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Abstract

We investigated the extent to which executive functions (EFs) are recruited in language switch-
ing in children in a cued picture-naming (CN) task. We expected to find associations between
CN and EF tasks measuring inhibitory control and shifting. Another goal was to compare
parent-reported children’s everyday language control ability at home with their switching ability
in the CN task and EF performance. The participants were mostly 5–7-year-old Norwegian–
Spanish and Finnish–Swedish-speaking children (N = 45). The analysis was preregistered.
Unexpectedly, the primary accuracy analysis showed positive associations between CN switch-
ing costs and EF performance in only one of the EF tests, flanker, and CN mixing costs were
predicted only by the color-shape switch costs. Children’s everyday language control ability did
not show consistent significant associations with lab measures. Our study provides weak
evidence for the view that EFs are engaged in language control when children have some years
of bilingual experience.

Highlights

• Language switching is often assumed to engage executive functions (EFs).
• Children performed a cued naming switching task and EF tasks in the lab.
• Few significant associations were found between language switching performance and EFs.
• No consistent associations found between everyday language control ability and EFs.
• Results provide only weak support for the role of EFs in language switching in children.

1. Introduction

One of the most studied topics in the field of bilingualism in the last two decades is the bilingual
cognitive advantage: the assumption that bilinguals can outperform monolinguals in executive
functions (EFs) (Bialystok & Viswanathan, 2009) such as attention (Bialystok & Martin, 2004),
working memory (Morales et al., 2013), inhibitory control (Hilchey & Klein, 2011), or cognitive
flexibility, also known as task shifting (Prior & MacWhinney, 2010). The bilingual advantage
hypothesis presupposes that (1) bilingual language use engages domain-general EFs, such as
inhibitory control and shifting, and that (2) language switching can train EFs (Bialystok, 2009;
Bialystok & Viswanathan, 2009). According to the first assumption, when bilingual speakers
switch between languages, they must inhibit the language that was previously being used (thus
engaging inhibitory control) and alternate languages in a similar manner to the way one would
shift between non-verbal tasks. However, the bilingual advantage hypothesis has faced major
challenges. A number of meta-analyses and systematic reviews have questioned whether a broad
bilingual advantage exists (e.g., de Bruin et al., 2015; Donnelly, et al., 2019; Gunnerud et al., 2020;
Lehtonen et al., 2018; Lowe et al., 2021; Monnier et al., 2022; Paap et al., 2013, 2015, 2018), thus
challenging the training hypothesis of domain-general abilities and the idea that bilinguals could
enjoy any such advantage. In addition, it is worth scrutinizing themore fundamental assumption
as to whether language switching in fact engages EFs. If this is not the case, language switching
could not train general EF, either. The present study addresses the assumption that language
switching in children engages EFs.

The theoretical basis by which language switching engages EFs is that bilinguals’ two
languages remain active even when there is one target language for communication (Grosjean,
1989; Marian & Spivey, 2003). Thus, they must efficiently keep the languages from interfering
with each other by exercising language control, which has been suggested to be regulated by
domain-general executive control (Craik & Bialystok, 2006; Green, 1998; Green & Abutalebi,
2013), an assumption we call here the “domain-generality” account.
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Some studies have indeed found significant links between tasks
assessing domain-general EFs and language control in adult bilin-
gual populations. For example, Declerck et al. (2017) found a
positive association between similar tasks from the two domains,
a non-verbal set-shifting task and a language-switching task, in a
group of relatively highly proficient German-English bilinguals.
Similarly, Graham and Lavric (2021) found associations between
identical language switching and non-verbal switching paradigms
in a group of highly proficient bilinguals. Furthermore, Jylkkä et al.
(2018) found some associations between language switching and EF
measures in high-proficiency bilinguals, albeit these were not rep-
licated in a later study (Jylkkä et al., 2020). At the level of the brain,
the results by de Baene et al. (2015), Declerck et al. (2021), and
Lavric et al. (2019) suggested that neural circuits and ERP compo-
nents related to domain-general EFs may be involved in language
control as well.

On the other hand, studies also report findings not in line with
the domain-generality account. For example, in two studies,
Calabria et al. (2012, 2015) found no evidence in support of
domain generality. Neither of these found significant correlations
between a linguistic and a non-linguistic switching task in a group
of highly proficient Spanish-Catalan bilinguals (2012) or different
age groups of bilinguals (2015). The authors interpreted this result
as evidence that the bilingual language control system is not fully
dependent on the domain-general control system. These results
were echoed in Branzi et al. (2016), and Magezi et al. (2012), as
well as Wu and Struys (2021) who found dissociations between
linguistic and non-linguistic EF tasks, thus challenging the
hypothesis that language control in bilinguals is dependent on
general executive control.

Some of the research that assumes domain generality has
claimed that any potential executive demands in language switch-
ing are driven by the contexts in which speakers use their lan-
guages. The Adaptive Control hypothesis (ACH; Green &
Abutalebi, 2013) proposes that the context of everyday language
switching governs how strongly different EF processes are
engaged since the speaker’s linguistic context creates different
cognitive demands upon them to use the right language. The
ACH distinguishes three different language-switching contexts:
a single-language, a dual-language, and a dense code-switching
context. The single-language context applies when a speaker uses
two languages in two clearly distinct contexts (e.g., at home versus
at school). The dual-language context represents situations in
which a speaker might be required to use one language with one
speaker and switch to another with a different speaker within the
same context, remaining aware of the interlocutor’s needs. In the
dense code-switching context, the speaker has relative freedom to
use any language, based on which word or expression is more
easily accessible, and to switch when desired without a break in
communication, because the interlocutor is a bilingual speaker
him- or herself. Under the ACH, the dual-language context is the
most cognitively demanding because it involves almost all control
processes proposed by Green and Abutalebi (2013): goal main-
tenance, conflict monitoring, interference suppression, salient cue
detection, selective response inhibition, task disengagement, and
task engagement. The plurality of control processes involved
makes it more likely to engage EFs than the single-language
context, which requires goal maintenance and interference con-
trol, or the dense context, which only requires opportunistic
planning. Ultimately, the dual-language context demands more
awareness of the linguistic environment, the interlocutor’s needs,
and assumed control to use the target language.

Recently, due to the mixed results, it has been questioned
whether domain-general executive control is always engaged in
language control in switching, even in dual-language contexts
(Jylkkä et al., 2020; Lehtonen et al., 2023; Paap, 2018). Research
in other areas of cognition has argued for the importance of
automatization and addressed conditions where EFs are recruited
in carrying out a particular task. In their Triarchic Theory of
Learning, Chein and Schneider (2012) discuss three stages of
learning from the acquisition of a new behaviour to its relative
automaticity: the metacognitive system, the cognitive control net-
work, and the representation system. According to the authors,
these stages of learning support the establishment of new behav-
ioural routines when presented with novel tasks, and ultimately
provide a pathway for the automaticity of certain behaviours.While
Chein and Schneider (2012) discuss how certain brain regions
disengage earlier than others in the process of learning, they also
raise the role of cognition in the learning of new tasks. In their
proposal, EFs would likely be engaged in the learning of new tasks
in novel contexts prior to the establishment of behavioural routines
or skills (Chein & Schneider, 2012). Although these authors do not
make claims about bilingualism, others have broadened this “skill
learning account” into hypotheses of bilingual language control.
Paap (2018) has applied these findings to the context of language
learning by developing the “Controlled Dose Hypothesis.” This
account predicts that the process of language learning, similar to
the process of learning a new task, may boost EF ability early on, but
that such effects dissipate rapidly, as familiarity and automatization
of the task increase. Therefore, this boost of EF ability is more likely
to occur in the early stages of L2 learning. A similar account has
been recently presented by Lehtonen et al. (2023; see also Jylkkä
et al., 2017), who specify the assumptions that the skill learning view
could take in the field of bilingualism. They propose that the
reliance of language control on EFs is likely to diminish with
accumulating bilingual experience. Hence, EFs would be more
actively engaged when the subject is confronted with a novel task.
They would make use of general inhibitory control or cognitive
flexibility to resolve the newly presented task and to create strategies
to perform it effectively. However, once the task is familiar enough,
relatively automatic, task-specific processes have developed, after
which the need to recruit EFs is smaller. Following this claim,
bilingual speakers for whom switching is a daily activity – even in
a dual-language context – might gradually recruit EFs to a lesser
extent for this task.

As the amount of bilingual experience is a key factor in this skill-
learning or task-specificity hypothesis, Lehtonen et al. (2023) enter-
tain the assumption that children might show clearer associations
between language control and EFs, with clearly less experience of
language control than adults. Wemight thus presume that children
have not yet accumulated enough experience in language switching
for it to become an automatic, task-specific process. There is some
evidence that language switching may rely on domain-general EFs
in bilingual children (see Lehtonen et al., 2023, for a review), but
there are thus far few studies directly addressing this relationship.

In understanding EFs in relation to language control, it is also
important to consider how age and development affect these pro-
cesses. Most of the hypotheses described above are rooted in adult
brains and cognitive processes. However, cognition changes across
our lifespan: from substantial development in the first few years of
life, continuing to adulthood, and decline in old age. The pre-
frontal cortex, which matures greatly in the first 5 years of life
(Best et al., 2009; Best &Miller, 2010), is highly interconnected with
the development of EFs, as well as language. Research addressing
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the developmental trajectories of children’s cognition has found
that children might initially rely on more reactive control mech-
anisms that later develop into more proactive control (Chatham,
Frank, & Munakata, 2009; de Bruin et al., 2020). Considering
continuous cognitive development, which can be influenced by
different environmental factors, an interesting question is whether
language switching engages domain-general EFs in children and
whether such engagement might be seen more clearly in reactive
than proactive control, as measured by different EF tasks.

To measure the processes involved in bilingual speakers’ lan-
guage control in dual-language-contexts, previous studies have
often used cued picture-naming tasks (CN). In these tasks, partici-
pants are required to name pictures in two languages in two
different types of blocks: a single-language block, and a mixed-
language block. A visual cue (such as a flag) indicates the language
that must be used for each trial. Alternating between languages
creates a switch cost, which can be inferred by means of speakers’
naming speed or accuracy when they switch languages. The cost is
obtained through the difference in naming performance between
switch trials and repetition trials in mixed blocks where both kinds
of trials are present. Evidence has often shown that speakers are
slower in naming a word in their L1 directly after naming a word in
their L2 than they are in naming a word in their L2 after using their
L1 (Meuter & Allport, 1999). This asymmetric switching cost has
been taken as evidence of a need to inhibit the stronger language
during the production of the weaker language, and that inhibitory
control is necessary for language switching, although it has also
been questioned whether switch costs are an index for reactive
inhibition in bilingual language control (Bobb & Wodniecka,
2013; Gade et al., 2021). In addition to switching costs, CN tasks
provide a measure for mixing costs, calculated as the difference
between repetition trials in mixed blocks and single trials in single
blocks, assumedly reflecting monitoring the use of languages or
preparedness to switch.

According to the skill learning account, novel tasks are likely to
rely more on EFs than familiar ones. It is therefore possible that a
laboratory-based language switching task, which presumably
entails some novel aspects compared to everyday language switch-
ing, shows higher correlations with EF task performance than
switching in a natural environment. Here, we also ask whether
the language control ability of children in an everyday dual-
language context in the family is related to their EF performance.
If everyday language switching ability relies on EFs in children, we
should also see associations between children’s everyday language
control ability and their EF performance.

Thus, we study the connection between language-switching
performance in the lab versus everyday language control ability
in those children who are functioning in dual-language contexts in
their homes. From a methodological point of view, there are few
existing studies that compare lab task performance to everyday
language use (for exceptions, see, e.g., Jylkkä et al., 2017; 2020). This
is the case even though finding such associations would provide
support for the ecological validity of commonly used lab tasks, such
as the CN task (for criticism on this task, see, e.g., Blanco-Elorrieta
& Pylkkänen, 2018).

1.1. Language switching studies in children

Very few studies have thus far explored language switching in
children in a controlled lab environment with a CN paradigm
(Gross & Kaushanskaya, 2015; Kubota et al., 2020; de Bruin et al.,
2020). Kubota et al. (2020) investigated associations between CN

and EF tasks. The authors explored whether development in execu-
tive control and bilingual experience predicted language control
in 7–13-year-old bilingual “returnee” children. A CN task and a
Simon task showed that cognitive development overall predicted
language control, indicating an overlap between executive control
and language control: CN mixing costs, assumedly indexing moni-
toring of language use, were predicted by exposure to the L2, and
weremodulated by improvement in performance in the Simon task.
Their results seem to support the view that EFs are to some extent
involved in language switching in children. Gross and Kaushans-
kaya’s (2018) findings can also be taken to reflect the role of
domain-general EFs in bilingual language control. They reported
that nonverbal task-shifting abilities contributed to 5–7-year-old
children’s cross-language errors in the CN task as well as to naming
speed in the non-dominant language.

Other studies have measured EFs in relation to language switch-
ing in children with either free play sessions (Kuzyk et al., 2019;
Smolak et al., 2020; Kang & Lust, 2018; Gross & Kaushanskaya,
2020), or parental reports (Kaushanskaya &Crespo, 2019; Bosma&
Blom, 2019). Most of these studies report that proficiency is an
important factor that drives language switching in children, often
arguing that language competence plays a more crucial role in
children than EFs (Gross & Kaushanskaya, 2020; Smolak et al.,
2020). There are, however, suggestions that domain-general EFs
show associations with language switching in these non-laboratory
settings as well (e.g. Gross & Kaushanskaya, 2020; Kuzyk et al.,
2019), though not all studies or measures have shown this link
(Kang & Lust, 2018; Kuzyk et al., 2019).

In their review, Lehtonen et al. (2023) summarize that while
some evidence indicates a potential association between EFs and
switching in children, the findings are not always consistent,
although EF associations for mixing costs are more typically found
in children than those for switching costs. The differences across
ages and language experience of the participants in these studies
suggest that EF-language switching associations, or lack thereof,
could be compatible with both the domain-generality and the skill
learning accounts. The authors highlight that, while these associ-
ations may be more likely in children than in experienced adults, it
is at present unknown how much experience would be required to
minimize these associations.

In sum, studies aiming to establish a direct connection between
children’s EF performance, language switching in the lab, and their
linguistic home environment are rare. Given the limited research
on these topics, we lack in-depth understanding as to whether
language control in children, as measured in the lab, is associated
with domain-general executive control, as well as with their every-
day language control ability at home.

1.2. The present study

There is still limited evidence on the role of cognitive control in
language switching in children, and how development affects these
cognitive processes. The primary aim of our study was to under-
stand the extent to which language switching engages EFs in
children. According to previous findings (see Lehtonen et al.,
2023, for a review), we expect to find associations between EFs
and language control in the lab. In a dual-language context that the
CN task represents, domain-general EFs should be engaged accord-
ing to the ACH (Green & Abutalebi, 2013). Similarly, according to
the skill learning or task-specificity framework, novel tasks should
engage EFs, and we assume that young children might not have
developed automatized, task-specific subroutines for language
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switching yet (Lehtonen et al., 2023). Furthermore, we studied
whether children’s everyday switching ability is associated with
their language control ability in the lab, and with EF performance.
We assumed that if everyday bilingual language control engages
EFs, we should also see associations between children’s language
control ability at home, as reported by parents, and EF perform-
ance. We also expected to see associations between the lab-based
CN task and everyday language control ability.

To address these questions, bilingual children roughly aged 5–7
performed a CN language switching task and four EF tasks in the
laboratory. Their everyday language control ability at home was
probed by a parental questionnaire. The analyses of the study were
preregistered.

2. Method

2.1. Participants

This study included parallel data collection of Norwegian–Spanish-
speaking children in Norway and Finnish–Swedish-speaking chil-
dren in Finland. Other than the language materials (i.e., language
proficiency tests and the specific linguistic stimuli in the language-
switching task and the color-shape task), the experiment was
equivalent in both countries (see Section 2.2).

A total of 45 children (mean age, 76months; SD, 0.53; range, 48–
100; 23 boys) participated in this study: Nineteen Norwegian–
Spanish speaking children were tested in Norway and 26 Finn-
ish–Swedish children in Finland. We did not exclude children who
were exposed to other languages as well – for instance, English was
often the language of communication between the parents, espe-
cially in Norway – but we required that they were exposed to
Norwegian and Spanish or Finnish and Swedish daily and that they
were sufficiently fluent in each language pair to hold a conversation.
To measure proficiency, we used Cross-linguistic Lexical Tasks
(CLT) scores in Norwegian (Simonsen et al., 2014), Spanish
(Cantú Sanchez, 2016), Finnish (Kunnari, 2013) and Swedish
(Ringblom et al., 2014). We used the CLT scores as a proxy for
dominance, which in most cases represented the language in which
the child scored highest. In the rare cases when both scores were
equivalent, we used the bilingual language experience calculator
(BiLEC; Unsworth, 2013), which provides a measure for the cumu-
lative length of exposure to each language, to determine language
dominance. As Table 1 indicates, the Finnish–Swedish sample
appears to be more dominant for Swedish, whereas the Norwe-
gian–Spanish one is more balanced for each language. However,
these children were highly proficient in all languages. We excluded
childrenwho had learning and cognitive difficulties such as ADHD,
autism spectrum disorder, or hearing or visual impairments. We
collected information on the SES of the parents in these families, the
majority of which had at least one parent with a bachelor’s degree
(65%), a master’s degree (35%), or a PhD (3%).

To assess the associations between everyday language control
ability and language control ability in the lab, we narrowed the
sample to a subset of families (n = 18) who reported a “stricter dual-
language culture” which resembled a dual-language-like context at
home. There each parent was relatively consistently using one
language with the child and encouraging the child to use only that
language when speaking to them. The motivation was that it is
possible to obtain a measure of everyday language control ability
only in families that enforce a dual-language context, in which there
is a need to control the use of a particular language. We obtained
this sample through the questions in the parental report that
addressed (a) the extent to which the parent reported not mixing
languages in a conversation with their child, (b) the degree to which
each parent encouraged the child to respond in the language used,
and (c) the extent to which the child was able to meet those
demands. The response scale was from 0% to 100%. We selected
the families with parents who responded 50% or more to question
(b). Of those families, we selected the “stricter” parent and meas-
ured the child’s switching behaviour (c) as a response to those
demands. We also checked whether these parents reported that
they themselves switched languages with their children (a), which
did not seem to be the case for this group of parents. In the subset of
the sample, at least one of the parents had a bachelor’s degree (55%),
a master’s degree (33%), or a PhD degree (3%). Thus, the SES
distribution for the strict culture sample, as compared to the full
sample, was relatively similar.

2.2. Procedure and materials

In Norway, the data processing plan was assessed by the Norwegian
Agency for Shared Services in Education and Research in order to
ensure that the data collected in the project was processed in
accordance with data protection legislation (reference number
408035). Data collection in Finland was evaluated and approved
by the Ethics Committee for Human Sciences at the University of
Turku.

Parents provided digital consent for their children to participate
in this study. InNorway, children came to the laboratory for the two
1-hour-long sessions, while data collection in Finland took place in
kindergartens, in a quiet room, in similar sessions. In either case,
the time in between sessions was of 1 week at minimum but no
further than 2 weeks apart. Sessions I and II were counterbalanced,
such that half of the participants took Session II first. Session I
consisted of an EF test battery of four cognitive tests as wewanted to
include two tasks per EF domain, two inhibition and two set-
shifting tasks: Flanker, which has been used to measure inhibition
in children (e.g., Weintraub et al., 2013; Yang et al., 2011) and the
Nonverbal Stroop Card Sorting Test (NSCST), often used to index
inhibitory control at various ages from childhood to the ageing
populations (Koch & Roid, 2012); the Dimensional Change Card
Sorting test (DCCS), which is commonly used to assess task shifting
in young children (Zelazo, 2006), and the color-shape task,
designed to measure task switching (Rubin & Meiran, 2005). The
order of the tests was counterbalanced with a Latin Square design.
Session II included the CN task preceded by the CLT in the relevant
languages, Norwegian and Spanish or Finnish and Swedish, to
assess the child’s comprehension and production of verbs in each
language. The language assessment was always performed at the
start of the session, and the languages of the CLT were counterbal-
anced. In the language switching task, children completed two
single-language blocks, with order counterbalanced, followed by
three mixed blocks.

Table 1. Language proficiency and dominance information of each language
for the Norwegian–Spanish and Finnish–Swedish participants (N = 45)

Norwegian Spanish Finnish Swedish

Proficiency % score 74% 70% 77% 87%

Dominance % 53% 47% 19% 81%

Note. Average percentage proficiency scores in the Cross-linguistic Lexical Tasks are reported.
Average percentage dominance is obtained from the proficiency score and average exposure
to each language reported in the BiLEC.
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Session I was carried out in the preferred language of the child by
an experimenter fluent in that language, to make the child most
comfortable in the testing situation. Session II was carried out by a
bilingual experimenter, as the tasks included two languages. In
addition to the two sessions the children participated in, parents
filled out a survey about language-switching practices at home and
responded to questions from the BiLEC (Unsworth, 2013) via
telephone or Zoom, or filled out the questionnaire themselves if
an appointment was not possible. All tasks were run in Presentation
software (Version 0.80, Neurobehavioural Systems, Inc., Berkeley,
CA, www.neurobs.com) on a laptop.

2.2.1. Picture-naming task
We designed a non-voluntary cued picture-naming (CN) task
according to previous literature (e.g., Gross & Kaushanskaya,
2018; Kubota et al., 2020) to test children’s language-switching
abilities. The task consisted of five blocks: two single blocks and
three mixed blocks, allowing us to provide several breaks for
children to complete the tasks. Participants named aloud pictures
in Norwegian/Spanish or Finnish/Swedish according to a given
language cue. A total of 20 individual pictures were selected. The
single blocks consisted of 20 experimental items, and in them, the
pictures were to be named in only one language. In the mixed
blocks, a cue informed the participant about which language to use
for naming of the picture. In these blocks, the same pictures used in
single blocks were repeated twice (40). For all blocks, the cues
remained on the screen throughout each trial to reduce working
memory demands. Practice blocks were administered prior to the
single blocks and the first mixed block. There were three types of
trials in the CN task. The single blocks consisted of single trials only,
where the same language was repeated for all items. The mixed
blocks included switch trials, where the target language was differ-
ent from the previous trial, and repetition trials, for which the target
language was the same as for the previous trial. We obtained two
measures from these three trial types: (a) mixing costs, the differ-
ence in performance between single and repetition trials across the
single and mixed blocks, and (b) switching costs, the difference in
performance between switch and repetition trials within the mixed
blocks.

The order of the trials was randomized in the single blocks and
pseudorandomized in the mixed blocks. We created 8 lists for the
mixed blocks to control for order effects, and to ensure a sufficient
number of switches in each block (16; 8 for each language) and
repetition trials (23).We chose a proportion of 40% switches to 60%
repetition trials to avoid the predictability of the switches. There
were no more than 4 consecutive trials of the same type. The total
number of trials was 160; 40 single trials (20 in each language) and
120 mixed trials, with 48 switch trials and 69 repetition trials. The
first trial of every mixed block did not count as either switch or
repetition. The children completed 5 practice trials for each of the
single-language blocks and 16 practice trials for themixed-language
block.

In contrast to studies on adults who often use flags as cues, we
selected drawings of two different girls to make it more child-
friendly. The participants were told that each girl, who also had a
distinctly Spanish, Norwegian, Finnish, or Swedish name, could
only speak one language (either Spanish or Norwegian in the
experiment in Norway, and Finnish or Swedish in the experiment
in Finland), and that the participants needed to make sure they
would understand the words that were said to them. The oral
responses were recorded for later analysis.

The pictures were selected from the MultiPic Project
(Duñabeitia et al., 2018). The words werematched across languages
(Norwegian with Spanish, and Finnish with Swedish) for mean
frequency (Ordforrådet, Lind, et al., 2015 for Norwegian; Spanish
corpus (esTenTen) for Spanish; the Turun Sanomat corpus for
Finnish and the Göteborgs-Posten corpus for Swedish; Laine &
Virtanen, 1999), age of acquisition when available (StanfordWord-
bank, López Ornat, et al., 2005; Simonsen et al., 2014), and a
number of alternative names. Cognates were avoided. Each picture
appeared on a white screen in a speech bubble. The cue appeared
slightly to the right and above the target picture. A cue was given in
all blocks to help participants familiarize themselves with the girl
who was supposed to speak each language. Each trial lasted for a
maximum of 4 seconds. A trial began with a white screen and a
fixation cross for 200ms, followed by a blank screen for 500ms, and
then the picture appeared simultaneously with a visual cue (girl
denoting language). Both the cue and the picture remained on the
screen for 4000 ms, regardless of when the response was produced.
There was a 500 ms interval between trials. The instructions for the
single blocks were given in the corresponding language. For the
mixed blocks, the instruction was given in both languages by a
bilingual research assistant.

2.2.2. Executive tasks
Flanker task We used an adapted version of the flanker task
(Eriksen & Eriksen, 1974) as a measure of inhibition and selective
attention. In this version of the task, children were presented with
pictures of 5 fish instead of arrows, based on Park et al. (2018). On
congruent trials, all fish pointed in the same direction (e.g. >>>>>)
and on incongruent trials, the central fish pointed in the opposite
direction (>><>>). In neutral trials, a picture of vertical seaweed
substituted all but the central fish. The child’s task was to correctly
identify the direction of the fish in the trials by using the left or right
button in the response box. We focused on the flanker interference
effect, which is the difference between the neutral and incongruent
trials measured by means of accuracy rates or RTs. Each trial began
with a fixation cross in the shape of a star on a blue background to
simulate the sea. The maximum duration of each trial was 1700 ms
with an inter-stimulus interval (ISI) of 1000ms. There were 60 test-
ing trials preceded by 18 training trials (6 congruent + 6 incongru-
ent + 6 neutral). Children were required to respond accurately on at
least 3 of the 6 training trials in order to proceed to the testing phase.
In case they did not, 2 series of practice items were added. The
testing phase consisted of 60 trials, including congruent (20),
incongruent (20), and neutral (20) trials.

Nonverbal Stroop card sorting test An adapted, computerized
version of the NSCST was used to assess children’s inhibitory
control. This is a widely used test for inhibitory control across
populations from 3 to 70 years of age. The test is a non-verbal
version of the classic Stroop test that is particularly suitable for
young children (Koch et al., 2012). In this computerized version,
the participant must place each card in one of the four stacks which
each correspond to a specific color (red, blue, yellow, green). The
cards are numbered in a specific order for all participants. The test
consists of a congruent condition followed by an incongruent
condition. The difference in performance between these two con-
ditions is called the Stroop effect, which is used as a measure of
inhibitory control. In the congruent condition, the cards include
two rectangular shapes of the same color (e.g. blue) with a white
cross in one of the colors. The participant must place the card in the
right color. In the incongruent condition, each rectangular shape in
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the card represents a different color (e.g. red and blue). The white
cross in one of the colored rectangular shapes indicates where the
card must be placed. The mean Stroop effect for each participant
was used in the statistical analysis.

Dimensional change card sorting test (DCCS) The DCCS test is
widely used to measure shifting in children from 3 to 7 years of age.
We created and adapted a computerized version of the task similar
to Park et al. (2018). In our version, the test consisted of two target
cards (a blue fish and a red rabbit) that remained the same
throughout the experiment. The task consists of a (pre-switch)
color task and a (post-switch) shape task. Participants received a
practice round of 6 items (3 red fish and 3 blue rabbits) in ran-
domized order. Following the practice round, children performed
the color task, where they received 3 red fish and 3 blue rabbits in
randomized order. Children moved directly to the shape condition
explained by the experimenter, where they again received 3 red fish
and 3 blue rabbits that now had to be sorted according to their
shape, and not their color. The task ended with a mixed cue
condition, where a cue indicated whether children could respond
according to color (rainbow) or shape (paw). In the mixed condi-
tion, the distribution was the following: 11 red fish (color) 11 blue
rabbits (shape), 4 red fish (shape) and 4 blue rabbits (shape). In our
study, we used average accuracy performance in the mixed block in
the statistical analysis.

Color-shape task We designed a version of the color-shape task
that emulated, as much as possible, the CN switching task with oral
responses. As for the CN task, we also obtained switching and
mixing costs from the different trial types. In contrast to the usual
color-shape stimuli, we used cats and fish for the shape block to
make it more child-friendly. We also selected red and blue for the
color block. The cues that indicated color and shape were a rainbow
and a paw (as in the DCCS). As in the CN task, the cues remained
on the screen throughout each trial.

The task consisted of five blocks: a single (shape) block, a single
(color) block, and three mixed (shape/color) blocks. There were
20 trials in the single block and 40 trials in the mixed blocks
(following the 20 × 20 × 40 design of the picture-naming task).
The trials appeared in randomized order in the single blocks and in
pseudorandomized order in the mixed block. We created 8 lists to
ensure the right number of switch trials (16 switches; 8 to color and
8 to shape in eachmixed list) and repetition trials (23). The first trial
of each block did not count as either switch or repetition. We
assured there were no more than 4 consecutive trials of the same
type. In addition, we counterbalanced the order of the stimuli
(red/blue, cat/fish). Each trial had a maximum duration of
4 seconds. A trial started with a fixation cross presented for
200 ms, followed by a blank screen for 500 ms. Both the cue and
target remained on the screen for amaximumduration of 4 seconds.
A 500 ms inter-trial blank screen interval was presented before the
onset of the following trial.

2.2.3. Language assessment tools: CLT
We used the CLT (cf. Section 2.1) to assess children’s proficiency in
the relevant language pairs. Each CLT includes 4 phases that assess
the production and comprehension of verbs and nouns bymeans of
object/action naming or pointing. To minimize the length of the
session, children were tested on comprehension and production of
verbs only. For comprehension tasks, children saw four action
pictures on the screen, and they were instructed to point at the
correct picture (e.g., Who is biting?). In the production part of the

task, children were asked to name the action that appeared on the
screen (e.g., What is she doing? – watching TV).

Responses were coded as correct or incorrect based on whether
they pointed at or produced the target word. Responses were also
written on the answer sheet for later analysis, to assess responses
post-hoc, in case a child’s untargeted response was due to his or her
language variety (e.g., dialectal differences in LatinAmerican versus
European Spanish). The CLT scores were used to determine the
child’s dominant language, which was later used to explore asym-
metric costs in the CN task.

2.2.4. Bilingual Language Experience Calculator
Parents completed the BiLEC (Unsworth, 2013) for language input
and exposure via Zoom or telephone. This allowed us to obtain
measures for the absolute and cumulative length of exposure to
each language, as well as background and linguistic information
about children, parents, and other members of the family who
spend a significant amount of time with the child.

2.2.5. Language switching questionnaire
In addition to BiLEC, we asked parents to respond to a short survey
on language practices about languagemixing in the household. This
allowed us to assess the extent of a home dual-language context and
to select the participants who experienced a dual-language context
in their family. See Section 2.1 Participants, for more information
about this subsample.

3. Results

This analysis was preregistered in “As Predicted” prior to data
analysis (08/18/2022; reference number 104957: https://aspredicte
d.org/j5q7v.pdf). All analyses were performed in R using mixed
effects logistic regression models ((G)LMMs, package lme4, Bates
et al., 2015). We focused on accuracy measures, in line with previ-
ous studies on children (Davidson et al., 2006; Diamond & Kirk-
ham, 2005; Gross and Kaushanskaya, 2020), which argue that
accuracy is a better index for performance in children than reaction
times1. The dependent variable was always in a long format, while
the predictors were included as means. Each of the models below
was designed to answer one of four questions. Some additions were
made to the initial pre-registration to facilitate model fit. Because
these models are notoriously hard to fit and converge (Mundry,
2021), we z-transformed some of the covariates that were entered
into the models, such as age and EF variables. These transform-
ations did not impact the output of the models but generally
facilitated the models to converge. The z-transformed variable for
age in months was always included as an additional covariate in the
models. Subject and Item were always added as random effects.

1Given that the tasks were computerized, we collected reaction times of the
Flanker, the Color-Shape and the CN tasks. While primarily focusing on
accuracy (see preregistration), we also ran three linear mixed effects models
using reaction times following a comparable structure to that of the logistic
regression models, but in this case the dependent variable was log-transformed
reaction times from the CN task. The first model included the Flanker inter-
ference effect in reaction times in interaction with CN condition, and the second
and third models included color-shape switch costs and color-shape mixing
costs in reaction times in interaction with CN condition, together with age and
trial number. Of these, the flanker interference effect and color-shape mixing
costs were significantly positively associated with CN mixing costs. Tables and
plots of these models can be found in the Appendix (see Figure A1 and
Table A1).
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Participants were excluded from the analysis if the child appeared
distracted and responded randomly during the experiment.

In the following subsections we answer the four questions as
formulated in the pre-registration: (1) Do children exhibit switch-
ing and mixing costs in CN? (2) Are switching and mixing costs in
CN associated with EF performance in the laboratory? In addition,
we investigate (3) To what extent is children’s everyday language
control ability associated with CN, and (4) with EF performance in
the laboratory? In order to explore the latter two potential associ-
ations, we selected the families that reported creating a dual-
language environment at home, that is, those families that enforced
a stricter switching culture between parents and children, whereby
children are encouraged to respond to each parent in one specific
language. For this subsample of families, we askedwhether there are
associations between CN in the laboratory and children’s everyday
language control ability at home, as well as whether there are
associations between EF performance in the lab and children’s
everyday language control ability at home. We summarize the
descriptive statistics for all tasks in Table 2.

3.1 Switching and mixing costs in cued naming

The first model addressed whether children exhibited basic switch-
ing and mixing costs in CN in the laboratory, that is, whether
children’s performance was lower in switch trials compared to

repetition trials, and in repetition trials compared to single trials.
The model examined these with CN performance as the dependent
variable, CN condition (repetition, switch, and single) as a fixed
factor, and Subject and Item as random effects. This model revealed
statistically significant switching (E = �.47, SD = .08, z = �5.61,
p < .001) and mixing costs (E = 1.05, SD = .12, z = 8.89, p < .001)
(Table 3). Participants were less accurate in switch trials, as com-
pared to repetition trials of the mixed block, and in repetition trials
as compared to single-block trials. When including age as a covari-
ate in the model, we observed that accuracy improved with age for
all the conditions (Figure 1a), but the effects remained also without
the inclusion of this covariate.

To explore a possible asymmetry in switching and mixing costs
in CN, we ran a model including the interaction between language
(L1/L2) and condition, and age as an additional covariate. Lan-
guage, which was used here as a proxy for dominance, was deter-
mined by CLT production scores, as this domain was considered
the most comparable measure to the CN task. For the purpose of
this question, “L1” was assigned to the language with the highest
score for the child, even though the large majority of children in the
study were fairly proficient and balanced in the two languages. We
nevertheless explored whether a difference in language proficiency
– even if small – would influence the symmetry of switching and
mixing costs. While we found the main effects of language and age,
indicating that accuracy was higher in the assigned L1, and per-
formance improved with age, the interaction between language and
condition was not significant for switching costs (E = .02, SE = .17,
z = .14, p = .89), but it was for mixing costs (E = �.66, SE = .26,
z = �2.57, p = .001), which were larger in the L1 than in the L22

(Figure 1b).

3.2 Cued naming and EF tasks

For our second question regarding associations between the EF
tasks and the language switching task, we created four models with
CN accuracy as the dependent variable and the interaction of CN
Condition with the mean of one EF measure variable at a time. Age
was always added as an additional predictor, and it was significant
for all the EF models. See Table 4 for a summary and Figure 2 for
plots of these models.

The model examining the interaction between the CN Condi-
tion and the flanker task revealed a significant interaction for
switching costs: the larger the flanker interference effect, the larger
the switching cost (E = .17, SE = .08, z = 2.09, p = .0036) (Figure 2a).
The flanker interference effect did not predict mixing costs
(E = �.10, SE = .11, z = �.11, p = .91). In the model focusing on
the interaction between the NSCST task and CN, the interaction
was only marginally significant for mixing costs: the larger the
Stroop effect, the larger the mixing cost (E = .24, SE = .14,
z = 1.72, p = .08) (Figure 2b), and it was not significant for switching
costs (E = �.11, SE = .08, z = �.1.28, p = .19). Thus, there was a
tendency of inhibition tasks to be associated with the magnitude of
switching and mixing costs in the CN task.

We ran twomodels to assess the associations between the color-
shape task and CN: one model targeted the color-shape switching
cost, and the other the color-shape mixing cost. The first model

Table 2. Mean scores and SD for all tasks and conditions

Measure Accuracy (%) SD (%)

CN single 93.78 8.11

CN repetition 85.40 22.30

CN switching 79.50 27.22

Flanker neutral 89.78 15.75

Flanker incongruent 83.54 22.70

Stroop congruent 95.71 25.73

Stroop incongruent 96.03 22.44

CS single 95.45 6.14

CS repetition 87.86 17.63

CS switch 82.29 19.14

DCCS color (pre-switch) 96.51 10.35

DCCS shape (post-switch) 81.01 24.86

DCCS mixed 67.50 25.11

Note. CN = Cued Naming task; CS = Color-Shape task. Means and SD are expressed in
percentages.

Table 3. Estimates (standard error in parenthesis) for the switching and mixing
cost model, where CN Condition is the main predictor, and for the asymmetry
model, where Condition interacts with Language

Models Predictor
CN switching

cost
CN mixing

cost

Switching and
mixing cost

Condition �0.47*** (0.08) 1.05*** (0.2)

Asymmetric cost Language*Condition 0.02 (0.17) �0.66* (0.2)

*:p < .05
***:p < .001.
Note. CN = Cued Naming task.

2Deviating from the preregistration but based on previous studies (Gross &
Kaushanskaya, 2015, 2018, 2020), we also tried including proficiency, measured
by CLT production scores, as a fixed factor in additional analyses with CN and
EFmeasures. While an additional covariate in the models explained some of the
variation, the pattern of results did not change.
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revealed that the interaction between the switching cost of the color
shape and CN condition was not significant for switching costs in
CN (E =�.01, SE = .01, z =�.71, p = .47), but it was significant for
mixing costs in CN (E = .08, SE = .02, z = 3.92, p < .001) (Figure 2c),
suggesting an association between EF and the CNmixing cost. The
larger the switching cost in the color-shape task, the larger the
mixing cost in the CN task. The secondmodel assessing the effect of
mixing costs of the color-shape task on CN did not reveal a
significant interaction for either switching or mixing costs in CN
(Figure 2d).

Lastly, the model looking at the interaction between DCCS
performance and CN was not significant for either switching
(E = �.08, SE = .08, z = �.77, p = .44) or mixing costs of CN
(E =�.03, SE = .12, z =�.01, p = .99). Age was the only significant
predictor in the model. In addition to these models, we examined
possible correlations between measures that tapped into the same
component: Flanker and Stroop for inhibition, and color-shape and
DCCS for shifting, but no statistically significant correlations were
observed.

3.3 Cued naming and children’s everyday language control

To analyze our third question regarding the associations between
children’s everyday language control ability as reported by the

parents and CN in the lab, we created a model with CN accuracy
as the dependent variable and CN condition in interaction with
mean everyday language control ability (Child-switching) as fixed
factors. Age was an additional predictor, and Subject and Itemwere
added as random effects.

To assess associations between everyday language control ability
and language control ability in the lab, we ran a model with the
subset of families (n = 18) who reported a “stricter dual-language
culture” (cf. Section 2.1). The variable “Child-switching” reflects
the child’s unwanted switching measured in percentages, in
response to the parent who encourages the use of one language
only. Therefore, an increase in this variable translates into a child’s
weaker ability to adhere to those demands.

We then analyzed the interaction of condition and child-
switching tendency and its effect on CN accuracy in this subsample.
It was not significant for either switching (E < 0, SE < 0, z = .42,
p = .67) or mixing costs (E < 0, SE < 0, z = .001, p = .99) (Figure 3).

3.4 EF tasks and children’s everyday language control

Our fourth question addressed associations between children’s
everyday language control ability, as reported by the parents, and
EF. In this model, EF accuracy acted as the dependent variable
(in long format) and the interaction of EF condition and mean
everyday language control ability as fixed factors. Age was included
as an additional covariate, and Subject and Item as random effects.
We ran thesemodels on the same subsample as for question 3.3. See
Figure 4 for plots of the models. The first model did not reveal a
significant interaction between the flanker interference and chil-
dren’s everyday language control ability (E = .55, SE = .37, z = 1.52,
p = .13). Themodel on Stroop performance and everyday switching
revealed a significant interaction in the unexpected direction
(E = .1, SE = .42, z = 2.31, p = .02): the worse the children’s everyday
language control ability, and therefore more difficulties to stick to
the demands of stricter dual-language context, the smaller the
Stroop effect. The DCCS did not reveal a significant interaction
(E = .67, SE = .28, z = 2.49, p = .42). The model exploring the
interaction between child’s language control ability and color-
shape condition did not reveal significant interactions for either
switching (E = �.05, SE = .18, z = �.29, p = .77) or mixing costs
(E = .42, SE = .27, z = 1.55, p = .12).

Figure 1. Models assessing basic switching and mixing costs and asymmetric costs for cued naming. (a) Switching and mixing costs as a function of age (b) Asymmetric costs.

Table 4. Estimates (standard error in parenthesis) for all EF interaction effects
with CN condition, including non-significant ones in the CN task. Each line
represents which EF measure each model analysed

Models Predictor CN switching cost CN mixing cost

EF model 1 Flanker 0.17* (0.08) �0.01 (0.12)

EF model 2 Stroop �0.1 (0.08) 0.24 (0.14)

EF model 3 CS switching cost �0.01 (0.01) 0.08*** (0.02)

EF model 4 CS mixing cost 0.04(0.01) �0.004 (0.01)

EF model 5 DCCS �0.08 (0.08) �0.03 (0.12)

*:p < .05
***:p < .001.
Note. CN = Cued Naming task, CS = Color-Shape task.
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3.5 Summary of results

As predicted, the statistical analyses revealed overall switching and
mixing costs in CN that decreased with age, but no evidence for
asymmetric switching costs. However, we found asymmetric mixing
costs: mixing costs were larger in L1 than in L2. Themodels exploring
associations between EF performance and CN revealed some associ-
ations. Specifically, the flanker interference effect predicted switching
costs in CN. Although we observed a trend for the Stroop effect to
predict CN mixing costs, this effect did not reach statistical signifi-
cance.We also found an association between the color-shape task and
CN: switching costs in the color-shape task predicted mixing costs in
CN; however, the mixing cost in the color-shape task was not a
significant predictor for either switching or mixing costs in CN. We
did not find any associations between the DCCS and CN.

Few direct associations were found between experience with a
stricter dual-language culture at home and CN or EF performance
in the lab. Children’s ability to stick to the demands of a stricter
language culture did not predict CN task performance in the
laboratory. Among the five EF measures, we found only one sig-
nificant association between EF performance and children’s

language control ability. Specifically, children’s everyday language
control ability at home predicted mixing costs in the Stroop task,
with worse language control being associated with a smaller (better)
Stroop effect.

4. Discussion

This study investigated the extent to which EFs are recruited in
language switching in children in a controlled dual-language con-
text using a CNparadigm.On the assumption that language switch-
ing engages EFs in children, our expectation was to find consistent
associations between CN and EF performance. We also aimed to
understand the extent to which children’s everyday switching
ability, as assessed by parental reports, is associated with EFs and
language control ability in the lab.

Our analysis revealed significant switching costs, in line with
previous research on switching in children (de Bruin et al., 2020;
Gross & Kaushanskaya, 2015). We also found mixing costs, which
are a frequent finding in studies of voluntary (e.g., de Bruin et al.,
2020) and non-voluntary switching in children (e.g., Kubota et al.,

Figure 2. Models assessing the different (z-transformed) EF measures in interaction with the cued naming condition.
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2020), as well as in cued switching in adults (e.g., Costa et al., 2006;
Jylkkä et al., 2020; Meuter & Allport, 1999). Unlike Gross &
Kaushanskaya (2020), we did not observe significant asymmetric
costs in switching, although proportionally, children made more
errors in their L2 (or less dominant language) than in their L1 (more
dominant language) on average. However, we did find asymmetric
mixing costs, similar to Kubota et al. (2020).

As to whether these switching and mixing costs are related to
executive control, our data revealed only some associations
between EF performance and CN measures. Specifically, of the
two inhibition tasks, the flanker task predicted switching costs in
CN, while the Stroop task only marginally predicted mixing costs
in CN. The EF tasks tapping into shifting revealed an association
between the color-shape task and mixing costs in CN, but no
associations between the DCCS task and CN. Mixing costs in CN
were positively associated with the switching cost in the color-
shape: larger switching costs in the color-shape task predicted
increased mixing costs in CN. Based on our data, therefore, EF
performance was sometimes, though not consistently, associated
with CN mixing, and only flanker performance was associated
with CN switching.

Previous research suggests that young children initially rely on
reactive control but gradually transition into proactive control

Figure 3. Model assessing children’s everyday language control ability (“Child-
switching”) in interaction with the cued naming condition in the “strict dual-
language culture” subset.

Figure 4. Models assessing the different (z-transformed) EF measures in interaction with children’s everyday language control ability.
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between 5 and 6 years of age (Gonthier et al., 2019). In the present
study with mostly 5–7-year-old children, we observed that our
measure of reactive control, the switching cost in the color-shape
task, showed a significant positive association with the CN mixing
costs in the primary analysis focusing on accuracy (see preregistra-
tion). In turn, our measure of proactive cognitive control, mixing
costs in the color-shape task, was not associated with CNmeasures
in accuracy. In the secondary response time analysis, however, this
measure was positively associated with CNmixing costs. This latter
finding could suggest that both reactive and proactive control
processes had some role in language control in these children.

In general, observing significant positive associations between
language mixing and switching costs could provide tentative evi-
dence of the involvement of domain-general EFs in bilingual lan-
guage control in children’s language switching. This would be in line
with the domain-generality framework (e.g., Green, 1998; Green &
Abutalebi, 2013). Also, when considering this finding from the
perspective of skill learning, Lehtonen et al. (2023) discuss that
associations may be observed in children who might not have
accumulated enough experience in language switching for task spe-
cificity to emerge. However, the majority of the analyses here did not
show a positive association between EF measures and CN switching
or mixing costs. Importantly, out of five EF measures, only one was
positively associatedwithCN switching costs, and similarly, only one
measure showed a significant association with CN mixing costs in
accuracy. Thus, the evidence for EF involvement in bilingual lan-
guage control was weak in the present study. When considering the
secondary response time analysis (see Figure A1 in the Appendix),
there was more evidence for the involvement of EFs in CN mixing
costs: Both the flanker interference effect and color-shape
(CS) mixing costs were positively associated with this measure.
Interestingly, the recent skill-learning review (Lehtonen et al.,
2023) predicts that language monitoring, assumedly reflected in
the CN mixing costs, might be a domain where automatization is
less likely to take place than in language switching, perhaps reflected
in these significant CN mixing cost associations.

It should, however, be noted that out of eight analyses for
language switching costs, only one was statistically significant,
and out of eight analyses for language mixing costs, three were
statistically significant (see Table A2 in the Appendix). In general,
the fact that several separate models were run for the data may
increase the risk of Type I error, potentially resulting in some false
positives as well. Thus, overall, the majority of the present analyses
did not show significant associations between children’s language-
switching performance and EFs. Our findings thus do not provide
consistent support for the view that language switching engages
domain-general EFs in children.

Language switching andmixing costs have often been interpreted
to reflect the involvement of EFs, such as inhibition. In the present
study, we set out to test whether this is the case in bilingual children.
While we observed significant switching andmixing costs in the CN
task, we did not find substantial evidence to support the view that
these costs reflect domain-general control processes, in the kinds of
bilinguals studied here. If we interpret the results from the skill-
learning account’s perspective, the lack of consistent language
switching–EFassociationsmight reflect a shift fromdomain-general
to task-specific processes that have already taken place as a result of
the bilingual experience that even these relatively young children
have accumulated. With a familiar task such as language switching,
domain-general EFs may not be recruited anymore.

In addition to addressing the degree of association between EFs
and CN, our goal was to investigate the extent to which children’s

everyday language control ability relies on domain-general EFs.
Moreover, we studied the associations between everyday language
control ability and language control ability in the lab, which would
be important for establishing ecological validity for this com-
monly used lab task. For these goals, we restricted our sample to
those families who provided an environment where children’s
demands to keep the two languages separate were high enough
to assume a dual-language context. For these families, we analyzed
the children’s ability to follow those demands, i.e., to use a fixed
language with the parent, and the extent to which that translated
into the CN task in the lab, which also simulates a dual-language
context. We found no significant associations between these
measures. In addition, we found only one statistically significant
association between everyday language switching and EF per-
formance, and that was in the unexpected direction. The results
could thus suggest that everyday language switching does not rely
on domain-general EFs, at least on those functions that the lab EF
tasks are measuring.

An obvious limitation, however, is that the everyday language
control analyses were performed on a subset of families (n = 18),
which was considerably smaller than the complete sample. This
might have constrained our statistical power and hindered the
possibility of finding any significant associations between everyday
switching versus CN and EF performance. Another potential ques-
tion deals with the reliability and validity of parental reporting for
measures of everyday switching ability and language culture in the
home. These variables, obtained from parental reports, were central
to understanding which families imposed dual-language context
demands at home, and the extent to which children obeyed those
demands, but they can be a noisy measure of language use and
switching behaviours, and they can also be affected by parents’
potentially negative attitudes towards language mixing between
parents and children. However, it should also be noted that parental
reports have been shown to be reliable in assessing expressive
vocabulary (Dale, 1991) and general language skills in children
(Garibaldi et al., 2021), and some other studies have used parental
reports as the only proxy for language switching in children
(Kaushanskaya & Crespo, 2019; Bosma & Blom, 2019). Another
general limitation is children’s performance in the Stroop task,
which showed almost at-ceiling performance in our sample and
may have repercussions for the results.

Reflecting on the current theoretical frameworks, our results as a
whole only provide weak support for the domain-generality
account that assumes that language switching engages domain-
general EFs that are also used for other tasks. Although we found
some associations between the EF tasks and CN, only two of them
were statistically significant in our primary analyses. We thus
conclude that these results do not show consistent associations
between EFs and language switching in children. While a lack of
associations cannot be taken as evidence to directly support any
account, such results could, however, be compatible with the skill
learning framework. This account predicts that EFs are not strongly
involved in familiar tasks that can rely on increasingly automatic,
task-specific subroutines stored in procedural memory. Even
though it has been proposed that children, with their short bilingual
experience, might not have developed such automatized subrout-
ines yet (Lehtonen et al., 2023), the present results could suggest
otherwise. The present participants were roughly 5–7-year-old
children, most of whom had acquired the two languages simultan-
eously from birth, were overall relatively balanced in their language
use, and thereby already had a few years of experience of bilingual
language use.
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The specific characteristics of our bilinguals might explain our
contrasting results with those of Kubota et al. (2020) who found
an association between Simon’s task and L2 CN performance.
The participants in their sample were slightly older (7- to
13-year-olds) and had acquired their second language around
age 5. Furthermore, these “returnee children”, as described by the
authors, had been tested upon return to their L1 environment
after having spent between 2 and 4 years in their L2 environment.
Given the differences in terms of age of acquisition and contexts
in which the languages might be used by the two samples, it is not
entirely surprising to find some divergence in the results of the
two studies. In fact, these parallel results might provide an
opportunity to reflect on how the age of acquisition and language
experience might affect the relationship between EFs and lan-
guage switching if we took skill learning as a starting point. In the
present study, the two languages had been acquired and used
simultaneously since birth, whereas the participants in the
Kubota et al. study had fairly separate contexts for the two
languages and assumedly less recent experience with mixing
the two, perhaps making their language switching less automatic.
According to skill learning, this relationship is not static but a
dynamic one, and may change and adapt across the lifespan and
be influenced by the speaker’s individual experiences and chan-
ging linguistic contexts. As such, the skill learning view is com-
patible with accounts such as the ACH (Green &Abutalebi, 2013)
by which the cognitive system is expected to adapt to the specific
circumstances of the speaker’s environment. As pointed out by
Lehtonen et al. (2023), it is an open question as to how much and
what kind of experience might be needed for automatization and
task specificity to take place in bilingual tasks such as language
switching.

5. Conclusions

Our preregistered study adds to a limited body of research on a
potential connection between children’s language switching and
EFs, one fundamental assumption behind the bilingual executive
advantage hypothesis. In contrast to this assumption, our results
indicate quite a modest involvement of EF abilities in language-
switching performance. In our primary accuracy analysis, only one
of the five used EF measures significantly predicted mixing costs in
the CN task, and, similarly, one of themeasures predicted switching
costs in CN. Furthermore, our study did not find a connection
between children’s everyday language control ability reported by
the parents and CN or EF performance in the lab. Further research
with a larger sample is needed to establish the replicability of these
findings. Overall, the results offer only weak support for the view
that domain-general EFs are involved in children’s language
switching. While the observed lack of associations does not provide
direct evidence for any framework, the skill learning account could
explain the findings by assuming that early balanced bilingual
children have developed task-specific skills for language switching
that no longer rely on domain-general EFs.

Supplementary material. To view supplementary material for this article,
please visit http://doi.org/10.1017/S1366728924000853.
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