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The hypothesis that managing two languages enhances general executive functioning is

examined. More than 80% of the tests for bilingual advantages conducted after 2011 yield

null results and those resulting in significant bilingual advantages tend to have small

sample sizes. Some published studies reporting significant bilingual advantages arguably

produce no group differences if more appropriate tests of the critical interaction or more

appropriate baselines are used. Some positive findings are likely to have been caused by

failures to match on demographic factors and others have yielded significant differences

only with a questionable use of the analysis-of-covariance to “control” for these factors.

Although direct replications are under-utilized, when they are, the results of seminal

studies cannot be reproduced. Furthermore, most studies testing for bilingual advantages

use measures and tasks that do not have demonstrated convergent validity and any

significant differences in performance may reflect task-specific mechanism and not

domain-free executive functions (EF) abilities. Brain imaging studies have made only a

modest contribution to evaluating the bilingual-advantage hypothesis, principally

because the neural differences do not align with the behavioral differences and also

because the neural measures are often ambiguous with respect to whether greater

magnitudes should cause increases or decreases in performance. The cumulative effect of

confirmation biases and common research practices has either created a belief in a

phenomenon that does not exist or has inflated the frequency and effect size of a genuine

phenomenon that is likely to emerge only infrequently and in restricted and undeter-

mined circumstances.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Parents, educators, cognitive scientists, and bilinguals them-

selves have taken a keen interest in the consequences of

bilingualism for language skills, cognitive abilities, and gen-

eral quality of life. All things considered, we wish to make

clear at the onset that we believe that the advantages of

bilingualism across a host of personal, economic, social, and

cultural dimensions overwhelmingly preponderate any dis-

advantages. This article examines a much narrower question:

Does bilingualism enhance executive functioning as reflected

in performance advantages in nonverbal tasks? Executive

functions (EF) consist of a set of general-purpose control

processes that are central to the self-regulation of thoughts

and behaviors and that are instrumental to accomplishing

goals. For purposes of exposition and organization the theo-

retical framework developed byMiyake and Friedman (2012) is

adopted. Miyake and Friedman reported evidence for three

components of EF: updating, shifting (or switching), and

inhibiting with the caveat that inhibition may not be sepa-

rable from updating and switching.

There is a widely held view that bilinguals enjoy an

advantage over monolinguals in EF. Bialystok (2011) stated

that “Studies have shown that bilingual individuals consis-

tently [emphasis added] outperform their monolingual coun-

terparts on tasks involving executive control” p. 229. In a

follow-up review it was reported that “… bilinguals at all

ages [emphasis added] demonstrate better executive control

than monolinguals matched in age and other background

factors” (Bialystok, Craik, & Luk, 2012, p. 212). Similarly, Kroll

and Bialystok (2013) observed that “… studies of executive

function demonstrate a bilingual advantage, with bilinguals

outperforming their monolingual counterparts on tasks that

required ignoring irrelevant information, task switching, and

resolving conflict [emphasis added]” (p. 2). Mercier, Pivneva, and

Titone (2014) state that “… bilinguals are advantaged relative

to monolinguals in non-linguistic cognitive control… over the

life-span during normal aging… and pathological aging” p. 90.

In contrast, based on the evidence discussed in this target

article we conclude that either bilingualism does not enhance

EF in any circumstance or only in very specific, but undeter-

mined, circumstances. Some readers may find it surprising

that after more than a decade of intense study the question of

whether bilingualism enhances general EF is still controver-

sial. One might hope that this forum will contribute to the

attenuation of that controversy by finding more common

ground with regard to a host of methodological problems that

plague this research topic (and many others in psychological

science).
2. The published database is biased

Biases in decision making on the part of researchers, re-

viewers, and editors lead to a published database that is not

representative of all studies. Rosenthal (1979) coined the

phrase “file drawer problem” to describe the strong tendency

of researchers to set aside experiments with null results

rather than submit them for publication.When researchers do
resist the temptation to place their null results in a file drawer

they do sowith the understanding that publishing null results,

particularly ones that counter earlier published findings, will

be difficult. Reviewers and editors are well trained to respond

favorably to results that are significant, novel, counterintui-

tive, and newsworthy, but not if the novelty takes the form of

a failure to replicate an “established” finding. In these cases,

reviewers and editors may remind themselves that null re-

sults could be Type 2 errors or the product of poor method-

ology. Mahoney (1977) showed that experienced reviewers for

a psychology journal (who believed they were providing real

reviews) were biased in favor of positive results over mixed,

negative, or null results.

The field of bilingualism is not immune to these biases. de

Bruin, Treccani, and Della Sala (2015) provided evidence that

the combined effects of researchers deciding what to submit

and editors deciding which articles to publish were leading to

a bias favoring studies with bilingual advantages over those

reporting null and negative results. The primary evidence

stemmed from examining the fate of 104 conference abstracts

presented at 52 different national and international confer-

ences. Fifty-two were eventually published in a scientific

journal. Studies with results fully supporting the hypothesis

that there are bilingual advantages in EFweremost likely to be

published (68%), followed by studies with mixed results, and

those clearly challenging the hypothesis were published the

least (29%).

De Bruin et al. also report the results of a meta-analysis on

the set of the published articles. The average weighted dif-

ference was d ¼ þ.30 and following Cohen's (1992) guidelines

this is a small effect. However, any biases against null or

negative effects will have inflated the true effect size and it is

clearly smaller by an unknown amount. The funnel plot re-

ported in de Bruin et al. shows several extreme scores with

low precision and they are all positive effects. The asymmetry

is very much expected for this meta-analysis because we

already know that there were many abstracts with null or

negative findings that were never published. De Bruin et al.

note that the amount of bias favoring bilingual advantages in

the total set of 104 abstracts is only the tip of the iceberg as it is

reasonable to assume that additional researchers with null

and negative results decided not to submit them for presen-

tation at a major conference. If those triaged to the file drawer

before submission to a conference could be added to the un-

published conference abstracts, they could cancel out the

small effect size found in the meta-analysis of those confer-

ence abstracts that were eventually published. In the next

section we present the case that the true effect size may,

indeed, be zero.
3. The posited case that bilingual
advantages in EF do not exist

Several lines of evidence converge on the strong possibility

that managing two languages does not enhance general EF

despite the many published results showing that bilinguals

significantly outperform monolinguals on tasks assumed to

measure EF. To logically challenge the thesis of bilingual ad-

vantages in EF one must propose that either the reported
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differences in performance are due to other causes or that the

dependent variables are not measuring EF. Across individual

studies we suggest that one, the other, or both are true. Other

causes include Type 1 errors, confounds in demographic fac-

tors, and questionable statistical tests. Symptoms that these

alternative causes of bilingual advantages in performance are

prevalent include the inability to replicate seminal findings

and the absence of significant advantages in studies using

large sample sizes.

3.1. What is the rate of false positive results in
psychological science?

Questionable research practices (QRPs) can substantially in-

crease the rate of Type 1 errors. Bakker, vanDijk, andWicherts

(2012) speculate that publication biases favoring positive re-

sults motivate researchers to conduct multiple studies with

small sample sizes rather than a single study with a large

sample size. If a researcher adopts this strategy, employs

directional tests at alpha ¼ .05 for each test, and stops and

reports the first study that “works” (i.e., that yields a p < .05 in

the predicted direction), then the combined probability of a

Type 1 error1 increases with the researcher's willingness to

conduct two (.097), three (.142), four (.185), or five (.226) small

experiments. Although one might conjecture that the inci-

dence of putting this strategy into practice is low, John,

Loewenstein, and Prelec (2012) surveyed over 2,000 research

psychologists and 48% admitted to having submitted papers

that only reported the studies that “worked”. Other prevalent

practices from the John et al. survey include: (1) failing to

report all of a study's dependent measures, 65% admission

rate; (2) deciding to collect more data when the results are not

significant, 57%; (3) rerunning analyses with outliers removed,

41%; (4) failing to report all of a study's conditions, 28%; and (5)

“rounding off” a p value greater than p ¼ .050 to a value � .05,

22%. In their simulation demonstration Bakker et al. oper-

ationalized the first three QRPs from the list above and applied

them sequentially to any simulated study that initially pro-

duced a non-significant result. Instantiating these QRPs

caused the rate of false positives to jump to nearly .40 (even

with a more conservative two-tailed alpha). In summary, the

Bakker et al. simulations show that a strategy of conducting

small-sample experiments, applying QRPs to the non-

significant results, and reporting only those experiments

that “work” leads to substantial rates of false positive when

the true ES is zero. Although it is not possible to pinpoint the

rate of false-positive bilingual advantages it seems fair to

conjecture that it is nontrivially greater than .05.

3.2. How often do significant bilingual advantage occur?

Is the proportion of significant bilingual advantages suffi-

ciently small to suggest that a lion's share are false positives

caused by chance and augmented by biases and QRPs? Paap,

Johnson, and Sawi (2014) examined the tests for bilingual

advantages in nonverbal switching tasks and interference

tasks that were not included in Hilchey and Klein’s (2011)
1 The combined probability of Type 1 error across k experi-
ments is: p ¼ 1 e (1 � .95)k.
review. The analysis did not consider tests on preschool

children as these generally use different tasks and tend to rely

on accuracy rather than latency as the primary dependent

variable. We have updated the Paap, Johnson, and Sawi (2014)

analysis to include reports appearing since 2014. The selection

criteria, scoring rubric, and a list of the specific studies and

comparisons appear in the supplementary materials. In

nonverbal interference tasks the interference score (incon-

gruent RT minus congruent RT) is usually assumed to mea-

sure inhibitory control and 13 of the 64 tests (.203) reported

significant bilingual advantages. Global RT (mean of both

congruent and incongruent RTs) is often taken as ameasure of

monitoring ability and yielded 6 bilingual advantages out of 46

tests (.130). Switching costs (switch RT minus repeat RT) are

usually measured as the difference between switch trials and

repeat trials in a blockwhere task is randomly varied and cued

on each trial. Significant bilingual advantages in switch costs

were reported in 4 of 32 tests (.125). Many switching tasks also

include pure blocks where only a single task is performed and

this enables one to compute mixing costs (repeat RT from the

mixed block minus single-task RT). Mixing costs are usually

assumed tomeasure the cost ofmonitoring andmaintaining a

task set when a switch is not required. Significant bilingual

advantages inmixing costswere reported in 5 of 23 tests (.217).

When all four measures are combined, .170 of all tests for

bilingual advantages yielded significant advantages.

3.3. Confounds can produce significant bilingual
advantages

Another inherent difficulty in testing for bilingual advantages

in EF is that factors ranging from genetics (Friedman, et al.,

2008) to acquiring specialized skills (see Valian, 2014 for a re-

view) influence the development and maintenance of EF.

Because random assignment is not possible in quasi-

experimental studies comparing monolinguals to bilinguals

there is always the unfortunately all too likely possibility that

bilingualism covaries with other factors that affect EF.

Hilchey, Saint-Aubin, & Klein (in press) speculated that con-

founding variables may have caused many of the reported

bilingual advantages and urged the field to bemore systematic

and quantitative in matching demographic variables.

3.3.1. Socioeconomic status (SES)
In reviewing the research with children Hilchey and Klein

(2011) concluded that there was no evidence for bilingual ad-

vantages in inhibitory control obtained with the Simon task:

across six different comparisons there were no significance

differences in the magnitude of the interference effect, but

five of the six did show significant differences in global RT.

The exceptionwas the study by Morton and Harper (2007) that

in terms of task, methods, and design was a direct replication

of Bialystok, Craik, Klein, and Viswanathan (2004). The prin-

ciple difference between the studies was that Morton and

Harper usedmeasures of parent's educational level and family

income to ensure that the bilinguals and monolinguals were

matched on SES. Theywere alsomatched in terms of ethnicity

and immigrant status.

One of the most rigorous efforts to control for SES was that

conducted by Engel de Abreu, Cruz-Santos, Tourinho, Martin,

http://dx.doi.org/10.1016/j.cortex.2015.04.014
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and Bialystok (2012) in a study that produced bilingual ad-

vantages in both monitoring and inhibiting. However, the

bilingual children in Engel de Abreu et al.’s investigation

resided in Luxembourg whereas the monolingual children

resided in Portugal and, as Hilchey, et al. put it: this difference

allows for the possibility that “unaccounted-for social expe-

riences unique to each country” were responsible for the un-

usual finding of a bilingual advantage on inhibitory control

and global RT. Paap and Liu (2014) mademuch the same point

and also noted that the authors themselves characterize their

results as remarkable because the bilingual children have

strikingly low vocabulary scores in Luxembourgish and thus

were not at all proficient in their L2. The bilingual advantages

in inhibitory control and monitoring obtained by Engle de

Abreu et al. were not replicated in two very large studies using

BasqueeSpanish bilinguals that included children the same

age and older (Anton et al., 2014; Du~nabeitia et al., 2014). The

participants were all native residents of Spain and the groups

were carefully matched on SES. These studies are noteworthy

because the bilinguals acquired both languages early, were

highly proficient, and were immersed in a bilingual region.

Thus, in all respects the BasqueeSpanish children were better

candidates to show bilingual advantages in comparison to the

PortugueseeLuxembourgish bilinguals, yet they did not. In

this context, it seems more likely that a factor other than

bilingualism caused the “bilingual advantages” in the Engel de

Abreu et al. study.

3.3.2. Immigrant status in EF and dementia onset
Many reports of bilingual advantages have confounded

immigrant status with bilingualism, especially in research

testing older adults. In a study of older adults Bialystok, Craik,

and Luk (2008) 20 of the 24 bilinguals were immigrants. In a

direct replication of Bialystok et al. (2004); Kirk, Fiala, Scott-

Brown, and Kempe (2014) found no language-group differ-

ences in either the magnitude of the Simon interference

scores or in global RT in five groups of older adults (mean

age ¼ 70.8 years). In the research using older adults language-

group differences often occur when immigrant status is not

matched (Bialystok et al., 2008; Gold, Kim, Johnson, Kryscio, &

Smith, 2013; Salvatierra & Rosselli, 2011; Schroeder & Marian,

2012 2) and do not occur when it is (Billig & Scholl, 2011; Kirk

et al., 2014; Kousaie & Phillips, 2012).

The importance of controlling for immigrant status is

underscored by investigations of the role of bilingualism on

the onset of mild cognitive decline or dementia. The first

studies used retrospective reports of patients at memory

clinics and showed that bilingualism delayed the onset of

symptoms or diagnosis by several years. Some of these

studies confounded bilingualism with immigrant status

(Bialystok, Craik, & Freedman, 2007) while another found

bilingual benefits within immigrant samples, but not between

native samples (Chertkow et al., 2010). Immigrant status is

important because it is associated with higher intelligence

that, in turn, is associated with delays in dementia onset
2 Gold et al. interpreted their behavioral results with older
participants as a bilingual advantage in global switch costs, but
the differences were not significant at a conventional alpha of
p < .05.
(Fuller-Thomson, & Kuh 2014). Furthermore, the four studies

that have used a prospective cohort design following in-

dividuals without dementia at baseline have all found no

significant effects of bilingualism and the trend in three of

those favors the monolinguals (Crane et al., 2009; Lawton,

Gasquoine, & Weimer, 2015; Sanders, Hall, Katz, & Lipton,

2012). Fuller-Thomson (2015) suggest that the longitudinal

design is less open to biases in sampling, measurement, and

publication. Weighing the prospective studies more heavily,

there is little evidence that bilingualism protects against

cognitive decline.

3.3.3. Cultural differences
When immigrant status is confounded it is also likely that

there are differences in culture across the language groups.

Even when studies match the groups with respect to

measured SES and immigrant status there may be cultural

differences. Morton and Carlson (in press) present evidence

for cultural differences in the development of EF and show

how these differences can confound tests of bilingual ad-

vantages. A study by Carlson and Choi (2009) provides a

dramatic demonstration of the entanglement between cul-

ture and bilingualism. Using six different measures of EP

they found significant bilingual advantages comparing a

group of KoreaneEnglish bilinguals living in the United

States to a “matched” sample of American monolinguals.

However, the performance of the KoreaneAmerican bi-

linguals was indistinguishable from a third group

of matched Korean monolinguals. This clearly questions

an interpretation that the obtained group differences were

due to bilingualism and strongly supports the view that

cultural differences play an influential role in the develop-

ment of EP.

Positive associations between measures of EF and degree

of bilingualism face the usual problem with correlation

studies in that degree of bilingualism may enhance general

abilities in EF, but superior EF may make it easier to achieve

higher levels of L2 proficiency, or some third factor such as

cultural differences in parenting practices may be driving

both measures. A study by Chen, Zhou, Uchikoshi, and Bunge

(2014) provides an excellent example of these complexities. A

large (n ¼ 223) sample of Chinese American immigrant chil-

dren between ages 7 and 10 of varying levels of Chinese and

English proficiencies were tested on laboratory tasks of EF

and measures of self regulation at home and school. Some

measures of control were predicted only by proficiency in

Chinese (e.g. higher behavioral persistence, fewer commis-

sion errors on the response inhibition task) and others only

by proficiency in English (e.g., fewer omission errors in the

response inhibition task). As Chen et al. speculate higher

fluency in Chinese may reflect “greater adherence to tradi-

tional Chinese values of behavioral control and self-re-

straint…” p. 9. Intriguingly performance on a laboratory

measure of cognitive flexibility involving both incongruent

trials and task switching was highest for those children

highly proficient in both Chinese and English. Although Chen

et al. conservatively conclude that their “study provides only

limited evidence” for a bilingual advantage in EF, the result

with the cognitive flexibility measure merits further

investigation.
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Fig. 1 e The magnitude of the flanker interference effect for

bilinguals and monolinguals across the two blocks of the

Abutalebi et al. (2012) study.
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3.4. “Bilingual advantages” are sometimes supported by
questionable statistics

3.4.1. Two-way interactions should test if one difference
significantly differs from another
Interactions have played a key role in evaluating the presence

of bilingual advantages, but the interactions must be statisti-

cally real and have the right pattern. The study by Abutalebi,

et al. (2012) using a flanker task provides an example. As

shown in Fig. 1 in a first block of trials monolinguals and bi-

linguals both show similar interference effects of about

130 msec. However, in Block 2 the bilinguals reduced their

flanker effect by 36 msec (CI ¼ 21e53) compared to only

11 msec (CI ¼ �12 to 41) for the monolinguals. The 36 msec

reduction was significant, but the 11 msec reduction was not.

This statistical evidence led Abutalebi et al. to conclude that

bilinguals “… are better able to adjust to conflict, hence, to

adapt to conflicting situations” (p. 2085). However, a more

direct test of the hypothesis that bilinguals are “better able to

adjust to conflict” would directly test if the 36 msec

improvement for the bilinguals was significantly greater than

the 11 msec improvement for the monolinguals. These mean

reductions in the conflict effect are shown in Fig. 2 together

with the reported 95% confidence intervals. The high degree of

overlap between the two CIs is caused by the lack of precision

in the parameter estimates (especially about the mean for the

monolinguals) and this suggests that these means would not

differ in a t-test.
Fig. 2 e Mean reduction in the flanker interference scores

with 95% confidence intervals for the Abutalebi et al. (2012)

experiment.
Indeed, given the specification of the number of partici-

pants (17 bilinguals, 14 monolinguals) and the two CI's, one
can recover the standard deviations of each group, compute

the pooled-variance estimate, and then use the difference in

means and the pooled-variance estimate to compute the in-

dependent groups t-value. It is t(29) ¼ 1.48, p ¼ .15. By the

conventions of null hypothesis statistical testing the two

groups do not statistically differ in the degree of improvement

from Block 1 to Block 2.

The group sample sizes and t value can also be used to

compute a Bayes Factor that shows the ratio of the probability

of the data given the null hypothesis to the probability of the

data given the alternative. Using Rouder's web site (Rouder,

Speckman, Sun, Morey, & Iverson, 2009) the BF is equal to

1.52 indicating that given the actual data obtained by Abuta-

lebi et al. the null is 1.5 times more likely to be true than the

alternative. The quality of the statistical evidence supporting

a bilingual advantage in the behavioral data is very weak at

best. Nonetheless, the interaction was interpreted as showing

that bilinguals “… are better able to adjust to conflict, hence, to

adapt to conflicting situations” (Abutalebi et al., 2012, p. 2085).

However, as described in Section 3.5 studies with much larger

samples sizes either show no advantages in any block or the

reverse pattern, that is, an advantage in the first block.

3.4.2. The pattern of interaction matters
Many tests for bilingual advantages in EF employ mixed-

factorial designs with two (or more) language groups and

two types of trials. In the Simon, flanker, and Stroop tasks

interference scores are the difference between the congruent

and incongruent trials. If bilinguals have better inhibitory

control, then the interference scores should be smaller for

bilinguals compared to monolinguals. Thus, the specific

pattern of a significant interaction matters. As Hilchey et al.

(in press) point out a bilingual advantage in inhibitory con-

trol is not consistent with an interaction that is caused by a

monolingual advantage on the conflict-free congruent trials

and comparable performance on the incongruent (conflict)

trials. They note that this is precisely the pattern of interac-

tion obtained in three studies of older adults. In each case the

smaller Simon interference effects for the bilinguals were

interpreted as “bilingual advantages” in inhibitory control

(Bialystok et al., 2008; Salvatierra& Rosselli, 2011; Schroeder &

Marian, 2012). To illustrate, the mean RTs for the congruent

and incongruent trials of the Schroeder and Marian study are

shown in Fig. 3. The Language Group � Trial Type interaction

is significant, the Simon interference effect is smaller for bi-

linguals, but this difference is caused by monolinguals

responding faster on conflict-free trialse not by bilinguals

responding faster on the conflict trials. In fact, the mono-

linguals are a bit faster on the incongruent trials as well. Thus,

the results cannot feasibly support the hypothesis that bi-

linguals have superior inhibitory control.

Based on their analysis of these studies and all other

published articles testing elderly participants with nonverbal

interference tasks Hilchey et al. concluded that there was no

“compelling” support for the notion of a bilingual executive-

processing advantage for the simple reason that across the

studies in this age group the monolinguals either out-

performed the bilinguals or there was no difference at all.

http://dx.doi.org/10.1016/j.cortex.2015.04.014
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Fig. 3 e Mean RT on congruent and incongruent trials for

bilinguals and monolinguals in Schroeder and Marian's
Simon task.
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3.4.3. Missing interactions
Calvo and Bialystok (2014) explored the joint effects of bilin-

gualism and SES on several tasks including a flanker task and

concluded that the effects of bilingualism and SES were in-

dependent. Relevant to present purposes we will re-examine

the strength of their evidence for bilingual advantages in EF.

In all three tasks chevrons were used as targets. In the control

task, a single chevron was shown in the center of the screen.

In the flanker task a centered target was flanked by chevrons

pointing in the same (congruent) or opposite (incongruent)

direction. There was also a visual-search task that required a

response to a red chevron in a row that included four black

diamonds. Response times and accuracy were analysed in

separate three-way ANOVAs that included the three tasks,

language, and SES group as factors. The only evidence for a

bilingual advantage in EF was a significant main effect

showing that bilinguals were more accurate than mono-

linguals. This main effect collapsed across all three tasks

(control, visual search, flanker) and across both the congruent

and incongruent trials within the flanker task. Critically, lan-

guage group did not interact with task in the analysis of ac-

curacy data. In the analysis of RTs the main effect of group

was not significant and there were no significant interactions.

The main effect on the accuracy measure is highlighted in

the authors' discussion, but there is no mention of other

comparisons that, if significant, would provide far more

compelling evidence that the language group differences were

due to differences in EF. For example, did the two groups differ

with respect to the magnitude of the flanker effect? The

answer is unknown: neither the means and standard de-

viations for the congruent and incongruent trials nor a sepa-

rate analysis of the conflict condition (standard flanker task)

were reported.

Perhaps more important is that there is no mention that

the absence of a Language Group � Task interaction implies

that the bilingual advantages are not significantly greater in

the flanker task than in the control task. Furthermore, in-

spection of the results appearing in Calvo and Bialytok's Table
2 shows that the bilingual advantage in overall accuracy is

driven more by the control and search tasks than the flanker

task. A conflict effect measured as the difference in accuracy

between the control task and the flanker task is the same for

both monolinguals and bilinguals. Likewise, t-tests (derived

from the means and standard deviations provided) that
compare bilinguals to monolinguals in just the flanker task

show no significant differences for either the working-class

groups, t(62) ¼ 1.36, p > .05 (one-tailed) or for the middle-

class groups, t(109) ¼ .96, p > .05. In summary, there is very

little support in the accuracy data and no support in the RT

data for bilingual advantages that one could attribute to ad-

vantages in conflict monitoring or inhibitory control.

Furthermore, the interpreted bilingual advantages in EF in the

Calvo and Bialystok study do not cohere with the results of the

study by Anton et al. (2014) who tested 180 SpanisheBasque

bilinguals and 180 Spanish monolinguals in a child-friendly

version of the ANT task and found no significant differences

in either the magnitude of the flanker effect or in global

performance.

3.4.4. ANCOVA cannot statistically “control” for failures to
match
As Paap, Johnson, and Sawi (2014) discussed a critical

assumption of ANCOVA is that the covariate and groups are

independent (Miller & Chapman, 2001). When the indepen-

dence assumption is violated the regression adjustment may

either obscure part of the grouping effect (e.g., language effect)

or produce spurious effects; thus the ANCOVA results are un-

interpretable when there are systematic differences in the

covariate across groups. As is true in almost every area of

psychological science, the questionable use of ANCOVA is

common and this holds true for the literature on the bilingual

advantage (Blom, Küntay,Messer, Verhagen,& Leseman, 2014;

Marzecov�a, Asanowicz, Kriv�a, & Wodniecka, 2013; Prior &

Gollan, 2011; Tao, Marzecova, Taft, Asanowicz, & Wodniecka,

2011). The problem is not using covariates; it is using cova-

riates that are confounded with the monolingual versus bilin-

gual grouping.

3.5. The distribution of significant results across sample
size is consistent with a null effect

In building the case that bilingual advantages in EF do not

exist we observed that the proportion of positive results is

relatively small and that the significant differences in per-

formance may have been due to other causes such as Type 1

errors, confounds, and questionable statistics. In this section

we examine the distribution of significant results across

sample size and conclude that the pattern is far more

consistent with the assumption of a null effect than the

assumption of a small effect size.

The meta-analysis by de Bruin et al. (2015) of conference

abstracts that were eventually published yielded a mean ef-

fect size of only .30 and one can safely assume that this

overestimates the size of any genuine bilingual advantage. In

order to consistently detect a small effect one needs powerful

designs based on large sample sizes. Thus, a survey of the

research on the bilingual advantage should show that signif-

icant bilingual advantages are usually associated with large n

studies.

Fig. 4a and b shows the number of null reports (left side in

blue) and the number of significant bilingual advantages (right

side in green) for different sample sizes (mean number of

participants per group) from our updated meta-analysis. The

top figure combines tests of inhibition and switching costs.

http://dx.doi.org/10.1016/j.cortex.2015.04.014
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Fig. 4 e Frequency of nonsignificant (p > .05, left side) and

significant (p < .05, right side) bilingual advantages as

samples size grows. The top figure combines all 96 tests

using either interference scores or switching costs. The

bottom figure combines all 69 tests of monitoring in either

nonverbal interference tasks or switching tasks.
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The bottom figure combines tests of monitoring from

nonverbal interference tasks with mixing costs (another

assumed measure of monitoring).

Inspection of the left side of the histograms shows that null

results occur in small, medium, and large-n studies. The

striking effect on the right side shows that significant bilingual

advantages did not occur with large-n studies and appear

principally when sample size is small (n < 30). This is not the

expected pattern if bilingualism truly does enhance EF. If the

null is false, then as the sample size becomes arbitrarily

largedthe t value grows without bound, and the p value

converges to zero. This is a good property because it implies

that the null will always be rejected in the large-sample limit if

there is a real difference to detect. As Rouder et al. (2009) put it:

“Researchers, therefore, can rest assured that increasing

sample size will, on average, result in a gain of evidence

against the null when the null is, indeed, false” p. 226. Thus, all
others things being equal, onewould expect significant effects

(especially for a small effect size) to cluster at the higher end of

sample sizes. A simple explanation for the pattern observed in

Fig. 4 is the combined assumption that the null is true and that

there is a bias on the part of researchers and reviewers to

prefer positive results to null results.

Had the analysis reported in Fig. 4 included the earlier

studies reviewed by Hilchey and Klein a clear exception to the

general pattern would be the results of Costa, Hern�andez, and

Sebasti�an-Gall�es (2008) who reported significant bilingual

advantages in flanker interference and global RT with 100

participants in each language group. The advantage in the

flanker effect appeared in the early blocks but disappeared in

the third block leading Hilchey and Klein to suggest that the

advantage reflects “… a reconfiguration of cognitive pro-

cesses, rather than any enduring bilingual advantage on

inhibitory control…” p. 654. Furthermore, in “high moni-

toring” conditions where the proportion of incongruent trials

is .5, three additional experiments have failed to produce any

bilingual advantages in the flanker effect in any of the three

blocks (Costa, Hern�andez, Costa-Faidella, & Sebasti�an-Gall�es,

2009; Paap & Greenberg, 2013; Paap & Sawi, 2014).

3.6. Seminal studies do not replicate

Another symptom consistent with the hypothesis that bilin-

gualism does not enhance EF is that seminal studies do not

replicate. Following the lead of Pashler and Harris (2012) it is

important to distinguish between direct (or exact) replications

and conceptual replications. A direct replication uses the

same task,method, procedure and analysis to determine if the

original results can be reproduced with a new sample of par-

ticipants. It is the best tool available in science to correct

mistakes. Successful replications of bilingual advantages are

unlikely because the typical designs are severely underpow-

ered. If a true ES of d¼ .3 is assumed (themean fromde Bruin's
meta-analysis) and typical samples of 24 per group are used,

the power associated with a one-tail test at an alpha of .05 is

only .27 for a two independent groups t-test. Thus, the prob-

ability of obtaining significant advantages in two consecutive

studies is only .06.

The replicability of the bilingual advantages in switching

cost reported by Prior and MacWhinney (2010) offers a good

case study for the value of exact replication. Given the means

and standard errors of the switching cost measure reported

for each group the estimated effect size was d ¼ .52. There

were 44 participants in each group and thus the estimated

power for a one-tailed test and alpha equal to .05 was .78. By

itself this looks like a compelling demonstration that bi-

linguals have better switching ability.

Prior and Gollan (2011) conducted a direct replication. The

color-shape switching task was the same in all respects, but

the young adults were recruited from a different university

and included three groups: SpanisheEnglish, Mandar-

ineEnglish, and English monolinguals. The bilingual advan-

tage failed to replicate for the MandarineEnglish Bilinguals

and did not replicate when the original ANOVA was run on

the SpanisheEnglish bilinguals. However, if the dependent

measure was changed from absolute RT to a measure of

relative speed and if parent's educational level (PED) was
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included as a covariate, then the difference between the

SpanisheEnglish and monolingual groups was significant.

Prior and Gollan made clear that a significant bilingual

advantage for the SpanisheEnglish bilinguals only occurred

when both the dependent variable was transformed and

when PED was used as a covariate. Running additional ana-

lyses until one finds a significant result is not an uncommon

practice, but even when it is fairly reported it can inflate the

rate of false positives. Adding to the ambiguity of the Prior

and Gollan (2011) results, many experts would consider

their use of the PED covariate as inappropriate because there

were significant differences in PED across the three groups,

that is, the covariate was confounded across the three lan-

guage groups with the parents of the SpanisheEnglish bi-

linguals having significantly lower educational levels. See

Section 3.4.4 for a discussion of the ANCOVA problem.

Perhaps more important, in another replication, Prior and

Gollan (2013) did not find any significant bilingual advan-

tages, even for the SpanisheEnglish group, when they used

the same color-shape switching task but replaced keyboard

responses with spoken responses.

Although Prior and Gollan (2011) concluded that bilingual

advantages may be restricted to bilinguals who switch lan-

guages frequently, it may be the case that the original

advantage in switching costs reported by Prior and Mac-

Whinney is simply an outcome that does not replicate. Paap

and Greenberg (Study 1, 2013) reported a direct replication of

the Prior and MacWhinney study using undergraduate stu-

dents and bilinguals who speak a variety of languages in

addition to English. Furthermore Paap and Greenberg (Study 2

and Study 3) and Paap and Sawi (2014) conducted three addi-

tional exact replications. The four studies averaged 65 par-

ticipants per language group and there was no hint of a

bilingual advantage in switching costs in any of them.

Concurrently, Hern�andez, Martin, Barcel�o, and Costa (2013)

were conducting a series of switching experiments

comparing CatalaneSpanish bilinguals to Spanish mono-

linguals. Study 3 was a direct replication of Prior and Mac-

Whinney's original color-shape switching task, but there were

no language-group differences in switching costs. Although

the first two studies used different switching tasks and are

better considered conceptual replications when Hern�andez

et al. performed an omnibus analysis combining the stan-

dardized switching costs there were no bilingual advantages

for switching costs in a very powerful test based on 292 par-

ticipants. Mor, Yitzhaki-Amsalem, and Prior (2014) also re-

ported null results for switching costs in a direct replication

that compared 20 RussianeHebrew bilinguals to 20 Hebrew

monolinguals. Finally, Moradzadeh, Blumenthal, and

Wiseheart (2014) in an interesting study examining both

musical training and bilingualism found that musical training

yielded both smaller mixing costs and switching costs in a

digit-number switching experiment (and also on an updating

measure), but there was no language differences on any of the

measures.

The purpose of this section was to show that a single study

(viz., Prior and MacWhinney) that appears to yield a moder-

ately large and significant bilingual advantage will not

necessarily replicate and that only when other researchers are

willing to do direct replications of their own and others work
can science be self-correcting. The null results obtained in our

lab with various types of bilinguals (like Prior & MacWhinney)

and in Barcelona with CatalaneSpanish bilinguals who are

highly proficient and frequent switchers (like Prior & Gollan's
SpanisheEnglish bilinguals) should cast doubt on the initial

conclusion that there is a bilingual advantage in switching

costs for young adults.

3.7. The search for a specific bilingual experience that
hones a specific component of EF has yet to succeed

If EF in general consists of somewhat independent abilities to

monitor, update, switch, and inhibit then some aspects of

coordinating two languages (e.g., switching between lan-

guages) may exercise some components (e.g., switching) more

than others. Within this framework many investigators have

anticipated that it will only be a matter of time until we

discover the specific type of bilingual experiences that lead to

enhancements of the corresponding components of EF. As

Pashler and Harris (2012) describe in their essay on replication

a steady stream of direct replications of a true effect should

lead to cumulative knowledge regarding the necessary and

sufficient conditions for producing it, but to chaos when the

true effect size is nil and researchers enthusiastically pursue

conceptual replications. Based on a review of the literature

and the analysis of a large composite database Paap, Johnson,

and Sawi (2014) concluded that there is no compelling evi-

dence that either the L2/L1 proficiency ratio or the number of

languages spoken predicts performance on any component of

EF. Similarly, Paap, Darrow, Dalibar, & Johnson (2015) closely

examined Coderre and van Heuven’s (2014) claim that the

magnitude of bilingual advantages in the Simon and Stroop

effect depends on the script similarity of a bilingual's L1 and L2

and concluded that the evidencewas veryweak. Furthermore,

in an analysis of a composite database with much larger

samples sizes (Paap, Darrow, et al., 2015) script similarity did

not moderate the relationship between bilingualism and

various measures of EF.

The trajectory of the investigation of the role of age-of-

acquisition provides a powerful demonstration of how an

initial positive finding is rarely questioned when conceptual

replications produce a variety of outcomes. Luk, De Sa, and

Bialystok (2011) reported the following pattern of differences

across the three language groups: no language-group differ-

ences inmonitoring and an advantage in inhibitory control for

early bilinguals over both late bilinguals and monolinguals.

Among studies including all three groups the overall pattern

of results has never been replicated (Humphrey and Valian,

2012; Kalia, Wilbourn, & Ghio, 2014; Kapa & Colombo, 2013;

Paap, Johnson, & Sawi, 2014; Pelham & Abrams, 2014; Tao

et al., 2011). Not one of these subsequent studies resulted in

a unique advantage of early bilinguals over both late bilinguals

and monolinguals in inhibitory control.

VonBastian, Souza, andGade (2015)have conductedastudy

that provides a large and important piece of the puzzle of how

specific bilingual experience might influence specific compo-

nents of EF. The study is unusual in its scope. Three aspects of

bilingualismwere used as continuous predictors of EF: age-of-

acquisition, usage, and proficiency. A parallel analysis used k-

means clustering to create three groups that differed along a
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composite indicator formed from the three dimensions of

bilingualism. The bilingualism measures were used to predict

nine different components of EF and each of the nine compo-

nents was measured with multiple tasks. Furthermore objec-

tive measures of SES and special activities (video-gaming,

musical training, etc.) werematched across the three clusters.

All of these measures were obtained from each of the 118

participants (students at Swiss universities) e a process

requiringup to 4.5 h per participant. The results are completely

consistent: no aspect of bilingualism or interaction of aspects

significantly predicts measures of inhibitory control, moni-

toring, switching, or a composite reflecting a generalized

cognitive advantage. This further confirms the conclusions

that age-of-acquisition, L2/L1 proficiency, proportion of lan-

guage use, or combinations of these specific experiences are

not related to EF. In fact, the von Bastian et al. study shows no

relationship at all on any component of EF. Furthermore, near

significant findings trend in the direction of advantages for the

least bilingual group. In summary, there does not appear to be

any cumulative progress in identifying aspects of bilingualism

that are necessary or sufficient for potentiating bilingual ad-

vantages in EF. A lack of cumulative progress is what one ex-

pects if bilingualism does not enhance EF.

3.8. Lack of convergent validity: bilingual advantages in
what?

In earlier sections we discussed a variety of alternative ex-

planations for why significant bilingual advantages in per-

formance sometimes occur. This section raises a different

concern, namely, that many of the standard measures of in-

hibition (or monitoring) obtained with nonverbal interference

tasks lack convergent validity that is, they do not correlate

with one another. If a measure lacks convergent validity, then

individual or group differences are more likely to reflect a

combination of chance factors and task-specific factors than

differences in a domain-general component of EF.

3.8.1. Convergent validity in inhibitory control
Based on studies conducted in our laboratory and a very large

number of others Paap and Sawi (2014) concluded that there is

little or no convergence between measures of inhibitory con-

trol. This may seem surprising given that Miyake and Fried-

man's latent variable analyses showed significant correlations

between the task variables assumed to require inhibition. One

piece of the puzzle is that Miyake and Friedman never

included the Simon interference effect as one of their mea-

sures. But even different variants of the Stroop task do not

correlate with one another (Shilling, Chetwynd, & Rabbitt,

2002) nor do different versions of the flanker task correlate

with one another (Salthouse, 2010). These nonverbal inter-

ference tasks are sensitive to the conflict present on incon-

gruent trials, but they do not appear to measure individual

differences in domain-general inhibitory control.

In their seminal study of inhibition Friedman and Miyake

(2004) considered three categories of interference tasks, but

the best model did not empirically separate response inhibi-

tion (viz., stop signal, antisaccade, Stroop) from interference

control (e.g., resistance to distraction as in the flanker task).

Unsworth and colleagues (Unsworth, Fukuda, Awh, & Vogel,
2014; Unsworth, McMillan, Brewer, & Spillers, 2012), also

treat both types of inhibition as a single latent variable. Thus,

the outcome of these latent variable analyses do not mesh

with studies assuming that bilinguals are better at interfer-

ence control, but not response inhibition (e.g., Blumenfeld &

Marian, 2014).

3.8.2. Convergent validity in monitoring
The current trend in the literature on bilingual advantages is

to appeal to monitoring (e.g., Costa, et al., 2008) or less

formally defined constructs such as coordination or mental

flexibility (e.g., Kroll & Bialystok, 2013) as the essence of the

bilingual advantage in EF. The construct of monitoring is

chameleon-like with respect to the target of the monitor. In

different contexts it may refer to the monitoring of incoming

information from the environment in terms of potential

affordances for present goals, it may refer to monitoring the

contents of working memory for goal relevant information, or

it may refer to a special “conflict monitor” that provides

imperative information for the up-regulation of goal relevant

neural pathways.

One strategy for isolating monitoring from inhibitory

control and switching is to derive a measure not involving

trials where conflict is present (or where a switch is required),

thus removing the effects of having to actually resolve a

conflict (or having to actually switch tasks). The most com-

mon measures are global RT (the average across both

congruent and incongruent trials) or simply the mean RT on

congruent trials. Global RT is clearly inferior to RT on the

congruent trials as conflict must be resolved on half the tri-

als. Even when one includes only congruent trials consider-

ations of experimental control would seem to require a

baseline condition that experiences no conflict at all

throughout an extended block of trials: otherwise any group

differences could be attributed to differences in perceptual

processing, motor processing, or general fluid intelligence

rather than monitoring. Thus, a purer test would be a dif-

ference score between the congruent trials from a mixed

block and the same type of trials in a pure block that includes

no conflict trials. This difference score is sometimes referred

as “mixing costs”. Studies that include this control frequently

do not show a bilingual advantage (e.g., Luk, et al., 2011; Paap

& Greenberg, 2013; Paap & Sawi, 2014).

The convergent validity across these measures of moni-

toring has been examined in the three studies conducted by

Paap and Greenberg (2013) and a fourth study reported in

Paap and Sawi (2014). It is the case that global RT in the

flanker task is highly correlated with global RT in the Simon

task (r ¼ þ.60), but as cautioned above a host of nonexecutive

processes may be contributing to the association. This pos-

sibility is reinforced by observing that the mixing costs for

the Simon and flanker tasks yield correlations near zero.

Because mixing costs in the color-shape switching task are

also assumed to reflect the monitoring component of EF, this

measure can also be correlated with the mixing costs ob-

tained in the Simon and flanker tasks: the correlation be-

tween mixing in the switching task and mixing in the flanker

or Simon task is usually near zero and in one case was

slightly negative. These results reinforce the need for addi-

tional work in operationally defining constructs like
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monitoring, coordination, or mental flexibility and estab-

lishing their validity as measures of EF. Significant bilingual

advantages obtained with only a single measure of the EF

component are likely to be caused by task-specific factors

and unlikely to replicate with a conceptually similar measure

derived from a different task. Only studies using two or more

measures that converge with each other offer compelling

evidence that differences in performance reflect differences

in a specific component of EF.
4. Does neuroscience data provide
compelling evidence for a bilingual advantage?

Many researchers believe that the inconsistent evidence for

the bilingual advantage in behavioral data has been

strengthened by the studies that have jointly explored both

behavioral and neuroscience measures. Although we agree

that this could be so in theorywe have argued that this has yet

to happen (Paap, 2014; Paap, Sawi, Dalibar, Darrow,& Johnson,

2014, 2015).

4.1. The alignment problem

In general, cortical areas shown to be involved in managing

two languages overlap with those shown to be involved with

inhibitory control and switching (Bialystok et al., 2012).

Furthermore, it is clear from the neuroimaging results that the

neural processing of bilinguals and monolinguals differs

during the performance of EF tasks. This is consistent with the

view that coordinating two languages leads to a reorganiza-

tion of neural networks in cortical areas involved in EF.

However, reorganization to accommodate bilingualism does

not logically need to result in more efficient performance.

Alternatively, it could lead to comparable performance or

even to a compromise that results in inferior performance.

Thus, it is imperative that the observed neural differences be

aligned with the behavioral differences so that bilingual ad-

vantages in actual performance can be confirmed.We propose

that the existence of a behavioral phenomenon can only be

adjudicated at the behavioral level, an argument first

advanced by Hilchey and Klein (2011).

4.1.1. Alignment problems in the Simon task
Bialystok, Craik, Grady, et al. (2005) reported that two groups

of bilinguals showed substantial overlap in terms of the loci

associatedwith fast responding in a Simon task and that these

markedly differed from the specific areas associated with fast

responding for monolinguals. However, these neural differ-

ences did not align with the differences observed in behavior.

There were no group differences at all in the size of the Simon

interference effect, but there was a global RT advantage for

the ChineseeEnglish bilinguals compared to both the

FrencheEnglish bilinguals and the monolingual group. Bia-

lystok et al. offer this summary statement: “The present study

used magneto-encephalography (MEG) to determine the

neural correlates of the bilingual advantage previously re-

ported for behavioral measures in conflict tasks” p. 40. But the

pattern of global RT does not match the pattern of MEG dif-

ferences: only the ChineseeEnglish bilinguals showed a global
RT advantage. Furthermore given that the RT advantage of the

ChineseeEnglish bilinguals was also present in the control

condition (a pure block of no conflict trials) there is simply no

evidence at all in this conflict task for a bilingual advantage in

either monitoring or inhibitory control.

A similar misalignment between neural and behavioral

differences in the Simon task was reported by Ansaldo, Ghazi-

Saidi, and Adrover-Roig (2015) using fMRI. There were no dif-

ferences in either accuracy or RT between a group of French-

eEnglish bilinguals and a group of French monolinguals. This

null result was true for both the magnitude of the Simon

interference effect and global RT. The neuroimaging results

showed that on incongruent trials monolinguals activated the

prefrontal cortex network, whereas bilinguals activated the

left inferior parietal lobe. The authors interpretation was that

“… bilinguals did not need to resort to a cognitive control

circuit to resolve a visuospatial conflict whereasmonolinguals

did” p. 10. This recruitment of different neural circuits is

intriguing, but it is curious that the bilingual group with sup-

posedly superior EF recruits an alternative mechanism for

conflict resolution and that mechanism provides no advan-

tages at all in performance. Ansaldo et al. conclude that

“bilingual advantages can be detected by neuroimaging tech-

niques even when it is not evident behaviourally” p. 11. If

these differences in neural circuits have not caused behav-

ioral advantages in this study or in the sizeable majority of

other studies using the Simon task, then they should probably

not be called “advantages”.

4.1.2. Alignment problems in the flanker task
A study by Luk, Anderson, Craik, Grady, and Bialystok (2010)

claims to have shown neural correlates of a bilingual advan-

tage in inhibitory control. This conclusion runs counter to the

actual behavioral results. With respect to the RT data there

was neither a main effect of group nor a significant

Group � Trial Type interaction. Thus, there was no behavioral

evidence for either a monitoring or inhibitory control advan-

tage.With respect to neural differences Luk et al. reported that

the regions associated with faster responding were the same

on both congruent and incongruent trials for monolinguals,

but with different regions for bilinguals. This additional and

different pathway employed by bilinguals on incongruent

flanker trials led Luk et al. to conclude that bilinguals have

superior inhibitory control. But the flanker effects for the two

groups were nearly identical.

4.1.3. Misalignment in a switching task
Rodriguez-Pujada, et al. (2013) compared 18 CatalaneSpanish

bilinguals to 18 Spanish monolinguals in a color-shape

switching task where cues to either switch or stay appeared

relatively infrequently. As expected there were no differences

in behavioral switch costs, but fMRI measures showed that

bilinguals use language-control areas more than mono-

linguals. Rodriguez-Pujada et al. conclude that bilingualism

exerts an effect on the neural circuitry employed during

nonverbal task switching. Conservatively, they do not jump to

the conclusion that the neural differences are indicative of a

bilingual advantage. To the contrary, “wemay even argue that

the brain control exerted by monolinguals in the present task

is even more efficient than for bilinguals” p. 7.
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4.2. The valence-ambiguity problem

The interpretation of neural differences is very risky in the

absence of behavioral data that show the same pattern of

significant differences. When alignment problems occur the

ambiguity of many neural differences is exposed. One type of

ambiguity, referred to as valence ambiguity (Paap, Sawi, Dalibar,

et al., 2014), occurs if increasing neural scores are interpreted

as having a positive effect on performance by some re-

searchers and as having a negative effect by others. In

considering behavioral measures like speed or accuracy in

choice RT tasks it seems to be inherently the case that in-

dividuals or groups who are faster and/ormore accurate enjoy

a performance advantage over those who are slower and/or

less accurate. Speed-accuracy tradeoffs can complicate the

interpretation, but the point remains that within each mea-

sure faster is better andmore accurate is better. Differences in

neuralmeasures have no such acta est fabula plaudit: theymust

be interpreted in the context of their behavioral consequences.

4.2.1. What does a larger N400 amplitude mean?
To take one example Paap and Liu (2014) challenged the

interpretation of the language-group differences observed by

Moreno, Bialystok, Wodniecka, and Alain (2010) in the N400

component of the ERP during sentence grammaticality judg-

ments for sentences that were syntactically correct, but

semantically anomalous. The N400 is generally assumed to

index difficulty in semantic integration during sentence pro-

cessing. Moreno et al. interpreted the larger N400 components

in bilinguals as a bilingual advantage in conflict resolution

while Paap and Liu argued that larger N400s are indicative of a

bilingual disadvantage because the larger N400s on the

semantically anomalous sentences indicated that the bi-

linguals were less able to filter out the task-irrelevant

semantics.

4.2.2. What does a larger N2 amplitude mean?
Fernandez, Acosta, Douglass, Doshi, and Tartar (2014)

compared English monolinguals to SpanisheEnglish bi-

linguals on both auditory and visual Go/NoGo tasks while

recording ERPs. As predicted, bilinguals showed larger N2

amplitudes during the auditory NoGo trials, which require

inhibitory control, but no differences during the Go trials. In

contrast there were no group differences in N2 amplitude

during the visual NoGo trials. A disadvantage of the Go/NoGo

task is that one cannot check to see if the behavioral differ-

ences align with the N2 differences because there are no

behavioral responses on a NoGo trial unless the participant

false alarms and, in this study, false alarms were too rare to

analyse. Fernandez et al. concluded that bilinguals have

“enhanced inhibitory control”.

In a commentary on this study Paap, Sawi, Dalibar, et al.

(2015) ask if larger N2 amplitudes are really indicative of bet-

ter inhibitory control. Some of the most compelling evidence

comes from developmental studies showing that N2 ampli-

tude in the Go/NoGo task declines over the span of 7e16 years

even when potential physical artifacts are taken into account

(Lamm, Zelazo, & Lewis, 2006). Similarly, Espinet, Anderson,

and Zelazo (2012) found that 3 to 4.5 year-old-children who

can pass the dimensional change card sort (DCCS) task have
significantly smaller N2 amplitudes during the post-switch

phase of the task compared to those who perseverate and

fail the test. The last results are compelling because the neural

results align with the behavioral performance results (viz.,

success vs failure on theDCCS). These studies strongly suggest

that a smaller N2 amplitude reflects superior performance.

4.2.3. What does greater ACC activity mean?
The study by Abutalebi, et al. (2012) study presents another

case of valence ambiguity in its conclusion that bilinguals

adapt better to conflicting situations because “… they seem to

require less ACC activity to outperform monolinguals” (p.

2084), and “… require fewer neural resources to monitor

cognitive conflict” (p. 2085). Paap, Sawi, Dalibar et al. (2014)

discuss the myriad of interpretations of the function of the

ACC and the interested reader is encouraged to consult the

extended discussion.

4.3. “Conflict monitoring” in neuroimaging studies

It is noteworthy that neuroimaging studies of “conflict moni-

toring” actually study “inhibitory control”. If the goal is to

determine the neural circuitry that is responsible for a

monitoring advantage that applies equally to both congruent

and incongruent trials, then the key contrast should be the

congruent trials from a mixed block and identical congruent

trials in a pure block that includes no incongruent trials. This

is not the contrast studied and the article by Abutalebi, et al.

provides an example of this discrepancy. The paper is titled

“Bilingualism Tunes the Anterior Cingulate Cortex for Conflict

Monitoring”, but the neural contrast referred to as “conflict

monitoring” (incongruent BOLD e congruent BOLD) actually

corresponds to the behavioral contrasts typically referred to

as “inhibitory control” (incongruent RT e congruent RT).

Abutalebi et al. report no behavioral differences in global RT

and do not even run a baseline condition that would enable

them to discover cortical regions involved in monitoring and

preparing for conflict that would facilitate both congruent and

incongruent trials. In short, there is currently a disconnect

between the favored EF component in the behavioral litera-

ture (monitoring/mental flexibility) and the contrasts used

most frequently in the neuroimaging work that typically

compare statistical maps between congruent and incongruent

trials.
5. Pursuing and characterizing bilingual
advantages; if they exist

Based on an array of evidence we have made a case that it is

likely that bilingual advantages in EF do not exist. In this final

section we would like to consider the implications of our re-

view if our tentative conclusion is wrong and bilingual ad-

vantages are real. One possibility is that most bilingual

experiences enhance EF, but that the effect is small. In broad

stroke this fits the fact that significant group differences occur

infrequently and are small in average magnitude. More spe-

cifically it does not fit the fact that the studies with the largest

sample sizes yield null results. A more likely scenario is that

bilingual advantages accrue only in very specific

http://dx.doi.org/10.1016/j.cortex.2015.04.014
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circumstances that pair the right set of bilingual experiences

with the resonating set of EF measures. However, based on

studies that have investigated age-of-acquisition, L2/L1 ratio,

multilingualism, language similarity, and other aspects of

bilingualism it appears that the results are inconsistent. The

most comprehensive effort to match specific aspects of

bilingualism with specific measures of EF (von Bastian et al.,

2015) yielded consistent, but null results. Thus, those hy-

pothesizing that bilingual advantages occur in only specific

circumstances seem obligated to admit that, at this point in

time, the sufficient circumstances for producing bilingual

advantages are undetermined.

One possible roadmap for pursuing the specific circum-

stances for producing bilingual advantages was provided by

Paap and Greenberg (2013) and could stand to be updated.

Studies should start with a theory of how two or more lan-

guages are co-ordinated and specify which (if any) of the

control mechanisms employ domain-general EF. This should

lead to the identification of the particular type (or combination

of types) of bilingual experience that is most important to

enhancing that component of EF. That critical experience

should play the lead role in predicting which bilingual groups

should have better EF and, in turn, be better than mono-

linguals. The groups should be matched on SES, immigrant

status, culture and so forth using operationally defined mea-

sures. Tasks and measures should be selected that have

demonstrated convergent validity and, even then, it is best to

have two measures, derived from two different tasks,

included in the study so that one can rule out the concern that

any obtained bilingual advantage in performance is task

specific. The number of participants in each group should be

determined in advance and based on a reasonable level of

desired power. In estimating power a small effect size should

be assumed given themeta-analysis reported by de Bruin et al.

and the effect sizes reported in Hilchey and Klein (2011) and

Hilchey et al. (in press).
6. Conclusion

It is likely that bilingual advantages in EF do not exist. If they

do exist they are restricted to specific aspects of bilingual

experience that enhance only specific components of EF. Such

constraints, if they exist, have yet to be determined.
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