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Questions concerning the bilingual advantage in chil-
dren have become a critical focus in the broader debate 
about bilingual language status and its relation to exec-
utive functioning. According to the prevailing bilingual-
advantage hypothesis, bilinguals become highly 
practiced at selecting and controlling attention owing 
to years of experience managing conflicts between 
competing phonological and lexical representations. 
Over the course of time, these practice effects general-
ize to problems outside the domain of language and 
contribute to a bilingual advantage in executive func-
tioning (Bialystok, 2011, 2017; Bialystok et  al., 2012; 
Kroll & Bialystok, 2013). A mounting number of null 
findings from large-scale comparisons of bilingual and 
monolingual adults (Nichols et  al., 2020; Paap et  al., 
2015, 2017, 2018), however, have cast doubt on the 
bilingual-advantage account and shifted attention to 
studies involving children. Unlike adults, children do not 

perform at ceiling in executive-functioning tasks, which 
according to some researchers, leaves “more room for 
experience to push performance in a particular direc-
tion” (see Grundy et al., 2017, p. 43). Thus, although 
language-status effects might be small and difficult to 
detect in adults, they should be large and comparatively 
easy to detect in children (for a discussion, see Grundy 
et al., 2017).

In light of these claims, we conducted an exhaustive 
and comprehensive review of studies of the relationship 
between language status and executive functioning in 
children. In all, we included data from 136 peer-reviewed 
articles, 11 doctoral theses, and two unpublished data 
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Abstract
There is considerable debate about whether bilingual children have an advantage in executive functioning relative 
to monolingual children. In the current meta-analysis, we addressed this debate by comprehensively reviewing the 
available evidence. We synthesized data from published studies and unpublished data sets, which equated to 1,194 
effect sizes from 10,937 bilingual and 12,477 monolingual participants between the ages of 3 and 17 years. Bilingual 
language status had a small overall effect on children’s executive functioning (g = .08, 95% confidence interval = [.01, 
.14]). However, the effect of language status on children’s executive functioning was indistinguishable from zero 
(g = −.04) after we adjusted for publication bias. Further, no significant effects were apparent within the executive-
attention domain, in which the effects of language status have been hypothesized to be most pronounced (g = .06, 95% 
confidence interval = [−.02, .14]). Taken together, available evidence suggests that the bilingual advantage in children’s 
executive functioning is small, variable, and potentially not attributable to the effect of language status.
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sets spanning the period from 1987 to November 2020 
and that together reported findings from the study of 
23,414 children (10,937 bilinguals and 12,477 mono-
linguals) between the ages of 3 and 17 years. We chose 
3 years as the lower bound because it is around this 
age that children can complete measures of executive 
functioning that are comparable with tasks completed 
by older children. We chose 17 years as the upper 
bound because although age-related changes in execu-
tive functioning continue into early adulthood, children 
are furthest from a putative performance ceiling prior 
to the age of 18 years (Davidson et al., 2006).

Language-status effects were assessed on an 
exhaustive set of executive-functioning measures 
including operationalizations considered central to 
the bilingual-advantage hypothesis (e.g., Bialystok, 
2017). In all, we included 1,194 separate effect sizes 
based on task-based measures of selective attention, 
flexibility, working memory, response inhibition, auto-
matic attention (such as alerting and orienting), and 
planning, as well as global survey measures of execu-
tive functioning. We tested for an overall effect of lan-
guage status on all measures of children’s executive 
functioning aggregated together. We also tested for 
effects of language status within specific domains of 
executive functioning given that executive functioning 
is generally considered a multidimensional construct, 
and language-status effects have been hypothesized to 
be stronger in some domains of executive functioning 
than others (Bialystok, 2017; Bialystok et al., 2009; Carl-
son &  Meltzoff, 2008). Specific effects of language status 
were therefore tested within nine different domains of 
executive functioning, each defined according to gold- 
standard definitions in the literature, and that included 
three domains of executive attention thought to be 
particularly germane to detecting the bilingual advan-
tage (Bialystok, 2017).

In view of concerns surrounding the methodological 
rigor of studies examining the bilingual advantage in 
children, we examined the relationship between the 
magnitude of reported effects and the methodological 
quality of reporting studies (Morton, 2015). We applied 
an objective measure of study quality called the Appraisal 
Tool for Cross-Sectional Studies (AXIS), which evaluates 
studies according to their reported objective measure-
ment of independent and dependent variables, use of 
representative samples, and transparent discussion of 
study limitations. Additionally, we examined specific 
indices of study quality that have been discussed in the 
literature, including the measured equivalence of groups 
and the control of socioeconomic status (SES).

Additional moderation analyses examined whether 
language-status measurement has implications for the 
assessment of language-status effects on children’s 

executive functioning (DeLuca et al., 2019). We tested 
whether reported effect sizes varied depending on 
whether children’s language status was measured by 
means of receptive vocabulary measures in both lan-
guages, language-use surveys, or an adult’s nomination. 
We also compared effect sizes in bilingual children who 
showed full mastery of two languages with effect sizes 
in bilingual children who showed emerging proficiency 
but not mastery of a second language. These analyses 
were undertaken in response to calls for more nuanced 
characterizations of bilingualism and a recognition that 
bilingual language status is not all or nothing (Luk & 
Bialystok, 2013)

Finally, we tested for bias in the reporting of research 
findings by examining the relationship between the size 
and the precision of reported effects and testing 
whether there is a disproportionate number of large 
positive effects among studies reporting imprecise 
effect-size estimates. We then corrected for distortions 
in the literature by recalculating estimates of language-
status effects on children’s executive functioning while 
adjusting for bias.

Primary Research Questions

There were four primary research questions. The first 
was, “Do bilingual children show an advantage in exec-
utive functioning relative to monolingual children?” The 
second question was, “Is the bilingual advantage in 
children’s executive functioning more pronounced in 

Statement of Relevance 

According to some accounts, bilingual language 
experience leads to a measurable advantage in 
executive functioning in children, a view that has 
gained substantial traction within the psychologi-
cal sciences and the popular media. Critics, how-
ever, charge that empirical support for the 
bilingual advantage is weak because important 
confounding variables have not been consistently 
measured and controlled. The present meta- 
analysis synthesized data from 136 peer-reviewed 
articles, 11 doctoral theses, and two unpublished 
data sets, which equated to 1,194 effect sizes, and 
found a small effect of language status on chil-
dren’s executive functioning that was largely 
explained by moderating factors and bias. There-
fore, the safest conclusion to be drawn from the 
current review is that the bilingual advantage in 
children’s executive functioning is small, variable, 
and potentially not attributable to the effect of 
language status.
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some domains than others?” The third question was, 
“What additional variables moderate the relationship 
between language status and children’s executive func-
tioning?” And the fourth question was, “Is the literature 
on the bilingual advantage in children biased in favor 
of confirmatory over disconfirmatory evidence?”

Method

Literature search and study selection

A comprehensive search of PsycINFO, Scopus, and Web 
of Science databases was conducted using the search 
term bilingual* combined with executive function, 
executive control, cognition, cognitive, inhibitory con-
trol, inhibition, set shifting, task shifting, task switching, 
mental flexibility, working memory, updating, decision 
making, attentional control, attention, verbal fluency, 
temporal discounting, or delay discounting (see Fig. 1 
for a flowchart depicting the screening and inclusion 
process). To ensure transparency and reproducibility, 
we outlined the complete search documentation and 
Population, Intervention, Comparison, and Outcome 
(PICO) method in Table S1 in this study’s OSF project 
(https://osf.io/jv7wt/). Additionally, reference lists of 
relevant articles and pertinent reviews were manually 
searched for additional articles. A search of the gray 
literature was conducted using Web of Science, Psy-
cINFO, PsyArXiv Preprints, Google Scholar, and 
 ProQuest Dissertations Thesis databases. The first 
search was conducted in July 2018 and then updated 
in November 2020. No limits were placed on publica-
tion date or language. Decisions to include or exclude 
studies were based on reviews of the abstract and full 
text of each article. For details regarding the inclusion 
and exclusion criteria adopted for the current review, 
see “Supplemental Methods” at https://osf.io/jv7wt/.

Coding procedure

Executive-function domains. To guide the classifica-
tion of individual measures into distinct executive- 
function domains, we defined executive functioning as a 
set of higher order cognitive processes that support chil-
dren’s goal-directed behavior (Zelazo et al., 1997, 2003). 
These processes include planning, flexibility, decision- 
making, working memory, and selection. Domain bound-
aries were refined to ensure that tasks hypothesized to be 
the locus of language-status effects were aggregated 
together in the same domain and labeled as such 
( Bialystok, 2017). The result was nine different executive- 
function domains, including three “executive-attention” 
domains (i.e., selection, nonverbal working memory, flex-
ibility) hypothesized to be the locus of language-status 

effects (Bialystok, 2017). A full list of domains and associ-
ated measures appears in Table 1; definitions appear at 
https://osf.io/jv7wt/.

Meta-analytic procedure and analyses. The data, R 
code for computing all analyses, and additional details 
on all aspects of the analysis are available at https://osf 
.io/jv7wt/.

Effect-size calculation. For studies that reported means 
and standard deviations, effect sizes were transformed to 
Hedges’s g. For studies that did not report the means and 
standard deviations, effect sizes were calculated using F, 
t, or p values and converted to Hedges’s g. Effect sizes 
were coded such that positive effect-size values reflect a 
bilingual advantage and negative effect-size values reflect 
a bilingual disadvantage. Unusually high effect-size esti-
mates were observed (g = 34.92) for the data obtained 
from Laloi et al. (2017), and therefore, this article was 
excluded from all analyses.

Multilevel model. Individual effect sizes cannot be 
treated as statistically independent because individual 
effects can originate from different comparisons within 
experiments, different experiments within articles, or 
different articles from the same research group. Depen-
dencies of this kind can produce artificially narrow con-
fidence intervals (CIs) and artificially small estimates of 
the standard error of the effect (Van den Noortgate et al., 
2013, 2015). Therefore, following the removal of outli-
ers (six effects—0.005% of the data—whose absolute g 
value was greater than 3), we estimated the influence 
of several different dependencies on effect-size variance 
using a multilevel model containing separate levels for 
comparisons within experiments, experiments within 
studies, and studies within research groups. Akaike infor-
mation criterion (AIC) values and likelihood-ratio tests 
(see Table 2) indicated that the addition of each level sig-
nificantly improved model fit (for profile likelihood plots, 
see Fig. S1 in the Supplemental Material). The final model 
accounted for approximately 42% of variance (intraclass 
correlation coefficient = .42) in reported effect sizes and 
provided a better fit than any of the reduced models. 
Additional levels did not significantly improve model fit.

Moderation analysis. Residual effect sizes from the 
multilevel model were statistically heterogeneous with 
respect to both the overall effect of language status on 
children’s executive functioning and the effect of lan-
guage status within specific executive-function domains 
(see the Results section). Moderation analysis therefore 
tested whether the effect of language status on children’s 
executive functioning was moderated by other variables, 
including (a) executive-function domain; (b) participant 

https://osf.io/jv7wt/
https://osf.io/jv7wt/
https://osf.io/jv7wt/
https://osf.io/jv7wt/
https://osf.io/jv7wt/
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characteristics, including age and degree of bilingualism 
(balanced, emergent, or unclassifiable); (c) study qual-
ity, including an overall assessment of study quality using 
the AXIS (Downes et  al., 2016), measured equivalence 

of groups (yes or no), and reported objective measure-
ment of SES (yes or no); (d) measure of language status 
(nomination, survey instrument, or receptive vocabulary 
test); (e) geographic origin of the sample (North America, 

Gray Literature

940

Scopus

1,783

PsycINFO

2,690

3,302 Duplicates
Removed

7,283 Articles Identified

3,541 articles excluded on the
basis of title and abstract review

174 adult samples
285 articles excluded:

55 no monolingual comparison group

16 duplicate samples

20 reviews or commentaries

10 no bilingual comparison group

4 did not include an executive-
function measure (e.g., only verbal
fluency measure)

2 clinical samples

1 toddler sample

1 article retracted

1 erratum

1 matched monolingual and bilingual
groups on executive-function task

440 articles assessed for eligibility in the
full-text review

155 eligible articles and dissertations

148 articles and dissertations with sufficient data

136 peer-reviewed articles, 12 doctoral dissertations, and
2 unpublished data sets included in the meta-analysis

3,981 Article Abstracts Screened According to Inclusion Criteria

1.   Comparison of monolingual with bilingual group
2.   Participants were between the ages of 3 and 17 years (toddler, infant, and adult samples were excluded)
3.   Healthy participant sample (clinical samples were excluded)
4.   Research included at least one executive-function task

Web of Science

1,870

Fig. 1. Flowchart depicting the article screening and inclusion process.
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Europe, East Asia, Middle East, or mixed); and (f) year of 
study publication. Details concerning the definition and 
measurement of moderator variables appear at https://
osf.io/jv7wt/.

Analysis of publication bias. Publication bias was 
assessed by means of funnel plots that display effect-size 
estimates against the standard error of effect-size esti-
mates (see Figs. 2 and 3). In the absence of publication 
bias, funnel plots should be symmetrical around the mean 
effect, and effect sizes should be more closely distributed 

around the mean effect as precision increases. Funnel-
plot asymmetry suggests selective reporting of evidence 
and was evaluated by means of Egger’s regression test.

Reestimate of language-status effects adjusting for 
publication bias. To correct for distortions introduced by 
the selective reporting of evidence, we estimated bias-
adjusted estimates of language-status effects using the 
precision-effect test (PET) and PET with standard errors 
(PEESE; Stanley & Doucouliagos, 2014). Effect sizes 
were regressed onto their standard errors in a weighted 

Table 1. Overview of Executive-Function Domains and Tasks Included in Each Domain

Domain and category Example

Executive attention  
 Selection Stroop (sun/moon, grass/snow, happy/sad, day/night task, red/blue), Attention Network 

Task, Simon task, soccer task, flanker, flanker Attention Network Task (executive-
functioning condition), bivalent shape task, opposite world

 Flexibility Trail Making Test-B, color-shape task, global local task, opposite world same word, dual-
modality switching task (visual & auditory), faces task (switching condition), choice 
response time, pirate task, reverse-categorization task, creature-counting task, teddy bear 
test, tapping task (switch conditions), Wisconsin Card Sorting Task, Something’s the Same, 
Dimensional Change Card Sorting Task

 Working memory–nonverbal Picture working memory task, Corsi block (forward, backward), maze memory, hand-
position imitation, dot-matrix task, visually cued recall, odd one out, Mr. X task, frog 
matrices task, symbol search, block recall, visual pattern span, anticipation task (nonverbal)

Other executive function domains  
 Working memory–verbal Wechsler memory scale (memory story), reading span, listening span, counting recall, 

sentence recall, n-back, digit span, tapping task (match condition), word span, choice 
(auditory, visual conditions), Wechsler Intelligence Scale for Children (block design, digit 
span, arithmetic), Kaufman Assessment Battery for Children, Behaviour Rating Inventory of 
Executive Function (working memory subtest), houses, pick the picture, spy training

 Response inhibition Go/no go; Luria tapping (or pencil tapping); faces task (suppression, inhibitory control 
condition); continuous performance task (auditory, visual condition); statue task; stop-
signal task; walk, don’t run task; candy test, head-toes-shoulder task

 Automatic attention Moving word task, sky search task, pair-cancellation subtest, cancelation subtest, Weschler 
Intelligence Scale (verbal visual attention), Attention Network Task (alerting, orienting, 
overall; central/double cue), NEPSY (attention)

 Reward-based learning/
decision-making

Gift delay

 Planning Tower of Hanoi, Tower of London, NEPSY (Tower subtest)
 Global executive functions Global Behaviour Rating Inventory of Executive Function and NEPSY scores

Table 2. Model-Fit Indices, Comparison Statistics, Estimated Effect Sizes (gs), and Variance Components for the Four-Level 
Multilevel Model

Model 
level

Added higher 
level

Model-fit index Model-comparison index

g

Variance

AIC Log likelihood Model LRT p σ2
1 σ2

2 σ2
3

One 3,570.93 −1,784.47 .10  
Two Participants 1,769.51 −882.76 1 vs. 2 1,803.43 < .001 .12 .095  
Three Study 1,757.66 −875.83 2 vs. 3 13.85 < .001 .11 .082 .018  
Four Research group 1,742.86 −867.43 3 vs. 4 16.80 < .001 .08 .041 .040 .017

Note: AIC = Akaike information criterion; LRT = likelihood-ratio test.

https://osf.io/jv7wt/
https://osf.io/jv7wt/
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 least-squares regression model (i.e., PET) to test whether 
the bias-adjusted average effect size was distinct from 
zero. A significant and positive association between 
effect sizes and their standard errors is taken to suggest 
that studies with low precision report larger effects, and 
therefore, the overall effect may be potentially biased. 
The intercept of this model reflects the estimate of the 
true and unbiased effect in a hypothetical study with no 
bias or error (Stanley & Doucouliagos, 2014). Next, as 
recommended by Stanley and Doucouliagos, if the PET 
revealed a significant and positive association between 
effect sizes and their standard errors (i.e., the average 
bias-adjusted effect size, or intercept, was distinct from 
zero), then the PET was followed up by a PEESE to deter-
mine whether the average bias-adjusted effect size was 
statistically distinct from zero. The PEESE involves using 
variance as a predictor in the weighted least-squares 
regression model (Stanley & Doucouliagos, 2014).

Results

The final data set consisted of 1,194 effect sizes (1,105 
following removal of outliers) drawn from 136 peer-
reviewed publications, 11 doctoral dissertations, and 
two unpublished data sets (Cho et al., 2021; Goldsmith, 
2021). Descriptive statistics for all included studies are 
presented in Table 3, and individual effect-size esti-
mates are presented in Figure S2 in the Supplemental 
Material. Additional details can be found at https://osf.
io/jv7wt/.

Results of the multilevel model revealed a small 
effect of language status across all domains of executive 

functioning that favored bilingual children (k = 1,188, 
g = .08, 95% CI = [.01, .14], p = .017). The effect was 
unchanged by the inclusion of outliers. Variability in 
reported effects was linked to dependencies in the data: 
Effects varied as a function of research group (σ2 = .04) 
and studies within research group (σ2 = .04). The pre-
diction interval of the true effect size indicated that in 
95% of populations, the true effect size would fall 
between an approximate range of −.54 and .70. How-
ever, even after we controlled for these dependencies, 
there was substantial variability in effect-size estimates 
between individual studies (Q = 4,539.44, p < .001, τ2 = 
.10, I2 = 67.27), and 67.27% of the total between-studies 
variability was attributable to true heterogeneity rather 
than sampling error alone. Subsequent moderation 
analyses therefore examined sources of unexplained 
effect-size variability.

Given a concern that the bilingual advantage may not 
be apparent in children who learned their second lan-
guage through immersion schools or other educational 
programs, we evaluated the overall effect with these stud-
ies removed. Results indicated that the overall effect size 
was unchanged when these samples were removed from 
analyses (k = 1,053, g = .08, 95% CI = [.01, .14], p = .016).

Moderator analyses

Executive-function domain. Executive-function domain 
moderated the effect of language status on children’s 
executive functioning, as reflected by a test for whether 
the moderator explained heterogeneity in the data, 
QM(9)  = 31.27, p < .001. Similar to the overall effect, 

Effect-Size Estimate
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−4 4 6−2 20−4

0.72

0.54

0.36

0.18

0

0.641

0.48

0.32

0.16

0

0.72

0.54

0.36

0.18

0

4 6−2 20 4−2 20

Overall Executive-Attention Domain
Other Executive-Function 

Domains

Fig. 2. Contour-enhanced funnel plots for the overall effect, executive-attention domain, and other executive-function domains. Effect-size 
estimates are plotted against the standard error of effect-size estimates. Dots represent individual studies. Shading in the triangular regions 
indicates significance (white area: p = .10, light gray area: p = .05, dark-gray area: p = .01).

https://osf.io/jv7wt/
https://osf.io/jv7wt/
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variability in reported effects after analyses accounted for 
executive-function domain was largest within research 
group (σ2 = .04) and studies within research group (σ2 = 
.04).  Language-status effects were evident in the domain 
of response inhibition (k = 57, g = .17, 95% CI = [.05, .30], 
p = .008; see Fig. 4) but indistinguishable from zero in all 
other domains, including all three domains of executive 
attention (see Table 3). Effect-size estimates remained 
indistinguishable from zero when the multilevel model 
was run only on effects from the three executive- attention 
domains (k = 694, g = .06, 95% CI = [−.02, .14], p = .118,  
τ2 = .12, I 2 = 70.39). Effect sizes remained heterogeneous 
even after analyses accounted for the moderating influ-
ence of executive-function domain, as revealed by a test 
for residual heterogeneity, QE(1178) = 4,495.15, p < .001, 
τ2 = .10, I 2 = 67.18. Substantial heterogeneity was apparent 
within the domains of response inhibition, verbal working 
memory, automatic attention, and domains encompassing 

executive attention (see Table 4);  therefore, these domains 
were included in subsequent moderator analyses.

Verbal versus nonverbal tasks. Use of verbal versus 
nonverbal tasks moderated the overall language-status 
effect on executive functioning, QM(3) = 54.22, p < .001. 
Specifically, a bilingual advantage was evident in studies 
using verbal tasks (k = 331, g = .12, 95% CI = [.05, .19], p = 
.001) but not nonverbal tasks (k = 790, g = .06, 95% CI = 
[−.002, .13], p = .057). A bilingual disadvantage was 
observed in studies that used tasks with both verbal and 
nonverbal stimuli or output (k = 56, g = −.24, 95% CI = 
[−.35, −.12], p < .001). There were, however, a limited 
number of effect sizes under this category, so these 
results should be interpreted with some caution. Because 
verbal tasks were domain specific (verbal working mem-
ory and selection), we did not conduct domain-level 
analyses for this moderator.
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standard error of effect-size estimates. Dots represent individual studies. Shading in the triangular regions indicates significance (white area: 
p = .10, light gray area: p = .05, dark-gray area: p = .01).
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Participant characteristics.
Age. Mean age did not moderate the overall effect 

of language status on children’s executive functioning, 
QM(1) = 0.05, β = 0.002, 95% CI = [−0.01, 0.02], p = .824, 
nor did it moderate the effect of language status on auto-
matic attention (β = −0.02, 95% CI = [−0.06, 0.01], p = .208); 
selection (β = −0.01, 95% CI = [−0.03, 0.004], p = .138); 
nonverbal working memory (β = 0.03, 95% CI = [−0.007, 
0.03], p = .112); flexibility (β = 0.01, 95% CI = [−0.006, 
0.004], p = .183); or verbal working memory (β = 0.01, 
95% CI = [−0.01, 0.03], p = .308). Age did, however, mod-
erate the effect of language status on response inhibition 
(β = 0.03, 95% CI = [0.001, 0.06], p = .044).

Degree of bilingualism. Degree of bilingualism mod-
erated the overall effect of language status on executive 
functioning, QM(3) = 7.81, p = .050; the test for residual 
heterogeneity was significant, QE(1185) = 4,466.38, p < 
.001. Across all executive-function domains, balanced 
bilinguals showed a small but significant advantage in 
executive functioning relative to monolinguals (g = .08, 
95% CI = [.009, .15], p = .027), but emergent bilinguals 
(g = .03, 95% CI = [−.06, .13], p = .489) and unclassifiable 
bilinguals (g = .18, 95% CI = [−.01, .37], p = .064) did 
not. Within the individual executive-function domains, 

QM(16) = 65.62, p < .001, degree of bilingualism moder-
ated the effect of language status within the flexibility 
domain; unclassifiable bilinguals showed an advantage 
relative to monolinguals (g = .44, 95% CI = [.15, .74], 
p  = .003), but balanced bilinguals (g = .01, 95% CI = 
[−.21, .23], p = .923) and emergent bilinguals (g = −.09, 
95% CI = [−.33, .15], p = .466) did not. Conversely, bal-
anced bilinguals (g = −.25, 95% CI = [−.48, −.02], p = .034) 
showed a significant disadvantage relative to monolin-
guals on nonverbal working memory tasks, but emergent 
bilinguals (g = .09, 95% CI = [−.20, .38], p = .545) and 
unclassifiable bilinguals (g = .24, 95% CI = [−.32, .16], p = 
.166) did not. Language-status effects were indistinguish-
able from zero in all other domains.

Geographic origin of the sample. Geographic origin  
of the sample moderated the overall effect of language 
status on children’s executive functioning, QM(6) = 14.82, 
p = .022; the test for residual heterogeneity remained 
significant, QE(1161) = 3,999.91, p < .001. An effect of 
language status favoring bilingual children was evident 
in European samples (g = .11, 95% CI = [.01, .21], p = 
.028) but not in samples from North America (g = .07, 
95% CI = [−.02, .16], p = .115); East Asia (g = −.13, 95% 
CI = [−.30, .04], p = .126); the Middle East (g = .07, 

Hedges’s g

Hedges’s g

Favors Bilingual Disadvantage

Favors Bilingual Disadvantage
−0.50 −0.25 0.00 0.25 0.50

Other Executive-Function Domains

Favors Bilingual Advantage

Favors Bilingual Advantage

Overall 
Executive Attention

Automatic Attention
Dual-Task
Flexibility
Global EF
Planning
Response Inhibition
Reward-Based Decision-Making
Selection
Working Memory–Nonverbal
Working Memory–Verbal

−0.50 −0.25 0.00 0.25 0.50

Fig. 4. Forest plots showing the mean effect-size estimate for (a) the overall effect of lan-
guage status on executive functions (EFs), executive attention, and other EF domains and (b) 
each executive-function domain. Diamonds indicate overall effect sizes. Error bars represent 
95% confidence intervals.
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95% CI = [−.18, .31], p = .587); or Africa (g = −.12, 95% 
CI = [−.35, .12], p = .330). Likewise, no significant effects 
were observed for mixed samples (g = .11, 95% CI = 
[−.06, .29], p = .203). Because of variability in the number 
of effect sizes, we were unable to test for language-status 
effects within Australian samples and within executive-
functioning domains.

Study quality.
The AXIS measure of study quality. Study quality as 

measured by the AXIS (see Table 5) moderated the over-
all effect of language status on children’s executive func-
tioning, QM(1) = 6.82, p = .009; β = −0.03, 95% CI = [−0.05, 
−0.008]; effect-size magnitude decreased as study quality 
increased. The test for residual heterogeneity remained 
significant, QE(1164) = 4,432.04, p < .001. AXIS scores 
similarly moderated the language-status effect, QM(6) = 
15.15, p = .02, in the domains of selection (β = −0.03, 95% 
CI = [−0.06, −0.006], p = .018) and flexibility (β = −0.05, 
95% CI = [−0.08, −0.02], p = .001).

Measured equivalence of groups. The equivalence of 
monolingual and bilingual groups needs to be estab-
lished through measurement to ensure that between-
groups differences reflect an effect of independent 
variables rather than unmeasured confounds. Thus, mea-
sured equivalence of groups, through either matching 
or statistical testing, on confounding factors including 
age, nonverbal IQ, gender, or SES is an important mea-
sure of study quality. In all, 41 of 159 studies reported 
matching monolingual and bilingual samples on at least 
a single variable, and an additional 32 of 159 studies 
reported using equivalence testing to ensure that groups 
were comparable on at least one demographic variable. 
Ensuring that monolingual and bilingual samples were 
comparable on any demographic variables by using 
either matched samples or equivalence testing was not 
a significant moderator of the language-status effect on 
overall executive functioning, QM(2) = 5.38, p = .068; 
the test of residual heterogeneity remained significant, 
QE(1164) = 4,437.51, p < .001.

The use of matched samples or equivalence testing 
was, however, a significant moderator within specific 
executive-function domains, QM(12) = 52.35, p < .001. 
Specifically, studies that did not ensure group equiva-
lence by measuring confounding variables showed 
language-status effects favoring bilingual children in 
the domains of automatic attention (g = .28, 95% CI = 
[.03, .52], p = .027); response inhibition (g = .17, 95% 
CI = [.06, .29], p = .004); flexibility (g = .17, 95% CI = 
[.07, .28], p = .001); and selection (g = .17, 95% CI = 
[.07, .28], p = .001; see Table 6). By contrast, studies 
that ensured group equivalence through measurement 

showed language-status effects favoring bilingual chil-
dren only in the domains of response inhibition (g = 
.22, 95% CI = [.09, .35], p = .001) and verbal working 
memory (g = .13, 95% CI = [.04, .22], p = .005).

Measurement of SES. Study quality as assessed by 
reported objective measurement and control of SES 
moderated the effect of language status on children’s 
executive functioning. In all, 94 of 158 studies reported 
objectively measuring SES. Measurement of SES mod-
erated the language-status effect on overall executive 
functioning, QM(2) = 8.11, p = .017; the test of residual 
heterogeneity remained significant, QE(1164) = 4,429.53, 
p < .001. The effect of language status was evident in 
studies for which an objective measure of SES was not 
reported (g = .13, 95% CI = [.04, .22], p = .005) but indis-
tinguishable from zero among studies for which an 
objective measure of SES was reported (g = .04, 95% CI = 
[−.03, .12], p = .284). Reported objective measurement 
of SES similarly moderated the effect of language status 
within specific domains of children’s executive function-
ing, QM(12) = 47.22, p < .001. Among studies that did not 
measure SES, language-status effects favoring bilinguals 
were evident in the domains of response inhibition (g = 
.31, 95% CI = [.13, .48], p < .001); selection (g = .22, 95% 
CI = [.12, .33], p < .001); and flexibility (g = .17, 95% CI = 
[.06, .28], p = .002). Among studies that did measure and 
control for SES, effect sizes in these three domains were 
indistinguishable from zero.

Language-status measure. Choice of language-status 
measure moderated the overall effect of language status 
on children’s executive functioning, QM(3) = 13.06, p = 
.004; the test of residual heterogeneity remained signifi-
cant, QE(1185) = 4,384.66, p < .001. Studies that measured 
language status via nomination (self, parental, or teacher; 
k = 216, g = .17, 95% CI = [.06, .27], p = .002) or through 
the use of language-use surveys (k = 593, g = .10, 95% 
CI = [.01, .19], p = .024) reported an effect of language 
status favoring bilingual children, whereas studies that 
used receptive vocabulary tests (k = 379, g = −.007, 95% 
CI = [−.09, .08], p = .876) reported language-status effects 
that were indistinguishable from zero.

Year of publication. Year of publication was not a sig-
nificant moderator of the overall effect of language status 
on children’s executive functioning, QM(1) = 0.15, p = 
.699. Publication year did, however, significantly moder-
ate, QM(6) = 14.25, p = .027, the effect of language sta-
tus within the domains of automatic attention (β = 0.04, 
95% CI = [0.0001, 0.08], p = .050) and nonverbal working 
memory (β = 0.03, 95% CI = [0.005, 0.049], p = .017), 
indicating that publication year was associated with an 
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increase in effect-size estimates within these domains. 
Publication year did not significantly moderate the 
effects of language status on flexibility (β = −0.003, 95% 
CI =   [−0.02, 0.01], p = .630); selection (β = 0.003, 95% 
CI = [−0.01, 0.02], p = .644); verbal working memory (β = 
−0.006, 95% CI = [−0.02, 0.005], p = .294); or response 
inhibition (β = 0.004, 95% CI = [−0.01, 0.02], p = .673).

Multiple meta-regression. To consider all moderator 
variables in tandem, we conducted a multiple meta-
regression analysis that predicted residualized effect sizes 
from participant characteristics, AXIS study-quality scores, 
use of matched samples or equivalence testing, measure-
ment of SES, language-status measure, and year of publi-
cation, QM(10) = 19.07, p = .039. AXIS study-quality scores 
(β = −0.06, 95% CI = [−0.10, −0.03], p < .001) emerged as 
the only significant moderator. Still, the  overall largest 
source of variability in reported effect sizes was the effect 

of research group (σ2 = .04), as revealed by the multilevel 
model.

Publication bias

Funnel plots, Egger’s test of asymmetry. Contour-
enhanced funnel plots for the overall effect and by 
executive- function domain are presented in Figures 2 and 
3. Asymmetry of effect sizes was clearly observed for the 
overall effect and for many of the included domains. This 
asymmetry was confirmed using the modified Egger’s 
regression test for funnel-plot asymmetry (Pustejovsky & 
Rodgers, 2019; see Table 7).

PET-PEESE correction for publication bias. PET-
PEESE analysis also revealed evidence of publication bias 
in both the estimate of the overall effect of language sta-
tus on children’s executive functioning and the effect of 

Table 5. Percentage of Studies Meeting the Yes, No, and Unclear Criteria for All Study-Quality Measurements

Question Yes (k) No (k) Unclear (k)

AXIS questions
1. Were the aims/objectives of the study clear? 100 (158) 0 (0) 0 (0)
2. Was the study design appropriate for the stated aims? 96.84 (153) 2.53 (4) 0.63 (1)
3. Was sample size justified? 17.09 (27) 82.91 (131) 0 (0)
4. Was the target/reference population clearly defined? 99.37 (157) 0.63 (1) (0)
5. Was the sample frame taken from an appropriate population base so that it closely 

represented the target/reference population under investigation?
79.11 (125) 8.23 (13) 12.66 (20)

6. Was the selection process likely to select subjects/participants who were 
representative of the target/reference population under investigation?

76.58 (121) 10.13 (16) 13.29 (21)

7. Were the risk factor and outcome variables measured appropriate to the aims of 
the study?

99.37 (157) 0 (0) 0.63 (1)

8. Were the risk factor and outcome variables measured correctly using instruments/
measurements that had been trialed, piloted, or published previously?

96.20 (152) 0 (0) 3.80 (6)

9. Is it clear what was used to determined statistical significance and/or precision 
estimates (e.g., p values, confidence intervals)?

99.37 (157) 0.63 (1) 0 (0)

10. Were the methods (including statistical methods) sufficiently described to enable 
them to be repeated?

91.77 (145) 8.23 (13) 0 (0)

11. Were the basic data adequately described? 94.94 (150) 3.79 (6) 1.27 (2)
12. Does the response rate raise concerns about nonresponse bias? 95.57 (151) 1.90 (3) 2.53 (4)
13. If appropriate, was information about nonresponders described? 91.77 (145) 7.59 (12) 0.63 (1)
14. Were the results internally consistent? 98.73 (156) 0.63 (1) 0.63 (1)
15. Were the results presented for all the analyses described in the methods? 100 (158) 0 (0) 0 (0)
16. Were the author’s discussion and conclusions justified by the results? 90.51 (143) 7.59 (12) 1.90 (3)
17. Were the limitations of the study discussed? 53.80 (85) 43.04 (68) 3.16 (5)
18. Were there any funding sources or conflicts of interest that may affect the authors’ 

interpretation of the results?
6.33 (10) 34.18 (54) 61.49 (94)

19. Was ethical approval or consent of participants attained? 32.91 (52) 0 (0) 67.09 (106)

Additional measures of methodological rigor
Use of matched samples or equivalence testing 61.39 (97) 38.61 (61) 0 (0)
Objective measurement of socioeconomic status 58.49 (93) 41.51 (77) 0 (0)

Note: One unpublished data set did not include enough information to rate the study on any of the Appraisal Tool for Cross-Sectional Studies 
(AXIS) dimensions or to use matched samples or equivalence testing. AXIS scores ranged from 7 to 18 (out of a maximum score of 20; M = 12.54, 
SD = 2.34).
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language status within specific domains. Overall effect 
sizes and effect sizes within each domain were signifi-
cantly associated with both their standard error (p < .001) 
and their variance (p < .001).

PET-PEESE analysis was then used to adjust for the 
influence of publication bias. Results indicated that after 
we adjusted for publication bias, the overall effect of 
language status on children’s executive functioning was 
indistinguishable from zero (g = −.04, 95% CI = [−.13, 
.05], p = .414). Within domains, bias-corrected estimates 
revealed a statistically significant bilingual disadvantage 
for nonverbal working memory (g = −.19) and language-
status effects that were indistinguishable from 0 for all 
remaining executive-function domains (see Table 7).

Discussion

A systematic review of available literature revealed no 
coherent evidence that bilingual children are advan-
taged in executive functioning relative to monolingual 
children. A multilevel model of 1,194 effect-size esti-
mates revealed a small (g = .08) but statistically signifi-
cant overall effect of language status on children’s 
executive functioning after we controlled for unique 
samples, individual studies, and different research 
groups. The overall effect of language status was con-
fined to studies using verbal (g = .12) task stimuli and 
outputs and was strongest in studies using European 
samples.

Language-status effects were, however, evident in 
only one of nine theoretically defined domains of exec-
utive function—response inhibition—and were indis-
tinguishable from zero in all three domains of executive 
attention hypothesized to be the locus of language-
status effects in children (Bialystok, 2017). Further, 
effect-size heterogeneity was elevated in almost every 
domain of executive functioning. Variability in the 

magnitude of reported effects derived primarily from 
the influence of different research groups and studies, 
suggesting that selected studies and research groups 
exert an inordinate influence on estimates of language-
status effects.

Moderation analyses identified two additional factors 
that contribute to variability in reported effect sizes, 
including study quality and measurement of SES. Reported 
effects were larger in low-quality studies and those that 
did not measure SES and were statistically indistinguish-
able from zero in high-quality studies and those that 
measured SES. To be sure, a priori criteria for both mod-
erator variables were not that stringent. To achieve a high 
score on the study quality AXIS, a study needed to objec-
tively measure independent and dependent variables, 
provide evidence of the representativeness of experimen-
tal and control samples, and the authors had to be trans-
parent in reporting conflicts of interest and study 
limitations. And to be classified as measuring SES, a study 
merely had to measure family income, parental educa-
tion, or an objective proxy thereof.

The analysis also revealed evidence of a confirma-
tory bias in the reporting of research evidence. Funnel 
plots of the magnitude versus the standard error of 
effect-size estimates revealed asymmetries that were 
driven by a disproportionate number of large positive 
effects among studies with low precision estimates. 
Such asymmetries are considered a reflection of publi-
cation or small sample bias because they suggest that 
confirmatory findings are more likely to survive peer 
review than are disconfirmatory findings. After adjust-
ing for the influence of publication and small sample 
bias using the PET-PEESE procedure (Stanley & 
 Doucouliagos, 2014), we found that effect-size esti-
mates for both executive functioning overall and almost 
all included executive-function domains were statisti-
cally indistinguishable from zero; the PET-PEESE 

Table 6. Effect-Size Estimates and Confidence Intervals (CIs) for Studies That 
Measured Group Equivalence Using Either Matched Samples or Equivalence Testing 
and Studies That Did Not Measure Group Equivalence

Domain and measure

Equivalence measured Equivalence not measured

g 95% CI g 95% CI

Overall .07 [−.002, .15] .08 [−.01, .17]
Executive attention  
 Selection .05 [−.03, .14] .17 [.07, .28]
 Flexibility .03 [−.06, .13] .17 [.07, .28]
 Nonverbal working memory −.07 [−.18, .04] −.02 [−.20, .15]
Other executive-function domains  
 Automatic attention .05 [−.05, .16] .28 [.03, .52]
 Response inhibition .22 [.09, .35] .17 [.06, .29]
 Verbal working memory .13 [.04, .22] −.06 [−.16, .05]
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corrected estimate for nonverbal working memory indi-
cated a statistically significant effect in favor of a bilin-
gual disadvantage.

Taken together, the current findings parallel those 
of Gunnerud et al. (2020), who found little evidence of 
a bilingual advantage among children ages 2 through 
15 years, considerable heterogeneity in the magnitude 
of reported effects, a moderating effect of SES, and 
evidence of publication bias in a substantially smaller 
survey of the pediatric literature (583 vs. the current 
1,194 effect sizes). The current findings do, however, 
extend the findings of Gunnerud et al. (2020) in several 
important ways. First, we very specifically tested for—
and found no evidence of—language-status effects in 
three domains of executive attention that Bialystok 
(2017) highlighted as particularly relevant for identify-
ing the bilingual advantage. Thus, our findings show 
that null effects reported by Gunnerud and colleagues 
cannot be explained away by arguing that executive-
functioning domains were not properly defined to 
reveal a bilingual advantage. Critical executive-attention 
domains used in the current analysis were defined 
according to recent theory (Bialystok, 2017) to maxi-
mize the likelihood of detecting language-status effects. 
Despite this, we found no evidence of any language-
status effects. Second, we tested for and found evidence 
of the importance of study quality in explaining het-
erogeneity in reported effects. Gunnerud et al. also 
found substantial heterogeneity in reported effects but 
identified only two moderating variables: SES and 
research group. Our findings therefore provide addi-
tional insight into methodological considerations that 
contribute to variance in the magnitude of reported 

effects, as has been suggested by various critics (for a 
discussion, see Morton, 2015).

The findings challenge the view that bilingual lan-
guage status favorably impacts children’s executive func-
tioning. In the face of null findings from the study of 
adults, proponents of the bilingual-advantage hypoth-
esis have argued that language-status effects are more 
difficult to detect in adults than in children because 
adults perform at ceiling on executive-function tasks, 
whereas children do not. The implication is that if lan-
guage-status effects are to be detected at all, they are 
more likely to be detected earlier rather than later in 
development (see Grundy et al., 2017). The results of 
the current meta-analysis challenge this argument by 
suggesting that language-status effects on executive 
functioning in children, should they exist at all, are 
diminishingly small and very difficult to detect. Based 
on the current review, the overall effect (g) of language 
status on children’s executive functioning, uncorrected 
for the influence of study quality and publication bias, 
was .07. One would require two equal groups of more 
than 2,800 participants to detect this effect with a con-
servative level of power of .8. Detecting the effect of 
language status on children’s inhibition (estimated as 
g = .17, uncorrected for the influence of study quality 
and publication bias) would require two equal groups 
of more than 550 participants. To date, only one study 
has had samples this size, and the authors of that study 
reported no differences between monolingual and bilin-
gual children on measures of executive functioning 
(Dick et al., 2019).

The current findings have important implications for 
future research on the bilingual advantage in children. 

Table 7. PET-PEESE-Corrected Estimates and Results From the Modified Egger’s Regression Test 
for the Overall Language-Status Effect

Domain and measure

PET–PEESE-corrected estimate Egger’s regression test (p)

g p Raw data Trimmed data

Overall −.04 [−.13, .05] .414 < .001 < .001
Executive attention .02 [−.09, .14] .664 < .001 < .001
 Working memory–nonverbal −.19 [−.30, −.08] .001 .042 .042
 Selection .006 [−.10, .09] .909 .008 .010
 Flexibility −.01 [−.11, .08] .789 < .001 < .001
Other executive-function domains −.07 [−.19, .06] .307 < .001 < .001
 Automatic attention −.01 [−.12, .10] .815 .052 .052
 Response inhibition .04 [−.07, .14] .495 < .001 < .001
 Working memory–verbal −.05 [−.15, .04] .292 < .001 < .001
 Reward-based decision-making −.06 [−.32, .21] .677 .015 .015
 Planning −.10 [−.29, .08] .272 .012 .012
 Global executive functioning .04 [−.18, .26] .720 .503 .503
 Dual task −.03 [−.21, .14] .703 .098 .098

Note: Values in brackets are 95% confidence intervals. PET = precision-effect test; PEESE = PET with standard errors.
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First, there is a need to move away from the use of small 
samples. Given current estimates, language-status effects 
are far too small to be detected by comparisons of 20 
or 30 children, which is the current standard. Samples 
need to be scaled up considerably if language-status 
effects are to be reliably detected, perhaps through the 
coordinated efforts of a consortium (for a discussion, 
see Morton, 2015). Second, there is a need to raise basic 
methodological standards on a number of fronts. This 
would include a more exhaustive cataloguing of, and 
matching of groups on, potentially confounding vari-
ables such as SES and immigration status. Although lan-
guage status may influence children’s executive 
functioning, to date, reported effects are highly variable 
from study to study and likely reflect the influence of 
factors other than language status. Finally, to properly 
appreciate the complex relationship between language 
status and children’s executive functioning, it may be 
necessary to move away from simple binary character-
izations of language status such as that utilized in the 
present review. However, to achieve this, we see no way 
forward other than to abandon the practice of measuring 
language status through basic self-nomination or paper-
and-pencil measures and commit to more thorough 
measurements that yield continuous, standardized, and 
reliable measures of language proficiency. Only in this 
way will it be possible to examine the relation between 
levels of bilingualism and children’s executive function-
ing across different studies.
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