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Abstract

We tested how the bilingual processing system adapts to high attentional processing loads,
using a dual selective attention task. We also tested how this adaptation changes with matur-
ation, by comparing the performance of monolingual and bilingual children and adults.
Results showed equivalent performance on aspects of the dual attention task (auditory com-
prehension and visual task accuracy) for monolinguals and bilinguals in both age groups.
Reaction times from the visual task however revealed differences between groups, with
bilingual children’s responses significantly slower relative to monolingual children under
high processing load, but the bilingual adults’ performance equivalent to their monolingual
counterparts. The results suggest that the adaptation of bilingual selective attention changes
with maturation: high attentional processing demands lead to economising of the available
attentional capacity and task prioritisation in children, but these effects recede as the atten-
tional system fully matures, resulting in consistent optimal performance across elements of
multiple tasks in bilinguals.

1. Introduction

Bilinguals acquire and use their second language without apparent difficulties. This belies the
fact that bilingualism is a major processing demand for the cognitive system. Evidence shows
that the use of multiple languages leads to parallel activation and competition between them,
requiring the speaker to prioritise one and inhibit the non-target language(s) (Green, 1998).
These additional processing demands have been shown to lead to neuroplastic adaptation
in brain structure and function across the lifespan (Burgaleta et al., 2016; Hayakawa &
Marian, 2019; Kousaie & Phillips, 2012).

One particular domain where bilingualism has been shown to exert significant influence is
the domain of selective attention (Abutalebi et al., 2012; Bialystok, 2015). Yet, the exact mech-
anism of selective attention modulation in bilinguals remains a matter of debate. One recently
proposed view is that, instead of enhanced attentional capacity (or ‘executive attention’, cf.
Bialystok, 2017), adaptation to the demands of bilingualism reflects the process of redistribut-
ing the available resources to support optimal behavioural performance under the increased
processing load (Olguin et al., 2019; Phelps et al., 2022). This account is rooted in the general
concept of functional plasticity and degeneracy (Mason et al., 2015; Navarro-Torres et al.,
2021), a common feature in biological systems that enables their flexible adaptation to
changing environments. Such flexible adaptation allows the biological systems to perform
comparable function, or achieve equivalent performance, supported by different underlying
configurations (Edelman & Gally, 2001; Whitacre & Bender, 2010). This view of attentional
modulation in bilingualism is consistent with reports that neural differences between mono-
linguals and bilinguals have been observed even when they display equivalent behavioural
performance (Bialystok et al., 2005; Kousaie & Phillips, 2012; Olguin et al., 2019).

The current set of studies investigates further the notion of flexible functional adaptation of
selective attention in bilingualism. We test how the available attentional capacity is distributed
to support behavioural performance when the system is presented with a processing load
extending beyond the typical demands, and how this flexible adaptation changes with devel-
opment and maturation.

1.1. Selective attention in bilingualism

There is substantial evidence that the demands of learning and using multiple languages
modulate the neurocognitive architecture of selective attention. For example, bilinguals have
been shown to have stronger subcortical representation of fundamental frequency (F0) and
more consistent neural responses to attended syllables compared to monolinguals (Krizman
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et al., 2012, 2014), even when they have been exposed to different
combinations of languages (Skoe et al., 2017).

There is conflicting evidence, however, on the behavioural
consequences of these neural adaptations. One widely held view
is that the increased processing demands of managing multiple
languages lead to enhanced capacity for selective attention, result-
ing in better performance for bilinguals on selective attention
tasks (Bialystok, 2017). This hypothesis has been supported by
numerous behavioural studies across age groups and tasks
(Bialystok et al., 2012; Costa et al., 2008; Kovács & Mehler,
2009; Poulin-Dubois et al., 2011). However, it has also been chal-
lenged, with a number of studies and reviews not finding evidence
for differences in behavioural performance between monolinguals
and bilinguals (Antón et al., 2014; Giovannoli et al., 2020;
Kalashnikova et al., 2021; Paap & Greenberg, 2013), even when
using advanced techniques or extensive sample sizes (Jones
et al., 2021; Nichols et al., 2020). Other studies have argued that
any difference between groups can be attributed to confirmation
and publication bias or to variables other than bilingual experi-
ence (Namazi & Thordardottir, 2010; Paap, 2016).

One way of reconciling the evidence for neurocognitive adap-
tation with the mixed behavioural data might be to assume that
bilingualism creates a degenerate system (Green et al., 2006;
Mason et al., 2015; Navarro-Torres et al., 2021). The concept of
degeneracy is defined as structurally diverse components leading
to the same output, or performing the same function. In contrast
to the everyday meaning with negative connotations of decay,
degeneracy in the scientific sense is a desirable characteristic,
making systems robust and underpinning their capacity for adap-
tation (Mason et al., 2015; Whitacre & Bender, 2010). Given that
degenerate systems are functionally plastic, it is straightforward to
assume that the brain has the capacity for degeneracy, and can
provide reliable outputs despite inherent variation due to individ-
ual experience. In the context of the substantial variability and
complexity of bilinguals’ experiences (due to the well-established
influences of the age of acquisition (AoA), proficiency, exposure,
language similarity, usage context, etc. (Abutalebi et al., 2013;
Nichols & Joanisse, 2016; Timmer et al., 2021; Wei et al., 2015),
this will naturally lead to a non-trivial degree of variation in the
patterns of bilingual adaptation, which could go some way
towards explaining the mixed behavioural results seen in the
literature.

Another key assumption behind the view that flexible adapta-
tion to the demands of bilingualism reflects reconfiguration of
the available resources, rather than their enhancement, is that
this can be achieved in the context of finite selective attention cap-
acity. This acknowledges that human performance is supported by
a limited pool of attentional resources (Kahneman, 1973), which
can only process a restricted amount of information at any given
point (Broadbent, 1965; Clark & Dukas, 2003). Attentional
systems are typically flexible enough to accommodate increased
processing demands and maintain performance as long as total
capacity is not exceeded (Moray, 1967). Thus, even assuming
that the process of selecting the target language and inhibiting
the non-target one will itself utilise some of the existing atten-
tional resources in bilinguals (Dornic, 1980; Wickens, 2007),
this will still leave enough bandwidth for optimal performance
and explain why bilinguals can accomplish single behavioural
tasks with no apparent loss of performance relative to monolin-
guals. Indeed, it could be argued that neurocognitive adaptations
in bilingualism emerge precisely in order to enable bilinguals to
overcome the consumption of attentional resources by the

competing languages, and still maintain optimal behavioural per-
formance. Although underpinned by different mechanisms
(reorganisation rather than enhancement), this would converge
on the same widely accepted outcome of increased flexibility in
the usage of the available resources in bilinguals, enabling them
to do ‘more with less’.

Any attentional system, however, despite being flexible enough
to accommodate parallel processing when attentional demands
are not excessive, has limitations on the processing of multiple
tasks. Contrary to many examples of ‘multitasking’ in daily life
being achieved without noticeable deterioration of performance
(such as e.g., driving and maintaining a conversation), researchers
have found that dual tasks in experimental settings usually
hamper performance, often resulting in slower processing of a
second stimulus (Pashler & Johnston, 1998; Schubert, 2008;
Telford, 1931). This has been attributed to the need to execute
both tasks’ demands with a finite-capacity processor that can
only process a restricted amount of information at any given
point (Broadbent, 1965; Clark & Dukas, 2003; Kahneman,
1973) or a bottleneck preventing parallel processing at some
stage (Pashler, 1994).

However, despite this long-standing premise that performance
typically suffers to some extent under competing dual-task
demands (Treisman, 1969), the way this may interface with bilin-
gualism has been less clear cut. On the one hand, there have been
studies showing a protective effect of bilingualism when managing
competing tasks (Janic et al., 2020; Telner et al., 2008). These
studies used a visual search (Janic et al., 2020) and driving simu-
lation (Telner et al., 2008) as the primary tasks and counting
backwards or verbal tasks as the distractor task. Another combin-
ation of tasks, memory recall and card-sorting (Sörman et al.,
2017), has suggested a more nuanced effect of bilingualism.
Using this paradigm, a longitudinal study investigated the dual-
task costs of encoding and retrieval of a list of words while parti-
cipants performed a simultaneous card-sorting task. The results
showed lower costs for bilinguals in one condition (recall with
card-sorting at encoding and retrieval) but this was not consistent
across other conditions (recall with card-sorting at encoding or at
retrieval only) and across age groups. Another set of studies
(Bialystok, 2006; Bialystok et al., 2011) investigated the effect of
dual tasks on different modalities for monolingual and bilingual
groups, using semantic categorisation across visual and auditory
domains. In the first study by Bialystok et al. (2006), two semantic
categorisations were required (of letters/numbers or animals/
musical instruments) for both visual and auditory stimuli. Both
younger and older bilingual adults showed an advantage in one
section of the visual task; but not for an alternative version of
the visual task, nor in the auditory task. In the second study by
Bialystok (2011), two groups of 8 year olds performed one of
the semantic categorisation tasks in two modalities simultan-
eously and the only difference between the groups was the accur-
acy, but not response time, in the categorisation of the visual
stimuli. However, a separate study of younger and older adults
(Fernandes et al., 2007), combining memory recall of spoken
words with a visual distraction task using semantically similar
or unconnected words, found that bilingual participants in both
groups performed significantly worse in all conditions. The
authors attributed this bilingual limitation to the task’s depend-
ency on lexical access, which might advantage monolinguals
who have a larger vocabulary in their primary (only) language.
However, while noting that these existing studies on dual-task
performance in bilinguals offer a mixed picture, it is also worth
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bearing in mind that they use different combinations of tasks that
often span across different cognitive functions (e.g., visual search
and counting backwards in Janic et al., 2020, or driving and verbal
tasks in Telner et al., 2008), which makes it difficult to draw direct
comparisons or achieve uniform results across studies.

1.2. Current study

Given the lack of clarity from the existing literature, the aim of the
current study was to establish the impact of adding a secondary
task on the behavioural selective attention performance in bilin-
guals. Building on the findings that the processing system is flex-
ible and adaptive, allowing bilinguals to maintain optimal
performance on a single task (Olguin et al., 2019; Phelps et al.,
2022) we asked whether a further increase in processing demands
may tax the system to the extent that it would lead to differenti-
ation in performance on the secondary task, compared to mono-
lingual controls. If so, this would strengthen the interpretation
that bilingual adaptation reflects a distribution of the available
(finite) capacity, rather than its enhancement.

To avoid some of the potential issues raised with the existing
studies, we chose attentional tasks that were not explicitly depend-
ent on vocabulary size, and whose combined attentional load
could be varied incrementally. The primary task was a dichotic
listening task (Cherry, 1953), where the target story was presented
alongside varying levels of interference (from purely acoustic to
linguistic) that needed to be inhibited to attend to the target
story. This was the same design as used in our previous work
(Olguin et al., 2018, 2019; Phelps et al., 2022), which showed
equivalent behavioural comprehension in monolinguals and
bilinguals across all types of interference, but supported by a dif-
ferent configuration of neural activity in the two groups – which
was interpreted as an adaptive modification of the neural
mechanisms of selective attention in bilinguals, where the avail-
able capacity is redistributed to compensate for the increased
processing demands while still enabling optimal behavioural per-
formance. In the current study, the dichotic listening task was
presented simultaneously with a simple visual task assessing
inhibition and vigilance (Greenberg & Waldmant, 1993). The
dual task was deliberately designed so that the listening task
would take priority over the visual task in conditions of divided
attention. Interest was sustained in the listening task by using
stories which were unpredictable and entertaining. Furthermore,
target story narratives continued across testing blocks, but were
presented with different levels of interference in the non-attended
ear, in order to maintain interest while adding variety and a range
of difficulty across the whole task. By contrast, the visual task was
repetitive and simple; with the same stimuli presented in a ran-
dom order within each block. Finally, in the dichotic listening
task, participants were instructed explicitly to listen carefully in
order to answer comprehension questions at the end of each
block; whereas in the visual task there was no feedback or per-
formance assessment.

Our primary interest in this study was in the performance of
bilingual participants, as compared to their monolingual counter-
parts, across the two tasks and across different levels of interfer-
ence. Following our earlier studies, participants were presented
with different types of dichotic listening interference (no interfer-
ence, acoustic interference, linguistic interference), thus manipu-
lating the processing load required to separate the attended
from the unattended streams (cf. multimode accounts of selective
attention, Bronkhorst, 2015; Johnston & Heinz, 1978). We

expected that this variation in the type of interference would
not necessarily impact the dichotic listening performance in
either group, replicating our existing findings (Olguin et al.,
2018, 2019; Phelps et al., 2022). However, the additional load of
the dual task was expected to impact performance on the second-
ary task more strongly in bilinguals, as the system was potentially
stretched beyond what can typically be accommodated by recon-
figuration of the finite attentional resources. We also hypothesised
that this impact on secondary task performance might interact
with the level of interference, though it was unclear whether
this would simply reflect the amount of competing information
(with performance in all dual-task interference conditions slower
than in conditions with no interference), or whether performance
might further deteriorate with the increase of interference from
purely acoustic to specifically linguistic.

The other main goal of the study was to test how bilingual
adaptation might change with maturation. It has been well-
established in the literature that age is one of the crucial factors
determining behavioural performance of bilinguals relative to
monolinguals, with their performance on single tasks difficult
to differentiate in young adults (Bialystok et al., 2005; Valian,
2015), but often diverging in childhood (Bialystok, 2017;
Carlson & Meltzoff, 2008; Filippi et al., 2022; Poulin-Dubois
et al., 2011) or late adulthood (Bak et al., 2014; Blumenfeld
et al., 2016; Gold et al., 2013). On the assumption that bilingual
performance on selective attention tasks reflects adaptation in
the usage of a finite-capacity resource, this trajectory could be
explained as a process of learning to calibrate the usage of the
available resources as the attentional system matures, initially
operating in the context of a developing system with attenuated
ability to allocate attention relative to adults (Ridderinkhof &
van der Stelt, 2000); followed by the optimally functioning system
whose flexible usage of the available capacity has protective qual-
ities in older age (Abutalebi et al., 2015; Bak & Robertson, 2017;
Gold, 2015; Wood, 2016). Critically however, this view predicts
that behavioural performance in the earlier stages of this
learning-induced adaptation might be different to that of mono-
lingual controls, particularly in the contexts of high processing
load. In the current study we therefore used the same dual-task
paradigm to test a sample of school-aged children, and compare
their performance to that of young monolingual and bilingual
adults. The children were in the 7–12 age bracket, reflecting the
findings that tests of selective attention in younger children lead
to inconsistent results and high variance in response speed and
accuracy (Gomes et al., 2007; Takio et al., 2009); whereas the
selected age range represents a developmental plateau for selective
attention in childhood and can generate relatively stable effects,
while ensuring that children can reliably perform a selective atten-
tion task (Phelps et al., 2022).

2. Materials and methods

The experiment was conducted on two groups of participants:
monolingual and bilingual children aged 7–12 (Study 1) and
adults aged 18–45 (Study 2). Both studies were approved by the
Cambridge Psychology Research Ethics Committee. The authors
assert that all procedures contributing to this work comply with
the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

Study 1 participants: Eighty typically developing children aged
7–12 were tested. They were grouped into two categories:
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monolingual (n = 40, 25 males, mean age 10.4 years, standard
deviation [SD] = 1.64) and bilingual (n = 40, 22 males, mean age
9.7 years, SD = 1.39). All participants were healthy with no history
of hearing problems or neurological disorder. All participants’
parents completed a language history questionnaire, which pro-
vided an overview of children’s exposure to languages. As con-
firmed by the questionnaire, all monolingual participants were
native speakers of English, with no significant exposure to other
languages. The participants in the bilingual group all had a similar
profile: they all had one or both parents whose first language was
not English, and they used this language at home on a daily basis.
The average age of acquisition for the language other than English
was .1 years (age 0 for 38 participants, age 2 for 2 participants).
All children were also fluent in English, being resident in the
UK, and following English-speaking curriculum at school. The
average age of acquisition for English was .3 years (from birth
for 32 participants, age 1 for 5 participants, age 2 for 2 partici-
pants, age 3 for 1 participant). The second languages spoken
were Creole, French, German, Greek, Gujarati, Hungarian,
Japanese, Italian, Portuguese, Russian, Spanish and Swedish.
Additionally, three children spoke a third language proficiently
(French, Japanese and Urdu). Children were recruited via their
parents, who responded to posters on social media, or word of
mouth. The monolingual children were marginally older on aver-
age than the bilingual group [10.4 vs 9.7 years respectively, t(76)
= 2.06, p = .043], and age was included as a predictor in all ana-
lyses. Parental educational information was collected as an indica-
tion of socio-economic status (SES), a well-documented influence
on selective attention in children (Stevens et al., 2009). The major-
ity of participants’ parents (79.2%) were educated to degree level
or higher, and the groups were not significantly different on
this approximation of SES (bilinguals: M = 2.34, SD = .66;
monolinguals: M = 2.09, SD = .69; Mann–Whitney Wilcoxon
test: W = 608.5, p = .085). We also included SES as a predictor
in the analyses throughout. In summary, our monolingual parti-
cipants had no significant exposure to other languages, while all
bilingual children were fully proficient in English and another
language; had daily exposure to both and were using both daily
(English at school, English and/or the other language at home
and with family).

Study 2 participants: Eighty-nine adults aged 18–45 were
recruited, five of whom were rejected after initial quality checks,
leaving 84 participants in the analyses (see details of rejection
criteria in Section 2.2). They formed a monolingual (n = 42, 15
males, mean age 28.9 years, SD = 7.29) and a bilingual group
(n = 42, 6 males, mean age 27.4 years, SD = 5.95) and matched
on age (t(78.9) = 1.01, p = .32). All participants were neurotypical
with no history of hearing problems or neurological disorder.
They completed a language questionnaire on age of acquisition,
proficiency and daily usage of their languages. All monolingual
participants were native speakers of English with no fluency in
other languages. All bilingual participants were resident in the
UK; fluent and highly proficient English speakers (average age
of English acquisition = 6.1 years; average English proficiency =
9.3/10, SD = .96); and using English on a daily basis (average
English use = 73%, SD = 24.9), but with a language other than
English as their native language. The native languages spoken
by the bilingual participants were Afrikaans, Bengali, Danish,
Farsi, Filipino, Finnish, French, Galician, Greek, Gujarati, Hindi,
Igbo, Indonesian, Italian, Konkani, Latvian, Lithuanian,
Malayalam, Persian, Polish, Portuguese, Romanian, Russian,
Scots, Spanish, Turkish and Welsh. In addition to English as a

second language, many participants spoke a third language profi-
ciently (Albanian, Catalan, Dutch, French, German, Hindi,
Icelandic, Italian, Japanese, Russian, Russian Sign Language,
Spanish, Tamil, Telugu, Urdu and Xhosa), several a fourth
(Annang, French, Italian, Polish, Portuguese, Spanish and
Swedish) and one a fifth (Japanese). Highest level of education
was collected as an indication of SES, and the groups were com-
parable on this approximation (monolinguals: M = 1.5, SD = .59;
bilinguals: M = 1.81, SD = .74; W = 685, p = .053). The key charac-
teristics of our adult participants were therefore comparable to
those of children: monolinguals were English speakers with no
fluency in other languages; whereas bilinguals were UK residents
fully proficient in English as well as in their native language;
exposed to both on a daily basis, and using both daily. Adult par-
ticipants were recruited via the online platform Prolific (https://
www.prolific.co/).

2.1. Design

In this dual-task paradigm, participants were required to perform
tasks simultaneously in two modalities: auditory and visual
(Figure 1a). The visual task demanded pressing the space bar in
response to a pre-specified target image on the screen. The audi-
tory task employed a dichotic listening paradigm, where partici-
pants were asked to concentrate on a story in English played in
one ear, while ignoring a distractor steam presented in the
other ear. We manipulated the distractor stream to create different
levels of interference. This created a total of five conditions, which
are summarised in Table 1.

In the first condition (‘Control’), the participants only per-
formed the visual task. From condition 2 onwards, the partici-
pants were also presented with the dichotic listening task, and
asked to attend to a target story in English in one ear.
Condition 2 had no interference in the other ear (‘Single
Talker’). In the remaining three conditions, participants also
heard interference in the other ear, which they were instructed
to ignore. In condition 3 the interference was a different story
in English (‘English–English’). The interference in condition 4
was a story in Latin, a language they could not process for mean-
ing (‘English–Latin’). The interference in condition 5 was non-
linguistic acoustic signal (‘English–Musical Rain’ [MuR]).

The target stories were two children’s stories in English, taken
from online resource storynory.com. Both stories were transcribed
into 120 sentences each, with each sentence lasting approximately
3 seconds in length. Each target story was split into two blocks
and participants attended to the first half in one ear, with inter-
ference (as determined by the condition) in the other ear, and
swapped accordingly for the second half. Each block (half of a
story) consisted of 60 sentences, which were concatenated with
a 300 ms gap between them to create a single block per condition
lasting 3.3 min. Latin was chosen as the interference in condition
4 as a non-artificial language which would most likely be
unknown to the participants. Gender of the speaker was kept
the same for all stories to reduce segregation strategies based on
talker’s gender (Brungart & Simpson, 2007); but different female
speakers were used for attended and unattended stories in condi-
tions 3 and 4, allowing listeners to maintain separation with high
accuracy (Zekveld et al., 2014). All stories’ volumes were normal-
ised to ensure equivalent average amplitude. The non-linguistic
interference of Musical Rain in condition 5 was identical in
length, root mean squared level and long-term spectrotemporal
distribution of energy to the corresponding target story, but did
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not trigger a speech percept (Uppenkamp et al., 2006). It was gen-
erated in MATLAB by extracting temporal envelopes of the target
sentences and filling them with 10 ms fragments of synthesised
vowels jittered in frequency and periodicity. Instructions were
recorded by the same female speaker of the target stories. These
were played before each block in the target ear, telling the partici-
pant: ‘This is your right/left ear. Please listen carefully to the story
in this ear, on your right/left side, and ignore the story or sound in
the other ear’.

After each block had finished, a screen appeared with 10 com-
prehension questions in multiple-choice format. Comprehension
questions consisted of simple written sentences to check under-
standing of each story. Participants did not receive feedback on
their responses.

Visual task: The visual task required pressing the space bar as
quickly as possible when the cartoon picture of a dog appeared at
the top of the screen. If the dog appeared at the bottom of the
screen, the participant was instructed to ignore and wait for the
next trial. Each dog image was on the screen for a maximum of
2000ms, with a blank screen lasting 500ms presented between
the trials. If the participant detected the target correctly, the reaction
time was recorded and the next trial began immediately. If the par-
ticipant failed to detect the target, or pressed the space bar when the
dog was at the bottom of the screen, the trial was recorded as error.

The ratio of target:non-target stimuli was 1:3 with the 24 tar-
gets and 72 non-targets appearing in a random order in each
block. These 96 visual stimuli aligned with the length of a block
of 60 sentences; however, if a participant was responding very

Figure 1. (a) Dual-task procedure. Participants were instructed to attend to a story in one ear and ignore a distractor stream in the other ear, while also responding
to a visual task. The distractor streams were manipulated to create different levels of interference. In the visual task, a picture of a dog at the top of the screen was
the target, while a picture of a dog at the bottom of the screen was the distractor. After each block of the audio–visual task participants answered comprehension
questions about the target story. (b) Dichotic listening task results from Study 1 (children). Data show that both groups performed the comprehension task equally
well. (c) Dichotic listening task results from Study 2 (adults). There was again no difference in performance between the two groups.

Table 1. Experimental conditions

Condition Visual task

Auditory task

Attended stream Interference

1. Control Sustained attention None None

2. Single Talker Sustained attention English story No interference

3. English–English Sustained attention English story Different story in English

4. English–Latin Sustained attention English story Story in unknown language (Latin)

5. English–MuR Sustained attention English story Non-linguistic acoustic interference (Musical Rain)
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fast and completed the visual task before the end of the auditory
stream, extra visual stimuli were presented in the same 1:3 ratio
until the story ended.

Procedure: The experiment was run online, requiring the use of
a PC or a laptop with keyboard and headphones. Prior to testing,
all participants (and their parents in Study 1) were given detailed
information on the aims of the project and what to expect from
the session. They then completed a consent form and a back-
ground questionnaire on their demographic information and lan-
guage history (this was completed by children’s parents in Study
1). Study 1 then also presented participants with a short video
explaining the rules of both tasks in child-appropriate language.
Here, the visual task was called ‘Spot the Dog’ and the auditory
task was referred to as ‘the listening task’. Before starting the
experiment, participants were also reminded that they could with-
draw from the study at any time. We also ran a short headphone
check to ensure that participants could hear the spoken narratives
clearly and at a comfortable level. The experiment started with a
practice session (which could be repeated if the participant
needed) and was followed by condition 1 (control) first and
then the dual-task conditions in fixed order (single talker,
English–English, English–Latin, English–MuR). This ensured
that the first half of attended stories was always followed by the
second half, and that participants remained engaged throughout
the study by following the attended narratives across conditions.
A review of participants’ comments and data distribution on
competition confirmed that this was a successful strategy that
did not interfere with the response patterns across conditions.
The task was prepared and presented in PsyToolkit (Stoet,
2010, 2017). The study lasted approximately 30 min, and partici-
pants were compensated for their time.

2.2. Analyses

Dichotic listening task: At the end of each block participants
answered 10 comprehension questions about the attended narra-
tive. Correct answers were scored as 1 and errors as 0, and their
probability across groups and conditions was modelled using a
glmer function from the binomial family in R (RStudio Team,
2020).

Visual task: Reaction times and error rates were recorded. As
an initial quality check, all outlier reaction times under 200 ms
and over 1500 ms were eliminated. The reaction times were
then log transformed to eliminate skew and datapoints more
than 1.5 interquartile ranges above the upper quartile or below
the lower quartile were removed as outliers. This resulted in
exclusion of 129/8860 datapoints (1.5% of the total) in Study 1
(children) and 302/9724 datapoints (3.1% of the total) in Study
2 (adults). Error rates were calculated per participant, including
both missing the target (not pressing the space bar when the tar-
get was presented) and incorrect detection of targets (pressing the
space bar when the target was not presented). The initial quality
check of total error rates in Study 1 did not identify any children
whose error score exceeded the normal range for attention task in
that age group (maximum error rate was 10%; normal range in
neurotypical children aged 6–13 performing the task is .8–14%,
Greenberg & Waldmant, 1993), hence the data of all 80 children
were included in the analyses. In Study 2 (adults), a check of total
error rate identified two monolingual and two bilingual partici-
pants whose total error rates significantly exceeded 3 SD of the
mean; likely indicating that they did not attend to the task as
instructed. One further monolingual participant’s language

questionnaire revealed proficiency in a second language, acquired
in adulthood. The data of these five participants were excluded,
leaving 84 participants’ data for further analysis.

The reaction times of correct target responses were compared
across groups and conditions using linear mixed-effects models
(Baayen et al., 2008) as implemented in the lme4 R package
(Bates et al., 2015), with the emmeans function used for post-hoc
comparisons. Checks of models’ assumptions (linearity, homosce-
dasticity, normality) did not indicate significant violations. The
Satterthwaite approximation (Satterthwaite, 1946) was used for
degrees of freedom. Significant p-values are reported at p < .05.

3. Results

3.1. Dichotic listening task

3.1.1. Study 1: children
Children from both groups performed the task equally well, with
overall comprehension scores of 97% in the monolingual group,
and 98.6% in the bilingual group (Table 2a). To test whether
the probability of making an error differed across groups and con-
ditions we ran a model with categorical response accuracy as the
dependent variable, fixed effects of group (two levels: monolin-
gual, bilingual), condition (four levels: single talker, English–
English, English–Latin and English–MuR) and their interaction,
participant age and parental SES; and participants as random
intercept. The results showed a slight overall drop in performance
in condition 5 (odds ratio [OR] = .27, confidence interval [CI]
= .10–.71, p = .008), but no effects of group or group × condition
interaction (all p > .1), confirming that both groups performed
the auditory task equally well. Age was a significant predictor
(OR = 1.59, CI = 1.24–2.05, p < .001). A summary of comprehen-
sion scores and standard deviations for auditory task performance
in children is shown in Table 2a and Figure 1b; and the full model
for the auditory comprehension data in children is presented in
Table A1a in the Appendix.

3.1.2. Study 2: adults
Comparable to the results from Study 1, adults from both groups
performed the task equally well, with overall comprehension scores
of 98.4% in the monolingual group, and 98.5% in the bilingual
group (Table 2b). A model with categorical response accuracy as
the dependent variable; group (monolingual, bilingual), condition
(four levels) and their interaction, age and SES as fixed effects,
and participants as random intercept, indicated a slight drop in
performance in condition 3 (OR = .21, CI = .06–.77, p = .018); but
again showed no effects of group or group × condition interaction.
A summary of comprehension scores and standard deviations for
adults is shown in Table 2b and Figure 1c, and full model is
given in Table A1b in the Appendix.

3.2. Visual task

3.2.1. Study 1: children
Accuracy: The total error rate was 1.9% for monolingual children
and 2.07% for bilingual children, which did not significantly differ
between the groups [t(77.7) =−.36, p = .72]. There were too few
errors across all participants and conditions in Study 1 (762/
>40,000 datapoints) to allow for any finer-grained analyses.

Reaction times: Response times (RTs) across conditions for
monolingual and bilingual children are shown in Table 3a. To
test whether RTs for correctly detected targets differed between
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groups and conditions, we ran a model with log-transformed
reaction times (log RTs) as the dependent variable, the fixed fac-
tors of group (two levels: monolingual, bilingual), condition (five
levels: 1. control; 2. single talker; 3. English–English; 4. English–
Latin; 5. English–MuR), their interaction, participant age and par-
ental SES; and participants as random intercept. Results
(Table 4a) showed that condition was a significant predictor,
with RTs in all conditions significantly slower than in the control
condition (all p < .001). Although the main effect of group was
not significant (b =−.01, CI = [−.08 to .05], p > .1), there was a
significant condition × group interaction in conditions 3–5, dri-
ven by slower RTs in the bilingual group. Post-hoc comparisons
showed no significant differences between the effects in these
three conditions in bilinguals (all p > .1; Table A2 in the
Appendix). Data also showed that age was a significant predictor
of RTs across both groups of children (b =−.05, CI = [−.07 to
−.03], p < .001). A full summary of the results is presented in
Table 4a, and displayed in Figure 2a.

3.2.2. Study 2: adults
Accuracy: The total error rate was .66% for monolinguals and
.59% for bilinguals, which was not significantly different between
the groups [t(81.5) = −.51, p = .61]. Because of too few errors
across all participants and conditions in Study 2 (250/>40,000)
we did not run any further error analyses.

Reaction times: RTs across conditions for monolingual and
bilingual adults are shown in Table 3b. Following the same pro-
cedure as in Study 1, we tested whether group and condition
were significant predictors of RTs to correctly detected targets
in the two groups. The dependent variable was log-transformed

RTs, the fixed factors were group (monolingual, bilingual), condi-
tion (five levels) and their interactions, participant age and SES;
with participants as random intercept. As in Study 1, results
showed that condition was a significant predictor, with all condi-
tions significantly slower than the control condition (all p < .001,
Table 4b). This time however neither the effect of group (b = .03,
CI = [−.02 to −.09], p > .1) nor condition × group interaction were
significant (all p > .1), suggesting no modulation of this pattern
across the two groups (Table 4b and Figure 2b).

3.2.3. Supplementary Bayesian analyses of visual task RTs
The analyses reported so far used standard Null Hypothesis
Significance Testing (NHST), revealing no differences in response
patterns between monolingual and bilingual adults, but slower
visual task RTs in dual-task interference conditions for bilingual
children. However, NHST statistics does not distinguish whether
findings of no difference reflect a genuine absence of difference or
insensitivity of the data (Dienes, 2014), and, given the significance
of this point for our interpretation, we supplemented our NHST
analyses with Bayesian analyses of variance (JASP version 0.17
with default priors). For both children and adults, fixed factors
were group and condition, and participant was a random factor.
We derived the inclusion Bayes factors for the effects of group
and condition and their interaction, quantifying the evidence
for including them as predictors. The output of these analyses
is presented as Table A3 in the Appendix. As expected, there
was very strong evidence for the inclusion of condition in both
groups. The evidence for the inclusion of group and group × con-
dition interaction however was much weaker, and also different
between children and adult datasets. In children, we saw anecdotal

Table 2. Comprehension scores (% correct) and standard deviation across groups and conditions in the dichotic listening task for (a) Study 1: children and (b) Study
2: adults

(a) Study 1: children (b) Study 2: adults

Condition Monolinguals Bilinguals Monolinguals Bilinguals

1. Control n/a n/a n/a n/a

2. Single Talker 98.5 (5.3) 98.8 (4.0) 99.3 (2.6) 99 (2.9)

3. English–English 96.5 (7.7) 97.2 (6) 96.9 (7.8) 97.6 (5.3)

4. English–Latin 98 (7.2) 99.5 (2.2) 99.5 (3.1) 99.8 (1.5)

5. English–MuR 95 (10.4) 98.8 (4.0) 98.6 (5.2) 97.1 (7.4)

Overall % correct 97 (7.9) 98.6 (4.3) 98.6 (5.2) 98.4 (4.9)

Table 3. Mean reaction time (ms) and standard deviation across groups and conditions in the visual task for (a) Study 1: children and (b) Study 2: adults

(a) Study 1: children (b) Study 2: adults

Condition Monolinguals Bilinguals Monolinguals Bilinguals

1. Control 499 (182) 509 (179) 372 (89) 386 (95)

2. Single Talker 527 (192) 548 (185) 385 (95) 400 (98)

3. English–English 523 (199) 576 (200) 391 (98) 408 (110)

4. English–Latin 523 (194) 552 (186) 389 (95) 404 (106)

5. English–MuR 519 (182) 572 (193) 397 (105) 405 (98)

Overall mean RT 518 (190) 551 (190) 387 (97) 401 (102)
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evidence for the inclusion of group (BFincl = 1.33) but stronger
evidence for group × condition interaction (BFincl = 3.47), repli-
cating our original results that condition significantly interacted
with group to determine patterns of responses in this cohort. In
adults, there was no evidence for the inclusion of either group
(BFincl = .19) or the group × condition interaction (BFincl
= .00013), suggesting that monolingual and bilingual adults
were indeed not different from each other.

3.3. Comparison of visual data across studies 1 and 2

The final set of analyses compared the visual RT data across the
two studies for monolingual and for bilingual participants separ-
ately, to contrast directly their performance across the two age
groups and assess whether visual task results change with matur-
ation. As the RTs in children were slower than in adults, we
expected that study would be a significant predictor in the ana-
lyses of both monolingual and bilingual groups. We also expected
to see condition as a significant predictor in both groups, reflect-
ing the finding that the control condition was consistently faster
than other conditions in all previous analyses. The key question
was therefore whether study and condition would interact in
either monolingual or bilingual group, suggesting a differential
pattern of responses in children and adult participants as a func-
tion of their language status.

In monolinguals, a model included fixed factors of study
(adults, children), condition (five levels) and their interaction,
participant age and SES; with participant as random intercept.
As expected, results showed significant effects of both study

(children slower than adults, b = .17, CI = [.03–.31], p < .01) and
condition (control faster than other conditions, all p < .01), how-
ever there was no interaction between them (all p > .1), indicating
that both groups responded comparably to all five conditions
(Table 5a). In bilinguals, the equivalent model also revealed that
study and condition were significant predictors (children slower
than adults, b = .18, CI = [.05–.31], p < .01; control faster than
other conditions, all p < .001), but there was also an additional
robust interaction between the two in all dual-task conditions
(Table 5b). Figure 2c displays a summary of mean RTs for parti-
cipants from all groups, clearly showing that the responses of
monolinguals followed the same pattern across conditions in
both children and adults; whereas bilingual children were dispro-
portionately affected by dual-task conditions compared to all
other groups.

Taken together, these two sets of results show a difference in
language groups’ performance on a secondary task, which is dis-
cernible in childhood, but not present in adulthood. The implica-
tions of these findings are discussed below.

4. Discussion

The current study investigated the performance of monolingual
and bilingual listeners in a dual selective attention task. Starting
from the assumption of functional plasticity and degeneracy –
where the increased processing demands of competing languages
in the bilingual brain are expected to induce flexible adaptation in
the usage of a finite attentional capacity – our primary aim was to
examine how the available resources are employed to support

Table 4. Model summary for RTs in (a) Study 1: children, and (b) Study 2: adults

Visual task RTs (a) Study 1: children (b) Study 2: adults

Predictors Est. CI p Est. CI p

(Intercept) 6.18 6.13–6.23 <.001 5.90 5.86–5.94 <.001

Condition [ST] .06 .03–.08 <.001 .03 .01–.05 <.001

Condition [Eng–Eng] .05 .02–.07 <.001 .05 .03–.07 <.001

Condition [Eng–Latin] .04 .02–.07 .001 .05 .03–.06 <.001

Condition [Eng–MuR] .05 .02–.07 <.001 .06 .04–.08 <.001

Group [bilinguals] −.01 −.08 to .06 .722 .03 −.02 to .09 .269

Age −.05 −.07 to −.03 <.001 −.00 −.01 to .00 .241

SES −.00 −.05 to .04 .927 .00 −.04 to .04 .865

Condition [ST] × group [bilinguals] .02 −.02 to .06 .249 .00 −.02 to .03 .735

Condition [Eng–Eng] × group [bilinguals] .07 .03–.11 <.001 .00 −.02 to .03 .880

Condition [Eng–Latin] × group [bilinguals] .05 .01–.08 .016 −.00 −.03 to .02 .738

Condition [Eng–MuR] × group [bilinguals] .07 .03–.11 <.001 −.01 −.04 to .01 .338

Random effects

σ2 .08 .04

τ00 .02ID .01ID

Intraclass Correlation Coefficient (ICC) .19 .26

N 80ID 84ID

Observations 8732 9422

Marginal R2/conditional R2 .080/.258 .017/.273

Bold denotes a statistically significant result.
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performance under high processing loads. To assess this, we mea-
sured participants’ performance on two simultaneous tasks: a
dichotic listening task with comprehension scores as indicator
of attentional performance; and a visual attention task, in which
we tracked both the accuracy and the speed of responses. The
second aim of the study was to test how this adaptation to high
processing loads might change with maturation and experience.
To this end, we conducted the experiment on two groups: school-
age children (age range 7–12) and adults (age range 18–45). Our
results showed equivalent performance on the dichotic listening
task for monolinguals and bilinguals in both age groups, with
all participants achieving near perfect comprehension scores
across all interference conditions. For the visual attention task,
accuracy was again equivalent for monolinguals and bilinguals
in both age groups, with very low error rates across the board.
Reaction times, however, revealed a trend for slightly slower
responses in bilinguals, with this being particularly prominent
in the dual-task interference conditions in bilingual children.
We discuss these results in more detail below.

4.1. Bilingual adaptation to increased processing demands

It is widely accepted that the demands of managing competing
languages trigger adjustments of the underlying neurocognitive
architecture in bilinguals (Abutalebi & Green, 2016; Burgaleta
et al., 2016; Hayakawa & Marian, 2019). We argue that this repre-
sents just one example of adaptation of a biological system to

changes in the environment, in line with the concepts of func-
tional plasticity and degeneracy (Green et al., 2006; Mason et al.,
2015; Navarro-Torres et al., 2021). With adaptation underpinning
most human behaviours to enable adjustment to different environ-
ments and their demands (e.g., Barkow et al., 1992), it follows that
the processing patterns in monolinguals – rather than being a nor-
mative benchmark – are also just another example of adaptation,
this time to the unique set of communicative processing demands
that monolingual speakers encounter in their environments.

In the domain of bilingual selective attention – where the
demands of selection and inhibition of the non-target language
can themselves utilise some of the existing capacity – this adapta-
tion will arguably lead to engagement of the remaining resources
in a way that best supports current task requirements. Even in the
context of a single selective attention task in which the processing
demands are unlikely to exceed the capacity of the system, and
where bilinguals and monolinguals perform equivalently, there
is evidence that this behavioural performance is underpinned by
a differentiable configuration of the underlying resources in the
two groups (Filippi & Bright, 2023; Olguin et al., 2019; Phelps
et al., 2022). In the current dual-task context we again saw that
optimal behavioural performance in the primary task was main-
tained such that both monolingual and bilingual participants
were able to perform dichotic listening without any issues. This
result aligns with numerous findings from the literature that
reported no evidence for enhanced performance in bilinguals,
even when using advanced techniques or extensive sample sizes

Figure 2. Visual task results from (a) Study 1: children; (b) Study 2: adults and (c) across the two studies. The results reveal that bilingual children are dispropor-
tionately affected by interference conditions 3–5 compared to all other groups. Asterisks indicate the presence of significant interactions; ***p < .001; **p < .01.
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(Nichols et al., 2020; Samuel et al., 2018). It is also consistent with
the interpretation about a flexible system capable of adapting to
changes in the environment, equivalent to learning-induced
changes seen across domains as diverse as learning to juggle or
read, memorising a sequence or acquiring detailed spatial knowl-
edge (Bassett et al., 2015; Dehaene et al., 2015; Draganski et al.,
2004; Maguire et al., 2000). The analysis of the results from the
secondary visual attention task, however, revealed a more
nuanced picture, with some aspects of performance on this task
comparable between the groups, and others indicative of bilin-
guals using the available resources differently relative to monolin-
gual participants.

One aspect of visual task performance that was comparable
across groups was that reaction times in condition 1 (control)
were consistently and significantly faster than in any other con-
dition. Given that condition 1 was the only one where partici-
pants performed a single (visual) task, while all other
conditions included both visual and auditory components,
this result replicates the well-established finding that increasing
competition for the limited capacity resource leads to deterior-
ation in performance (Osman & Moore, 1993; Pashler &
Johnston, 1998; Schubert, 2008). Another aspect of visual task
performance that was consistent across groups was that there
was no deterioration in accuracy across the board: all groups
displayed very low error rates, which could not be distinguished
between monolinguals and bilinguals in either age group.
However, the element of visual task performance where differ-
ences started to emerge was in the overall speed of responses,

which indicated a trend towards slower responses for bilinguals
(mean of 452 ms across all conditions and both age groups for
monolinguals, and 476 ms for equivalent in bilinguals), and was
significantly slower for bilingual than for monolingual children
in dual-task conditions with interference. Thus, a hierarchy was
revealed in which comprehension in the auditory task and
accuracy in the visual task were arguably prioritised and optimal
performance maintained. This produced a difference between
monolingual and bilingual participants in the speed of
responses in the visual task. We interpret this result as directly
reflecting the economising of the available attentional resources
under high processing load in bilinguals, where some of this
capacity has already been utilised by the demands of selection
and inhibition of the non-target language. Although this inter-
pretation of the current behavioural data is necessarily func-
tional, it is fully consistent with the existing neuroimaging
evidence for flexible functional reorganisation of selective atten-
tion in bilinguals (Olguin et al., 2019; Phelps et al., 2022). The
finding that RTs were particularly affected in conditions of
dual-task interference is also consistent with this interpretation,
as the impact of any reduction in capacity can be expected to be
particularly visible when the processing demands are very high.
In addition, this effect was broadly comparable across different
interference conditions, suggesting that it is the presence of
interference in itself (i.e., the increase in the amount of compet-
ing information) – rather than its type – that taxes the system
beyond what it can accommodate. Alternatively, this latter find-
ing might also reflect the choice of task in the current study,

Table 5. Model summary for reaction times in monolinguals and bilinguals across studies 1 and 2

Visual task RTs (a) Monolinguals (b) Bilinguals

Predictors Est. CI p Est. CI p

(Intercept) 5.94 5.86–6.02 <.001 5.97 5.90–6.03 <.001

Study [children] .17 .03–.31 .016 .18 .05–.31 .008

Condition [ST] .03 .01–.05 .004 .04 .01–.06 .001

Condition [Eng–Eng] .05 .03–.07 <.001 .05 .03–.08 <.001

Condition [Eng–Latin] .05 .02–.07 <.001 .04 .02–.06 <.001

Condition [Eng–MuR] .06 .04–.08 <.001 .05 .03–.07 <.001

Age −.01 −.01 to .00 .116 0 −.01 to .00 .2

SES 0 −.05 to .05 .962 0 −.04 to .04 .998

Study [children] × condition [ST] .02 −.01 to .06 .136 .04 .01–.07 .011

Study [children] × condition [Eng–Eng] −.01 −.04 to .03 .73 .06 .03–.10 <.001

Study [children] × condition [Eng–Latin] 0 −.03 to .03 .854 .05 .02–.08 .004

Study [children] × condition [Eng–MuR] −.01 −.04 to .02 .412 .07 .04–.10 <.001

Random effects

σ2 .06 .06

τ00 .02ID .02ID

Intraclass Correlation Coefficient (ICC) .28 .2

N 82ID 82ID

Observations 9203 8951

Marginal R2/conditional R2 .186/.417 .238/.393

Bold denotes a statistically significant result.
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where the content of the interfering stream was not directly
relevant for visual target detection.

One explanation behind this apparent hierarchy of responses
across tasks (auditory/visual) and their components (speed/accur-
acy) is that the auditory task was deliberately designed as the pri-
mary task. It was more varied and entertaining than the visual
task, which was simple and repetitive, thus capturing more atten-
tion through content and presentation even without explicit dir-
ective. For the visual task, the results are indicative of a
speed-accuracy tradeoff (SAT), a mechanism that allows response
accuracy to be maintained at the expense of taking longer to
respond (Heitz, 2014). The decision criteria that underpin SAT
have been previously linked to attentional capacity and processing
load (Heitz & Engle, 2007; Lavie, 1995); complementing the inter-
pretation that the high processing load of the current task com-
bined with a more heavily taxed attentional capacity in
bilinguals leads to a different pattern of responses in this group
compared to the monolingual controls, such that RTs are frac-
tionally longer – but not any less accurate. This is also reflected
in different patterns of results across conditions in monolingual
and bilingual children (Table A2 in the Appendix), where bilin-
guals showed a more graded pattern (single task < dual task with-
out interference < dual task with interference) compared to
monolinguals (single task < dual task); arguably reflecting their
heightened sensitivity to changes in task demands, that is neces-
sary for optimised attentional allocation.

This proposed explanation of the processes behind the current
results contrasts with the theoretical position where bilingualism
is argued to lead to an enhanced attentional capacity and therefore
superior behavioural performance on tasks requiring attentional
control (Bialystok, 2015, 2017; Comishen et al., 2019; Timmer
et al., 2021). Even assuming that our task was simply not challen-
ging enough, and thus not capable of separating attentional per-
formance in participants at the peak of their capacities (Bialystok,
2017), the observed trend for slower responses in bilinguals across
the board (Table 3) would pose a problem for this account. Instead,
the results indicate a more stretched attentional capacity that is
adapted to meet additional language demands and reach optimal
performance by adulthood, consistent with the account of
increased flexibility in the usage of the available resources in bilin-
guals (Abutalebi et al., 2012; Kousaie & Phillips, 2012).

4.2. Changes to bilingual adaptation with maturation and
experience

The neural mechanisms of selective attention have been linked to a
network of mostly prefrontal brain areas (Salo et al., 2017), with
tests of selective attention such as the Flanker and Stroop – where
the participant must suppress distracting information in order to
focus on a target – identifying frontal lobes and the anterior cingu-
late cortex as areas supporting monitoring of attentional conflict
and conflict resolution, respectively (Botvinick et al., 2004; Walsh
et al., 2011). Most importantly for the research presented here how-
ever, these neural systems have a notably protracted period of struc-
tural and functional development from infancy (Giedd et al., 1999;
Gogtay et al., 2004; Tsujimoto, 2008). The consequences of this on
behavioural performance are such that children can display attenu-
ated ability to allocate attention relative to adults, assigning propor-
tionately more attention to irrelevant stimuli at the expense of
relevant stimuli in selective attention tasks (for a review see
Ridderinkhof & van der Stelt, 2000).

Our results across the two studies align with this evidence,
while also adding further detail on how a developing bilingual sys-
tem accommodates heavy processing loads of a dual task. This
task, tapping two competing domains, deliberately increased pro-
cessing load beyond the boundaries of typical demands on select-
ive attention. As argued above, the patterns of RT responses we
saw suggest that the available attentional resources in bilingual
children were distributed in response to the tasks’ demands,
maintaining optimal performance in the task of higher priority,
at the expense of performance on aspects of the lower priority
task. Importantly however, the performance limitations in the
lower priority task largely appear to recede by adulthood. This
suggests a developmental trajectory in which the resource alloca-
tion strategies fine-tune with development and maturation of the
prefrontal cortex associated with selective attention – allowing
bilinguals to optimise the process of learning to distribute the
available resources to interface efficiently with the environment.
In the context of our task, this suggests that maturation of the
selective attention system enables adaptation to the combined
load of second-language processing and competing task demands;
resulting in optimal selective attention processing and perform-
ance in ‘extreme’ tasks too. It is necessary to note however that
our study was cross-sectional and that, in the absence of longitu-
dinal data, any conclusions about developmental trajectories of
these processes are necessarily tentative. In addition, the effects
of age and maturation on learning how to use resources efficiently
in the bilingual context are most likely non-linear; further under-
pinning the need to characterise these processes longitudinally in
future research.

Finally, although the current study focused on attentional
capacity as a driver of performance on the dual task, it is clear
that cognitive factors are only one of the several variables that
influence behavioural outcomes in bilinguals (and monolinguals
alike). Factors such as AoA, language similarity, usage context
and trajectory of language development have all been shown
to affect bilinguals’ performance (Abutalebi et al., 2013; De
Houwer, 2021; Timmer et al., 2021; Wei et al., 2015), and
these variables are likely to be interacting with the cognitive fac-
tors to shape the patterns of adaptation and processing in bilin-
gualism. Although disentangling such interactions is complex
(Kersten & Greve, 2022) and beyond the scope of this paper,
it is arguably only the adaptation to this complexity of bilingual
experience that can fully capture and explain performance out-
comes, and account for the variability of findings in the bilin-
gualism literature.

5. Conclusions

This set of studies investigated the effects of increased processing
demands on bilingual adaptation across two age groups. The
results revealed a pattern indicative of distribution of the available
capacity and task prioritisation in bilingual children, relative to
their monolingual counterparts, with these differences between
monolingual and bilingual performance essentially receding by
adulthood. This suggests that adaptation to the combined load
of second-language processing and competing task demands fine-
tunes as the selective attention system matures; resulting in opti-
mal selective attention processing in bilinguals even under very
high processing loads.
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Appendix

Table A1. Model summary for auditory comprehension data in (a) Study 1: children, and (b) Study 2: adults.

Comprehension data (a) Study 1: children (b) Study 2: adults

Predictors ORs CI p ORs CI p

(Intercept) 135.00 49.78–366.15 <.001 332.75 84.20–1314.97 <.001

Condition [Eng–Eng] .39 .14–1.06 .065 .21 .06–.77 .018

Condition [Eng–Latin] .73 .24–2.21 .577 1.51 .25–9.19 .654

Condition [Eng–MuR] .27 .10–.71 .008 .49 .12–2.00 .319

Group [bilinguals] 1.24 .32–4.85 .757 .66 .12–3.60 .635

Age 1.59 1.24–2.05 <.001 1.03 .96–1.11 .424

SES 1.06 .59–1.89 .855 1.35 .67–2.71 .406

Condition [Eng–Eng] × group [bilinguals] 1.14 .26–4.99 .862 1.79 .31–10.21 .512

Condition [Eng–Latin] × group [bilinguals] 3.48 .48–25.44 .219 2.70 .16–46.64 .494

(Continued )
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Table A2. Summary of post-hoc comparisons for visual RTs across conditions for monolingual and bilingual children separately (corrected for multiple
comparisons)

Study 1 (children)

(a) Monolinguals (b) Bilinguals

Estimate SE df t ratio p value Estimate SE df t ratio p value

Control – single talker (ST) −.05612 .0133 8653 −4.211 .0002 −.0781 .0136 8654 −5.734 <.0001

Control – Eng–Eng −.04674 .0133 8653 −3.503 .0042 −.11851 .0138 8654 −8.59 <.0001

Control – Eng–Latin −.04252 .0134 8654 −3.177 .013 −.08851 .0137 8653 −6.482 <.0001

Control – Eng–MuR −.04855 .0133 8653 −3.646 .0025 −.12006 .0136 8654 −8.854 <.0001

ST – Eng–Eng .00938 .0135 8654 .693 .9581 −.04041 .0139 8655 −2.898 .0308

ST – Eng–Latin .0136 .0136 8652 1.003 .8541 −.01041 .0138 8654 −.755 .9433

ST – Eng–MuR .00756 .0135 8654 .559 .9808 −.04196 .0137 8655 −3.062 .0188

Eng–Eng – Eng–Latin .00422 .0136 8654 .31 .998 .03 .014 8654 2.147 .2004

Eng–Eng – Eng–MuR −.00182 .0135 8653 −.134 .9999 −.00155 .0139 8654 −.112 1

Eng–Latin – Eng–MuR −.00603 .0136 8654 −.444 .9919 −.03155 .0137 8653 −2.297 .1458

Bold denotes a statistically significant result.

Table A3. Supplementary Bayesian analyses of visual RTs for children and adults

Children: analysis of effects – visual RT data

Effects p (incl) p (excl) p (incl|data) p (excl|data) BFincl

Condition .600 .400 1.000 .000 ∞

Group .600 .400 .666 .334 1.332

Condition × group .200 .800 .464 .536 3.470

Adults: analysis of effects – visual RT data

Effects p (incl) p (excl) p (incl|data) p (excl|data) BFincl

Condition .600 .400 1.000 3.331 × 10−15 2.002 × 1014

Group .600 .400 .229 .771 .198

Condition × group .200 .800 3.314 × 10−5 1.000 1.326 × 10−4

Table A1. (Continued.)

Comprehension data (a) Study 1: children (b) Study 2: adults

Predictors ORs CI p ORs CI p

Condition [Eng–MuR] × group [bilinguals] 3.73 .76–18.28 .104 .65 .10–3.98 .637

Random effects

σ2 3.29 3.29

τ00 1.03ID 1.71ID

Intraclass Correlation Coefficient (ICC) .24 .34

N 80ID 84ID

Observations 3200 3360

Marginal R2/conditional R2 .173/.370 .149/.440

Bold denotes a statistically significant result.
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