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Abstract
It has been claimed that bilingual experience leads to an enhancement of cognitive control across the lifespan, a claim that 
has been investigated by comparing monolingual and bilingual groups performing standard executive function (EF) tasks. 
The results of these studies have been inconsistent, however, leading to controversy over the essential assumptions underlying 
the research program, namely, whether bilingualism produces cognitive change. We argue that the source of the inconsist-
ency is not in the evidence but rather in the framework that has typically been used to motivate the research and interpret 
the results. We examine the componential view of EF with its central role for inhibition and argue that it provides a poor fit 
to both bilingual experience and the results of these studies. As an alternative, we propose a more holistic account based on 
attentional control that overrides the processes in the componential model of EF and applies to a wider range of tasks. The 
key element in our account is that behavioral differences between monolingual and bilingual individuals reflect differences 
in the efficiency and deployment of attentional control between the two language groups. In support of this point we show 
how attentional control provides a more satisfactory account for a range of findings that cannot reasonably be attributed to 
inhibition. We also suggest that group differences will emerge only when the attentional demands of a task exceed the control 
abilities of one of the groups, regardless of the EF components involved. We then review literature from across the lifespan 
to evaluate the extent to which this account is consistent with existing evidence, and conclude with some suggestions on 
how the field may be advanced by new lines of empirical enquiry.
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Introduction

Research investigating the possibility that bilingual-
ism modifies cognitive function and brain structure has 
increased rapidly in recent years. A slight increase in cita-
tions to work on “bilingualism” between 2000 and 2010 
turned into a steep incline that continues to the present. 
Part of the reason for the increased interest in this research 
is the controversy that has arisen around some of its central 
claims, creating a lively debate in the literature. The debate 
centers on whether the ongoing experience of managing 
two languages is associated with improved performance 

on a set of nonverbal cognitive tasks that are typically 
described as involving executive functions (EFs). There 
are many reviews of this research (Antoniou, 2019; Baum 
& Titone, 2014; Bialystok, 2017), and meta-analyses that 
endorse both positive (Adesope et al., 2010; Grundy, 2020; 
Grundy & Timmer, 2017; van den Noort et al., 2019) and 
null (Donnelly et al., 2019; Lehtonen et al., 2018) results. 
In all these meta-analyses, there is a small but signifi-
cant effect size, usually around 0.20, that researchers are 
rightly cautious to accept as evidence for better bilingual 
performance, but this effect size is similar to that found 
for the effect of physical exercise on cognitive outcomes, 
typically between 0.10 and 0.25 (Chang et al., 2012; Etnier 
et al., 1997), an effect that is not considered to be con-
troversial. Others have argued that the controversy can 
be decided by large data sets, but here, too, the evidence 
falls on both sides. Nichols and colleagues (Nichols et al., 
2020) reported that in a sample of over 11,000 adults per-
forming a variety of online cognitive tasks, there was no 
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difference between those who claimed to speak more than 
one language and those who reported speaking only one 
language; Dick et al. (2019) reported a similar outcome in 
an analysis of a database of around 4,500 children. In con-
trast, in a study of over 18,000 children performing execu-
tive tasks, those from bilingual homes outperformed those 
from monolingual homes (Hartanto et al., 2019). Despite 
several commentaries that have attempted to reconcile the 
conflicting outcomes (Bak, 2016; Bialystok, 2016; Val-
ian, 2015), what the debate makes clear is that the issue 
is complex and multifaceted, and a simple binary conclu-
sion is unwarranted. Given the rich body of evidence that 
reveals positive effects of bilingualism, there must be some 
relation between bilingualism and these behavioral out-
comes, but the evidence documenting equivalent perfor-
mance between language groups in many studies suggests 
that other factors modulate these effects.

The debate is currently deadlocked over the question 
of which results are more valid – those that show positive 
effects of bilingualism or those that show no difference 
between groups – with new evidence for each side being 
added regularly. If there were truly no relation between bilin-
gualism and cognitive performance and the positive findings 
were Type 1 errors as has been suggested (Paap & Green-
berg, 2013), then there should be a similar number of false 
positives in which monolinguals outperformed bilinguals on 
nonverbal tasks. To our knowledge such cases are extremely 
rare, suggesting strongly that there is a positive effect of 
bilingualism that needs to be understood. Others have argued 
that null results have been underestimated because of pub-
lication bias that favors positive results (de Bruin et al., 
2015), but that argument speaks to the ratio of positive and 
null results, not to the validity of the positive ones. Even if 
positive results are over-represented in the empirical record, 
they require an explanation. Furthermore, a large portion of 
these studies use conflict tasks such as Stroop, flanker, and 
Simon in which the dependent variable is the reaction time 
difference between congruent and incongruent trials. How-
ever, as Draheim et al. (2019) point out, such scores are not 
appropriate for correlational studies in which participants 
are not randomly assigned to groups because the correla-
tion between the two scores decreases the reliability of the 
difference between them. In this way, the absence of group 
differences in these scores is in part attributed to the low 
reliability of the measure.

One well-established difference between bilingual and 
monolingual groups is that monolinguals have superior ver-
bal knowledge, at least as measured in one of the bilinguals’ 
languages, and so typically outperform bilinguals on ver-
bal tasks. This situation may result in a trade-off between 
verbal knowledge and attentional control such that mono-
linguals show superior performance on a verbal process-
ing task, but bilingual participants are superior on a similar 

task constructed with nonverbal materials (Luo et al., 2013). 
There is little controversy about these findings.

Resolution of the contradictory findings for nonverbal 
cognitive tasks is important, however, because the implica-
tions of positive effects have great consequence. Evidence 
for better performance on attention tasks by infants raised in 
bilingual homes in the first year of life (Kovacs & Mehler, 
2009) sets the stage for differences in subsequent develop-
mental trajectories; precocious performance on EF tasks 
by school-aged bilingual children (Barac et al., 2014) may 
have longer-term implications given that EF is related to 
academic success and lifelong well-being . There is also 
evidence that older bilingual adults maintain cognitive levels 
better than monolinguals and show symptoms of dementia 
several years later than monolinguals (Alladi et al., 2013; 
Bialystok et al., 2007; Woumans et al., 2015), a delay that 
creates more time for independent living and reduces health-
care costs. Because of these far-reaching implications, it is 
important to clarify the nature of the effect of bilingualism 
on cognitive performance as well as detailing the precondi-
tions and limitations for those effects.

Why should bilinguals show a cognitive benefit?

Why should bilingualism be associated with enhanced cog-
nitive control? A large body of psycholinguistic research has 
shown that both languages are always active in the bilingual 
brain, despite the absence of any conscious awareness of the 
non-used language (Costa et al., 1999; Francis, 1999; Kroll 
et al., 2014; Marian & Spivey, 2003; Wu & Thierry, 2010). 
Because bilinguals rarely commit intrusion errors from 
the unwanted language, inhibitory control seemed to be an 
obvious mechanism for excluding the non-target language 
from ongoing processing (Liu et al., 2016; Martin-Rhee & 
Bialystok, 2008; Misra et al., 2012; Philipp & Koch, 2009). 
Evidence from brain imaging demonstrated that overlapping 
networks were used for language selection and nonverbal 
selection (review in Wong et al., in press). On the assump-
tion that lifelong bilinguals have had many years of flexibly 
deploying inhibitory control in language processing, and that 
these processes are at least partly shared with nonverbal cog-
nitive networks, the interpretation has been that inhibitory 
processes are strengthened in such individuals. The further 
step in the argument was that this mode of control then gen-
eralizes in bilinguals to apply to any situation in which it 
is beneficial to select one source of information while sup-
pressing attention to competing sources that would disrupt 
performance. In this account bilingual speakers enjoy a 
sort of spillover from their language experience that acts to 
enhance general processes of cognitive control.

This assumption that inhibition is the key element of 
bilingual experience was the basis for several influential 
models of bilingual functioning. A detailed account of how 
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inhibition could be the bridge between bilingual language 
use and cognitive outcomes was provided by Green (1998). 
In his Inhibitory Control model, conceptual ideas and task 
goals are mediated by the supervisory attentional system to 
activate language task schemas at a lower level. In turn, the 
activated schemas coordinate into “functional circuits” that 
exert control by activating and inhibiting relevant lexical-
semantic representations for appropriate verbal outputs. In 
a further development, called the Adaptive Control Model, 
Green and Abutalebi (2013) pointed out that the need for 
inhibition differs depending on the linguistic environment 
shared by speakers and listeners. The authors identify three 
interactional contexts for bilingual language use and con-
sider the implications of each for cognitive (and brain) out-
comes; the contexts differ in how the two languages are used 
and the demands each place on mechanisms of cognitive 
control. Bilinguals typically find themselves primarily in one 
of these contexts, so their long-term experience will impact 
the underlying processes specific to that context, leading to 
different outcomes for bilinguals whose interactional expe-
riences differ. The three contexts are: single language, in 
which each language is used in a unique context, such as 
one language at home and another at work; dual language, 
in which both languages are used in the same context but 
with different speakers who may speak only one of the bilin-
gual’s languages; and dense code-switching, in which the 
languages are mixed across other bilingual speakers in the 
same context. The authors’ claim is that eight control pro-
cesses adapt differentially to these contexts in monolingual 
and bilingual speakers; the processes are goal maintenance, 
conflict monitoring, interference suppression, salient cue 
detection, selective response inhibition, task disengagement, 
task engagement, and opportunistic planning. This scheme, 
reproduced in Table 1, shows the differential demands on 
each process as a function of the interactional context. The 
+ signs in the table indicate that a specific context increases 
the demand on a specific control process more for bilingual 
than for monolingual speakers; the = signs indicate that a 
specific interactional context has an equivalent effect on a 
specific control process for the two classes of speaker.

An important implication of the Green and Abutalebi 
model is that not all bilingual speakers are expected to show 
enhanced control abilities, and this point may go some way 
to understanding the failures to find bilingual control ben-
efits in some studies. Instead, potential modifications to 
cognitive systems depend on the type of bilingual experi-
ence in which individuals have been engaged. Although the 
model was developed as a theoretical exercise, emerging 
evidence supports its predictions (Beatty-Martinez et al., 
2019; Hartanto & Yang, 2016; Ooi et al., 2018). Similarly, 
Gullifer and colleagues have proposed “language entropy” as 
a measure of the complexity of the social contexts in which 
each language is used (Gullifer & Titone, 2020), again tying 

the cognitive outcomes of bilingualism to the way the two 
languages are used. These studies have demonstrated that 
greater entropy is associated with better outcomes in EF 
tasks (Gullifer et al., 2018; Gullifer & Titone, 2021).

Other factors have also been shown to modulate the rela-
tion between bilingual language use and cognitive outcomes. 
These include early versus late bilingualism (Pelham & 
Abrams, 2014; Vega-Mendoza et al., 2015), children versus 
adult bilinguals (Bialystok et al., 2005; Dash et al., 2019), 
and language switchers versus non-switchers (J. Festman 
et al., 2010; Prior & Gollan, 2011, 2013; Verreyt et al., 
2016). The nature and degree of bilingual experience is also 
a factor: Recent studies have examined bilingualism as a 
continuum along monolingual to bilingual experience rather 
than as a dichotomy and shown a significant positive relation 
between the conditions or extent of language experience and 
cognitive and brain outcomes (Calabria et al., 2020; DeLuca 
et al., 2020; Hervais-Adelman et al., 2018; Novitskiy et al., 
2019; Pot et al., 2018; Sulpizio et al., 2020). Extending this 
idea, simultaneous interpreters can be considered “super 
bilinguals” in that they continually manage two languages in 
online processing. Several studies have shown greater cog-
nitive and brain outcomes in this group than in comparable 
multilinguals (Hervais-Adelman et al., 2015; Yudes et al., 
2011). The detailed relations uncovered in these studies 
undermine any conclusions from binary procedures to clas-
sify participants in terms of their response to a simple ques-
tion about how many languages they speak (e.g., Dick et al., 
2019; Nichols et al., 2020). The new approaches have refined 
our understanding of the relation between bilingualism and 
cognition by identifying relevant moderating factors.

Table 1   Demands on language control processes in bilingual speakers 
as a function of the interactional context relative to demands on the 
processes in monolingual speakers in a monolingual context. From 
Green and Abutalebi (2013)

+ indicates the context increase the demand on that control process 
(more so if bolded); = indicates that the context is neutral in its effect. 
Please see main text for explanations of the control processes

Control processes Interactional contexts

Single 
language

Dual 
lan-
guage

Dense 
code-
switching

Goal maintenance + + =
Interference control: conflict 

monitoring and interference sup-
pression

+ + =

Salient cue detection = + =
Selective response inhibition = + =
Task disengagement = + =
Task engagement = + =
Opportunistic planning = = +

1248 Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3



Factors potentially confounded with bilingualism

In addition to factors that may mediate effects of bilingual-
ism described above, some researchers have suggested that 
factors associated with bilingualism may in fact be responsi-
ble for the reported outcomes. One such factor that has been 
suggested is socioeconomic status. For example, Morton and 
Harper (2007) argued that bilingual advantages in cognitive 
control may actually reflect superior SES backgrounds in 
bilingual children and adults. It is a compelling argument 
because it is well established that high SES is associated 
with better EF outcomes (Farah et al., 2006). However, 
studies with children (Engel de Abreu et al., 2012; Grote 
et al., 2021) and adults (Nair et al., in press) have carefully 
controlled for SES differences and still found superior per-
formance in bilingual groups. Studies that have manipulated 
both bilingualism and SES have reported effects for both 
factors with no evidence of confound (Bialystok & Shorbagi, 
2021; Calvo & Bialystok, 2014; Krizman et al., 2016).

Other studies have suggested that bilingual benefits may 
reflect the larger number of immigrants in the bilingual 
groups, based on claims that immigrants have superior cog-
nitive abilities (Fuller-Thomson & Kuh, 2014). However, 
better performance by bilinguals has been reported in studies 
where participants in both language groups were citizens of 
one country and none were immigrants (Alladi et al., 2013; 
Costa et al., 2008). In other studies, immigrant and non-
immigrant bilinguals were compared and there were no dif-
ferences between these subgroups, both showing the same 
effect of bilingualism over monolinguals (Bialystok et al., 
2007; Schweizer et al., 2013).

Finally, differences in cultural background have been 
suggested as another confounding factor (Hilchey & Klein, 
2011; Oh & Lewis, 2008). However, although children from 
East Asian countries often perform better on tests of atten-
tional control than do children from Western countries (Tran 
et al., 2015; Yang & Yang, 2016), the same studies found 
performance advantages associated with bilingualism over 
and above these cultural differences.

It seems likely that these and other factors can affect per-
formance on tests of cognitive control. However, there is no 
convincing evidence that in the studies reporting bilingual 
effects on cognition the results should instead be attributable 
to one of these other factors.

Possible mechanisms

The possible mechanisms underlying the reported conse-
quences of bilingualism have received surprisingly little 
attention. Yet, without a concrete proposal for such mech-
anisms, the discussion cannot move beyond competing 
arguments and countervailing data sets; no critical test of 
opposing positions is possible. For example, in an influential 

body of work that consistently shows no differences between 
monolinguals and bilinguals in cognitive outcomes, Paap 
and colleagues (Paap et al., 2014, 2015; Paap & Greenberg, 
2013) reject the notion that generalized effects of executive 
functioning exist but offer no explanation for the many stud-
ies that produce them or speculation about why their results 
differ from those that do report significant effects.

As a different approach to understanding these complex 
and often contradictory effects, we propose a framework for 
the observed cases of bilingual benefits on nonverbal cogni-
tive tasks that involve EF but differs from the general view 
based on inhibitory control. We emphasize that the purpose 
of the present article is not to review the evidence for and 
against the validity of bilingual benefits in cognitive process-
ing; these arguments have been made elsewhere (Bialystok, 
2017). Our point is that many positive cases from many dif-
ferent labs have now been reported and that these results 
require an explanatory account; current attempts to explain 
these effects have failed to provide a coherent description. 
The framework should also shed light on the conditions in 
which such benefits do and do not appear and suggest further 
work to clarify these conditions.

Executive functions in bilingualism research

Until the 1960s, research comparing intelligence scores of 
monolingual and bilingual children concluded that cogni-
tive confusion would inevitably befall bilingual children 
(e.g., Saer, 1923; review in Hakuta, 1986). The first reli-
able evidence for positive effects of bilingualism in children 
was reported by Peal and Lambert (1962). Like the previ-
ous research, their study was based on intelligence tests, but 
unlike those earlier studies, they reported better performance 
by bilingual children on both verbal and nonverbal assess-
ments. Their interpretation referred to the enhanced “mental 
flexibility” of bilingual children, a phrase that seemed vague 
at the time but turned out to be prescient. However, the 
nature of the effect became clearer in subsequent research 
that turned away from intelligence tests in favor of cognitive 
tasks. These studies showed that bilingual children outper-
formed monolinguals not on general intelligence measures 
but rather on tasks in which responses required attending to 
a target in the context of conflicting information (Bialystok 
& Majumder, 1998). This insight focused the argument on 
executive function as the crucial domain in which the effects 
of bilingualism were manifest. The problem, however, was 
that apart from descriptions of controlled processing occur-
ring in frontal brain regions (Fuster, 2000; Norman & Shal-
lice, 1986; Stuss & Benson, 1986), it was not clear how to 
connect the emerging work on executive functions to the 
possible effects of bilingualism.

The EF tasks on which bilinguals outperform monolin-
guals (e.g., Stroop, flanker, Simon) all involve the inhibition 
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of misleading features; it therefore seemed logical to suggest 
that bilinguals enjoy a general advantage in inhibitory con-
trol. Inhibitory control, as described in that line of reasoning, 
is a central aspect of cognitive control in many accounts, 
and so potentially provides the bridge between bilingual 
language processing and nonverbal executive functioning. 
Diamond (2013) proposed that cognitive control is achieved 
by means of three major EF processes – Inhibitory Control 
(including interference control, selective attention and cog-
nitive inhibition), Working Memory, and Cognitive Flexibil-
ity (including set shifting). She endorses the suggestion of 
Engle and Kane (2004) that working memory and inhibition 
both depend on some limited-capacity attentional system, 
and describes evidence suggesting that EF processes benefit 
from practice and training regimes, a point that is clearly 
relevant to the case of bilingualism.

A conceptualization of EF that has had much influence on 
characterizing the observed changes in bilingual control pro-
cesses is the Unity and Diversity model proposed by Miyake 
and colleagues (Miyake et al., 2000; Miyake & Friedman, 
2012). In their original model (2000, Fig. 1a), nine EF tasks 
shown at the lower level were combined through confirma-
tory factor analysis to give rise to the upper level of three 
latent variables – Updating, Shifting, and Inhibition. Thus, 
inhibition is again regarded as a major component of execu-
tive functioning. In a later revision, Miyake and Friedman 
(2012), Fig. 1b) modified their scheme to propose that inhi-
bition is represented as a broad latent variable – Common 

Executive Functions – that correlates with all tasks; Updat-
ing and Shifting were retained to capture the specific vari-
ance associated with a restricted set of tasks.

The models associated with Diamond, Miyake and col-
leagues, and Green (1998) were developed for different pur-
poses – both Diamond and Miyake sought to analyze and 
clarify the structure of EF, and Green’s goal was to explain 
language control in bilinguals – but they converged on a 
common conclusion. Inhibitory control was a central pro-
cess in all three models: Inhibition is one of the three com-
ponents of both the Diamond and the Miyake models, and 
inhibitory control is the supervisory process for suppressing 
interference and inhibiting unwanted responses in the Green 
model. If bilinguals routinely inhibit the non-target language 
to avoid intrusions, it is possible that domain-general inhibi-
tion is strengthened, leading to overall improvement in EF. 
However, inhibition is defined differently in the models. In 
Diamond’s scheme, inhibitory control is a descriptive com-
ponent of EF comprising interference control and response 
inhibition, enabling the individual to stay focused and resist 
impulsive tendencies. For Miyake, inhibition is a latent 
variable describing the commonality involved in control 
across specific tasks. For Green, inhibition is a hierarchi-
cal construct in which a higher level (inhibitory control) 
monitors and adjusts performance on lower-level processing 
operations. His use of the term is based on the Supervisory 
Attention System proposed by Norman and Shallice (1986), 
a system that Miyake places at a higher level of functioning 

Fig. 1   Componential model of executive functioning for (a) original model and (b) revised model. Reprinted from Miyake and Friedman 
(2012) with permission from Sage Publishing
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than his executive processes. In Green’s conception, inhibi-
tory control includes both selection and inhibition.

Because of the common use of the term, inhibition 
became the predominant explanation guiding research into 
the relation between bilingualism and EF, although the 
research was based primarily on the Miyake model. From 
the perspective of all three models, however, it is reason-
able to expect that any task involving inhibition should be 
performed better by bilinguals than by monolinguals, yet, 
as described in the following section, many such predic-
tions have not been supported, leading some researchers to 
conclude that there is no effect of bilingualism on cognition 
(Paap & Sawi, 2014).

Problems with inhibition as an explanation 
of bilingual performance

Research across the lifespan in which bilinguals outperform 
monolinguals on various cognitive tasks has continued to 
accumulate despite not conforming to predictions gener-
ated from the inhibition view. This inconsistency points 
to two problems in the way inhibition was conceptualized 
in the bilingualism and EF studies: (1) false equivalence 
between tasks and processes, and (2) classification errors 
in the construct.

False equivalence is the tendency to label tasks with 
descriptions of the processes used to perform them, mak-
ing tasks proxies for processes: Stroop assesses inhibi-
tion, n-back assesses working memory, and task switching 
assesses shifting (discussions in Diamond, 2013, and Kroll 
& Bialystok, 2013). The interpretation that follows is typi-
cally “Participants had better inhibition” rather than “Par-
ticipants performed better on the Stroop task.” Although 
these tasks include the processes indicated in their descrip-
tions, they are not simply manifestations of that process. 
The consequences of this reductionism are clear in the case 
of bilingualism. The primary tasks used in this research are 
Stroop, flanker, and Simon, all of which have been described 
as involving inhibition, although the nature and locus of the 
inhibition are different for each. More problematic, however, 
is the finding that bilinguals typically outperform monolin-
guals on both incongruent trials, which arguably do rely on 
inhibitory processes, and congruent trials, for which no inhi-
bition is required (Hilchey & Klein, 2011). The equivalent 
benefit for both types of trials has been reported across the 
lifespan in research with children (Martin-Rhee & Bialystok, 
2008; Yang et al., 2011), adolescents (Chung-Fat-Yim et al., 
2018), young adults (Costa et al., 2009; Emmorey et al., 
2008), and older adults (Bialystok et al., 2004). This highly 
replicable finding challenges the conclusion that the superior 
performance of bilinguals on these tasks reflects enhanced 
inhibitory control.

The second problem with the conceptualization of inhibi-
tion is errors in categorization. The centrality of inhibition 
to EF was substantially boosted by its identification as one 
of the three components in the Unity and Diversity model 
(Miyake et al., 2000). In the original study from which that 
model emerged, a confirmatory factor analysis clustered per-
formance from Stroop, anti-saccade, and stop-signal tasks 
into a latent variable labeled inhibition. However, research 
on bilingualism has confirmed earlier findings by Bunge 
and colleagues (Bunge et al., 2002) that such tasks reflect 
two distinct processes, namely, interference suppression and 
response inhibition, each with different neural underpinnings 
and different developmental trajectories. Interference sup-
pression is the ability to ignore the effects of misleading 
information (Stroop, Simon, and flanker tasks), whereas 
response inhibition is the ability to inhibit an inappropriate 
response (go/no-go and stop signal tasks).

In bilingualism research, tasks based on interference sup-
pression are typically performed better by bilingual than 
monolingual participants (except in some behavioral stud-
ies with young adults), but tasks based on response inhibi-
tion are typically performed equivalently by monolingual 
and bilingual groups. In studies with children, conditions 
of a Simon task (Martin-Rhee & Bialystok, 2008) or Stroop 
task (Esposito et al., 2013; Nayak et al., 2020) that required 
resolving conflict led to better performance by bilingual than 
monolingual children, but in comparable conditions in the 
same studies requiring children to inhibit a response, all chil-
dren performed similarly. For young adults, monolingual and 
bilingual participants performed a flanker task in a scanner 
while fMRI was recorded (Luk et al., 2010) using stimuli 
adapted from the study by Bunge and colleagues (Bunge 
et al., 2002), creating conditions for inhibition suppression 
and response inhibition. In this case there were no behavio-
ral differences; however, the two language groups recruited 
different networks for the interference suppression condition 
but similar networks for the response inhibition condition. 
The same pattern of results was reported for young adults 
performing a flanker task (interference suppression) and a 
go/no-go task (response inhibition), showing better perfor-
mance by bilinguals only on interference suppression, par-
ticularly when working memory demands were high, making 
the task more difficult (Jiao et al., 2019). The consistency 
of the interaction between the two types of inhibition and 
language group across the lifespan indicates that inhibition 
is not a unitary process; instead, it appears that interference 
suppression is a factor in bilingual performance benefits 
whereas response inhibition is not.

Part of the rationale for positing enhanced inhibition 
in bilinguals followed from the notion that bilinguals 
inhibited the non-target language to avoid intrusions, but 
arguments against that idea came from research on lexical 
retrieval. Although the non-target language continued to 
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influence bilingual performance, even in strongly mono-
lingual contexts (Marian & Spivey, 2003; Wu & Thierry, 
2010), research by Costa and colleagues demonstrated 
the complexity of the language selection processes by 
uncovering the role of factors such as relative proficiency 
between the two languages (Costa, 2005; Costa et al., 
2000; Costa et al., 2006; Duyck et al., 2007). He con-
cluded that inhibition alone could not explain language 
selection, and therefore proposed a hybrid account that 
included selection and inhibition, acknowledging a role 
for both but insisting that the influence of the non-tar-
get language is never absent (Costa et al., 2006). Given 
that both languages are always active during discourse, 
inhibitory processes do not block the neural activation of 
non-target language representations but may prevent the 
emergence of such representations into consciousness, a 
point that would be consistent with Green’s (1998) model.

Bilinguals outperform monolinguals on some kinds of 
tasks and under some conditions but, as detailed below, 
inhibition provides an incomplete account of the data and 
on its own does not offer a mechanism for the cogni-
tive differences between monolinguals and bilinguals. 
Hilchey and Klein (2011) presented a detailed case 
against a simple inhibitory view yet argued in favor of 
a bilingual processing advantage that reflects “a general 
executive system that improves in efficiency owing to the 
need to monitor linguistic representations competing for 
selection” (Hilchey & Klein, 2011, p. 655). According to 
these authors, the advantage takes the form of a general 
increase in processing speed (see also Diamond, 2013), 
but bilingual benefits extend beyond a simple increase in 
speed of processing. For example, several studies have 
shown better accuracy by bilinguals on n-back work-
ing memory tasks, especially when task difficulty was 
increased through greater working memory demands 
(Barker & Bialystok, 2019; Comishen & Bialystok, 2021; 
Janus & Bialystok, 2018; Teubner-Rhodes et al., 2016). 
Second, bilingual benefits are typically not found in con-
ditions of Simon tasks (Bialystok et al., 2004; Linck et al., 
2008; Morales, Calvo, & Bialystok, 2013a) and flanker 
tasks (Costa et al., 2008) involving minimal conflict and 
EF demands. Third, some studies have shown that the 
processing speed advantage in bilinguals is attributable 
to fewer atypically long RTs, indicating fewer lapses in 
attentional control rather than to an overall improvement 
in processing speed. If inhibition is not the key factor, 
what might be responsible for better performance by 
bilinguals on some nonverbal cognitive tasks? In the 
Miyake model, the unit of analysis was task performance 
and results were extrapolated to three higher-order con-
structs. However, other hierarchical descriptions are also 
possible.

The case for attentional control

In a review of the literature across the lifespan, Bialystok 
(2017) documented areas in which bilingual participants 
showed better performance than comparable monolinguals 
on a variety of nonverbal cognitive tasks. These included 
enhanced flexibility, switching, and monitoring of atten-
tion in infants and children, better performance in adults 
on tasks involving perceptual and response conflict (e.g., 
Stroop, flanker, and Simon tasks) and on tasks involving 
switching, monitoring, inhibition, selection, and resource 
allocation. To explain the pattern, Bialystok concluded that 
inhibitory control was an insufficient mechanism to account 
for these varied findings, and proposed instead that “lifelong 
bilingualism impacts a set of processes subsumed under the 
category of executive attention” (Bialystok, 2017, p. 250). 
The suggestion is that the bilingual environment leads to 
adaptation of the attention system to cope with its special-
ized demands, that this adaptation confers a domain-general 
benefit to attentional control, and that the resulting ben-
efit enhances aspects of cognitive performance across the 
lifespan. As described later, these adaptations of attention 
enhance processes of both facilitation and inhibition, as well 
as processes underlying cognitive flexibility and resource 
allocation. In this section we characterize our interpretation 
of the term attentional control and its various manifesta-
tions. In subsequent sections we describe how the construct 
can act to integrate the relevant empirical findings under a 
common rubric, as well as providing a framework for the 
generation of new studies of bilingualism and its conse-
quences. The framework is constructed by considering cases 
in which bilingual benefits have and have not been reported 
as a means of explaining those results but may also act to 
clarify the conditions under which such benefits do and do 
not occur to help resolve the current controversy over the 
contradictory findings.

Although the construct of attention has been central to 
models of cognitive processing since the time of William 
James (1890), it has been remarkably difficult to character-
ize scientifically. One complicating factor is that attention 
has been used to describe both a processing resource – the 
energy necessary to perform any effortful cognitive or motor 
task – and the control processes necessary to guide and man-
age such activities. In our usage attentional control serves 
to maintain current goals in an active state, to facilitate cog-
nitive operations that accomplish these goals, to suppress 
interference, and to switch processing resources to a dif-
ferent set of operations when it is cognitively beneficial to 
do so (see also Eysenck et al., 2007; Ong et al., 2017; Zhou 
& Krott, 2018, for a similar use of the term). The construct 
is thus similar to the notion of executive attention as used 
by McCabe et al. (2010), and by Engle and Kane (2004). 
The constructs of resource and control are related, and both 
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are relevant for understanding potential differences between 
monolinguals and bilinguals performing EF tasks. For exam-
ple, it is possible that the control aspects of attention func-
tion to allocate processing resources to specific representa-
tions and processes lower in the chain of command. This 
form of top-down control may be exerted by the person’s 
current goals and task sets maintained actively in work-
ing memory. This is the concept of goal maintenance pro-
posed by Braver, Barch, and colleagues (Braver et al., 2001; 
Braver & Barch, 2002). As detailed later, the basic idea is 
that the current goal serves to generate an activation signal 
that biases the allocation of processing resources to relevant 
procedures of perception and action (Braver & West, 2008).

In our proposed scheme, attentional control is a broad 
descriptive term composed of specific functional procedures. 
Tasks draw on these procedures in various combinations 
and to various degrees depending on performance needs. 
The term “attentional control” thus describes a repertoire 
of processing operations that specific tasks and higher-level 
cognitive functions can utilize to fulfill their various goals. 
As shown in Fig. 2, the procedures may be broken down 
broadly into those that facilitate mental operations, for 
example selection, goal maintenance, temporary holding, 
coordination, engagement, and disengagement, and those 
that inhibit mental operations, for example interference 
suppression and response inhibition (Bunge et al., 2002). 

Figure 2 also lists a set of cognitive abilities that we view as 
descriptive terms for the outcomes of processing operations 
involving attentional control. In this category we include 
coordination, flexibility, planning, monitoring, problem-
solving, decision-making, and conflict resolution. These 
abilities also draw on the procedures listed above them in 
the figure for their effective performance.

The scheme is broadly hierarchical in that attentional 
control is the mechanism that selects operations servicing 
current needs and goals and reallocates resources to these 
operations. There is general agreement that such high-level 
control is mediated by networks originating in the frontal 
lobes (Fuster, 2000; Smith & Jonides, 1999; Stuss & Alex-
ander, 2000). Thus, the scheme is similar to that proposed by 
Green and Abutalebi (2013), although our components differ 
somewhat from theirs (compare Table 1 and Fig. 2). Impor-
tantly, the abilities and tasks shown in the lower boxes in the 
figure are not strictly nested under the set of procedures but 
rather draw on the procedures in various combinations as 
needed to fulfill their goals – there is no one-to-one mapping 
of abilities and tasks. Therefore, our proposal is a framework 
that specifies relevant elements but is not a formal model of 
their interactions.

There is clearly substantial overlap between this formula-
tion and other proposed models of cognitive control that are 
hierarchical in nature, some of which we discussed earlier, 

Fig. 2   Relations between attentional control, cognitive abilities, and tasks in the proposed framework
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such as Green’s (1998) Inhibitory Control model, but there 
are other models with more direct links to notions of atten-
tion. Chun and colleagues (Chun et al., 2011) constructed a 
hierarchical model of attention at the process level based on 
four core properties: limited capacity, selection, modulation, 
and vigilance. Limited capacity reflects the primary purpose 
of attention, which is to focus on relevant information to the 
exclusion of less relevant information. Selection serves to 
bias attention towards one of the competing available can-
didates. Modulation is the extent to which attended items 
are processed, thereby affecting their likelihood of being 
remembered. Vigilance is the extent to which modulation 
in terms of degree of processing can be sustained over time. 
Thus, the flanker task requires a high degree of selection 
without much demand on the other three components, but 
n-back tasks typically reflect the involvement of all four 
components – vigilance, selection, capacity, and modulation.

The concepts of attention and EF are central to current 
models of working memory (WM). In the WM model of 
Baddeley and Hitch (1974), the flow of information among 
peripheral systems is managed by the central executive, a 
form of attentional control assumed to be located in the fron-
tal lobes. Both Cowan (1999, 2016) and Oberauer (2002, 
2009) have proposed that items held in conscious aware-
ness are essentially maintained in WM by the processes of 
focal attention. A more radical view, now dominant in the 
field of cognitive neuroscience, suggests that WM does not 
involve storage buffers but rather reflects the allocation of 
attention to sensory, motoric, and internal representations 
(D'Esposito & Postle, 2015). Engle, Kane, and their collabo-
rators (Conway et al., 2003; Engle & Kane, 2004) proposed 
the notion of working memory capacity (WMC) as respon-
sible for controlling higher cognitive functions, and defined 
it in terms of the ability to attend to relevant representations 
under distracting conditions (Conway et al., 2003; Engle & 
Kane, 2004). Researchers have distinguished storage and 
processing functions of WM, both involving attention, but 
in relatively passive and active forms, respectively. This 
distinction between the passive and active deployment of 
attention in WM is important in the present context, as it is 
probably only the active engagement of attention that elicits 
EF – or rather, the active engagement of attention is equiva-
lent to EF – “executive attention” in the words of McCabe 
and colleagues (McCabe et al., 2010). It seems probable, 
therefore, that bilingual benefits will be seen in active but 
not passive situations involving WM.

As mentioned earlier, Braver, Barch, and colleagues 
developed the goal maintenance theory of prefrontal con-
trol function (Braver & Barch, 2002: Braver, Barch, et al., 
2001). According to this theory, control of cognitive opera-
tions is achieved by holding the desired outcomes for per-
ception and action in a highly accessible form (by sustained 
neuronal activity patterns in WM) and producing activation 

signals that bias the flow of ongoing processing in regions 
relevant to current goals. This last point builds on the ideas 
of Desimone and Duncan (1995), who proposed that there 
is constant local competition in the brain for representation 
at all levels from sensation to action in the form of mutually 
inhibitory interactions. Top-down excitatory signals from 
the prefrontal cortex can then bias the outcome of such 
competitions in favor of goal-relevant percepts and actions 
(Braver & West, 2008).

Attentional control and bilingualism

Our suggestion is that the concept of attentional control, 
supervising both goal maintenance and conflict resolu-
tion, provides a congenial framework for understanding the 
findings regarding bilingual benefits. The argument is that 
immersion in an environment involving competing map-
pings between concepts and symbols modifies controlled 
attention in bilingual individuals, making the processes of 
attentional control more powerful and more flexible. It is 
unlikely that bilingual experience results in an increase in 
attentional resources; rather, the continuing need to man-
age two languages leads to greater efficiency in utilizing 
those resources. Previous studies using fMRI with mono-
lingual and bilingual younger adults performing a flanker 
task (Abutalebi et al., 2012), older adults performing a 
Simon task (Berroir et al., 2017), and both younger and 
older adults performing a task-switching paradigm (Gold 
et al., 2013) have demonstrated less brain activation by bilin-
guals than monolinguals to achieve similar or better levels 
of performance, a difference interpreted as better efficiency 
in bilinguals.

Another consideration in understanding the findings link-
ing bilingualism to attentional control is that relatively easy 
tasks will be performed successfully by both monolinguals 
and bilinguals with the result that no group differences will 
be observed. The implication is that bilinguals will perform 
better than their monolingual counterparts to the extent that 
the attentional control demands of a specific task exceed the 
control abilities of monolingual but not bilingual individuals. 
Therefore, no language group differences should be expected 
on tasks that can be performed in an automated manner or on 
tasks for which attentional control demands are easily within 
the range of the population, such as young adults performing 
simple EF tasks. This notion is analogous to a situation in 
which the objective to compare fitness levels across groups 
is examined by asking participants to walk, jog, or run for 15 
min: Group differences would only be expected to emerge as 
the aerobic demands increased and eventually exceeded the 
resources of each group; the absence of group differences in 
the walking condition is non-diagnostic. Lifespan changes in 
control have also been well researched, with studies showing 
that the efficiency of attentional control processes increases 
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from birth to adulthood (V. Anderson et al., 2010; Diamond, 
2002), peaks in young adulthood, and declines in the course 
of aging (Braver & Barch, 2002; McDaniel et al., 2008). 
Therefore, with less effective control functions in general, 
children and older adults need to devote more attention to a 
task, so the relatively stronger control processes available to 
bilinguals better equip them to perform these tasks, reveal-
ing the greater likelihood of a positive effect of bilingualism 
in these populations.

The componential model of EF proposed by Miyake and 
others and the attentional control approach described here 
assume different mechanisms for the observed effects. The 
primary mechanism for a componential view is transfer: a 
skill learned and practiced in one context, such as inhibition 
of a non-target language, is transferred to a new context, 
such as inhibition of misleading perceptual features. Better 
performance in the first context predicts better performance 
in the second. This relationship is shown in Fig. 3a. Trans-
fer is an appealingly simple mechanism, but one for which 
the evidence is limited to specific instances: apparent cases 
of transfer typically turn out to involve two processes or 
skills that share common features; evidence for far trans-
fer between abilities with less in common is notably weak 
(Redick et al., 2013; Shipstead et al., 2012; Simons et al., 
2016).

In contrast, the primary mechanism underlying the atten-
tion model is adaptation. In this case, an operation or set of 
operations, along with their underlying neural networks, is 
modified through experience so that all domains in which 
they are involved are impacted. Thus, through enhancement 

of the control procedures, the task processes run more effi-
ciently. This relationship is shown in Fig. 3b. Given that 
attentional control connotes the effective deployment of pro-
cessing resources, such training of attention (see also Dia-
mond, 2013; Tang & Posner, 2014) may result in the more 
efficient allocation of resources. Thus, there is no specific 
relation between tasks as there is for transfer but rather a dif-
fuse set of outcomes on tasks for which attention is recruited; 
the impact need not be equivalent for all outcomes. In this 
way, a given task, such as flanker or Simon, can sometimes 
lead to group differences and sometimes not depending on 
the specific attention demands of the task or condition and 
on the control capacities of the participants. Thus, predicting 
when group differences are expected requires more multidi-
mensional analysis than is the case for an interpretation of 
simple transfer. The approach also rules out more discrete 
descriptions in which specific component processes such 
as inhibition are followed from a source domain (language 
control) to a target domain (nonverbal EF).

Control or inhibition – what’s the difference?

The terms inhibition and attentional control are both quite 
general and clearly overlap. For example, as depicted in 
Fig. 2, control does have an inhibitory component, although 
in bilinguals it is manifest as interference suppression more 
than as response inhibition. However, our main point is that 
attentional control provides a good description of many find-
ings that are clearly not inhibitory in nature.

Fig. 3   Difference between processes of (a) transfer as used in componential models and (b) adaptation as proposed in the current framework
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Table 2 presents studies that have shown better perfor-
mance by bilinguals. The table is organized around the cen-
tral finding or process involved in the study for which we 
believe inhibition does not provide an adequate account. 
To evaluate the possibility that the unifying construct for 
understanding cognition in monolingual and bilingual par-
ticipants lies in the notion of attentional control rather than 
the components of executive function as laid out by Miyake 
et al. (2000, 2012), we review the major empirical evidence 
for processing differences between monolinguals and bilin-
guals and consider their compatibility with our proposed 
framework. Support for the componential view of executive 
function that has been the basis for much research investi-
gating the effect of bilingualism on these processes would 
be obtained by evidence that language group differences 
were consistently found for a particular component, such as 
Inhibition, or a particular task, such as Flanker. As several 
meta-analyses have shown, this level of consistency has not 
been achieved. Alternatively, the predictions from an adapta-
tion of attention view are that tasks or conditions for which 
effortful attention is required are likely to produce differ-
ences in performance between monolingual and bilingual 
participants, regardless of the classification of those tasks 
in the componential structure.

The first point in Table 2 is that bilinguals respond more 
rapidly than monolinguals on congruent trials in conflict 
tasks such as flanker and Simon, as well as the incongruent 
trials where such differences might be expected (Bialystok 

et al., 2004; Costa et al., 2009), as we described above. Simi-
lar results were found for evoked response potential (ERP) 
responses to a Simon task with younger (Kousaie & Phillips, 
2012) and older (Kousaie & Phillips, 2017) adults. There is 
nothing to inhibit in the congruent trials, but the finding can 
be attributed to better attentional control (see also Hilchey 
& Klein, 2011).

The second point comes from the finding that bilinguals 
show greater facilitation than monolinguals on tasks includ-
ing such trials. In the Stroop task, these are trials in which 
the color to be named is presented with its own name (e.g., 
the word RED printed in red); the facilitation refers to the 
faster responses to such trials than to control trials (colored 
Xs) or the color word printed in black (Bialystok et al., 
2008). Similarly, in the Proactive Interference task where an 
item must be recognized as having appeared in the previous 
display, a facilitation effect occurs when that item appeared 
in both the previous display and the one before it (Bialystok 
et al., 2014). Inhibition cannot explain these effects.

A similar effect may be responsible for performance in 
working memory n-back tasks: an item needs to be identified 
as having been seen at a specified prior interval. The task 
becomes more difficult as the interval increases because of 
proactive interference from the familiar stimuli, but there is 
no actual inhibition involved. Nontheless, bilinguals gen-
erally outperform monolinguals on difficult conditions of 
this task in both children (Janus & Bialystok, 2018) and 
adults (Teubner-Rhodes et al., 2016). Studies including 

Table 2   Types of studies for which better bilingual performance more plausibly attributed to attentional control than to inhibition

Finding Age group Sample references

1. Congruent trials in EF tasks Children
Young adults
Older adults

Martin-Rhee & Bialystok, 2008; Yang et al., 2011
Costa et al., 2009; Kousaie & Phillips, 2012
Bialystok et al., 2004; Kousaie & Phillips, 2017

2. Facilitation trials Younger and Older adults Bialystok et al., 2008
Bialystok et al., 2014

3. Working memory n-back Children
Young adults

Janus & Bialystok, 2018
Teubner-Rhodes et al., 2016

4. Alternate statistical approaches Young adults
Older adults

Calabria et al., 2011; Zhou & Krott, 2016, 2018
Ong et al., 2017

5. Task switching Children
Young adults
Older adults

Bialystok, 1999; Carlson & Meltzoff, 2008; Kalashnikova & Mattock, 2014; 
Okanda et al., 2010

Prior & MacWhinney, 2010; Stasenko et al., 2017
Lopez Zunini et al., 2019; Gold et al., 2013

6. Disengagement of attention Infants
Children
Young adults

Kovacs & Mehler, 2009; D'Souza et al., 2020
Grundy & Keyvani Chahi, 2017; Wimmer & Marx, 2014; Bialystok & Shap-

ero, 2005
Grundy et al., 2017a, b; Xie & Dong, 2017; Yudes et al., 2011; Festman & 

Munte, 2012
7. Monitoring and goal maintenance Young adults Costa et al., 2009; Hernandez et al., 2012; Beatty-Martinez et al., 2019; Gul-

lifer et al., 2018; Morales et al., 2013a, b; Olguin et al., 2018, 2019
8. False belief Children

Young adults
Bialystok & Senman, 2004; Goetz, 2003; Kovacs, 2009; Nguyen & Astington, 

2014
Rubio-Fernandez & Glucksberg, 2012
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electrophysiology indicate more efficient performance by 
bilinguals (Morrison et al., 2018).

The fourth point is statistical: Studies that use alterna-
tive analytic approaches often report significant benefits of 
bilingualism when standard approaches fail to detect signifi-
cance. For example, bilinguals produce fewer long response 
times (RTs) in their responses to conflict tasks, indicating 
better maintenance of attentional control (Calabria et al., 
2011; Zhou & Krott, 2018). An approach that directly 
investigates this possibility involves ex-Gaussian analyses. 
Instead of comparing the likelihood that two mean scores 
came from the same population as is the case with analysis 
of variance, ex-Gaussian analyses use the entire distribution 
of scores and extract separate measures associated with the 
mean tendency (μ) and exponential (τ) components of the 
overall RT. There is general agreement that the μ component 
signals relatively automatic aspects of processing, whereas 
τ (the positively skewed tail of the RT distribution) reflects 
monitoring and attentional control (Calabria et al., 2011). 
Studies using this approach with young adults have shown 
that the mean RT did not differ between groups, that is, there 
was no group difference in μ, but significantly smaller val-
ues in τ for bilinguals, signaling fewer lapses of attention 
(Abutalebi et al., 2015; Calabria et al., 2011; Tse & Altar-
riba, 2014; Zhou & Krott, 2018). These results are consistent 
with better goal maintenance and attentional control in the 
bilinguals despite comparable mean RTs.

In another demonstration of this point, Zhou and Krott 
(2016) reviewed a large number of studies comparing mono-
linguals and bilinguals performing EF tasks in terms of 
whether the data analyses used data-trimming procedures to 
exclude extreme RTs. They found that studies that trimmed 
data to cluster around the overall mean generally found no 
RT difference between language groups, whereas those that 
included the entire range of values were more likely to report 
faster performance by bilinguals. That is, the slower overall 
responses of monolinguals were attributable to occasional 
lengthy RTs associated with reduced attentional control.

Alternative analyses have also been applied to studies 
of older adults. One such approach uses diffusion models 
of choice RT (Ratcliff & McKoon, 2008). In these models, 
decision-making is viewed as a dynamic process of evidence 
accumulation; in two-choice RT paradigms such as flanker 
and Simon, evidence favoring one alternative is accumu-
lated until some pre-set threshold is reached. Parameters of 
the model can specify components of the overall process. 
This analytic technique was used on flanker data generated 
by older adults with the finding that bilingual participants 
showed reduced time costs for focusing on the target during 
incongruent trials (Ong et al., 2017). The authors acknowl-
edge that their study is preliminary, yet the method has 
potential for illuminating the cognitive processes underly-
ing performance on EF tasks.

The fifth point comes from results from task-switching 
paradigms that have revealed performance differences 
between language groups, at least under some conditions 
(Prior & MacWhinney, 2010; Stasenko et al., 2017). Task 
switching requires goal maintenance and top-down control 
of attention, and although inhibition may be a component 
of both, a general inhibitory process cannot explain task 
performance.

Lopez Zunini et al. (2019) used a task-switching para-
digm and reported better performance by both younger and 
older bilingual adults, but more importantly found larger 
N2 amplitude for bilinguals in both young and older age 
groups and smaller P3 amplitude for bilinguals in the older 
adult group. They interpreted this pattern as indicating 
superior sustained attention by bilinguals. Similar results 
were reported by Gold et al. (2013). Younger and older 
bilinguals outperformed their monolingual counterparts on 
a task-switching paradigm, and functional MRI indicated 
decreased activation by bilinguals in the cingulate cortex, an 
effect the authors attributed to neural efficiency, similar to 
an effect reported by Abutalebi et al. (2012) using a flanker 
task with young adults.

A task based on the notion of task-switching, the Dimen-
sional Change Card Sort Task, was developed for children 
by Zelazo et al. (1996). Children are asked to sort a set of 
items by matching to a target on one feature and then re-sort 
the items by matching to a different feature. The task recruits 
various components of EF, including inhibition, working 
memory, and shifting, but overriding that is the requirement 
for children to direct their attention to relevant features of 
the display in the presence of misleading distractions. In sev-
eral studies, bilingual children outperformed monolingual 
children on this task (Bialystok, 1999; Bialystok & Martin, 
2004; Carlson & Meltzoff, 2008; Kalashnikova & Mattock, 
2014; Okanda et al., 2010).

The sixth point, disengagement of attention, also includes 
elements of inhibition but goes beyond a simple definition 
of inhibition. The idea is that the current focus of atten-
tion can be efficiently suspended and refocused in order to 
meet task demands. This situation occurs when a habitual 
response or information source is no longer relevant, and 
the individual must switch to a new source or response. 
This ability to disengage and update a response has been 
shown in infants in the first year of life. In these studies, 
infants raised in bilingual households could disengage from 
a rewarding visual source and switch to a different source 
when the source of rewards switches, whereas monolingual 
infants persisted in attending to the original source (Com-
ishen et al., 2019; D'Souza et al., 2020; Kovacs & Mehler, 
2009). In tasks for children and adults, disengagement is 
demonstrated by the ability to move to the next trial in a 
series without the continuing influence of the previous trial. 
In standard EF tasks, this is demonstrated by the finding 
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that congruent trials preceded by congruent trials and incon-
gruent trials preceded by incongruent trials are faster than 
those trials preceded by the opposite type. The idea is that 
the congruency of one trial continues to influence the judg-
ment of congruency of the next trial, an effect known as the 
sequential congruency effect. However, the carryover effect 
is smaller for bilingual children (Grundy & Keyvani Chahi, 
2017) and adults (Grundy, Chung-Fat-Yim, et al., 2017b) 
than for their monolingual counterparts.

The Wisconsin Card Sorting Task (WCST) is a classic 
test of the ability to disengage from one strategy when it 
ceases to provide successful results and to engage a differ-
ent strategy. In a study by (Xie & Dong, 2017), young Chi-
nese adults who were fluent in English to varying degrees 
obtained higher scores and made fewer perseverative errors 
on the WCST than a matched monolingual group. The more 
fluent bilinguals also outperformed the less fluent bilinguals 
on this task. Similarly, Yudes et al. (2011) showed that 
monolinguals and bilinguals did not differ on WCST per-
formance, but a further group of highly proficient bilingual 
speakers (professional simultaneous interpreters) achieved 
higher performance than either group. Finally, Festman 
and Munte (2012) compared bilinguals who switched fre-
quently between languages and had difficulty remaining in 
the target language, called switchers, and bilinguals who 
rarely switched languages, called non-switchers. The non-
switchers scored higher than the switchers on four tests of 
cognitive control, performed the WCST more rapidly, and 
made fewer perseverative errors.

Disengagement is also involved in the ability to see the 
alternate image in a reversible figure, such as the famous 
“duck-rabbit” image. Children were shown a series of such 
ambiguous figures and given progressive cues until they 
could identify the other image. Having decided that an image 
is a “rabbit,” children need to disengage from the previous 
meaning and reinterpret the lines to see that the same figure 
can also be a “duck.” Bilingual children were more suc-
cessful than monolingual children and could detect the new 
image using significantly fewer cues (Bialystok & Shapero, 
2005; Wimmer & Marx, 2014).

The seventh type of finding that is not well explained 
by inhibition comes from studies of monitoring and goal 
maintenance. For example, Costa et al. (2009) found a bilin-
gual advantage in a version of the flanker task that required 
substantial monitoring but not in the same task with lower 
monitoring demands; Hernandez et al. (2012) showed that 
bilinguals were less affected by an invalid cue in a visual 
search task and attributed the benefit to better top-down 
control of attention, which they also described in terms of 
monitoring.

A task developed by Braver et al. (2001), the AX-continu-
ous performance task (AX-CPT), provides a measure of con-
trolled monitoring. Participants watch a continuous stream 

of letters, and are instructed to press a response key each 
time an X appears that was preceded by an A. The stream 
also contains the sequences BX and AY, where B refers to 
any non-A letter and Y refers to any non-X letter. In order 
to avoid false alarms to BX, participants must exert reac-
tive control when the X occurs, whereas in order to avoid 
false alarms to AY, proactive control must be deployed on 
seeing A. The paradigm thus involves working memory and 
goal maintenance as well as two types of control. In several 
studies, bilingual participants outperformed monolinguals 
on this task (Beatty-Martinez et al., 2019; Gullifer et al., 
2018; Morales, Gómez-Ariza, & Bajo, 2013b).

A recent series of studies demonstrated effects of moni-
toring and goal maintenance in an auditory discrimina-
tion task (Olguin et al., 2018; Olguin et al., 2019). Using a 
dichotic listening paradigm while EEG was recorded, par-
ticipants attended to a narrative in their native language in 
one ear while ignoring an interfering auditory stream pre-
sented to the other ear. The non-target stream consisted of 
another story in the native language, speech in an unknown 
language, or non-speech. There was also a control condition 
in which no competing signal was presented. Comprehen-
sion of the attended narrative was equivalent for all partici-
pants, but EEG results distinguished between the language 
groups. For monolinguals, the processed signal for the target 
stream increased in strength to maintain comprehension as 
the non-target stream became increasingly interfering, but 
for bilinguals, attention to the target stream remained con-
stant across the conditions. All participants made an early 
distinction between speech and non-speech, but for the bilin-
guals the distracting speech signal did not interfere with their 
attention to the target stream. The authors concluded that the 
experience of using multiple languages modulated the neural 
mechanisms of selective attention.

Finally, another category of task that involves EF but is 
not easily explained in terms of inhibition or other com-
ponents is false belief, or, more generally, theory-of-mind 
tasks. In developmental research, the ability to perform 
these tasks is an essential developmental milestone (Well-
man et al., 2001). In a typical task, two characters, Sally 
and Anne, interact and then Sally hides a toy in one of two 
locations and then leaves. While she is gone, Anne moves 
the toy to the other location. Sally returns and the child has 
to decide where she will look for the toy – in the location 
in which she hid it or the location where Anne moved it. 
The child knows where the toy is hidden but Sally does 
not, so the problem requires answering from the perspec-
tive of the knowledge that Sally has. Children generally 
learn to solve this problem at around 4 years of age, but 
in several studies, bilingual children were more advanced 
than their monolingual peers (Bialystok & Senman, 2004; 
Goetz, 2003; Kovacs, 2009; Nguyen & Astington, 2014). In 
an interesting extension of this research, Rubio-Fernandez 
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and Glucksberg (2012) administered the task to adults using 
eye-tracking as the response. Although all participants could 
provide the correct answer, the monolinguals looked first 
at the incorrect location before responding. Rubio-Fernan-
dez (2017) commented that the results had typically been 
ascribed to enhanced inhibitory control but argued instead 
that “bilinguals’ better false-belief performance results from 
more effective attention management” (Rubio-Fernandez, 
2017, p. 987).

To summarize the empirical results described in this sec-
tion, bilingual benefits have been found across the lifespan 
in a variety of cognitive tasks, including better detection of 
language switches, better deferred imitation performance, 
and faster disengagement from no-longer-relevant informa-
tion sources in infants, superior performance on such clas-
sical EF tasks as flanker, Simon, and Stroop in children and 
adults, better performance on false belief, working memory, 
ambiguous figures, and the DCCS task in children, better 
n-back performance and fewer lengthy RTs (from ex-Gauss-
ian analyses) in young adults. Whereas explanatory accounts 
in terms of enhanced inhibition, monitoring, and response 
speed certainly apply to some of these bilingual effects, they 
cannot account for them all. Moreover, the componential 
approach is based on the need to identify discrete processes 
in the source experience that modify an outcome through the 
process of transfer, assumptions that have little evidence to 
support them. In contrast, we suggest that the broader con-
struct of enhanced attentional control provides a satisfactory 
interpretive framework to account for bilingual benefits in 
this very diverse set of tasks and accomplishments.

Bilingual effects across the lifespan

The findings summarized in Table 2 are organized around 
the nature of the effect with the idea that these effects are not 
well explained by a model in which bilinguals have better 
inhibitory control than monolinguals. Instead, the argument 
is that adaptations in attention systems as a consequence of 
bilingual experience modify a range of tasks and processes 
based on attention. However, the manifestation of these 
effects is somewhat different across the lifespan.

Possibly the most surprising group for which bilingual 
experience has been shown to modify cognitive performance 
is infants. Because the assumption had been that any puta-
tive effects of bilingualism would be traced to language 
use, there was no reason to believe that simple exposure to 
a bilingual environment by preverbal infants would reveal 
an impact of that experience. Since infants do not speak, 
explanations based on transfer of experience from language 
use to nonverbal contexts are unlikely to account for these 
results. Nonetheless, infants in bilingual environments are 
processing the languages around them, and their experience 

in listening, comprehending, and processing multiple lan-
guages may be sufficient to reshape attentional control.

Infants attend to the world and classify what is similar, 
and in so doing create the conceptual categories that will be 
the basis for future learning, including those for language. 
Newborn infants can distinguish between the language or 
languages they heard in utero and novel languages, provid-
ing a basis for language categorization (Byers-Heinlein 
et al., 2010). More dramatically, infants in bilingual environ-
ments watching a silent video of a talking face can determine 
when there is a language switch, whether they have heard 
both languages in their environment (Weikum et al., 2007) 
or not (Sebastian-Galles et al., 2012). All infants could do 
this at 4 and 6 months of age, but only infants in bilingual 
environments could still detect this change at 8 months old. 
Relatedly, over the course of the first year, infants looking 
at faces tend to shift their primary attention from the eyes 
to the mouth as language learning becomes a more consum-
ing part of their lives (Tenenbaum et al., 2013); bilingually 
raised infants switch to focusing on the mouth at a signifi-
cantly earlier age (Ayneto & Sebastian-Galles, 2017; Pons 
et al., 2015). Therefore, from the beginning, infants raised 
with two environmental languages use different attention 
strategies to extract information from talking faces and 
establish distinct representations for the languages in their 
environment. This has also been shown in simple memory 
tasks: bilingual babies at 6 months (Brito & Barr, 2014) 
and 18 months old (Brito & Barr, 2012) outperformed their 
monolingual counterparts on a deferred imitation task in 
which the infants were shown an action involving one pup-
pet, and successfully repeated the action with a different 
puppet at a later time. The authors attribute this superior 
memory generalization to enhanced selective attention to 
salient perceptual cues. To summarize, in the first 2 years of 
life, preverbal infants in bilingual environments showed bet-
ter attentional control to both verbal and nonverbal aspects 
of the environment, possibly setting the stage for further 
development of attention with higher cognitive functions.

Research with children was the first area to report better 
performance by bilingual participants than their monolin-
gual peers. In an early study using a variety of tasks, Bia-
lystok and Majumder (1998) noted that bilingual children 
outperformed monolinguals on tasks that relied on conflict 
resolution, and proposed that inhibitory control could be the 
explanatory mechanism. Consistent with this idea, subse-
quent research reported that bilingual children outperformed 
monolinguals on flanker (Yang et al., 2011; Yoshida et al., 
2011), Simon (K. Antoniou et al., 2016; Martin-Rhee & Bia-
lystok, 2008; Morales, Calvo, & Bialystok, 2013a; Poarch 
& Van Hell, 2012; Tse & Altarriba, 2014), and Stroop tasks 
(Esposito et al., 2013; Nayak et al., 2020; Poulin-Dubois 
et al., 2011), all of which include a role for inhibition, but 
other studies using similar tasks failed to find these language 
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group differences (Anton et al., 2014; Dunabeitia et al., 
2014; Gathercole et al., 2014; Goriot et al., 2018; Morton & 
Harper, 2007). Subsequent research with children expanded 
the range of tasks used, such as including working memory 
tasks, although here too there were studies that reported bet-
ter performance by bilinguals (Blom et al., 2014; Morales, 
Calvo, & Bialystok, 2013a; Soliman, 2014) and others that 
did not (Engel de Abreu, 2011). The framework that focused 
largely on inhibition proved to be an unreliable predictor of 
these results.

The types of tasks for which bilingual children demon-
strated advanced performance are similar to tasks that chil-
dren with attention disorders, such as ADHD, find difficult. 
To test possible parallels and potential interaction effects, 
Sorge et al. (2017) tested 280 typically developing children, 
8–11 years old. Children were assigned a continuous score 
for bilingual experience that varied from “monolingual” to 
“highly bilingual” (J. A. E. Anderson et al., 2018) and a 
continuous score for children’s attentional capacity from 
the Strengths and Weaknesses of Attention-Deficit/Hyper-
activity Disorder Symptoms and Normal Behavior Scale 
(SWAN). This instrument is generally used to identify cases 
of clinical impairment in attention by focusing on children 
whose scores fall below a pre-determined cutoff. None of 
the children in this study were clinically impaired but the 
scores nonetheless fall on a normal distribution. Children 
completed three EF tasks – a flanker task, a working mem-
ory task, and a stop-signal task. Regression analyses showed 
independent contributions for each of degree of bilingualism 
and attention score to outcome measures in each task, with 
no interaction effect; children who were more bilingual and 
children who had a higher attention score achieved better 
performance. Thus, the effect of bilingualism was parallel 
to the effect of attention in boosting performance on these 
EF tasks. It is not surprising that an assessment of attention 
is related to performance on what are essentially attention 
tasks; it is more surprising that an assessment of bilingual-
ism has a similar relation.

The majority of research on the effects of bilingualism on 
cognition, however, has been conducted with young adults, 
and it is in that group that the results are most contentious. 
Some resolution can be found in neuroimaging evidence. 
In a review of structural and functional brain differences 
between monolinguals and bilinguals, Grundy, Anderson, 
and Bialystok (2017a) reported that across studies, event-
related potential waveforms associated with attentional 
resources, namely, N2 and P3, have a larger amplitude and 
earlier onset in bilinguals than in monolinguals, suggest-
ing that bilinguals devote more resources to the control 
of attention earlier than monolinguals, who devote more 
resources later in processing. This pattern is consistent with 
more habitual and efficient control of attention for bilinguals 
than monolinguals. In this way, when tasks become more 

demanding, bilinguals can maintain better attentional control 
than monolinguals.

Studies with older adults have revealed many of the same 
effects found for younger adults that are described in Table 2 
(Baum & Titone, 2014), but the most dramatic effect of bilin-
gualism in older age is the accumulation of cognitive reserve 
that manifests as a delay in symptoms of dementia (Bia-
lystok, 2021). The central notion for cognitive reserve is that 
there a dissociation between cognitive level and underlying 
neural structures such that individuals with cognitive reserve 
outperform levels predicted by their neural resources (Stern, 
2002). A large number of studies have shown that bilingual 
patients are diagnosed with dementia at a significantly older 
age than monolingual patients after matching for cognitive 
level and a variety of demographic variables (meta-analyses 
in Anderson et al., 2020; Paulavicius et al., 2020). Moreo-
ver, these effects have been observed in the context of more 
hippocampal atrophy (Schweizer et al., 2012) and poorer 
glucose metabolization (Kowoll et al., 2016; Perani et al., 
2017) in the bilingual sample, both indications of greater 
disease pathology. That is, the bilingual patients performed 
at the same cognitive level as monolingual patients despite 
greater levels of structural and functional impairment. In a 
recent study, Costumero and colleagues (Costumero et al., 
2020) examined 99 monolingual and bilingual patients 
with Mild Cognitive Impairment matched on cognitive and 
demographic variables, and reported significantly reduced 
cerebral volume in bilinguals compared to the monolinguals. 
In a follow-up battery of tests with a subset of the sample 
approximately 7 months later, monolinguals demonstrated 
both greater brain decline and greater cognitive decline than 
did bilinguals.

What is the basis of cognitive reserve in older bilinguals? 
Because the primary evidence for cognitive reserve in older 
bilinguals does not come from standard EF tasks, the expla-
nations that have evolved from those tasks, such as the com-
ponential model of EF, cannot apply. So how do bilinguals 
maintain cognitive levels into older age even in the pres-
ence of brain decline? Our suggested answer is that lifelong 
bilingualism has conferred enhanced levels of attentional 
control to speakers of two or more languages, providing a 
robust basis for a range of cognitive tasks, including those 
dependent on executive functions.

Moving forward: Empirical approaches 
to uncovering the mechanism

We began by arguing that the componential approach to 
describing the structure of EF contained inconsistencies 
that were revealed by research with bilinguals. Specifically, 
the components lacked the coherence and the integrity that 
were required to predict or explain performance in monolin-
gual and bilingual samples. Instead, the results from studies 
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that used the standard EF tasks and followed the implica-
tions of componential models led to contradictory results. 
In contrast, research with infants, children, and older adults 
that was not based on the tasks or assumptions of individual 
components of EF more reliably produced performance dif-
ferences between language groups, although they could not 
be described in terms of those components. Bilinguals typi-
cally outperform monolinguals on tasks generally involving 
conflict, as shown in Table 2, but show no difference from 
monolinguals on easy tasks, verbal tasks, or task conditions 
that do not include conflict. We described those effects as 
reflecting differences in attentional control: bilingual envi-
ronments shape the development of attention in infants, 
efficient attentional control guides children’s performance 
on complex attention tasks, and attention networks support 
cognition in older age by providing cognitive reserve. Thus, 
the cognitive benefits of bilingualism are found across the 
lifespan, but they are manifest in different ways and under 
different circumstances. They are also, it seems, underesti-
mated by performance on standard EF tasks, especially for 
young adults who can perform such tasks with relatively 
few demands on cognitive control. In terms of the analogy 
offered earlier, most laboratory EF tasks only involve walk-
ing. Our conclusion is that these results are more compatible 
with an explanation based on attentional control than one 
based on a narrow view of executive functioning or task 
differences.

One way to investigate these claims is to hold the task 
constant and modify the attention demands within a task. 
This approach provides a direct comparison of componen-
tial models that are based on task differences and an atten-
tion model that is based on variation of demands within 
a task. Although the model endorsed by Diamond (2013) 
does include variation of task demands within components, 
the model proposed by Miyake et al. (2000, 2012) does not 
incorporate fluctuations within a task. Some evidence sup-
porting the attention interpretation can be found in previous 
studies. For example, both a flanker task (Costa et al., 2009) 
and a Simon task (Bialystok, 2006) were performed better 
by bilingual than monolingual young adults when they were 
presented in a context requiring many inter-trial switches 
(increasing attention demands), but not when the switching, 
and hence attention demands, was reduced. A similar effect 
was found by manipulating the working memory demands 
of a flanker task, showing that bilinguals outperformed 
monolinguals only in the condition with high demands (Jiao 
et al., 2019). Similarly, Diamond (2013) offers examples 
from research with children in which modifications of the 
inhibitory demands within a single task (Dots task or Spatial 
Stroop) impacted children’s performance.

The n-back task in which participants must decide if a 
stimulus matches one seen on a previous trial specified by a 
gap of n trials lends itself well to this type of manipulation. 

The processes involved in deciding if the current stimulus 
is the same as one seen one or two trials back are essentially 
the same, but the 2-back condition is more challenging. Our 
claim is that what makes 2-back more difficult than 1-back 
is that it requires greater attentional control to compare the 
current stimulus over a longer stretch. Two previous studies 
have reported that bilinguals outperformed monolinguals in 
the 2-back condition but not in the simpler 1-back condi-
tion (Barker & Bialystok, 2019; Janus & Bialystok, 2018). 
However, a more systematic exploration of this pattern was 
reported by Comishen and Bialystok (2021). Young adults 
who were classified as monolingual or bilingual completed 
four conditions of an n-back task – 0-back, 1-back, 2-back, 
and 3-back – while EEG was recorded. The 0-back is a con-
trol condition in which participants simply identify a cur-
rent item as being a target or not, so cannot be compared to 
the other n-back conditions. For the other three conditions, 
RT in both groups was significantly slower for each suc-
cessively difficult condition but with no speed difference 
between language groups. Similarly, as difficulty increased 
across the three conditions, accuracy declined, but so too 
did the performance gap between monolingual and bilingual 
participants resulting in a greater bilingual benefit at longer 
lags. However, the analyses of the event-related potentials 
for P2 and P3 waveforms indicated less effortful processing 
was recruited by the bilinguals to achieve these outcomes 
at all three lags. Because the task is the same across all the 
conditions, an explanation in terms of components of EF 
appears not to apply. These studies support the interpreta-
tion that conditions within a task that impose more effort-
ful demands are more likely to reveal differences between 
language groups than a simpler version of the same tasks. 
The demands for attentional control provide a better fit to 
evidence for language group differences than do differences 
between tasks or EF components.

Future research needs to apply this “graded-difficulty” 
approach to other task paradigms to establish the consist-
ency of the effect of demands for attentional control across 
different tasks. The results would be particularly convincing 
as a critical test of the continuous attention model versus the 
EF component model if parallel results could be found for 
tasks typically associated with different components. Since 
n-back is considered a test of working memory, the exten-
sion of this approach to tasks such as a flanker task as an 
index of “inhibition” and a task-switching task as an index 
of “shifting” would provide converging support. Previous 
studies that have manipulated condition difficulty within a 
task, such as a flanker task (Costa et al., 2009; Jiao et al., 
2019), have compared just two conditions, labeled “easy” 
and “hard.” However, a test of the attentional control view 
requires a larger range of variation in difficulty that can be 
observed and calibrated to bilingual experience. For exam-
ple, a flanker task that includes four types of flanking stimuli 
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that differ in salience, creating increasing distraction from 
the target stimulus, would be expected to show the smooth 
transition from equivalent group performance in the simplest 
condition, to diverging performance in moderate conditions, 
and finally to significantly better performance by bilinguals 
in the most difficult condition, as reported by Comishen and 
Bialystok (2021) for the n-back task. Accompanying these 
studies with measures of EEG to index effortfulness while 
performing the task would provide more complete data.

Two important factors when developing these future stud-
ies are that the tasks should be nonverbal and require con-
sciously controlled as opposed to automatic procedures. This 
combination makes Jacoby’s (1991) process dissociation 
procedure a possible candidate for investigating these issues. 
In memory experiments using this procedure, items to be 
remembered are typically presented in one of two modalities 
or contexts. In a later recognition test, participants are asked 
to recognize items from either group in one test condition 
(“inclusion”), but only items from one specified group in a 
second condition (“exclusion”). The difference between per-
formance levels in the two conditions yields an estimate of 
consciously controlled recollection; an estimate of automatic 
processing can then be calculated using equations proposed 
by Jacoby (1991). The prediction is that a bilingual advan-
tage would be found in the consciously controlled measure 
but not in the automatic measure, and indeed preliminary 
evidence in favor of this prediction was reported by Wod-
niecka et al. (2010).

A further method that directly assesses attentional 
resources and their management is the dual-task paradigm 
in which two tasks are performed simultaneously. One meas-
ure of attentional control can be computed from a visual 
tracking task, performed both alone and in conjunction 
with a second task. Spatial deviations from the target under 
dual-task conditions provide a measure of attention paid to 
the second task (Naveh-Benjamin et al., 2005). For studies 
assessing attentional control in bilingual participants, the 
nonverbal secondary task could be a continuous auditory RT 
task in which three tones are each associated with a different 
response key. Better attentional control would be indicated 
by smaller deviations in the tracking task when combined 
with the auditory RT task. Performance on the continuous 
RT task would assess language group differences in response 
speed, and how speed is affected by the addition of a second 
task.

One major conclusion of the present account is that the 
superior performance of bilingual over monolingual indi-
viduals on certain tasks is not a main effect but an interac-
tion. By this we mean that we should not expect to find better 
bilingual performance on all EF or attentional control tasks; 
rather, the finding of better bilingual than monolingual per-
formance will depend on an interaction between the control 
demands of a particular task and the control abilities of the 

person performing the task. In turn, the control demands of 
a task will depend on such things as task complexity and the 
presence of prepotent response tendencies. It is also the case 
that task demands are not absolute but depend on the person 
performing the task, principally on how practiced the person 
is on that particular task. A complex task that requires sub-
stantial resources and control abilities in a beginner may be 
performed with little need for executive control processes 
in an expert. Individual differences in control abilities also 
depend on a variety of factors including age of the person 
and impairment of frontal lobe functions. This interpreta-
tion based on gradations of task demands and gradations 
of ability within varying contexts is more nuanced than the 
categorical schemes that have framed most of the research 
investigating cognitive effects of bilingualism. Hence binary 
answers determining that effects do or do not exist are ruled 
out. Instead, the effect of bilingualism is to modify the equa-
tion in which task demands and individual resources deter-
mine the point at which more controlled attention is required 
to maintain task performance. At some point, only those 
with adequate or possibly “reserve” capacity can continue 
to perform.

We have proposed that bilingualism is one factor that 
enhances cognitive control abilities although other factors 
undoubtedly play a role; speculatively, these may include the 
complexity of a person’s work environment or leisure activi-
ties. Overriding all this is the need for a detailed description 
of “bilingualism” in each study. As recent research shows, 
differences in bilingual experience have significant conse-
quences for the impact of that experience on cognitive out-
comes (DeLuca et al., 2019; DeLuca et al., 2020; Gullifer 
et al., 2018; Gullifer & Titone, 2020). These considerations 
mean that the research moving forward will inevitably be 
more complex than previous studies that have relied largely 
on categorically different groups of individuals performing 
simple tasks. Future research will need to attend to details 
of task demands and bilingual experience but also consider 
the bilingual context in a more meaningful way than has 
typically been done. This research began on the assump-
tion that there was a simple question that could be easily 
addressed – do groups with different language experiences 
develop different levels of cognitive or EF ability? – but we 
now see that the question is not at all simple. We suggest that 
an approach focusing on the interaction between the control 
requirements of tasks and the attentional control abilities of 
individuals may provide the way forward. For the reasons 
explained above, answering the question is extremely impor-
tant in that the answers impact child development, cognitive 
function, and cognitive decline in older age.

Authors’ Note  Preparation of this article was supported by grant A2559 
from the Natural Sciences and Engineering Research Council, Canada 
to EB and grant A8261 from the Natural Sciences and Engineering 

1262 Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3



Research Council, Canada to FC. We thank Leora Goldstein for her 
help preparing the manuscript.

Code availability  Not applicable.

Funding  Preparation of this article was supported by grant A2559 from 
the Natural Sciences and Engineering Research Council, Canada to EB 
and grant A8261 from the Natural Sciences and Engineering Research 
Council, Canada to FC.

Data availability  Not applicable.

Declarations 

Conflicts of interest  Not applicable.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

References

Abutalebi, J., Della Rosa, P. A., Green, D. W., Hernandez, M., Scifo, 
P., Keim, R., ... Costa, A. (2012). Bilingualism tunes the anterior 
cingulate cortex for conflict monitoring. Cerebral Cortex, 22(9), 
2076-2086. https://​doi.​org/​10.​1093/​cercor/​bhr287

Abutalebi, J., Guidi, L., Borsa, V., Canini, M., Della Rosa, P. A., Parris, 
B. A., & Weekes, B. S. (2015). Bilingualism provides a neural 
reserve for aging populations. Neuropsychologia, 69, 201-210. 
https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2015.​01.​040

Adesope, O. O., Lavin, T., Thompson, T., & Ungerleider, C. (2010). A 
systematic review and meta-analysis of the cognitive correlates 
of bilingualism. Review of Educational Research, 80, 207-245.

Alladi, S., Bak, T. H., Duggirala, V., Surampudi, B., Shailaja, M., 
Shukla, A. K., ... Kaul, S. (2013). Bilingualism delays age at 
onset of dementia, independent of education and immigration 
status. Neurology, 81, 1938-1944.

Anderson, V., Anderson, P. J., Jacobs, R., & Smith, M. S. (2010). 
Development and assessment of executive function: From pre-
school to adolescence. In V. Anderson, R. Jacobs, & P. J. Ander-
son (Eds.), Executive functions and the frontal lobes: A lifespan 
perspective (pp. 123-154). Taylor & Francis.

Anderson, J. A. E., Mak, L., Keyvani Chahi, A., & Bialystok, E. 
(2018). The Language and Social Background Questionnaire: 
Assessing degree of bilingualism in a diverse population. Behav-
ioral Research Methods, 50, 250-263.

Anderson, J. A. E., Hawrylewicz, K., & Grundy, J. G. (2020). Does 
bilingualism protect against dementia? A meta-analysis. Psy-
chonomic Bulletin & Review, 27(5), 952-965. https://​doi.​org/​10.​
3758/​s13423-​020-​01736-5

Anton, E., Dunabeitia, J. A., Estevez, A., Hernandez, J. A., Castillo, 
A., Fuentes, L. J., ... Carreiras, M. (2014). Is there a bilingual 
advantage in the ANT task? Evidence from children. Frontiers 
in Psychology, 5, 398. https://​doi.​org/​10.​3389/​fpsyg.​2014.​00398

Antoniou, M. (2019). The advantages of bilingualism debate. Annual 
Review of Linguistics, 5, 1-21. https://​doi.​org/​10.​1146/​annur​ev-​
lingu​istic​s0117​18-​011820

Antoniou, K., Grohmann, K. K., Kambanaros, M., & Katsos, N. 
(2016). The effect of childhood bilectalism and multilingualism 

on executive control. Cognition, 149, 18-30. https://​doi.​org/​10.​
1016/j.​cogni​tion.​2015.​12.​002

Ayneto, A., & Sebastian-Galles, N. (2017). The influence of bilingual-
ism on the preference for the mouth region of dynamic faces. 
Developmental Science, 20(1). https://​doi.​org/​10.​1111/​desc.​
12446

Baddeley, A. D., & Hitch, G. J. (1974). Working memory. In G. H. 
Bower (Ed.), The Psychology of Learning and Motivation (Vol. 
8, pp. 47-90). Academic Press.

Bak, T. H. (2016). Cooking pasta in La Paz. Linguistic Approaches to 
Bilingualism, 6, 699-717. https://​doi.​org/​10.​1075/​lab.​16002.​bak

Barac, R., Bialystok, E., Castro, D. C., & Sanchez, M. (2014). The 
cognitive development of young dual language learners: A criti-
cal review. Early Childhood Research Quarterly, 29, 699-714. 
https://​doi.​org/​10.​1016/j.​ecresq.​2014.​02.​003

Barker, R. M., & Bialystok, E. (2019). Processing differences between 
monolingual and bilingual young adults on an emotion n-back 
task. Brain and Cognition, 134, 29-43.

Baum, S., & Titone, D. (2014). Moving toward a neuroplasticity view 
of bilingualism, executive control, and aging. Applied Psycho-
linguistics, 35, 857-894. https://​doi.​org/​10.​1017/​S0142​71641​
40001​74

Beatty-Martinez, A. L., Navarro-Torres, C. A., Dussias, P. E., Bajo, 
M. T., Guzzardo Tamargo, R. E., & Kroll, J. F. (2019). Inter-
actional Context Mediates the Consequences of Bilingualism 
for Language and Cognition. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition. https://​doi.​org/​10.​1037/​
xlm00​00770.​supp

Berroir, P., Ghazi-Saidi, L., Dash, T., Adrover-Roig, D., Benali, H., & 
Ansaldo, A. I. (2017). Interference control at the response level: 
Functional networks reveal higher efficiency in the bilingual 
brain. Journal of Neurolinguistics, 43, 4-16. https://​doi.​org/​10.​
1016/j.​jneur​oling.​2016.​09.​007

Bialystok, E. (1999). Cognitive complexity and attentional control in 
the bilingual mind. Child Development, 70(3), 636-644. https://​
doi.​org/​10.​1111/​1467-​8624.​00046

Bialystok, E. (2006). Effect of bilingualism and computer video game 
experience on the Simon task. Canadian Journal of Experimental 
Psychology, 60(1), 68-79. https://​doi.​org/​10.​1037/​cjep2​006008

Bialystok, E. (2016). The signal and the noise. Linguistic Approaches 
to Bilingualism, 6(5), 517-534. https://​doi.​org/​10.​1075/​lab.​
15040.​bia

Bialystok, E. (2017). The bilingual adaptation: How minds accommo-
date experience. Psychological Bulletin, 143(3), 233-262. https://​
doi.​org/​10.​1037/​bul00​00099

Bialystok, E. (2021). Bilingualism: Pathway to cognitive reserve. 
Trends in Cognitive Sciences, 25(5), 355-364. https://​doi.​org/​
10.​1016/j.​tics.​2021.​02.​003

Bialystok, E., & Majumder, S. (1998). The relationship between bilin-
gualism and the development of cognitive processes in problem 
solving. Applied Psycholinguistics, 19(1), 69-85. https://​doi.​org/​
10.​1017/​s0142​71640​00105​84

Bialystok, E., & Martin, M. M. (2004). Attention and inhibition in 
bilingual children: evidence from the dimensional change card 
sort task. Developmental Science, 7(3), 325-339. https://​doi.​org/​
10.​1111/j.​1467-​7687.​2004.​00351.x

Bialystok, E., & Senman, L. (2004). Executive processes in appear-
ance-reality tasks: The role of inhibition of attention and sym-
bolic representation. Child Development, 75(2), 562-579. https://​
doi.​org/​10.​1111/j.​1467-​8624.​2004.​00693.x

Bialystok, E., & Shapero, D. (2005). Ambiguous benefits: the effect 
of bilingualism on reversing ambiguous figures. Developmen-
tal Science, 8(6), 595-604. https://​doi.​org/​10.​1111/j.​1467-​7687.​
2005.​00451.x

Bialystok, E., & Shorbagi, S. H. (2021). Subtle Increments in Socioeco-
nomic Status and Bilingualism Jointly Affect Children’s Verbal 

1263Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1093/cercor/bhr287
https://doi.org/10.1016/j.neuropsychologia.2015.01.040
https://doi.org/10.3758/s13423-020-01736-5
https://doi.org/10.3758/s13423-020-01736-5
https://doi.org/10.3389/fpsyg.2014.00398
https://doi.org/10.1146/annurev-linguistics011718-011820
https://doi.org/10.1146/annurev-linguistics011718-011820
https://doi.org/10.1016/j.cognition.2015.12.002
https://doi.org/10.1016/j.cognition.2015.12.002
https://doi.org/10.1111/desc.12446
https://doi.org/10.1111/desc.12446
https://doi.org/10.1075/lab.16002.bak
https://doi.org/10.1016/j.ecresq.2014.02.003
https://doi.org/10.1017/S0142716414000174
https://doi.org/10.1017/S0142716414000174
https://doi.org/10.1037/xlm0000770.supp
https://doi.org/10.1037/xlm0000770.supp
https://doi.org/10.1016/j.jneuroling.2016.09.007
https://doi.org/10.1016/j.jneuroling.2016.09.007
https://doi.org/10.1111/1467-8624.00046
https://doi.org/10.1111/1467-8624.00046
https://doi.org/10.1037/cjep2006008
https://doi.org/10.1075/lab.15040.bia
https://doi.org/10.1075/lab.15040.bia
https://doi.org/10.1037/bul0000099
https://doi.org/10.1037/bul0000099
https://doi.org/10.1016/j.tics.2021.02.003
https://doi.org/10.1016/j.tics.2021.02.003
https://doi.org/10.1017/s0142716400010584
https://doi.org/10.1017/s0142716400010584
https://doi.org/10.1111/j.1467-7687.2004.00351.x
https://doi.org/10.1111/j.1467-7687.2004.00351.x
https://doi.org/10.1111/j.1467-8624.2004.00693.x
https://doi.org/10.1111/j.1467-8624.2004.00693.x
https://doi.org/10.1111/j.1467-7687.2005.00451.x
https://doi.org/10.1111/j.1467-7687.2005.00451.x


and Nonverbal Performance. Journal of Cognition and Develop-
ment, 22(3), 467-490. https://​doi.​org/​10.​1080/​15248​372.​2021.​
19017​11

Bialystok, E., Craik, F. I. M., Klein, R., & Viswanathan, M. (2004). 
Bilingualism, aging, and cognitive control: Evidence from the 
Simon task. Psychology and Aging, 19(2), 290-303. https://​doi.​
org/​10.​1037/​0882-​7974.​19.2.​290

Bialystok, E., Martin, M. M., & Viswanathan, M. (2005). Bilingual-
ism across the lifespan: The rise and fall of inhibitory control. 
International Journal of Bilingualism, 9, 103-119.

Bialystok, E., Craik, F. I. M., & Freedman, M. (2007). Bilingualism 
as a protection against the onset of symptoms of dementia. Neu-
ropsychologia, 45(2), 459-464. https://​doi.​org/​10.​1016/j.​neuro​
psych​ologia.​2006.​10.​009

Bialystok, E., Craik, F., & Luk, G. (2008). Cognitive control and lexical 
access in younger and older bilinguals. Journal of Experimental 
Psychology-Learning Memory and Cognition, 34(4), 859-873. 
https://​doi.​org/​10.​1037/​0278-​7393.​34.4.​859

Bialystok, E., Poarch, G., Luo, L., & Craik, F. I. M. (2014). Effects 
of bilingualism and aging on executive function and working 
memory. Psychology and Aging, 29(3), 696-705. https://​doi.​org/​
10.​1037/​a0037​254

Blom, E., Kuntay, A. C., Messer, M., Verhagen, J., & Leseman, P. 
(2014). The benefits of being bilingual: Working memory in 
bilingual Turkish-Dutch children. Journal of Experimental Child 
Psychology, 128C, 105-119. https://​doi.​org/​10.​1016/j.​jecp.​2014.​
06.​007

Braver, T. S., & Barch, D. M. (2002). A theory of cognitive control, 
aging cognition, and neuromodulation. Neuroscience & Biobe-
havioral Reviews, 26(7), 809-817. https://​doi.​org/​10.​1016/​
S0149-​7634(02)​00067-2

Braver, T. S., & West, R. (2008). Working memory, executive control, 
and aging. In F. I. M. Craik & T. A. Salthouse (Eds.), The Hand-
book of Aging and Cognition (pp. 311-372). Psychology Press.

Braver, T. S., Barch, D. M., Keys, B. A., Carter, C. S., Cohen, J. D., 
Kaye, J. A., ... Reed, B. R. (2001). Context processing in older 
adults: Evidence for a theory relating cognitive control to neuro-
biology in healthy aging. Journal of Experimental Psychology: 
General, 130, 746-763.

Brito, N., & Barr, R. (2012). Influence of bilingualism on memory gen-
eralization during infancy. Developmental Science, 15, 812-816.

Brito, N., & Barr, R. (2014). Flexible memory retrieval in bilingual 
6-month-old infants. Developmental Psychobiology, 56, 1156-
1163. https://​doi.​org/​10.​1002/​dev.​21188

Bunge, S. A., Dudukovic, N. M., Thomason, M. E., Vaidya, C. J., & 
Gabrieli, J. D. E. (2002). Immature frontal lobe contributions 
to cognitive control in children: Evidence from fMRI. Neuron, 
33, 301-311.

Byers-Heinlein, K., Burns, T. C., & Werker, J. F. (2010). The roots of 
bilingualism in newborns. Psychol Sci, 21, 343-348.

Calabria, M., Hernandez, M., Martin, C. D., & Costa, A. (2011). When 
the tail counts: the advantage of bilingualism through the ex-
gaussian distribution analysis. Frontiers in Psychology, 2, 250. 
https://​doi.​org/​10.​3389/​fpsyg.​2011.​00250

Calabria, M., Hernandez, M., Cattaneo, G., Suades, A., Serra, M., Jun-
cadella, M., ... Costa, A. (2020). Active bilingualism delays the 
onset of mild cognitive impairment. Neuropsychologia, 107528. 
https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2020.​107528

Calvo, A., & Bialystok, E. (2014). Independent effects of bilingualism 
and socioeconomic status on language ability and executive func-
tioning. Cognition, 130(3), 278-288. https://​doi.​org/​10.​1016/j.​
cogni​tion.​2013.​11.​015

Carlson, S. M., & Meltzoff, A. N. (2008). Bilingual experience and 
executive functioning in young children. Developmental Sci-
ence, 11(2), 282-298. https://​doi.​org/​10.​1111/j.​1467-​7687.​2008.​
00675.x

Chang, Y. K., Labban, J. D., Gapin, J. I., & Etnier, J. L. (2012). The 
effects of acute exercise on cognitive performance: a meta-
analysis. Brain Research, 1453, 87-101.

Chun, M. M., Golomb, J. D., & Turk-Browne, N. B. (2011). A tax-
onomy of external and internal attention. Annual Review of 
Psychology, 62, 73-101. https://​doi.​org/​10.​1146/​annur​ev.​psych.​
093008.​100427

Chung-Fat-Yim, A., Himel, C., & Bialystok, E. (2018). The impact 
of bilingualism on executive function in adolescents. Interna-
tional Journal of Bilingualism, 23(6), 1278-1290. https://​doi.​
org/​10.​1177/​13670​06918​781059

Comishen, K., & Bialystok, E. (2021). Increases in attentional 
demands are associated with language group differences in 
working memory performance. Brain and Cognition, 147, 
105658.

Comishen, K., Bialystok, E., & Adler, S. A. (2019). The impact 
of bilingual environments on selective attention in infancy. 
Developmental Science, 22, e12797.

Conway, A. R., Kane, M. J., & Engle, R. W. (2003). Working mem-
ory capacity and its relation to general intelligence. Trends in 
Cognitive Sciences, 7, 547-552.

Costa, A. (2005). Lexical access in bilingual production. In J. F. 
Kroll & A. M. B. D. Groot (Eds.), Handbook of bilingualism: 
Psycholinguistic approaches (pp. 308-325). Oxford University 
Press.

Costa, A., Miozzo, M., & Caramazza, A. (1999). Lexical selection 
in bilinguals: Do words in the bilingual's two lexicons compete 
for selection? Journal of Memory and Language, 41, 365-397.

Costa, A., Caramazza, A., & Sebastian-Galles, N. (2000). The cog-
nate facilitation effect: Implications for models of lexical access. 
Journal of Experimental Psychology: Learning, Memory and 
Cognition, 26, 1283-1296.

Costa, A., Santesteban, M., & Ivanova, I. (2006). How do highly pro-
ficient bilinguals control their lexicalization process? Inhibitory 
and language-specific selection mechanisms are both functional. 
Journal of Experimental Psychology: Learning, Memory and 
Cognition, 32, 1057-1074.

Costa, A., Hernandez, M., & Sebastian-Galles, N. (2008). Bilingualism 
aids conflict resolution: evidence from the ANT task. Cognition, 
106(1), 59-86. https://​doi.​org/​10.​1016/j.​cogni​tion.​2006.​12.​013

Costa, A., Hernandez, A., Costa-Faidella, J., & Sebastian-Galles, N. 
(2009). On the bilingual advantage in conflict processing: Now 
you see it, now you don't. Cognition, 113, 135-149.

Costumero, V., Marin-Marin, L., Calabria, M., Belloch, V., Escudero, 
J., Baquero, M., ... Avila, C. (2020). A cross-sectional and lon-
gitudinal study on the protective effect of bilingualism against 
dementia using brain atrophy and cognitive measures. Alzhei-
mer's Research & Therapy, 12(1), 11. https://​doi.​org/​10.​1186/​
s13195-​020-​0581-1

Cowan, N. (1999). An embedded-processes model of working memory. 
In A. Miyake & P. Shah (Eds.), Models of working memory: 
Mechanisms of active maintenance and executive control (pp. 
62-101). Cambridge University Press.

Cowan, N. (2016). Working memory capacity: Psychology Press.
Dash, T., Berroir, P., Joanette, Y., & Ansaldo, A. I. (2019). Alerting, 

orienting, and executive control: The effect of bilingualism and 
age on the subcomponents of attention. Frontiers in Neurology, 
10. https://​doi.​org/​10.​3389/​fneur.​2019.​01122

de Bruin, A., Treccani, B., & Della Sala, S. (2015). Cognitive advan-
tage in bilingualism: an example of publication bias? Psycho-
logical Science, 26(1), 99-107. https://​doi.​org/​10.​1177/​09567​
97614​557866

DeLuca, V., Rothman, J., Bialystok, E., & Pliatsikas, C. (2019). Rede-
fining bilingualism as a spectrum of experiences that differen-
tially affects brain structure and function. Proceedings of the 
National Academy of Sciences, 116(15), 7565-7574.

1264 Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1080/15248372.2021.1901711
https://doi.org/10.1080/15248372.2021.1901711
https://doi.org/10.1037/0882-7974.19.2.290
https://doi.org/10.1037/0882-7974.19.2.290
https://doi.org/10.1016/j.neuropsychologia.2006.10.009
https://doi.org/10.1016/j.neuropsychologia.2006.10.009
https://doi.org/10.1037/0278-7393.34.4.859
https://doi.org/10.1037/a0037254
https://doi.org/10.1037/a0037254
https://doi.org/10.1016/j.jecp.2014.06.007
https://doi.org/10.1016/j.jecp.2014.06.007
https://doi.org/10.1016/S0149-7634(02)00067-2
https://doi.org/10.1016/S0149-7634(02)00067-2
https://doi.org/10.1002/dev.21188
https://doi.org/10.3389/fpsyg.2011.00250
https://doi.org/10.1016/j.neuropsychologia.2020.107528
https://doi.org/10.1016/j.cognition.2013.11.015
https://doi.org/10.1016/j.cognition.2013.11.015
https://doi.org/10.1111/j.1467-7687.2008.00675.x
https://doi.org/10.1111/j.1467-7687.2008.00675.x
https://doi.org/10.1146/annurev.psych.093008.100427
https://doi.org/10.1146/annurev.psych.093008.100427
https://doi.org/10.1177/1367006918781059
https://doi.org/10.1177/1367006918781059
https://doi.org/10.1016/j.cognition.2006.12.013
https://doi.org/10.1186/s13195-020-0581-1
https://doi.org/10.1186/s13195-020-0581-1
https://doi.org/10.3389/fneur.2019.01122
https://doi.org/10.1177/0956797614557866
https://doi.org/10.1177/0956797614557866


DeLuca, V., Rothman, J., Bialystok, E., & Pliatsikas, C. (2020). Dura-
tion and extent of bilingual experience modulate neurocognitive 
outcomes. Neuroimage, 204, 116222.

Desimone, R., & Duncan, J. (1995). Neural Mechanisms of Selective 
Visual Attention. Annual Review of Neuroscience, 18, 193-222.

D'Esposito, M., & Postle, B. R. (2015). The Cognitive Neuroscience of 
Working Memory. Annual Review of Psychology, 66(1), 115-142. 
https://​doi.​org/​10.​1146/​annur​ev-​psych-​010814-​015031

Diamond, A. (2002). Normal development of prefrontal cortex from 
birth to young adulthood: Cognitive functions, anatomy, and 
biochemistry. In D. T. Stuss & R. T. Knight (Eds.), Principles 
of frontal lobe function (pp. 466-503). Oxford University Press.

Diamond, A. (2013). Executive functions. Annual Review of Psychol-
ogy, 64, 135-168.

Dick, A. S., Garcia, N. L., Pruden, S. M., Thompson, W. K., Suther-
land, M. T., & Gonzalez, R. (2019). No evidence for a bilingual 
executive function advantage in the ABCD study. Nature human 
behaviour, 3, 692-701.

Donnelly, S., Brooks, P. J., & Homer, B. D. (2019). Is there a bilingual 
advantage on interference-control tasks? A multiverse meta-anal-
ysis of global reaction time and interference cost. Psychonomic 
Bulletin and Review, 26, 1122-1147.

Draheim, C., Mashburn, C. A., Martin, J. D., & Engle, R. W. (2019). 
Reaction time in differential and developmental research: A 
review and commentary on the problems and alternatives. Psy-
chological Bulletin, 145, 508-535. https://​doi.​org/​10.​1037/​bul00​
00192

D'Souza, D., Brady, D., Haensel, J. X., & D'Souza, H. (2020). Is mere 
exposure enough? The effects of bilingual environments on infant 
cognitive development. Royal Society Open Science, 7, 180191. 
https://​doi.​org/​10.​1098/​rsos.​180191

Dunabeitia, J. A., Hernandez, J. A., Anton, E., Macizo, P., Estevez, A., 
Fuentes, L. J., & Carreiras, M. (2014). The inhibitory advantage 
in bilingual children revisited: myth or reality? Experimental 
Psychology, 61(3), 234-251. https://​doi.​org/​10.​1027/​1618-​3169/​
a0002​43

Duyck, W., Van Assche, E., Drieghe, D., & Hartsuiker, R. J. (2007). 
Visual word recognition by bilinguals in a sentence context: Evi-
dence for nonselective lexical access. Journal of Experimental 
Psychology: Learning, Memory, and Cognition, 33, 663-679.

Emmorey, K., Luk, G., Pyers, J. E., & Bialystok, E. (2008). The source 
of enhanced cognitive control in bilinguals. Psychological Sci-
ence, 19, 1201-1206.

Engel de Abreu, P. M. (2011). Working memory in multilingual chil-
dren: is there a bilingual effect? Memory, 19(5), 529-537. https://​
doi.​org/​10.​1080/​09658​211.​2011.​590504

Engel de Abreu, P. M., Cruz-Santos, A., Tourinho, C. J., Martin, R., & 
Bialystok, E. (2012). Bilingualism enriches the poor: Enhanced 
cognitive control in low-income minority children. Psychological 
Science, 23, 1364-1371.

Engle, R. W., & Kane, M. J. (2004). Executive attention, working mem-
ory capacity, and a two-factor theory of cognitive control. In B. 
Ross (Ed.), The psychology of learning and motivation: Advances 
in research and theory (pp. 145-199). Elsevier.

Esposito, A. G., Baker-Ward, L., & Mueller, S. (2013). Interference 
suppression vs. response inhibition: An explanation for the 
absence of a bilingual advantage in preschoolers' Stroop task 
performance. Cognitive Development, 28(4), 354-363. https://​
doi.​org/​10.​1016/j.​cogdev.​2013.​09.​002

Etnier, J. L., Salazar, W., Landars, D. M., Petruzzello, S. J., Han, M., & 
Nowell, P. (1997). The influence of physical fitness and exercise 
upon cognitive functioning: A meta-analysis. Journal of Sport 
and Exercise Psychology, 19, 249-277.

Eysenck, M. W., Derakshan, N., Santos, R., & Calvo, M. G. (2007). 
Anxiety and cognitive performance: Attentional control theory. 
Emotion, 7, 336-353.

Farah, M. J., Shera, D. M., Savage, J. H., Betancourt, L., Giannetta, 
J. M., Brodsky, N. L., ... Hurt, H. (2006). Childhood poverty: 
Specific associations with neurocognitive development. Brain 
Research Reviews, 1110, 166-174.

Festman, J., & Munte, T. F. (2012). Cognitive control in Russian-
German bilinguals. Frontiers in Psychology, 3, 115. https://​doi.​
org/​10.​3389/​fpsyg.​2012.​00115

Festman, J., Rodriguez-Fornells, A., & Munte, T. F. (2010). Indi-
vidual differences in control of language interference in late 
bilinguals are mainly related to general executive abilities. 
Behavioral and Brain Functions, 6(5).

Francis, W. S. (1999). Cognitive integration of language and memory 
in bilinguals: Semantic representation. Psychological Bulletin, 
125(2), 193-222.

Fuller-Thomson, E., & Kuh, D. (2014). The healthy migrant effect 
may confound the link between bilingualism and delayed onset 
of Alzheimer's disease. Cortex, 52, 128-130. https://​doi.​org/​10.​
1016/j.​cortex.​2013.​08.​009

Fuster, J. M. (2000). Executive frontal functions. Experimental Brain 
Research, 133, 66-70.

Gathercole, V. C., Thomas, E. M., Kennedy, I., Prys, C., Young, N., 
Vinas Guasch, N., ... Jones, L. (2014). Does language domi-
nance affect cognitive performance in bilinguals? Lifespan evi-
dence from preschoolers through older adults on card sorting, 
Simon, and metalinguistic tasks. Frontiers in Psychology, 5, 
11. https://​doi.​org/​10.​3389/​fpsyg.​2014.​00011

Goetz, P. (2003). The effects of bilingualism on theory of mind 
development. Bilingualism: Language and Cognition, 6, 1-15.

Gold, B. T., Kim, C., Johnson, N. F., Kryscio, R. J., & Smith, C. D. 
(2013). Lifelong bilingualism maintains neural efficiency for 
cognitive control in aging. Journal of Neuroscience, 33(2), 
387-396. https://​doi.​org/​10.​1523/​JNEUR​OSCI.​3837-​12.​2013

Goriot, C., Broersma, M., McQueen, J. M., Unsworth, S., & van 
Hout, R. (2018). Language balance and switching ability in 
children acquiring English as a second language. Journal of 
Experimental Child Psychology, 173, 168-186. https://​doi.​org/​
10.​1016/j.​jecp.​2018.​03.​019

Green, D. W. (1998). Mental control of the bilingual lexico-semantic 
system. Bilingualism: Language and Cognition, 1, 67-81.

Green, D. W., & Abutalebi, J. (2013). Language control in bilin-
guals: The adaptive control hypothesis. Journal of Cognitive 
Psychology, 25, 515-530. https://​doi.​org/​10.​1080/​20445​911.​
2013.​796377

Grote, K. S., Scott, R. M., & Gilger, J. (2021). Bilingual advantages 
in executive functioning: Evidence from a low-income sample. 
First Language. https://​doi.​org/​10.​1177/​01427​23721​10242​20

Grundy, J. G. (2020). The effects of bilingualism on execu-
tive functions: an updated quantitative analysis. Journal 
of Cultural Cognitive Science. https://​doi.​org/​10.​1007/​
s41809-​020-​00062-5

Grundy, J. G., & Keyvani Chahi, A. (2017). Post-conflict slowing 
effects in monolingual and bilingual children. Developmental 
Science, 20, e12488. https://​doi.​org/​10.​1111/​desc.​12488

Grundy, J. G., & Timmer, K. (2017). Bilingualism and working mem-
ory capacity: A comprehensive meta-analysis. Second Language 
Research, 33(3), 325-340.

Grundy, J. G., Anderson, J. A. E., & Bialystok, E. (2017a). Neural cor-
relates of cognitive processing in monolinguals and bilinguals. 
Annals of the New York Academy of Sciences, 1396(1), 183-201. 
https://​doi.​org/​10.​1111/​nyas.​13333

Grundy, J. G., Chung-Fat-Yim, A., Friesen, D. C., Mak, L., & Bia-
lystok, E. (2017b). Sequential congruency effects reveal differ-
ences in disengagement of attention for monolingual and bilin-
gual young adults. Cognition, 163, 42-55.

Gullifer, J. W., & Titone, D. (2020). Characterizing the social diver-
sity of bilingualism using language entropy. Bilingualism: 

1265Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1146/annurev-psych-010814-015031
https://doi.org/10.1037/bul0000192
https://doi.org/10.1037/bul0000192
https://doi.org/10.1098/rsos.180191
https://doi.org/10.1027/1618-3169/a000243
https://doi.org/10.1027/1618-3169/a000243
https://doi.org/10.1080/09658211.2011.590504
https://doi.org/10.1080/09658211.2011.590504
https://doi.org/10.1016/j.cogdev.2013.09.002
https://doi.org/10.1016/j.cogdev.2013.09.002
https://doi.org/10.3389/fpsyg.2012.00115
https://doi.org/10.3389/fpsyg.2012.00115
https://doi.org/10.1016/j.cortex.2013.08.009
https://doi.org/10.1016/j.cortex.2013.08.009
https://doi.org/10.3389/fpsyg.2014.00011
https://doi.org/10.1523/JNEUROSCI.3837-12.2013
https://doi.org/10.1016/j.jecp.2018.03.019
https://doi.org/10.1016/j.jecp.2018.03.019
https://doi.org/10.1080/20445911.2013.796377
https://doi.org/10.1080/20445911.2013.796377
https://doi.org/10.1177/01427237211024220
https://doi.org/10.1007/s41809-020-00062-5
https://doi.org/10.1007/s41809-020-00062-5
https://doi.org/10.1111/desc.12488
https://doi.org/10.1111/nyas.13333


Language and Cognition, 23, 283-294. https://​doi.​org/​10.​1017/​
s1366​72891​90000​26

Gullifer, J. W., & Titone, D. (2021). Engaging proactive control: 
Influences of diverse language experiences using insights from 
machine learning. Journal of Experimental Psychology: Gen-
eral, 150(3), 414-430. https://​doi.​org/​10.​1037/​xge00​00933

Gullifer, J. W., Chai, X. J., Whitford, V., Pivneva, I., Baum, S., Klein, 
D., & Titone, D. (2018). Bilingual experience and resting-state 
brain connectivity: Impacts of L2 age of acquisition and social 
diversity of language use on control networks. Neuropsycholo-
gia, 117, 123-134. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​
2018.​04.​037

Hakuta, K. (1986). Mirror of language: The debate on bilingualism. 
Basic Books.

Hartanto, A., & Yang, H. (2016). Disparate bilingual experiences 
modulate task-switching advantages: A diffusion-model analy-
sis of the effects of interactional context on switch costs. Cog-
nition, 150, 10-19. https://​doi.​org/​10.​1016/j.​cogni​tion.​2016.​
01.​016

Hartanto, A., Toh, W. X., & Yang, H. (2019). Bilingualism narrows 
socioeconomic disparities in executive functions and self-regu-
latory behaviors during early childhood: Evidence from the early 
childhood longitudinal study. Child Development, 90(4), 1215-
1235. https://​doi.​org/​10.​1111/​cdev.​13032

Hernandez, M., Costa, A., & Humphreys, G. W. (2012). Escaping cap-
ture: bilingualism modulates distraction from working memory. 
Cognition, 122(1), 37-50. https://​doi.​org/​10.​1016/j.​cogni​tion.​
2011.​08.​002

Hervais-Adelman, A., Moser-Mercer, B., Michel, C. M., & Golestani, 
N. (2015). fMRI of Simultaneous Interpretation Reveals the Neu-
ral Basis of Extreme Language Control. Cerebral Cortex, 25(12), 
4727-4739. https://​doi.​org/​10.​1093/​cercor/​bhu158

Hervais-Adelman, A., Egorova, N., & Golestani, N. (2018). Beyond 
Bilingualism: multilingual experience correlates with caudate 
volume. Brain Structure and Function, 223, 3495-3502.

Hilchey, M. D., & Klein, R. M. (2011). Are there bilingual advantages 
on nonlinguistic interference tasks? Implications for the plasticity 
of executive control processes. Psychonomic Bulletin and Review, 
18(4), 625-658. https://​doi.​org/​10.​3758/​s13423-​011-​0116-7

Jacoby, L. L. (1991). A process dissociation framework: Separating 
automatic from intentional uses of memory. Journal of Memory 
and Language, 30, 513-541.

James, W. (1890). Principles of psychology. Henry Holt.
Janus, M., & Bialystok, E. (2018). Working memory with emotional 

distraction in monolingual and bilingual children. Frontiers in 
Psychology, 9, 1582.

Jiao, L., Liu, C., Wang, R., & Chen, B. (2019). Working memory 
demand of a task modulates bilingual advantage in executive 
functions. International Journal of Bilingualism, 23, 102-117. 
https://​doi.​org/​10.​1177/​13670​06917​709097

Kalashnikova, M., & Mattock, K. (2014). Maturation of executive 
functioning skills in early sequential bilingualism. International 
Journal of Bilingual Education and Bilingualism, 17(1), 111-
123. https://​doi.​org/​10.​1080/​13670​050.​2012.​746284

Kousaie, S., & Phillips, N. A. (2012). Conflict monitoring and resolu-
tion: are two languages better than one? Evidence from reaction 
time and event-related brain potentials. Brain Research, 1446, 
71-90. https://​doi.​org/​10.​1016/j.​brain​res.​2012.​01.​052

Kousaie, S., & Phillips, N. A. (2017). A behavioural and electrophysi-
ological investigation of the effect of bilingualism on aging and 
cognitive control. Neuropsychologia, 94, 23-35. https://​doi.​org/​
10.​1016/j.​neuro​psych​ologia.​2016.​11.​013

Kovacs, A. M. (2009). Early bilingualism enhances mechanisms of 
false-belief reasoning. Developmental Science, 12, 48-54.

Kovacs, A. M., & Mehler, J. (2009). Cognitive gains in 7-month-
old bilingual infants. Proceedings of the National Academy of 

Sciences, 106(16), 6556-6560. https://​doi.​org/​10.​1073/​pnas.​
08113​23106

Kowoll, M. E., Degen, C., Gorenc, L., Küntzelmann, A., Fellhauer, I., 
Giesel, F., ... Schröder, J. (2016). Bilingualism as a contributor to 
cognitive reserve? Evidence from cerebral glucose metabolism in 
Mild Cognitive Impairment and Alzheimer’s Disease. Frontiers 
in Psychiatry, 7. https://​doi.​org/​10.​3389/​fpsyt.​2016.​00062

Krizman, J., Skoe, E., & Kraus, N. (2016). Bilingual enhancements 
have no socioeconomic boundaries. Developmental Science, 
19(6), 881-891. https://​doi.​org/​10.​1111/​desc.​12347

Kroll, J. F., & Bialystok, E. (2013). Understanding the consequences of 
bilingualism for language processing and cognition. Journal of 
Cognitive Psychology, 25(5), 497-514. https://​doi.​org/​10.​1080/​
20445​911.​2013.​799170

Kroll, J. F., Bobb, S. C., & Hoshino, N. (2014). Two languages in mind: 
Bilingualism as a tool to investigate language, cognition, and the 
brain. Current Directions in Psychological Science, 23, 159-163. 
https://​doi.​org/​10.​1177/​09637​21414​528511

Lehtonen, M., Soveri, A., Laine, A., Jarvenpaa, J., De Bruin, A., & 
Antfolk, J. (2018). Is bilingualism associated with enhanced 
executive functioning in adults? A meta-analytic review. Psy-
chological Bulletin, 144, 394-425. https://​doi.​org/​10.​1037/​bul00​
00142.​supp

Linck, J. A., Hoshino, N., & Kroll, J. F. (2008). Cross-language lexi-
cal processing and inhibitory control. The Mental Lexicon, 3, 
349-374.

Liu, H., Liang, L., Dunlap, S., Fan, N., & Chen, B. (2016). The effect 
of domain-general inhibition-related training on language switch-
ing: An ERP study. Cognition, 146, 264-276. https://​doi.​org/​10.​
1016/j.​cogni​tion.​2015.​10.​004

Lopez Zunini, R. A., Morrison, C., Kousaie, S., & Taler, V. (2019). 
Task switching and bilingualism in young and older adults: A 
behavioral and electrophysiological investigation. Neuropsycho-
logia, 133, 107186. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​
2019.​107186

Luk, G., Anderson, J. A. E., Craik, F. I. M., Grady, C., & Bialystok, 
E. (2010). Distinct neural correlates for two types of inhibition 
in bilinguals: Response inhibition and intereference supression. 
Brain and Cognition, 74, 347-357.

Luo, L., Craik, F. I. M., Moreno, S., & Bialystok, E. (2013). Bilingual-
ism interacts with domain in a working memory task: Evidence 
from aging. Psychology and Aging, 28(1), 28-34. https://​doi.​org/​
10.​1037/​a0030​875

Marian, V., & Spivey, M. (2003). Competing activation in bilingual 
language processing: Within- and between-language competition. 
Bilingualism: Language and Cognition, 6(2), 97-115. https://​doi.​
org/​10.​1017/​s1366​72890​30010​68

Martin-Rhee, M. M., & Bialystok, E. (2008). The development of two 
types of inhibitory control in monolingual and bilingual children. 
Bilingualism: Language and Cognition, 11(1), 81-93. https://​doi.​
org/​10.​1017/​s1366​72890​70032​27

McCabe, D. P., Roediger, H. L., McDaniel, M. A., Balota, D. A., & 
Hambrick, D. Z. (2010). The relationship between working mem-
ory capacity and executive functioning: evidence for a common 
executive attention construct. Neuropsychology, 24(2), 222-243. 
https://​doi.​org/​10.​1037/​a0017​619

McDaniel, M. A., Einstein, G. O., & Jacoby, L. L. (2008). New consid-
erations in aging and memory. In F. I. M. Craik & T. A. Salthouse 
(Eds.), The Handbook of Aging and Cognition, 3rd Edition (pp. 
251-310). Psychology Press.

Misra, M., Guo, T., Bobb, S. C., & Kroll, J. F. (2012). When bilinguals 
choose a single word to speak: Electrophysiological evidence for 
inhibition of the native language. Journal of Memory and Lan-
guage, 67(1). https://​doi.​org/​10.​1016/j.​jml.​2012.​05.​001

Miyake, A., & Friedman, N. P. (2012). The nature and organization 
of individual differences in Executive Functions: Four general 

1266 Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1017/s1366728919000026
https://doi.org/10.1017/s1366728919000026
https://doi.org/10.1037/xge0000933
https://doi.org/10.1016/j.neuropsychologia.2018.04.037
https://doi.org/10.1016/j.neuropsychologia.2018.04.037
https://doi.org/10.1016/j.cognition.2016.01.016
https://doi.org/10.1016/j.cognition.2016.01.016
https://doi.org/10.1111/cdev.13032
https://doi.org/10.1016/j.cognition.2011.08.002
https://doi.org/10.1016/j.cognition.2011.08.002
https://doi.org/10.1093/cercor/bhu158
https://doi.org/10.3758/s13423-011-0116-7
https://doi.org/10.1177/1367006917709097
https://doi.org/10.1080/13670050.2012.746284
https://doi.org/10.1016/j.brainres.2012.01.052
https://doi.org/10.1016/j.neuropsychologia.2016.11.013
https://doi.org/10.1016/j.neuropsychologia.2016.11.013
https://doi.org/10.1073/pnas.0811323106
https://doi.org/10.1073/pnas.0811323106
https://doi.org/10.3389/fpsyt.2016.00062
https://doi.org/10.1111/desc.12347
https://doi.org/10.1080/20445911.2013.799170
https://doi.org/10.1080/20445911.2013.799170
https://doi.org/10.1177/0963721414528511
https://doi.org/10.1037/bul0000142.supp
https://doi.org/10.1037/bul0000142.supp
https://doi.org/10.1016/j.cognition.2015.10.004
https://doi.org/10.1016/j.cognition.2015.10.004
https://doi.org/10.1016/j.neuropsychologia.2019.107186
https://doi.org/10.1016/j.neuropsychologia.2019.107186
https://doi.org/10.1037/a0030875
https://doi.org/10.1037/a0030875
https://doi.org/10.1017/s1366728903001068
https://doi.org/10.1017/s1366728903001068
https://doi.org/10.1017/s1366728907003227
https://doi.org/10.1017/s1366728907003227
https://doi.org/10.1037/a0017619
https://doi.org/10.1016/j.jml.2012.05.001


conclusions. Current Directions in Psychological Science, 
21(1), 8-14. https://​doi.​org/​10.​1177/​09637​21411​429458

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., How-
erter, A., & Wager, T. D. (2000). The unity and diversity of 
executive functions and their contributions to complex "Frontal 
Lobe" tasks: a latent variable analysis. Cognitive Psychology, 
41(1), 49-100. https://​doi.​org/​10.​1006/​cogp.​1999.​0734

Morales, J., Calvo, A., & Bialystok, E. (2013a). Working memory 
development in monolingual and bilingual children. Journal of 
Experimental Child Psychology, 114(2), 187-202. https://​doi.​
org/​10.​1016/j.​jecp.​2012.​09.​002

Morales, J., Gómez-Ariza, C. J., & Bajo, M. T. (2013b). Dual mech-
anisms of cognitive control in bilinguals and monolinguals. 
Journal of Cognitive Psychology, 25(5), 531-546. https://​doi.​
org/​10.​1080/​20445​911.​2013.​807812

Morrison, C., Kamal, F., & Taler, V. (2018). The influence of bilin-
gualism on working memory event-related potentials. Bilin-
gualism: Language and Cognition, 1-9. https://​doi.​org/​10.​
1017/​s1366​72891​80003​91

Morton, J. P., & Harper, S. N. (2007). What did Simon say? Revis-
iting the bilingual advantage. Developmental Science, 10, 
719-726.

Nair, V. K. K., Biedermann, B., & Nickels, L. (in press). Effect of 
socio-economic status on cognitive control in non-literate bilin-
gual speakers. Bilingualism: Language and Cognition. https://​
doi.​org/​10.​1017/​s1366​72891​60007​78

Naveh-Benjamin, M., Craik, F. I. M., Guez, J., & Kreuger, S. (2005). 
Divided attention in younger and older adults: Effects of strat-
egy and relatedness on memory performance and secondary task 
costs. Journal of Experimental Psychology: Learning, Memory 
and Cognition, 31, 520-537.

Nayak, S., Salem, H. Z., & Tarullo, A. R. (2020). Neural mechanisms 
of response-preparation and inhibition in bilingual and monolin-
gual children: Lateralized Readiness Potentials (LRPs) during a 
nonverbal Stroop task. Developmental Cognitive Neuroscience, 
41, 100740. https://​doi.​org/​10.​1016/j.​dcn.​2019.​100740

Nguyen, T.-K., & Astington, J. W. (2014). Reassessing the bilingual 
advantage in theory of mind and its cognitive underpinnings. 
Bilingualism: Language and Cognition, 17(02), 396-409. https://​
doi.​org/​10.​1017/​s1366​72891​30003​94

Nichols, E. S., Wild, C. J., Stojanoski, B., Battista, M. E., & Owen, A. 
M. (2020). Bilingualism affords no general cognitive advantages: 
A population study of executive function in 11,000 people. Psy-
chological Science, 31, 548-567.

Norman, D. A., & Shallice, T. (1986). Attention to action: Willed and 
automatic control of behavior. In D. A. Norman & T. Shallice 
(Eds.), Consciousness and self-regulation: Advances in research 
and theory (pp. 1-18). Plenum Press.

Novitskiy, N., Shtyrov, Y., & Myachykov, A. (2019). Conflict Resolu-
tion Ability in Late Bilinguals Improves With Increased Second-
Language Proficiency: ANT Evidence. Frontiers in Psychology, 
10. https://​doi.​org/​10.​3389/​fpsyg.​2019.​02825

Oberauer, K. (2002). Access to information in working memory: 
Exploring the focus of attention. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 28(3), 411-421. 
https://​doi.​org/​10.​1037/​0278-​7393.​28.3.​411

Oberauer, K. (2009). Design for a working memory. In B. H. Ross 
(Ed.), The Psychology of Learning and Motivation (Vol. 51, pp. 
45-100): Elsevier Academic Press.

Oh, S., & Lewis, C. (2008). Korean preschoolers’ advanced inhibitory 
control and its relation to other executive skills and mental state 
understanding. Child Development, 79, 80-99.

Okanda, M., Moriguchi, Y., & Itakura, S. (2010). Language and cog-
nitive shifting: evidence from young monolingual and bilingual 
children. Psychological Reports, 107(1), 68-78. https://​doi.​org/​
10.​2466/​03.​10.​28.​PR0.​107.4.​68-​78

Olguin, A., Bekinschtein, T. A., & Bozic, M. (2018). Neural encoding 
of attended continuous speech under different types of interfer-
ence. Journal of Cognitive Neuroscience, 30, 1606-1619.

Olguin, A., Cekic, M., Bekinschtein, T. A., Katsos, N., & Bozic, M. 
(2019). Bilingualism and language similarity modify the neural 
mechanisms of selective attention. Scientific Reports, 9(1), 8204. 
https://​doi.​org/​10.​1038/​s41598-​019-​44782-3

Ong, G., Sewell, D. K., Weekes, B., McKague, M., & Abutalebi, J. 
(2017). A diffusion model approach to analysing the bilingual 
advantage for the Flanker task: The role of attentional control 
processes. Journal of Neurolinguistics, 43, 28-38. https://​doi.​org/​
10.​1016/j.​jneur​oling.​2016.​08.​002

Ooi, S. H., Goh, W. D., Sorace, A., & Bak, T. H. (2018). From bilin-
gualism to bilingualisms. Bilingualism: Language and Cogni-
tion, 21, 867-879. https://​doi.​org/​10.​1017/​S1366​72891​80000​020

Paap, K. R., & Greenberg, Z. I. (2013). There is no coherent evidence 
for a bilingual advantage in executive processing. Cognitive 
Psychology, 66(2), 232-258. https://​doi.​org/​10.​1016/j.​cogps​ych.​
2012.​12.​002

Paap, K. R., & Sawi, O. (2014). Bilingual advantages in executive 
functioning: problems in convergent validity, discriminant valid-
ity, and the identification of the theoretical constructs. Frontiers 
in Psychology, 5, 962. https://​doi.​org/​10.​3389/​fpsyg.​2014.​00962

Paap, K. R., Johnson, H. A., & Sawi, O. (2014). Are bilingual advan-
tages dependent upon specific tasks or specific bilingual experi-
ences? Journal of Cognitive Psychology, 26(6), 615-639. https://​
doi.​org/​10.​1080/​20445​911.​2014.​944914

Paap, K. R., Johnson, H. A., & Sawi, O. (2015). Bilingual advantages 
in executive functioning either do not exist or are restricted to 
very specific and undetermined circumstances. Cortex, 69, 265-
278. https://​doi.​org/​10.​1016/j.​cortex.​2015.​04.​014

Paulavicius, A. M., Mizzaci, C. C., Tavares, D. R. B., Rocha, A. P., 
Civile, V. T., Schultz, R. R., ... Trevisani, V. F. M. (2020). Bilin-
gualism for delaying the onset of Alzheimer's disease: a sys-
tematic review and meta-analysis. European Geriatric Medicine. 
https://​doi.​org/​10.​1007/​s41999-​020-​00326-x

Peal, E., & Lambert, W. (1962). The relation of bilingualism to intel-
ligence. Psychological Monographs, 76 (Whole No. 546), 1-23.

Pelham, S. D., & Abrams, L. (2014). Cognitive advantages and dis-
advantages in early and late bilinguals. Journal of Experimental 
Psychology: Learning, Memory, and Cognition, 40, 313-325. 
https://​doi.​org/​10.​1037/​a0035​224

Perani, D., Farsad, M., Ballarini, T., Lubian, F., Malpetti, M., Frac-
chetti, A., ... Abutalebi, J. (2017). The impact of bilingualism on 
brain reserve and metabolic connectivity in Alzheimer's demen-
tia. Proceedings of the National Academy of Sciences, 114(7), 
1690-1695. https://​doi.​org/​10.​1073/​pnas.​16109​09114

Philipp, A. M., & Koch, I. (2009). Inhibition in language switching: 
what is inhibited when switching between languages in naming 
tasks? Journal of Experimental Psychology: Learning Memory 
and Cognition, 35(5), 1187-1195. https://​doi.​org/​10.​1037/​a0016​
376

Poarch, G. J., & Van Hell, J. G. (2012). Cross-language activation in 
children’s speech production: Evidence from second language 
learners, bilinguals, and trilinguals. Journal of Experimental 
Child Psychology, 111, 419-438.

Pons, F., Bosch, L., & Lewkowicz, D. J. (2015). Bilingualism modu-
lates infants' selective attention to the mouth of a talking face. 
Psychological Science, 26(4), 490-498. https://​doi.​org/​10.​1177/​
09567​97614​568320

Pot, A., Keijzer, M., & de Bot, K. (2018). Intensity of multilingual 
language use predicts cognitive performance in some multilin-
gual older adults. Brain Sciences, 8(5). https://​doi.​org/​10.​3390/​
brain​sci80​50092

Poulin-Dubois, D., Blaye, A., Coutya, J., & Bialystok, E. (2011). 
The effects of bilingualism on toddlers' executive functioning. 

1267Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1177/0963721411429458
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.jecp.2012.09.002
https://doi.org/10.1016/j.jecp.2012.09.002
https://doi.org/10.1080/20445911.2013.807812
https://doi.org/10.1080/20445911.2013.807812
https://doi.org/10.1017/s1366728918000391
https://doi.org/10.1017/s1366728918000391
https://doi.org/10.1017/s1366728916000778
https://doi.org/10.1017/s1366728916000778
https://doi.org/10.1016/j.dcn.2019.100740
https://doi.org/10.1017/s1366728913000394
https://doi.org/10.1017/s1366728913000394
https://doi.org/10.3389/fpsyg.2019.02825
https://doi.org/10.1037/0278-7393.28.3.411
https://doi.org/10.2466/03.10.28.PR0.107.4.68-78
https://doi.org/10.2466/03.10.28.PR0.107.4.68-78
https://doi.org/10.1038/s41598-019-44782-3
https://doi.org/10.1016/j.jneuroling.2016.08.002
https://doi.org/10.1016/j.jneuroling.2016.08.002
https://doi.org/10.1017/S13667289180000020
https://doi.org/10.1016/j.cogpsych.2012.12.002
https://doi.org/10.1016/j.cogpsych.2012.12.002
https://doi.org/10.3389/fpsyg.2014.00962
https://doi.org/10.1080/20445911.2014.944914
https://doi.org/10.1080/20445911.2014.944914
https://doi.org/10.1016/j.cortex.2015.04.014
https://doi.org/10.1007/s41999-020-00326-x
https://doi.org/10.1037/a0035224
https://doi.org/10.1073/pnas.1610909114
https://doi.org/10.1037/a0016376
https://doi.org/10.1037/a0016376
https://doi.org/10.1177/0956797614568320
https://doi.org/10.1177/0956797614568320
https://doi.org/10.3390/brainsci8050092
https://doi.org/10.3390/brainsci8050092


Journal of Experimental Child Psychology, 108(3), 567-579. 
https://​doi.​org/​10.​1016/j.​jecp.​2010.​10.​009

Prior, A., & Gollan, T. H. (2011). Good language-switchers are good 
task-switchers: Evidence from Spanish-English and Mandarin-
English bilinguals. Journal of the International Neuropsycho-
logical Society, 17, 682-691.

Prior, A., & Gollan, T. H. (2013). The elusive link between language 
control and executive control: A case of limited transfer. Journal 
of Cognitive Psychology, 25(5), 622-645. https://​doi.​org/​10.​1080/​
20445​911.​2013.​821993

Prior, A., & MacWhinney, B. (2010). A bilingual advantage in task 
switching. Bilingualism: Language and Cognition, 13(02), 253-
262. https://​doi.​org/​10.​1017/​s1366​72890​99905​26

Ratcliff, R., & McKoon, F. (2008). The diffusion decision model: The-
ory and data for two-choice decision tasks. Neural Computation, 
20(4), 873-922. https://​doi.​org/​10.​1162/​neco.​2008.​12-​06-​420

Redick, T. S., Shipstead, Z., Harrison, T. L., Hicks, K. L., Fried, D. 
E., Hambrick, D. Z., ... Engle, R. W. (2013). No evidence of 
intelligence improvement after working memory training: a 
randomized, placebo-controlled study. Journal of Experimental 
Psychology: General, 142(2), 359-379. https://​doi.​org/​10.​1037/​
a0029​082

Rubio-Fernandez, P. (2017). Why are bilinguals better than monolin-
guals at false-belief tasks? Psychonomic Bulletin and Review, 
24, 987-998.

Rubio-Fernandez, P., & Glucksberg, S. (2012). Reasoning about other 
people's beliefs: bilinguals have an advantage. Journal of Exper-
imental Psychology: Learning Memory and Cognition, 38(1), 
211-217. https://​doi.​org/​10.​1037/​a0025​162

Saer, D. J. (1923). The effects of bilingualism on intelligence. British 
Journal of Psychology, 14, 25-38.

Schweizer, T. A., Ware, J., Fischer, C. E., Craik, F. I. M., & Bialystok, 
E. (2012). Bilingualism as a contributor to cognitive reserve: 
Evidence from brain atrophy in Alzheimer's disease. Cortex, 
48(8), 991-996.

Schweizer, T. A., Craik, F. I. M., & Bialystok, E. (2013). Bilingualism, 
not immigration status, is associated with maintained cognitive 
level in Alzheimer's disease. Cortex, 49(5), 1442-1443. https://​
doi.​org/​10.​1016/j.​cortex.​2012.​10.​012

Sebastian-Galles, N., Albareda-Castellot, B., Weikum, W. M., & 
Werker, J. F. (2012). A bilingual advantage in visual language 
discrimination in infancy. Psychological Science, 23(9), 994-999.

Shipstead, Z., Redick, T. S., & Engle, R. W. (2012). Is working mem-
ory training effective? Psychological Bulletin, 138(4), 628-654. 
https://​doi.​org/​10.​1037/​a0027​473

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. 
F., Hambrick, D. Z., & Stine-Morrow, E. A. (2016). Do “brain-
training” programs work? Psychological Science in the Public 
Interest, 17(3), 103-186. https://​doi.​org/​10.​1177/​15291​00616​
661983

Smith, E. E., & Jonides, J. (1999). Storage and executive processes in 
the frontal lobes. Science, 283(5408), 1657-1661. https://​doi.​org/​
10.​1126/​scien​ce.​283.​5408.​1657

Soliman, A. M. (2014). Bilingual advantages of working memory 
revisited: A latent variable examination. Learning and Individual 
Differences, 32, 168-177. https://​doi.​org/​10.​1016/j.​lindif.​2014.​
02.​005

Sorge, G. B., Toplak, M. E., & Bialystok, E. (2017). Interactions 
between levels of attention ability and levels of bilingualism in 
children’s executive functioning. Developmental Science, 20, 
e12408.

Stasenko, A., Matt, G. E., & Gollan, T. H. (2017). A Relative Bilingual 
Advantage in Switching With Preparation: Nuanced Explorations 
of the Proposed Association Between Bilingualism and Task 
Switching. Journal of Experimental Psychology: General, 146, 
1527-1550. https://​doi.​org/​10.​1037/​xge00​00340.​supp

Stern, Y. (2002). What is cognitive reserve? Theory and research appli-
cation of the reserve concept. Journal of the International Neu-
ropsychological Society, 8, 448-460.

Stuss, D. T., & Alexander, M. P. (2000). Executive functions and the 
frontal lobes: A conceptual view. Psychological Research, 63(3-
4), 289-298. https://​doi.​org/​10.​1007/​s0042​69900​007

Stuss, D. T., & Benson, D. F. (1986). The Frontal Lobes. Raven Press.
Sulpizio, S., Del Maschio, N., Del Mauro, G., Fedeli, D., & Abutalebi, 

J. (2020). Bilingualism as a gradient measure modulates func-
tional connectivity of language and control networks. NeuroIm-
age, 205, 116306. https://​doi.​org/​10.​1016/j.​neuro​image.​2019.​
116306

Tang, Y. Y., & Posner, M. I. (2014). Training brain networks and states. 
Trends in Cognitive Sciences, 18(7), 345-350. https://​doi.​org/​10.​
1016/j.​tics.​2014.​04.​002

Tenenbaum, E. J., Sobel, D. M., Sheinkopf, S. J., Malle, B. F., & Mor-
gan, J. L. (2013). Increased fous on the mouth among infants in 
the first year of life: A longitudinal eye-tracking study. Infancy, 
18, 534-553.

Teubner-Rhodes, S. E., Mishler, A., Corbett, R., Andreu, L., Sanz-
Torrent, M., Trueswell, J. C., & Novick, J. M. (2016). The effects 
of bilingualism on conflict monitoring, cognitive control, and 
garden-path recovery. Cognition, 150, 213-231.

Tran, C. D., Arredondo, M. M., & Yoshida, H. (2015). Differential 
effects of bilingualism and culture on early attention: a longi-
tudinal study in the U.S., Argentina, and Vietnam. Frontiers in 
Psychology, 6, 795. https://​doi.​org/​10.​3389/​fpsyg.​2015.​00795

Tse, C. S., & Altarriba, J. (2014). The relationship between language 
proficiency and attentional control in Cantonese-English bilin-
gual children: evidence from Simon, Simon switching, and work-
ing memory tasks. Frontiers in Psychology, 5, 954. https://​doi.​
org/​10.​3389/​fpsyg.​2014.​00954

Valian, V. (2015). Bilingualism and cognition. Bilingualism: Language 
and Cognition, 18, 3-24.

van den Noort, M., Struys, E., Bosch, P., Jaswetz, L., Perriard, B., Yeo, 
S., ... Lim, S. (2019). Does the bilingual advantage in cogni-
tive control exist and if so, what are its modulating factors? A 
systematic review. Behavioral Sciences, 9(3). https://​doi.​org/​10.​
3390/​bs903​0027

Vega-Mendoza, M., West, H., Sorace, A., & Bak, T. H. (2015). The 
impact of late, non-balanced bilingualism on cognitive perfor-
mance. Cognition, 137, 40-46. https://​doi.​org/​10.​1016/j.​cogni​
tion.​2014.​12.​008

Verreyt, N., Woumans, E. V. Y., Vandelanotte, D., Szmalec, A., & 
Duyck, W. (2016). The influence of language-switching expe-
rience on the bilingual executive control advantage. Bilingual-
ism: Language and Cognition, 19(1), 181-190. https://​doi.​org/​
10.​1017/​s1366​72891​40003​52

Weikum, W. M., Vouloumanos, A., Navarra, J., Soto-Faraco, S., 
Sebastian-Galles, N., & Werker, J. F. (2007). Visual language 
discrimination in infancy. Science, 316, 1159.

Wellman, H. M., Cross, D., & Watson, J. (2001). Meta-analysis of 
theory-of-mind development: The truth about false belief. Child 
Development, 72, 655-684.

Wimmer, M. C., & Marx, C. (2014). Inhibitory processes in visual 
perception: a bilingual advantage. Journal of Experimental Child 
Psychology, 126, 412-419. https://​doi.​org/​10.​1016/j.​jecp.​2014.​
03.​004

Wodniecka, Z., Craik, F. I. M., Luo, L., & Bialystok, E. (2010). Does 
bilingualism help memory? Competing effets of verbal ability 
and executive control. International Journal of Bilingual Educa-
tion and Bilingualism, 13, 575-595.

Wong, B., Yin, B., & O’Brien, B. (in press). Neurolinguistics: Struc-
ture, function, and connectivity in the bilingual brain. BioMedi-
cal Research International. https://​doi.​org/​10.​1155/​2016/​70692​
74

1268 Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1016/j.jecp.2010.10.009
https://doi.org/10.1080/20445911.2013.821993
https://doi.org/10.1080/20445911.2013.821993
https://doi.org/10.1017/s1366728909990526
https://doi.org/10.1162/neco.2008.12-06-420
https://doi.org/10.1037/a0029082
https://doi.org/10.1037/a0029082
https://doi.org/10.1037/a0025162
https://doi.org/10.1016/j.cortex.2012.10.012
https://doi.org/10.1016/j.cortex.2012.10.012
https://doi.org/10.1037/a0027473
https://doi.org/10.1177/1529100616661983
https://doi.org/10.1177/1529100616661983
https://doi.org/10.1126/science.283.5408.1657
https://doi.org/10.1126/science.283.5408.1657
https://doi.org/10.1016/j.lindif.2014.02.005
https://doi.org/10.1016/j.lindif.2014.02.005
https://doi.org/10.1037/xge0000340.supp
https://doi.org/10.1007/s004269900007
https://doi.org/10.1016/j.neuroimage.2019.116306
https://doi.org/10.1016/j.neuroimage.2019.116306
https://doi.org/10.1016/j.tics.2014.04.002
https://doi.org/10.1016/j.tics.2014.04.002
https://doi.org/10.3389/fpsyg.2015.00795
https://doi.org/10.3389/fpsyg.2014.00954
https://doi.org/10.3389/fpsyg.2014.00954
https://doi.org/10.3390/bs9030027
https://doi.org/10.3390/bs9030027
https://doi.org/10.1016/j.cognition.2014.12.008
https://doi.org/10.1016/j.cognition.2014.12.008
https://doi.org/10.1017/s1366728914000352
https://doi.org/10.1017/s1366728914000352
https://doi.org/10.1016/j.jecp.2014.03.004
https://doi.org/10.1016/j.jecp.2014.03.004
https://doi.org/10.1155/2016/7069274
https://doi.org/10.1155/2016/7069274


Woumans, E., Santens, P., Sieben, A., Versijpt, J., Stevens, M., & 
Duyck, W. (2015). Bilingualism delays clinical manifestation 
of Alzheimer’s disease. Bilingualism: Language and Cognition, 
18, 568-574.

Wu, Y. J., & Thierry, G. (2010). Chinese-English bilinguals reading 
English hear Chinese. Journal of Neuroscience, 30(22), 7646-
7651. https://​doi.​org/​10.​1523/​JNEUR​OSCI.​1602-​10.​2010

Xie, Z., & Dong, Y. (2017). Contributions of bilingualism and public 
speaking training to cognitive control differences among young 
adults. Bilingualism: Language and Cognition, 20, 55-68.

Yang, S., & Yang, H. (2016). Bilingual effects on deployment of the 
attention system in linguistically and culturally homogeneous 
children and adults. Journal of Experimental Child Psychology, 
146, 121-136. https://​doi.​org/​10.​1016/j.​jecp.​2016.​01.​011

Yang, S., Yang, H., & Lust, B. (2011). Early childhood bilingualism 
leads to advances in executive attention: Dissociating culture and 
language. Bilingualism: Language and Cognition, 14, 412-422.

Yoshida, H., Tran, D. N., Benitez, V., & Kuwabara, M. (2011). Inhibi-
tion and adjective learning in bilingual and monolingual children. 
Frontiers in Psychology, 2, 210. https://​doi.​org/​10.​3389/​fpsyg.​
2011.​00210

Yudes, C., Macizo, P., & Bajo, T. (2011). The influence of expertise 
in simultaneous interpreting on non-verbal executive processes. 
Frontiers in Psychology, 2, 309. https://​doi.​org/​10.​3389/​fpsyg.​
2011.​00309

Zelazo, P. D., Frye, D., & Rapus, T. (1996). An age-related dissociation 
between knowing rules and using them. Cognitive Development, 
11, 37-63.

Zhou, B., & Krott, A. (2016). Data trimming procedure can elimi-
nate bilingual cognitive advantage. Psychonomics Bul-
letin and Review, 23, 1221-1230. https://​doi.​org/​10.​3758/​
s13423-​015-​0981-6

Zhou, B., & Krott, A. (2018). Bilingualism enhances attentional control 
in non-verbal conflict tasks –evidence from ex-Gaussian analy-
ses. Bilingualism: Language and Cognition, 21(1), 162-180. 
https://​doi.​org/​10.​1017/​S1366​72891​60008​69

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1269Psychonomic Bulletin & Review  (2022) 29:1246–1269

1 3

https://doi.org/10.1523/JNEUROSCI.1602-10.2010
https://doi.org/10.1016/j.jecp.2016.01.011
https://doi.org/10.3389/fpsyg.2011.00210
https://doi.org/10.3389/fpsyg.2011.00210
https://doi.org/10.3389/fpsyg.2011.00309
https://doi.org/10.3389/fpsyg.2011.00309
https://doi.org/10.3758/s13423-015-0981-6
https://doi.org/10.3758/s13423-015-0981-6
https://doi.org/10.1017/S1366728916000869

	How does bilingualism modify cognitive function? Attention to the mechanism
	Abstract
	Introduction
	Why should bilinguals show a cognitive benefit?
	Factors potentially confounded with bilingualism
	Possible mechanisms
	Executive functions in bilingualism research
	Problems with inhibition as an explanation of bilingual performance
	The case for attentional control
	Attentional control and bilingualism
	Control or inhibition – what’s the difference?
	Bilingual effects across the lifespan
	Moving forward: Empirical approaches to uncovering the mechanism

	References


