 52 43 English English & Other Other

Gordon, 2016*c 26 26 English English & Spanish Unexpected-Transfer, Unexpected-Contents, Other

Dahlgren et al., 2017 14 14 Swedish or Slavic Swedish & Slavic Unexpected-Transfer, Other

Nguyen and Astington, 2014* 48 24 English or French English & French Unexpected-Transfer, Unexpected-Contents

Diaz and Farrar, 2017*d 35 38 English English & Spanish Unexpected-Transfer, Unexpected-Contents, Other

Kovács, 2009e 28 28 Italian Romanian & Slovenian Unexpected-Transfer, Unexpected-Contents

Chan, 2004* 29 31 English English & Chinese Unexpected-Transfer, Unexpected-Contents, Other

Goetz, 2003* 64 40 English or Chinese English & Chinese Unexpected-Transfer, Unexpected-Contents, Other

Han and Lee, 2013 60 73 Korean English & Korean Other

Greenberg et al., 2013 45 37 English English & Other Other

Kovács, 2009 32 32 Romanian Romanian & Hungarian Unexpected-Transfer, Other

Farhadian et al., 2010 65 98 Persian Persian & Kurdish Unexpected-Transfer, Unexpected-Contents

Fan et al., 2015* 24 24 English English & Other Other

*The study was included in the secondary analysis
aBilinguals were tested in both their L1 and L2. The L1 test scores were used to compute the effect size so that Theory of Mind scores for both monolinguals and bilinguals were based

on their native language performance.
b In the secondary analysis, only the appearance results of the appearance-reality test were used to compute an effect size because the reality questions did not require a Theory of

Mind.
cGordon’s dissertation Millett, 2010 was used to extract additional data that were not included in the journal version.
dA subset of participants was tested a second time but for a more accurate statistical calculation only time 1 data were included in the effect size calculation.
eThis dissertation contained an experiment that was published in Kovács (2009). So as to not give this experiment double weight, it was not included when computing the effect size

for Kovács (2008).

FIGURE 1 | A plot of effect sizes for each of the 16 studies in the main analysis, with the summary effect size of 0.22 at the bottom.

p = 0.050, z = 1.96, SE = 0.11, 95% Confidence Interval = 0.00-
0.44. A plot of the effect sizes for each of the 16 studies and the
summary effect size (Cohen’s d = 0.22) is displayed in Figure 1.

To assess the possibility of publication bias, a funnel plot

was generated. See Figure 2 for the plot. There is no apparent

asymmetry in the plot, suggestive of no publication bias.
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Confirming the lack of publication bias, the Eggers regression

intercept test was not significant, t(14) =0.65, p= 0.53.

Secondary Analysis: Language Proficiency
Adjusted Scores
The secondary meta-analysis was conducted on the 8 studies
that reported Theory of Mind scores that were adjusted for
bilingual-monolingual differences in language proficiency. This
analysis indicated a medium-size bilingual advantage, Cohen’s
d = 0.58, p < 0.001, z = 6.70, SE = 0.09, 95% Confidence
Interval= 0.41–0.75. See Figure 3 for a plot of the effect sizes.

A funnel plot, which is displayed in Figure 4, was created
to check for potential publication bias. There is no obvious
asymmetry in the plot, implying no publication bias. Eggers
regression intercept test also indicated no publication bias, as the
test was not significant, t(6) = 0.17, p= 0.87.

DISCUSSION

The main meta-analysis, which compared bilingual and
monolingual children’s raw Theory of Mind scores, revealed a
small bilingual advantage. The size of this bilingual-monolingual

FIGURE 2 | A funnel plot to assess potential publication bias in the main analysis.

FIGURE 3 | A plot of effect sizes for each of the 8 studies in the secondary analysis, with the summary effect size of .58 at the bottom.
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difference (i.e., a Cohen’s d in the “small” range) is similar
to the effect of early education interventions on cognitive,
school, and social outcomes (Camilli et al., 2010). The secondary
meta-analysis, which used transformed Theory of Mind scores
that were adjusted for language proficiency, revealed a medium-
size bilingual advantage. This secondary analysis, however,
should be interpreted with caution, given that these studies
may have violated assumptions of the Analysis of Covariance
(Miller and Chapman, 2001; Paap et al., 2015). Even with
skepticism for the secondary analysis, the main analysis provides
evidence that acquiring two languages helps Theory of Mind
development.

This meta-analytical finding of a bilingual advantage would
have less validity if evidence for publication bias had been found.
Indeed, in the high-profile meta-analysis by de Bruin et al. (2015),
a bilingual advantage in executive functioning was revealed,
but so was a publication bias. Using the same method as de
Bruin et al. (i.e., the Eggers test), there was no evidence for
publication bias in either the main analysis or the secondary
analysis.

While the current study indicates a bilingual advantage
in Theory of Mind, it does not address the reasons why.
In the Introduction, three accounts for why bilinguals might
have an advantage in mental state reasoning were laid out—
i.e., the “executive functioning” account, the “metalinguistic
awareness” account, and the “socio-pragmatic” account. Though
future research is needed to determine the relative contributions
of these accounts and others, some of the studies included
in this meta-analysis provide germane preliminary evidence.
Regarding the “executive functioning” account, evidence for
this account comes from the Kovács (2008) finding that a
bilingual advantage emerges when the Theory of Mind test has
high inhibitory demands but not when it has low inhibitory
demands. However, evidence against this account comes from
several other studies that have found that measures of executive

functioning (such as the dimensional change card sorting
test) do not statistically mediate the bilingual advantage in
Theory of Mind (Nguyen and Astington, 2014; Fan et al., 2015;
Diaz and Farrar, 2017, 2018). Regarding the “metalinguistic
awareness” account, Diaz and Farrar (2017) and Chan (2004)
found that measures of metalinguistic awareness (such as symbol
substitution, synonym judgment, and homonym selection)
statistically mediate the bilingual advantage. Regarding the
“socio-pragmatic” account, while there is no statistical mediation
evidence, Fan et al. (2015) found a Theory of Mind advantage
in children who were not bilingual but were exposed to a
second language. The performance by these children suggests
that Theory of Mind may be augmented by learning that
one’s linguistic knowledge can be different from that of other
people.

Regardless of the source, this bilingual advantage is likely
to have meaningful real-world consequences. On the one hand,
an enhanced Theory of Mind may help in the development of
prosocial behavior. For example, a recent meta-analysis of 20
studies revealed that children who scored higher on Theory of
Mind tests were more popular among their peers (Slaughter et al.,
2015). On the other hand, negative effects of an enhanced Theory
of Mind are possible. For instance, a recent study found that
Theory of Mind training led honest children to begin lying (Ding
et al., 2015).

In sum, the current study took a meta-analytical approach
to the question of whether learning two languages has a
positive impact on mental state reasoning. The results indicated
a small- or medium-size positive effect (depending on the
analysis), an effect that may carry real-world implications
for bilingual children’s social competence. Though plausible
accounts of this bilingual advantage have been put forward,
future research is needed to determine more precisely why
a dual-language environment is helpful for Theory of Mind
development.

FIGURE 4 | A funnel plot to assess potential publication bias in the secondary analysis.
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Bilingual Advantages in Inhibition or
Selective Attention: More Challenges
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Brandon Zimiga

Department of Psychology, San Francisco State University, San Francisco, CA, United States

A large sample (N = 141) of college students participated in both a conjunctive visual
search task and an ambiguous figures task that have been used as tests of selective
attention. Tests for effects of bilingualism on attentional control were conducted by
both partitioning the participants into bilinguals and monolinguals and by treating
bilingualism as a continuous variable, but there were no effects of bilingualism in any
of the tests. Bayes factor analyses confirmed that the evidence substantially favored
the null hypothesis. These new findings mesh with failures to replicate language-group
differences in congruency-sequence effects, inhibition-of-return, and working memory
capacity. The evidence that bilinguals are better than monolinguals at attentional control
is equivocal at best.

Keywords: bilingualism, inhibitory control, selective attention, visual search, ambiguous figures

INTRODUCTION

Fluent bilinguals have acquired two lexicons and two grammars and must be able to select
the intended words and rules as they switch back and forth between their two languages. This
is usually viewed as non-trivial because both languages are coactivated during production and
comprehension (see Paap, 2019 for a review). For example, the intention to say “gato” may
coactivate “cat” in a Spanish-English bilingual. A common assumption (e.g., Blumenfeld and
Marian, 2014) is that the competition from “cat” is usually resolved early by inhibiting the CAT
representation within the lexicon. Furthermore, having nipped CAT in the bud the articulatory
features for producing “cat” may not always emerge as a competitor that requires response
inhibition. If the inhibitory control exercised at either the lexical or articulatory-response levels
involves a general (domain-free) inhibitory-control mechanism and if this recruitment of general
inhibitory control is functionally greater than the levels sustained by monolinguals in speaking
a single language and in pursuing the myriad of goals required by everyday life, then bilingual
advantages in inhibitory control would result. As we have repeatedly speculated (Paap and
Greenberg, 2013; Paap et al., 2015; Paap, 2018, 2019) this logical chain can be broken at any link and
consequently it should not be a surprise that the evidence for a bilingual advantage in inhibitory
control is weak, at best.

The main purpose of this article is to consider Bialystok et al. (2009) revised hypothesis that
bilingual advantages occur in attentional systems rather than in general inhibitory control.

The roots for this shift can readily be traced to the 2009 review by Bialystok et al. (2004) that
opens the debate with a section headed Inhibition or selection? The authors point out that most
(but not all) of the evidence taken to support the assumption that bilingual language control
recruits a healthy dose of inhibitory control merely supports the less specific assumption that
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there is ubiquitous competition between the two languages
that must be resolved by some conflict resolution mechanism:
inhibition, selection, or some combination of mechanisms.
Bialystok (2017) is convinced that “Joint activation requires that
there is a mechanism for language selection to assure that use of the
target language proceeds fluently.” Furthermore, “the assumptions
are that this mechanism is part of a domain-general process and
that the constant engagement of this process for language selection
fortifies it for other purposes, including non-verbal ones. . .” p. 234.
A key outcome of this analysis is that in the absence of additional
qualifying assumptions regarding the nature of specific tasks,
both the original hypothesis based on inhibition and the revised
hypothesis based on selection make the same prediction (viz., a
bilingual advantage) for non-verbal interference tasks such as the
Simon, spatial Stroop, or flanker.

We will return to this issue in the discussion, but suffice to
say that because the revised hypothesis, like the original, assumes
that joint activation and competition involves some form of
general-purpose control that is strengthened through practice
(bilingual experience), the vast literature comparing bilinguals
to monolinguals on tests requiring conflict resolution remain
relevant to the strength and scope of bilingual advantages in
cognitive control. That literature will be reviewed next followed
by a review of studies using tasks that more distinctively focus on
attentional control.

LANGUAGE GROUP DIFFERENCES IN
INTERFERENCE CONTROL

Average Effect Sizes
An early meta-analysis appeared to provide compelling evidence
(g = 0.40) for bilingual advantages in cognition (Adescope
et al., 2010). However, the analysis was very broad in scope
and with hindsight very likely influenced by the file-drawer
problem and publication bias. Direct evidence for these biases
was provided by de Bruin et al. (2014). Both Hilchey et al.
(2015) and Sanchez-Azanza et al. (2017), who used a bibliometric
approach, speculated that the 2013 article by Paap and Greenberg
may have been a turning point whereby challenges to the
bilingual advantage hypothesis were more common than not, in
part, because of a decrease in bias in the published literature.
No doubt the steady drum beat of null results in large-scale
studies (with highly proficient and balanced bilinguals and ages
ranging from six to older adults) published by the Basque Center
on Cognition, Brain, and Language (BCBL) also contributed
to this shift (Antón et al., 2014, 2016; Duñabeitia et al.,
2014).

More recent meta-analyses converge on the conclusion
that significant bilingual advantages in inhibitory control are
relatively rare (15% of all comparisons in Paap, 2018), that the
average effect sizes are very small, and that there remains some
amount of publication bias, which when taken into account,
completely eliminates the effect. In Paap (2018) the mean
advantage across 146 comparisons using interference scores
derived from non-verbal interference tasks was +4.4 ms. If
the 146 effect sizes are treated as a single sample the Bayes

Factor (using the JZS prior and Rouder’s calculator) favoring the
alternative is only 2.9.

A meta-analysis by Lehtonen et al. (2018) examined bilingual
advantages across six domains of executive functioning (with
very similar outcomes), but their analysis of inhibitory control
is central to this discussion. Their meta-analysis used a wider
definition of inhibitory control tasks and identified a more
heterogeneous set of 212 effect sizes compared to Paap (2018).
The Lehtonen et al. (2018) analysis was restricted to comparisons
that were independent, yielded standardized effect sizes, and
based on participants 18 years and older. In contrast, the Paap
meta-analysis included participants 6 years and older. The mean
effect size for inhibition in Lehtonen et al. (2018) was Hedge’s
g = +0.11 [+0.05, +0.18], but when corrected for bias the
mean was no longer significant, g = −0.02 [−0.12, +0.08]. The
differences between the two meta-analyses are complementary
and the fact that they converge on the same outcome leads to
the conclusion that the evidence for a bilingual advantage in
inhibitory control is extremely weak.

Advantages in the Elderly?
The topic editors have called for a greater focus on possible
developmental effects. In that regard Bialystok (2017) often
characterizes the research on inhibitory control as showing more
consistent bilingual advantages in older adults compared to
younger adults. When the two “extraordinary” outliers1 of older
adults from the Bialystok et al. (2004) study are excluded there are
19 other comparisons using non-verbal interference tasks in the
Paap (2018) database of non-verbal interference tasks. Only two
show significant bilingual advantages and the mean advantage
of +9.7 ms has a 95% CI that straddles zero (CI: −0.4, +19.9).
Seniors do not show consistent bilingual advantages.

Advantages in School Children?
Similarly, there is a lore that bilingual advantages in inhibitory
control occur consistently in children. In order to test this view
the Paap (2018) database was searched for studies using children
in the range of 6–15 years old. Only 3 of 30 comparisons
produced significant bilingual advantages and the mean bilingual
advantage was +2.2 ms (95% CI: −7.9, +12.2). School children
do not show consistent bilingual advantages in these non-verbal
interference tasks.

Task Differences?
Another challenge to testing for bilingual advantages is that
the interference scores derived from different non-verbal
interference tasks often show weak and non-significant inter-
task correlations (Paap and Sawi, 2014) and low test–retest
reliability (Paap and Sawi, 2016). Even more disconcerting the
arrows version of the flanker task does not correlate with
original letter version (Salthouse, 2010). A more promising
outcome was recently reported by Paap et al. (unpublished) in
a study comparing four closely matched versions of the Simon,
horizontal spatial-Stroop, vertical spatial-Stroop, and flanker

1See Paap (2018) for the criterion used to identify outliers and a discussion of how
strikingly anomalous these Simon effects were for older monolinguals.
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tasks in that the interference scores from the first three showed
moderate inter-task correlations (r’s ≈ 0.4). The flanker task did
not significantly correlate with the Simon or spatial Stroop tasks
suggesting that the nature of conflict resolution may depend
on whether the conflict arises from two dimensions of the
same stimulus or between adjacent but separate stimuli. The
latter characterizes the flanker task because participants must
select the relevant central arrow among the irrelevant flankers
using visuospatial attention. Many theorists have suggested that
conflict in the flanker task is resolved by spatially attending to
the target stimulus (e.g., Magen and Cohen’s, 2007, dimension-
action model). If spatial attention is construed as a filter or
the upregulation of task relevant information then it clearly
contrasts with inhibition. This interpretation of the flanker task is
timely with respect to the bilingual advantage controversy given
Bialystok’s (2017) reframing of the hypothesis from inhibition to
attentional control. However, it must be noted that there were no
bilingual advantages in inhibitory control in any of the four tasks
reported by Paap et al. (unpublished).

LANGUAGE GROUP DIFFERENCES IN
OTHER TASKS REQUIRING
ATTENTIONAL CONTROL

Bialystok’s revised hypothesis assumes that when lexical entries
in the two lexicons are co-activated that it is the disengagement
of attention from the non-target language, not inhibition, that is
the mechanism responsible for facilitating selection of the target
language and the mechanism that creates bilingual advantages in
domain general cognitive control. The evidence for this revised
hypothesis has been drawn from the five tasks discussed in
this section. The first two, conjunctive visual search and the
ambiguous figures task are quite new to the bilingual advantage
debate and will be the focus of the new studies reported below.

Conjunctive Visual Search
In a test of the bilingual advantage in selective-attention
hypothesis Friesen et al. (2014) reported that bilingual adults
outperformed their monolingual counterparts in a conjunctive
visual search task. Participants were instructed to decide as
quickly and accurately as possible whether a specified target
was present among an array of distractors. Displays including
a target were designated as target-present trials whereas
displays consisting only of distractors were designated as target-
absent trials. Task difficulty was manipulated by search type:
(target present vs. target absent), discriminability (low vs.
high), and distractor set size (5, 15, 25). Latency was the
primary dependent measure with faster RTs indicating better
performance.

As expected significant bilingual advantages in search time
occurred only in the conjunctive search condition that had
low discriminability stimuli. For unexplained reasons, results
only for the target-present trials were reported and analyzed.
The significant group differences led Friesen et al. (2014)
to conclude that bilingualism improves top-down selective
attention in young adults. More specifically the extensive

practice bilinguals receive at disengaging attention from the
non-target language produces far transfer in the form of an
enhanced ability to disengage attention from the distractors and
more quickly find the target in the conjunctive visual search
condition.

Given the difficulties in replicating studies showing
bilingual advantages in EF it is perhaps no surprise that
Ratiu et al. (2017) failed to find any bilingual advantages in
conjunctive search across a series of three experiments that
use eye movements to separate search time from decision
time during conjunctive visual search. The study is data
rich and if bilingualism confers advantages in selective
attention a consistent difference should have been observed
across the three experiments. The only reliable group
difference was observed in Experiment 3 and that was a
bilingual disadvantage in decision times. Ratiu et al. (2017)
conclude that their results show no bilingual advantages in
attentional guidance, response initiation or overall search
performance.

Although the Ratiu et al. (2017) results are very consistent
across all three of their experiments and test the same research
question as Friesen et al. (2014) (viz., Are bilinguals better
than monolinguals in conjunctive visual search under difficult
conditions?), their materials and procedures were quite different.
Thus, one purpose of the present study was to conduct a
close replication of the critical conditions of the Friesen et al.
(2014) search task. Another failure to replicate would deepen the
skepticism that bilinguals show consistent advantages in selective
attention, at least as reflected in performance during conjunctive
visual search.

The Ambiguous Figures Task
It has been proposed that the ambiguous figures task also
provides a measure of selective attention (Chun-Fat-Yim et al.,
2017). Young adult participants were presented with seven
sequences of 11 drawings one at a time. The first drawing in
each set was an unambiguous object that gradually changed
into a different unambiguous object. Based on prior testing
the sixth card was the most ambiguous. The instructions were
to predict the alternative object using the fewest number of
drawings. The series continued until a correct response was
made or the participant reached the last figure. The dependent
measure was the mean number of drawings it took to identify
the alternative object. Lower scores presumably reflect better
selective attention. Given that the bilingual group identified
the alternative object earlier on in the series compared to the
monolingual group, Chun-Fat-Yim et al. (2017) suggested that
bilinguals were better able to disengage attention from the salient
features consistent with the first interpretation to those consistent
with the second and evolving interpretation. Although Chun-Fat-
Yim et al. (2017) allow that the ability to disengage the focus
of attention in order to selectively attend to new information
“involves EF,” they emphasize that it is not equivalent to EF and “is
not defined by its components such as inhibition” p. 371. A second
purpose of the present study is to conduct a close replication of
the Chun-Fat-Yim et al. (2017) study using the same ambiguous
figures task.
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Congruency Sequence Effects
Grundy et al. (2017) further pursued the hypothesis that
bilinguals are better than monolinguals at disengaging attention
by comparing the magnitude of congruency sequence effects
(CSEs). CSEs are robust context effects observed in many choice
RT tasks that include both congruent and incongruent trials.
Alternative names include the Gratton Effect (Gratton et al.,
1992), sequential congruency effects, and conflict adaptation
effects. The term CSE will be used descriptively to describe
a specific outcome, namely, that the congruency effect is
significantly smaller following incongruent trials than following
congruent trials. In their first two experiments using a flanker
task Grundy et al. (2017) observed no language-group differences
in the magnitude of the simple flanker effect, but bilinguals
did have significantly smaller CSEs compared to monolinguals.
The smaller CSE was interpreted as reflecting “. . ..more rapid
disengagement of attention and greater ability to refocus on the
current trial” p. 45. The findings are asserted to “. . .provide insight
into why some studies show bilingual advantages on executive
control tasks and some do not” p. 52.

Paap (2018) discusses several reasons why the Grundy et al.
(2017) results and interpretation should be discounted. First, the
results have consistently failed to replicate. See Table 3 of Paap
(2018) for descriptive and inferential statistics associated with 10
failures to replicate across three different laboratories. Second,
the Grundy et al. (2017) account does not mesh with Botvinick’s
influential Conflict Adaptation Model which assumes that CSEs
are the consequence of activating control plans for trial n based
on the amount of conflict detected on trial n-1 rather than a
potentially disruptive carryover effect from trial n-1 to n. Third,
the assumption that smaller CSEs are good and are caused by
a more rapid disengagement of attention and better ability to
refocus on the present trial produces a contradiction. Grundy
et al. (2017) reported null results (no group differences in the
magnitude of the CSEs) in their Experiment 3 which they suggest
is due to the relatively long response stimulus intervals “during
which all participants would have had sufficient time to disengage
attention” p. 51. But, this cannot be the case because the CSEs
were equally robust for both groups. If CSEs are the product
of carryover effects and if all participants had sufficient time to
disengage attention, then all participants should have CSEs near
zero. A related, but subtly different point is that CSE magnitudes
are unrelated to overall task performance2 and, consequently, do
not provide insights into the necessary and sufficient conditions
for predicting bilingual advantages that matter in everyday life.

Switch Costs
Grundy et al. (2017) point out that in cued switching tasks,
when the task shifts from one dimension (e.g., sort on color)
to another (e.g., sort on shape), participants must rapidly
disengage from information that was relevant and refocus
on information that was previously irrelevant. They cite

2When non-verbal interference tasks include an equal number of congruent and
incongruent trials the CSE (the smaller congruency effect following an incongruent
trial) is caused by a symmetrical speed-up on incongruent trials and slow-down on
congruent trials (see Figure 1 of Paap et al., 2016). The net result is that overall task
performance remains unchanged and independent of the magnitude of the CSE.

Prior and MacWhinney (2010) and Prior and Gollan (2013) as
showing that switch costs are smaller for bilinguals compared
to monolinguals. These two early studies showing bilingual
advantages are very difficult to replicate. For example, Paap
et al. (2017) reported null effects in a large sample study
using three-different switching tasks. More generally, Lehtonen
et al.’s (2018) meta-analysis based on 77 comparisons across
various types of switching tasks showed an average effect size
of g = 0.15 [+0.06, +0.24] that disappeared when corrected
for publication bias, g = 0.02 [−0.09, +0.14]. The results are
no different when the analysis is restricted to the clearly non-
verbal color-shape task with manual responses: Based on our
current database of 16 articles3 and 25 such tests the mean
bilingual advantage is 4.9 ms and the 95% confidence interval
straddles zero, t(24) = 0.87, p = 0.39, CI[−7,+16]. The apparently
robust bilingual advantage in switch costs reported in the seminal
article by Prior and MacWhinney (2010) has turned out to be
anomalous. If Grundy et al. (2017) are correct to characterize
switch costs as a valid measure of the disengagement of attention,
then the meta-analyses offer no support for the hypothesis of
bilingual advantages in attentional control.

Inhibition-of-Return (IOR)
In Posner’s cue-target paradigm (described in Klein, 2000) the
interval between the rapid onset of a peripheral cue and a later
target is varied. When the target appears in the cued location
the typical finding is a brief period of facilitation followed by a
longer period of inhibition known as inhibition of return (IOR).
According to Klein (2000), the appearance of IOR is dependent
on how quickly attention is endogenously disengaged from the
cued location. Even though using “inhibition” as a marker of
attentional control is somewhat ironic in the present context, it
appears that the relative timing of IOR provides a fairly direct
test of the hypothesis that bilinguals have learned how to rapidly
disengage attention. Grundy et al. (2017) cite Mishra et al.’s
(2012) report that high-proficiency bilinguals display IOR effects
at earlier SOAs than low-proficiency bilinguals as support for
this hypothesis. However, the Mishra et al. (2012) study did
not include monolinguals. In a study that actually did compare
bilinguals (n = 24) to monolinguals (n = 28) there were no
group differences in the time course of IOR (Hernández et al.,
2010). Furthermore, in a replication and extension of their earlier
work Saint-Aubin et al. (2018) tested a large sample of English–
French bilinguals and reported no effects of L2 proficiency on the
IOR. Saint-Aubin et al. (2018) concluded that there is no reliable
evidence that mastering a second language leads to faster or more
potent disengagement of endogenous attention.

Working Memory as Executive Attention
Bialystok (2017) asserts that working memory (WM) capacity,
conceptualized not as storage space, but as the extent to which
resources are available to control attention “. . .is compatible
with the evidence found across the life span for bilingualism-
dependent plasticity” p. 249. A recent meta-analysis by von
Bastian et al. (2017) evaluated this conceptualization of EF for

3The articles are listed in Table 2 of Paap (2018).
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bilingual advantages. A set of 88 studies with 108 independent
comparisons were included. The average effect size was g =+0.11
[+0.03, +0.19]. Considering the Bayes Factor associated with
each effect size there was a high degree of heterogeneity, mostly
null effects, and little evidence for the alternative hypothesis.
Neither age (children, younger adults, older adults) nor task
mode (verbal versus non-verbal) moderated the variability in
effect sizes. Lehtonen et al. (2018) also examined the WM domain
and their meta-analysis of 243 effect sizes yielded a mean effect
size of g =+0.07 [0.00,+0.13] that shifted to a disadvantage when
corrected for bias, g = −0.07 [−0.17, +0.03]. The Lehtonen et al.
(2018) meta-analysis reinforces the conclusion of von Bastian
et al. (2017) that the findings “challenge executive-attention
accounts of bilingual advantages.”

MATERIALS AND METHODS

Procedures
All participants completed the following activities in this order:
(1) the conjunctive visual search task, (2) the Raven’s test, (3) the
language background questionnaire, (4) demographic questions,
(5) the ambiguous figures task and (6) the multilingual naming
task (MINT) of productive vocabulary (Gollan et al., 2012).

Participants
The 141 participants were San Francisco State University (SFSU)
undergraduate students who participated for credit or extra
credit in a psychology course. The protocol was approved
by the SFSU Institutional Review Board. All subjects gave
written informed consent in accordance with the Declaration
of Helsinki. Participants were 18–29 years old. The language
background questionnaire is the same as that used by Paap et al.
(unpublished) and appears in the appendix to that article. The
means for bilinguals and monolinguals on several background
and language-use variables are shown in Table 1.

The groups do not significantly differ on the Raven’s measure
of general fluid intelligence, but the non-significant difference
favors the monolinguals. The results of the t-tests reported later
do not change if Raven’s scores are taken as a covariate. SES is

a composite measure of mother’s education, father’s education,
and family income. When we sample from the SFSU student
population the monolinguals typically have a significantly higher
degree of SES compared to the bilinguals. However, in this
population the measures of SES are never significantly correlated
with any of the measures of executive functioning and, indeed,
those correlations are often near zero (Paap and Greenberg, 2013;
Paap et al., 2014, 2017; Paap et al., unpublished). As reported in
the results SES did not significantly correlate with the measures
of selective attention. Variables that are uncorrelated with the
dependent variable cannot be the cause of a null result that would
otherwise show a bilingual advantage.

As shown in Table 1 the bilinguals actively use two languages.
On average their second most proficient language is self-rated
as a 5.2 and a rating value of 5 was labeled “Almost as good as
a typical native speaker on both everyday topics and specialized
topics I know about.” They use their other language about one-
third of the time. Their mean frequency of switching is 3.5 on
a five-point scale where 3 is “a couple of times a day” and 4 is
“several times a day.”

Visual Search Task
The visual search task was modeled on that used by Friesen
et al. (2014). Participants were instructed to search for a blue-
triangle target and to press the “1” key if it was present and to
press the “0” key if it was not. The visual arrays remained on the
screen until a response was made. The next visual array appeared
immediately after a response was made. The target randomly
appeared in one of the 26 locations on the screen. Given that
Friesen et al. (2014) reported a bilingual advantage only in the low
discriminability conjunctive search condition, the feature-search
and high discriminability conditions were omitted. Thus, search
type (target present vs. target absent) and distractor set size (5, 15,
25) were manipulated. In conjunctive search, two features (e.g.,
shape and color) need to be identified in the target stimulus (e.g.,
blue triangle) in order to distinguish it from the distractor stimuli.
The distractors were purple triangles and blue diamonds. The
targets and distractors have low discriminability because purple
is similar to blue and diamonds are similar to triangles. There
were 24 target-present trials and 18 target-absent trials. There

TABLE 1 | Differences between bilinguals and monolinguals on demographics and language use.

Bilinguals Monolinguals

Measure n Mean n Mean Diff SE t p

Age 79 22.3 44 21.4 0.9 0.48 +1.92 0.058

Ravens 77 8.2 44 9.1 −0.9 0.48 −1.89 0.061

SES 79 4.1 44 4.9 −0.8 0.23 −3.50 0.001

Most proficient language 79 6.4 44 6.5 −0.1 0.11 −0.71 0.479

English MINT 69 61.7 39 63.9 −2.2 0.70 −3.31 0.002

Second most proficient language 79 5.2 44 0.8 +4.4 0.24 18.09 <0.001

% of time use most proficient 79 65.4 44 98.6 −33.2 3.31 −10.0 <0.001

Language switches per day 79 3.5 44 0.7 +2.9 0.22 12.98 <0.001

Diff, Group Difference; SE, standard error.
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were six displays in each combination of number of distractors
and positive versus negative trials. The 42 displays were presented
in a different random order for each participant.

Ambiguous Figures
In the ambiguous figures task participants were presented with
seven sequences of 11 black-and-white line drawings. For each
sequence the drawings were presented one at a time. The
participant sat about 45 cm away from a Dell computer screen
and each of the line drawings projected a visual angle of about
6.0
◦

. In each set of figures, the first was an unambiguous object
that morphed in discrete steps into a different unambiguous
figure. Participants were shown the first figure and were
prompted with the label that most observers readily see, for
example, “most people see this drawing as a seal.” As each
successive figure from the series was presented they were asked
“Does it still look like a seal?” If the participant indicated that it
no longer looked like the start object, they were asked to guess
what it might be morphing into. The first dependent variable
for this ambiguous figures task (AF1) was the trial number of
the drawing that no longer looked like the start object. The
sequence continued until the participant correctly identified the
new object. The second dependent variable (AF2) was the trial
number of the drawing that was correctly identified as the new
object.

To illustrate the difference between the variables consider the
following scenario. A participant is shown the first figure of the
seal/horse set and told that most people see a seal. As second,
third, and fourth figures are shown the participant continues to
report seeing a seal, but when shown the fifth figure from the
sequence she says it no longer looks like a seal. Her AF1 score for
this set is therefore “5”. If her response to the follow-up question
is that it now looks like a horse, then her AF2 score would also be
“5.” However, if she does not guess the identity of the new object
until she is shown the seventh figure, then her AF2 score would
be “7.” If the participant was unable to correctly identify the new
object after seeing the 11th and last figure in the sequence the AF2
score was assigned a value of 11.

Given the assumptions of Chun-Fat-Yim et al. (2017)
higher scores signal poorer ability to disengage attention. All
participants saw the sets in the following order: Seal/Horse,
Old Man/Lady, Apple/Face, Rat/man, Lady/Sax Swan/Squirrel,
Body/Face. Chun-Fat-Yim et al. (2017) did not prompt their

participants with the label of the start object and used only the
second dependent measure. During pilot testing we discovered
that some participants did not correctly recognize the start object
or saw it as a visually similar but different object. Although
we were reluctant to deviate from Chun-Fat-Yim et al.’s (2017)
procedure, the upside is that the two dependent variables may
reflect two stages of selective attention: a disengagement of the
salient features that promote the interpretation of the start object
(AF1) versus an engagement of the salient features associated
with the other object (AF2).

RESULTS

Visual Search
Search times less than 200 ms or more than 2.5 standard
deviations above the participant’s mean for each condition were
removed as were incorrect responses. This was identical to the
procedures used by Friesen et al. (2014) Trials consisting of a
target with no distractors provide a measure of the speed of basic
perceptual-motor processes. There was no difference between the
groups on these trials, t(115) =−1.14, p = 0.257.

Three-way mixed ANOVAs were performed separately on
the RT and proportion correct (PC) data with Language Group
(bilingual vs. monolingual) as a between-subjects factor and Trial
Type (target present vs. target absent) and Number of Distractors
(5, 15, 25) as repeated measures. The means and SEs in each
condition are shown in Table 2. As expected, the RT analysis
showed a significant main effect of Trial Type, F(1,115) = 140,
p < 0.001 whereby it took longer to respond when no target was
present and participants always had to search the entire display.
Likewise the significant main effect of Number of Distractors,
F(1,115) = 382, p < 0.001 confirmed that search times increase
as the number of distractors increase. However, there was no
significant main effect of Group, F(1,115) = 0.03, p = 0.854,
nor was Group involved in any significant interactions. Figure 1
shows the mean search time (for each group) as a function of
the number of distractors for target-present and target-absent
trials. Visual inspection confirms that there are no trends favoring
bilingual advantages in search time.

Given that Friesen et al. (2014) obtained bilingual advantages
only in the low discriminability condition it is important to show
that the low discriminability displays used in the present study
produced comparable levels of difficulty. The means (estimated

TABLE 2 | Means and standard deviations for reaction time and proportion correct for monolinguals and bilinguals in each condition defined by trial type and number of
distractors.

Positive trials Number of distractors Negative trials Number of distractors

0 5 15 25 5 15 25

RT (SD)

Bilingual 617 (8) 812 (24) 1046 (28) 1358 (44) 969 (30) 1512 (54) 1886 (73)

Monolingual 655 (30) 824 (37) 1097 (54) 1273 (54) 961 (50) 1482 (76) 1881 (96)

PC (SD)

Bilingual 0.98 (0.06) 0.97 (0.09) 0.89 (0.15) 0.87 (0.14) 0.97 (0.07) 0.97 (0.08) 0.95 (0.09)

Monolingual 0.97 (0.09) 0.97 (0.07) 0.89 (0.12) 0.85 (0.16) 0.94 (0.17) 0.93 (0.17) 0.92 (0.18)
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FIGURE 1 | Mean search lime as a function of the number of distractors on target present (left) and target absent (right) trials. Errors bars are 95% confidence
intervals.

from Figure 3 of Friesen et al. (2014) and averaged across both
language groups) for positive trials with 5, 15, and 25 distractors
were about 980, 1300, and 1460 ms, respectively. Based on these
values the slope of the best fitting straight line was 24 ms and this
is very close to the 25 ms slope obtained for the positive trials in
the present study. It seems that the conjunctive search conditions
in the two studies are equally difficult.

Slope is arguably a purer measure of the ability to disengage
and re-engage attention than overall search time. Consequently
the slope for each participant across set sizes of 5, 15, and
25 distractors were computed for positive and negative trials
separately (Pfister et al., 2013). Independent t-tests on these
individual slopes compared language groups and showed no
difference for either positive trials, t(119) = −0.55, p = 0.581, or
negative trials, t(116) = 0.27, p = 0.781.

The mean proportion correct (PC) and SDs in each condition
are shown in the bottom part of Table 2. The three-way mixed
ANOVA showed no significant main effect of Language Group,
F(1,115) = 2.274, p = 0.134; nor was Group involved in any
significant interactions with Number of Distractors or Trial Type.

Continuous Measures of Bilingualism
Rather than relying exclusively on categorizing participants as
bilinguals, monolinguals, and undetermined; the entire sample
can be used to examine the relationships between aspects
of bilingualism (proficiency of the less dominant language,
percentage of most used language, frequency of daily switching)
and the measures of selective attention (RT, slope, and PC). These
bivariate correlations are shown in Table 3 and no aspect of
bilingualism significantly predicts performance in the search task.

Ambiguous Figures
The first dependent variable, AF1, was the mean number of
drawings examined before it no longer looks like the start object.

The means for monolinguals (n = 43, M = 4.0) and bilinguals
(n = 79, M = 4.1) did not significantly differ, t(120) = −0.247,
p = 0.806. The second dependent variable, AF2, was the mean
number of figures examined before correctly identifying the
second object. Again, the means for monolinguals (M = 6.3) and
bilinguals (M = 6.5) did not differ, t(120) =−0.735, p = 0.464, on
this dependent variable either.

Despite the change in procedure that led to the addition of
the first dependent variable, the overall mean of the ambiguous
figure that yielded a correct identification of the new object was
6.4 in both studies. Our results offer no evidence of a bilingual
advantage in the disengagement of attention. The continuous
measures of bilingualism reported for the visual search task were
also correlated with both dependent variables in the ambiguous
figures task. All six correlations had magnitudes less than 0.09
and, consequently were not significant despite an N of 128.

Bayes Factor Analyses
Bayes factor analyses calculate the ratio of probability of the null
hypothesis given the data to the probability of the alternative
given the data. The means and t values for the tests reported
above were entered into Rouder’s Bayes Factor (BF) calculator
(Rouder et al., 2009)4 using the default prior of r = 0.707. All
of the Bayes factor analyses are greater than 3 which according
to Jeffrey’s (1961) guidelines provide substantial evidence for the
null hypothesis: overall search RT (4.5), overall search PC (4.7),
slope on target trials (4.3), slope on no-target trials (4.7), AF1
(4.5), and AF2 (4.8).

Correlations Between Measures
Table 4 shows the within and between task correlations for
the visual search and ambiguous figures tasks. The target only
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TABLE 3 | Correlations between aspects of bilingualism and performance measures in the visual search task for all 127 participants.

RT PC Slope

Predictor r p r p r p

Proficiency of second most proficient language +0.004 0.965 −0.041 0.646 −0.017 0.851

Percentage use of most used language −0.062 0.486 +0.083 0.356 +0.148 0.096

Frequency of daily switches −0.048 0.591 −0.037 0.681 −0.033 0.761

RT, reaction time; PC, proportion correct; r, Pearson correlation; p, probability.

condition is the mean for the displays consisting of a single
target with no distractors. Individual differences in the target
only condition are likely to reflect differences in basic perceptual-
motor processing. The correlations of the target only condition
with the two slope measures are near zero and this is consistent
with the assumption that search rate is independent of basic
speed of processing. The correlation between the target-present
and target-absent slopes is significant, but small, suggesting non-
trivial differences in how the two types of displays are searched.
This is consistent with the version of the guided search model
developed by Chun and Wolfe (1996) that posits the setting of
an activation threshold that terminates a non-exhaustive search
more often for target absent trials than those where the target is
present.

Turning to the two dependent variables measured in the
ambiguous figures task it is not surprising that they are highly
correlated as no longer seeing a figure as the start object should
facilitate being able to organize the features into a new object.
Of primary interest is whether there are cross-task correlations
that would support the possibility that both tasks are tapping
into a shared attentional control mechanism. But, as evident in
Table 4 neither slope measure significantly correlates with either
AF measure. There is a significant correlation between the target
only RT and the first AF measure, but there is no obvious reason
why general processing speed should be related to a judgment
made under no time pressure.

DISCUSSION

The main empirical goal of this study was to conduct a close,
but not exact, replication of two studies interpreted to support
bilingual advantages in attentional control, particularly the ability
to disengage attention. The conjunctive visual search task that

TABLE 4 | Pearson correlations between specified measures from visual search
and ambiguous figures task.

Present slope Absent slope AF1 AF2

Target only −0.05 +0.01 +0.20∗ +0.13

Target present slope +0.21∗ −0.08 +0.07

Target absent slope +0.04 +0.15

AF1 +0.67∗∗

AF2 1

AF1, ambiguous figure 1 (no longer looks like the start object); AF2, ambiguous
figure 2 (correct identification of the new object).

yielded a bilingual advantage in Friesen et al. (2014) showed null
results in the present experiment despite the fact that the studies
produced nearly identical slopes of search time as a function
of number of distractors. Furthermore, by examining slopes,
target-absent trials, Bayes factors, and continuous measures
of bilingualism the present study provided more tests of the
hypothesis. Thus, the present study, together with the null results
reported by Ratiu et al. (2017) seriously dampen the likelihood
that bilingual advantages will consistently occur in search tasks.

The close replication of the Chun-Fat-Yim et al. (2017) study
yielded overall means for identifying the new object that were
identical in the two studies, but the present study showed no
differences between bilinguals and monolinguals. The present
study added a dependent variable (AF1, the drawing that no
longer looks like the start object) that potentially separates
attentional disengagement from re-engagement, but still no
group differences were observed. One possible reason for the
group differences reported by Chun-Fat-Yim et al. (2017) is
that their bilinguals had higher maternal education, marginally
higher fluid intelligence (p = 0.051), and a higher proportion of
immigants.

The Revised Hypothesis Revisited
Bialystok’s revised hypothesis is plausible and quite appealing, but
before it can be rigorously tested it needs further specification.
The looseness of the construct is reflected in the absence of
a pater familias as in different articles and across different
contexts the revised hypothesis is described in terms of executive
attention, selective attention, or the disengagement of attention.
Here we will introduce the term attentional control for a
hypothetical construct that is presumed to be critical for
bilingual language control. What is its essence? Are there
any defining features or are there only characteristic features?
If an important aspect of attentional control is the ability
to focus on task relevant information and ignore irrelevant
distracting information, then different types of selection are
possible. In a flanker task a designated target object can be
selected at the expense of the irrelevant object by spatially
attending to the target. At least in theory, selection could also
be the conflict resolution mechanism in a Simon task, but
not via spatial attention because the task relevant information
(e.g., color) and irrelevant information (e.g., location) are
two attributes of the same stimulus. Neither of these types
of selection seems to have much in common with selecting
the lexical entry “gato” (or the entire Spanish lexicon) and
leaving “cat” (or the entire English lexicon) behind when asked
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to name a picture of a domesticated feline in Spanish. The
point here is that shifting the conflict-resolution mechanism
from inhibition to attentional control doesn’t solve the problem
of identifying the specific mechanism(s) used during bilingual
language control and the degree to which the mechanisms are
shared with non-verbal tasks.

In the absence of a more detailed proposal regarding the
attentional control involved in bilingual language control, it
is difficult to predict when bilingual advantages should occur
and when they would be unlikely to occur. This allows the
non-productive practice of attributing bilingual advantages
to attentional control when differences occur and ignoring
the null results. Are we foisting the results of the non-
verbal interference tasks on Bialystok’s revised hypothesis?
Beyond the logical argument drawn above consider that
Bialystok (2017) includes the antisaccade, stop-signal, color-
shape switching, and Simon as tasks that fall “broadly into a
category of attention tasks” (p. 241). Furthermore, Bialystok
suggests that the attentional system enhanced by bilingualism
is similar in many respects to Posner’s “executive attention.”
Yet executive attention is operationally defined in the seminal
article by Fan et al. (2002) as the flanker interference
effect (incongruent RT – congruent RT) in the attentional
network task (ANT). Furthermore, Fan et al. (2002) state
that executive control is defined as resolving conflict among
responses.

To reiterate, if resolving the conflict between a bilingual’s
two languages is the presumed cause of bilingual advantages
and if this conflict-resolution mechanism recruits a general
control ability, then bilingual advantages should occur in a
wide array of non-verbal interference tasks. The only way
to avoid this prediction is to make an additional post hoc
assumption that only a subset of interference tasks use
the general-purpose attentional control mechanism as a
conflict resolution mechanism. Therefore, what is needed
is a principled way to sort interference tasks into those
where the conflict resolution mechanism is clearly attentional
selection (and according to the revised hypothesis should
show bilingual advantages) and those where conflict resolution
relies on inhibition or some other task-specific mechanism
(and consequently, according to the revised hypothesis
should not show bilingual advantages). One step toward
clarifying a construct of attentional control might use latent-
variable analyses to determine if measures assumed to reflect

attentional control all load on a common factor even if
subsets are separable. If no such latent structure exists, then
the hypothetical attentional-control construct may simply be
chimerical.

CONCLUSION

The review of the relevant prior literature showed that significant
bilingual advantages in executive functioning (and especially
the inhibitory control component) were relatively rare and that
the average effect size was very small and plausibly due to
file drawer and publication biases. Despite the exciting early
reports of bilingual advantages, advantages in inhibitory control
for bilinguals age six and older and for bilinguals who are
older adults are more myth than reality. The proposal that
bilingual advantages are rooted in attentional control rather
than executive functioning is worthy of investigation, but the
challenges are mounting rapidly as this revised hypothesis
is tested in conjunctive visual search, the ambiguous figures
task, CSEs, and IOR. Furthermore, to the extent that tasks
such as the flanker or color-shape switching also recruit
attentional control, these too should consistently produce
bilingual advantages, not null results and effect sizes that straddle
zero.
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For bilinguals, it is argued that a cognitive advantage can be linked to the constant
management and need for conflict resolution that occurs when the two languages
are co-activated (Bialystok, 2015). Language mode (Grosjean, 1998, 2001) is a
significant variable that defines and shapes the language experiences of bilinguals and
consequently, the cognitive advantages of bilingualism. Previous work, however, has
not sufficiently tested the effects of language mode on the bilingual experience. In this
brief conceptual analysis, we discuss the significance of language mode in bilingual
work on speech perception, production, and reading. We offer possible explanations
for conflicting findings and ways in which future work should control for its modulating
effects.

Keywords: language mode, language activation, cognitive benefits of bilingualism, language control,
multilingualism

INTRODUCTION

The claim that the knowledge and use of multiple languages gives rise to cognitive benefits is a
hotly debated area of research in psycholinguistics and bilingualism (see Barac et al., 2014; Blom
et al., 2017 for recent reviews). At any given point in time, and based on numerous psychosocial,
situational, and linguistic factors, a bilingual must decide which language to use and how much of
the other irrelevant language must be controlled or suppressed (Green, 1998). It is this constant
management and monitoring of more than one language system that may be most responsible for
the reported advantages in general executive functions (Bialystok et al., 2012; but see Hilchey and
Klein, 2011; Paap et al., 2015 for alternate views).

Although a bilingual’s two languages are constantly in a state of co-activation, Green and
Abutalebi’s (2013) Adaptive Control Hypothesis argues that the relative degree1 of such activation
for each language is dynamically adaptive. This hypothesis builds on the fact that bilinguals
vary regarding language use in several contexts (Green, 2011; Prior and Gollan, 2011) and links
this variation with underlying cognitive and neural control mechanisms. Green and Abutalebi
(2013) argue that the control mechanisms adapt in response to bilingual experiences and to the
recurrent demands placed on them in interactional situations. It might be the case that bilinguals
outperform their monolingual counterparts in some cognitive tasks because this advantage may

1By ‘degree of activation,’ we refer to the magnitude of language activation. While even today, it “remains to be determined
what it means to say that languages can be activated to different degrees” (Dijkstra, 2005, p. 199), a recent study by Incera
and McLennan (2018) found that differences in the timing of interference, but not in the magnitude of interference, led to
differential effects within and between languages.

Frontiers in Psychology | www.frontiersin.org March 2018 | Volume 9 | Article 366195

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2018.00366
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2018.00366
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2018.00366&domain=pdf&date_stamp=2018-03-20
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00366/full
http://loop.frontiersin.org/people/518120/overview
http://loop.frontiersin.org/people/515127/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-00366 March 16, 2018 Time: 15:37 # 2

Yu and Schwieter Language Mode

be a representation of their superior ability to be adaptive to
situational (e.g., experimental) needs. If this is the case, various
experiences with language mode may confound the implications
for a bilingual advantage. In order to study the nature of
these effects more accurately and directly, researchers must
take into account speakers’ language experiences thoroughly
(Luk and Bialystok, 2013; Schwieter and Ferreira, 2016). These
experiences are modulated by the limited capacity and goal-
directed selectivity of the human executive functions.

Grosjean (1998, 2001) proposed and developed a notion of
language mode which refers to the state of activation of the
bilingual’s languages and language processing mechanisms at a
given point in time. In other words, language mode concerns the
degree of activation of the two languages in a bilingual’s mind.
According to Grosjean, due to the influence of the environment,
bilinguals continuously and naturally find themselves on a
situational continuum of language activation, ranging from a
monolingual to a bilingual mode. Three hypothetical positions
can be visualized in this framework. When the bilingual is said to
be in or close to being in a monolingual mode, a base language
(i.e., the primary language being processed or produced at the
time, not necessarily L1 for a bilingual) is the most active in terms
of environmental activation (since the base language can also
be L2 for an unbalanced bilingual), while the other non-target
language is much less activated (but never totally deactivated).
When the bilingual moves on the continuum and stops at an
intermediate mode, the non-target language is more active than
in the monolingual mode, whereas the base language remains
the most activated language. When the bilingual is in a bilingual
mode, in which the two languages are utilized from time to time
in the form of code-switching or borrowings, the non-target
language is highly active (but not as active as the base language).
At all three positions, the base language remains fully active, as
it is the main language that governs language perception and
production.

Language activation is modulated by several variables
including participants’ characteristics. While language mode
focuses on environmental characteristics, participants’
characteristics including language proficiency and language
dominance may change the activation level of languages.
Dunn and Fox Tree (2014, p. 611) argued that “although
there was no interaction between language mode and bilingual
dominance, language mode can be made clearer when bilingual
proficiency is controlled.” Consequently, we discuss participants’
characteristics in this paper in cases where researchers are careful
to minimize their confounding influence.

Given that language mode plays an important role in language
activation, it likely should be considered a modulating factor in
the bilingual advantage debate. However, these possible effects
have been unintentionally ignored, oftentimes by employing
experimental designs that place and maintain participants in
an intermediate mode. This misrepresents the true bilingual
experience which consists of diverse interactions with and
placements on the language mode spectrum and consequently
uncovers findings that may be ambiguous or conflicting. Below,
we discuss the important role of language mode in research
on bilingual language activation, including speech perception,

speech production, and reading. We offer ways in which
studies investigating the cognitive advantages of bilingualism can
consider the role of language mode.

SPEECH PERCEPTION

In the area of bilingual speech perception, bilingual participants
from some studies (e.g., Spivey and Marian, 1999; Colomé,
2001) may have been closer to an intermediate mode on the
language mode continuum. Although the researchers examined
one base language throughout the experiment, a number
of confounding factors may have activated the participants’
other languages, consequently moving them away from the
monolingual endpoint. Although it is difficult and perhaps
impossible to place a bilingual in a complete monolingual mode
throughout a task, a few experiments have attempted to control
for language mode. In a lexical decision task, Soares and Grosjean
(1984) compared Portuguese-English bilinguals’ reaction times
(RTs) to words and non-words in English monolingual mode,
Portuguese monolingual mode, and code-switching bilingual
mode. Their results demonstrated that bilinguals were slower to
access code-switched words in the bilingual mode than they were
for words in the monolingual modes.

Similar findings were reported by Dunn and Fox Tree (2014)
whose study made strides toward controlling for language mode
effects. The study examined both English monolinguals and
English-Spanish bilinguals who were divided into two groups
before the experiment. Bilingual participants were randomly
yet equally assigned to either the bilingual mode group or the
monolingual mode group (consisting of monolinguals), and
their bilingual language proficiency was first roughly assessed
on an online survey during the online registration process (i.e.,
target questions about language ability were hidden in a variety
of questions), and then was further assessed by a language
dominance scale assessment and an individual interview after
the completion of the experiment, minimizing the influence of
confounding variables such as language dominance and language
proficiency. Therefore, all participants had little reason to expect
that their multilingual ability would be relevant for the study.
The researchers also scheduled data collection sessions at times
that minimized participants’ chance of encountering bilingual
speakers or bilingual situations in the laboratory.

Dunn and Fox Tree’s (2014) study used a matched-pair
design in the three experimental parts: in Part 1, all participants
including English-speaking monolinguals and Spanish-English
bilinguals were approached by a non-Latino experimenter and
were asked to perform an English lexical decision with all
instructions in English. In Part 2, all participants viewed a
silent video clip about the Pink Panther and were asked
to retell the story to the experimenter. In the monolingual
mode group, since the need for Spanish was not mentioned,
both the bilinguals and monolinguals should assume that their
retellings be done in English, an assumption on which they
acted corrected. However, in the bilingual mode group, bilinguals
were approached by a Spanish-speaking experimenter. They were
told in the instructions that Spanish retellings would enrich the
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database and were therefore asked to retell the story in Spanish. In
Part 3, all participants performed another English lexical decision
task. The results from the first lexical decision task (Part 1)
showed that RTs did not differ between the two language mode
groups. However, results from the second lexical decision task
(Part 3) suggested that language mode significantly affected RTs
such that bilinguals processed non-words slower in bilingual
mode than in monolingual mode. Further analyses demonstrated
similar RTs for English monolinguals and bilinguals in the
monolingual mode. This finding not only supported the language
mode hypothesis, but also appeared to diverge from Soares and
Grosjean’s (1984) argument that bilinguals, regardless of which
language mode they find themselves in, access words slower than
monolinguals. It is likely that these differential results can be
explained by the influence of several confounding factors in an
experimental context in which participants were not fully in a
monolingual mode.

In addition to the lexical decision task, evidence supporting
the notion of language modes comes from picture-word
interference tasks. Marian and Spivey (2003) found that in
a monolingual mode, interference from the second language
(L2) on the first language (L1) was not found, forming a
contrast with the cross-linguistic effects while in a bilingual
mode. However, interference from L1 to L2 was significant.
Using the same paradigm, Canseco-Gonzalez et al. (2010) found
that early Spanish-English bilinguals displayed inter-lingual
competition that was significantly larger when they were tested
in a bilingual mode (9.5% more fixations on the cohort than on
the unrelated object) than in a monolingual mode (5%). These
two studies suggest that not only language mode (environmental
characteristics) but also participants’ characteristics such as
language dominance and proficiency may modulate language
activation. Importantly, the location on the language mode
continuum will have a direct effect on language activation
in terms of speech perception with inter-lingual competition
becoming larger when the participants stay closer to the bilingual
mode.

SPEECH PRODUCTION

Language mode also exerts considerable influence on bilinguals’
language production. Jared and Kroll (2001) simulated a
monolingual mode in the first part of a picture-naming
experiment and found little activation of the non-target language
when participants expected to see only one language and were
given stimuli and instructions in the same language. This
consistently appeared to be the case except for when the
non-target language was the participant’s dominant language.
Nevertheless, when stimuli were given in both languages, as in
Hermans et al. (2011), cross-language phonological co-activation
appeared sensitive to the cognate status of the stimuli. These
results supported the modulating effects of language mode: the
higher the ratio of cognates to non-cognates, the higher the
activation level of the non-target language.

In another study by Boukadi et al. (2015), Tunisian Arabic-
French bilinguals named pictures in their L2 while ignoring

auditory distractors. Bilingual participants were all native
speakers of Tunisian Arabic who started learning French from
primary school. Their L2 proficiency was assessed by means of
self-ratings and a lexical decision task. In Experiment 1, the
non-target language (Tunisian Arabic) was entirely absent in the
experimental setting: all instructions were exclusively given in
French and the students were not informed that the research
was related to bilingualism until the end of the study. The
participants were asked not to use their native language under any
circumstances and to only communicate with the experimenter
in French. The target stimuli were line-drawings of common
objects and the auditory distractors were presented in French.
Four French words were selected for each picture to serve as
distractors based on the following conditions: phono-translation
(the distractor was phonologically related to the picture name in
L1); semantic (the distractor and target picture were semantically
related); phonological (the distractor was phonologically related
to the picture name in L1); and unrelated (the distractor had
no relation to the picture name). No significant differences
between the unrelated, phono-translation, or semantic condition
were observed, which indicated that lexical selection proceeded
in a language-specific way when the experimental setting was
maintained in a monolingual mode. More importantly, the
phono-translation effect remained insignificant even when L2
proficiency was taken into account. In Experiment 2, both
languages appeared in the task in order to create a bilingual
experimental setting, and bilinguals, who were selected from the
same pool as Experiment 1, knew that the research had to do with
a topic on bilingualism. They were allowed to speak in their L1
and were asked to name pictures in their L2 while ignoring an
auditory distractor in their L1. Although the explicit instructions
in Experiment 1 may have activated the irrelevant language,
breaking a purely monolingual environment, Experiment 1 still
created an environmental situation in which participants were
closer to the monolingual end on the continuum compared
with Experiment 2. In terms of the stimuli, Experiment 2
used the same pictures as in Experiment 1, but the auditory
distracters were in Tunisian Arabic (the semantic distractors
were the equivalent Tunisian Arabic translation of the French
semantic distractors in Experiment 1). The results showed that
RTs were significantly longer in both the phono-translation
(965 ms) and semantic condition (934 ms) compared to the
unrelated condition (918 ms). Taken together, the results of the
two experiments suggest that language selection during bilingual
speech production is a dynamic process modulated by language
mode; the closer to the bilingual end of the continuum, the more
activated the non-target language becomes. These findings also
support the notion that the language mode of the experiment has
modulating effects on the activation of bilinguals’ languages.

READING

Language mode also affects bilingual lexical access during word
reading, as shown in a study carried out by Dijkstra et al.
(2000). Dutch-English bilinguals with an average English learning
time of 11.4 years participated in an English lexical decision
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task including English-Dutch homographs and cognates, as well
as exclusively English control words. The total stimulus set
was composed of homographs (no semantic similarity across
languages), controls, English fillers, Dutch fillers, and non-words
(orthographically permissible in English and not homophonic
to Dutch words). The experiment included two parts, each
consisting of 28 blocks of 8 stimuli including one homograph
and one control item. In part 1, the remaining six item slots of
each block were randomly filled with only English fillers or non-
words, whereas in part 2, Dutch words were also included. The
participants received the same instructions and communication
with the experimenter (in English) for an English lexical decision
task, but they were explicitly told that word forms that exist in
both English and Dutch (homograph) required a “yes” response,
while words only belonging to Dutch required a “no” response.
After the experiment, all participants filled in a questionnaire to
assess their L2 (English) proficiency. In this regard, part 1 of this
experiment could be regarded as being close to a monolingual
mode. The results showed that the RTs for homographs in part 2
were considerably slower (613 ms) than in part 1 (575 ms). This
suggested that lexical selection took more time in the bilingual
mode than in the monolingual mode and that participant moved
closer to non-selective language activation. In addition, it should
also be taken into account that the transition from part 1 to
part 2 was rather abrupt, as RTs to interlingual homographs
(from 581 to 663 ms) were considerably slower immediately after
the transition. Consequently, encountering non-target language
items during the experiment changes the language mode and
exerts immediate and severe effects on bilingual lexical access
during reading.

In Experiment 3 of a study by De Groot et al. (2000), the
researchers mixed real words in the non-target language and non-
words in the target language, forming a comparison with their
Experiment 2 in which all the non-words were neither real words
in the irrelevant language nor were they a mixture of the two
languages. As a result, the participants responded to homographs
faster in Experiment 2 (557 ms) than in Experiment 3 (619 ms).
This provides support that the participants performed the task
differently depending on the language mode simulated in the
experiments: bilinguals processed words faster when the setting
was more language-specific. In another study, Lemhöfer and
Radach (2009) conducted a pure-German, a pure-English, and a
mixed lexical decision task on the same set of non-words. Results
showed that RTs varied according to the context of the task: in
the monolingual context, participants made more mistakes and
took longer to reject non-words that were more similar to the
target language; in the bilingual context, RTs were significantly
slower than RTs in the monolingual task with non-words that
resembled the participants’ less-dominant language being harder
to reject.

While some experiments have manipulated language mode
by changing the composition of the stimuli, other studies have
adjusted experimental settings of the task. Elston-Güttler et al.
(2005) modified language mode by showing films with narration
in different languages. They found that in an all-L2 sentence task
with L2 pre-task priming (a film in the L2), RTs were significantly
faster and decision thresholds were raised high enough to

eliminate observable L1 influence on the L2. However, cross-
linguistic interference was observed in the other experiment
group who had L1 pre-task priming (a film in the L1). More
recently, Khachatryan et al. (2016) manipulated the length of
stimulus presentation in an L1 semantic priming task. Most of the
subjects who saw stimuli presented for a shorter duration were
aware of the presence of L2 manipulation, whereas none of the
subjects in the other group were aware of this, placing the former
group closer to bilingual mode and the latter group closer to
monolingual mode. A significant facilitative effect of related word
pairs in L2 was found when stimuli presentations were shorter
but not when they were longer, indicating that the awareness of
covert manipulation of L2 can influence the language mode and
consequently what is measured in the laboratory. In short, these
experiments suggest that both the selection of stimuli and the
experimental contexts have the potential to modulate language
activation in reading among bilinguals, and that the level of
activation of the non-target language increases as the stimuli
involve more words in the irrelevant language or as the setting
moves closer to the bilingual context.

CONFLICTING FINDINGS

Although as shown above, several studies have reported on the
role of language mode and its influence on language activation,
there are contradictory findings. In our opinion, there are at
least two possible explanations for these conflicting results.
First, language activation may have been artificially induced by
the experimental paradigms. Some experiments claim to have
provided a “monolingual mode,” which in fact is an intermediate
mode in disguise. Since language mode is quite sensitive to
a wide range of factors, it takes lengthy efforts to create
a purely monolingual environment, and therefore movement
along the language mode continuum can be rather easy. For
instance, according to previous studies (e.g., Hermans et al., 2011;
Khachatryan et al., 2016), the subject’s awareness of the purpose
of the study or a small proportion of cognate filler items suffice
to activate the non-target language; hence making it arbitrary
to assert the non-selectivity of language activation in all modes
(see also Costa et al., 2000; Van Hell and Dijkstra, 2002; Duyck
et al., 2007). Furthermore, the presence of speakers of the non-
target language (e.g., bilingual experimenters or interlocutors
with whom participants may come into contact), the language
of all instructions, the discussion with or reports from other
participants, and even a certain location may all artificially
activate the non-target language to some extent, consequently
moving bilinguals away from a purely monolingual mode.

Furthermore, research specifically testing participants’
and languages’ characteristics including language dominance,
proficiency, and typology can explain some well-controlled
yet conflicting experiments. Studies have found that language
mode activation may vary when testing a dominant language
vs. less-dominant language or when comparing balanced
bilinguals to less-proficient bilinguals (e.g., Marian and Spivey,
2003; Lemhöfer and Dijkstra, 2004; Elston-Güttler et al., 2005;
Lemhöfer and Radach, 2009; Dunn and Fox Tree, 2014).
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Moreover, variability in bilingual proficiency remains one of
the main elements modulating non-target language activation
and of the network responsible for language control (Green,
2011). According to Abutalebi and Green (2007), cross-language
competition is greater among less-proficient bilinguals compared
to highly proficient bilinguals which explains why in a pure
monolingual mode (Colomé and Miozzo, 2010), the non-target
language is invariably activated. In addition, multilinguals whose
languages widely differ at lexical, grammatical, or phonological
levels showed smaller interference effects as other multilinguals
(van Heuven et al., 2011; Boukadi et al., 2015).

Green and Wei (2014) offer a similar account to speech
planning and the cognitive processes involved in speech
production, particularly in cases of code-switching. From a
competitive account, Green and Wei (2014, p. 509) argue the
importance of understanding “the interactional contexts of the
bilingual speaker.” Bilinguals utilize processes that are most
appropriate to certain situations and when they find themselves
code-switching, these switches are “coordinated cooperatively
and operate in a coupled or in an open-control mode. The
former permits alternations and insertions whereas the latter is
required for dense code-switching” (p. 499). For our purposes
here, Green and Wei’s (2014) work implies that certain situations
of multiple language use such as code-switching entail unique
demands on control mechanisms and we could hypothesize the
same for the unique demands needed as determined by many
factors, including language mode.

To have a fully monolingual mode, it seems best to recruit
both monolingual and bilingual participants so that the purpose
of studying a topic related to bilingualism would not be revealed
to the participants. Besides, during the experiment, the purpose
of the study should always remain unknown (although it may
be inadvertently disclosed after the critical experiments when
asking about things like language proficiency or background).
Alternatively, researchers can design several experiments to shift
the participants’ focus away from the study’s purpose or they
can invent a fictitious purpose as to prevent any activation of
the irrelevant language. Ideally, participants should be recruited
who have not academic knowledge of language selectivity,
bilingualism, or language activation. During the experiment, all
the experimental settings should be controlled carefully. For
instance, the environment of the study (such as the language
of the keyboard or computer system, posters on the wall, or
any visible written words) should be strictly controlled. The
experimenter should be highly proficient in the target language,
preferably an L1 speaker and all experimental instructions should
be given in that language as well. In addition, all materials
(both visual and audio) for the study should be in the target
language. The stimuli involved in lexical decision tasks should
avoid any homographs or cognates and written words can be
replaced with simple drawings in picture-naming tasks. In this

regard, it is easier for researchers who work on two typologically
different languages to simulate a more monolingual experimental
setting, but the language competition between two different
languages may be much weaker than that between two similar
languages.

Taking language dominance and proficiency into
consideration, it might be ideal to have a matched-pair design
in order to make reliable comparisons with the bilingual
mode. Consequently, the ideal location would be a place where
two languages are equally used and the community attitude
toward bilingualism should be positive. Ideally participants in
monolingual and bilingual mode groups should be matched on
their language proficiency in both languages, especially in L2.
This can easily be done post-experiment by conducting a series
of standardized tests on listening, writing, speaking, or reading
abilities.

CONCLUDING REMARKS

In line with Festman and Schwieter (2015) who argue that
bilingual language control and activation should be studied
using methods that include both mixed- and single-language
experimental blocks, we would like to underscore here the
importance of language mode as a confounding variable in
studies looking at bilingual language activation and consequently,
its implication for the cognitive benefits of bilingualism.
Language mode is an important variable that modulates language
activation. Simulating different points of the language mode
continuum will elicit different results in studies of bilingual
speech perception, production, and reading. It appears as
though the more monolingual the language mode is, the more
likely bilinguals will perform selective language processing.
Consequently, language mode modulates language activation
and alters the bilingual experience accordingly. However,
language activation is also modulated by the interplay of several
variables including task and participant characteristics making
it challenging to create a pure monolingual mode in which
selective language processing may occur. Language mode should
be invariably considered as a potential and possible influence
on multilingual experience. Given the importance and timeliness
of this issue, future studies should specifically test the role
that language mode plays in the bilingual experience and
the modulating effects it may have on the cognitive benefits
associated with bilingualism.
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