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Abstract: In this special issue on the brain mechanisms that lead to cognitive benefits of 
bilingualism we discussed six reasons why it will be very difficult to discover those mechanisms. 
Many of these problems apply to the article by Fernandez, Acosta, Douglass, Doshi, and Tartar that 
also appears in the special issue. These concerns include the following: 1) an overly optimistic 
assessment of the replicability of bilingual advantages in behavioral studies, 2) reliance on risky 
small samples sizes, 3) failures to match the samples on demographic characteristics such as 
immigrant status, and 4) language group differences that occur in neural measures (i.e., N2 
amplitude), but not in the behavioral data. Furthermore the N2 amplitude measure in general suffers 
from valence ambiguity: larger N2 amplitudes reported for bilinguals are more likely to reflect 
poorer conflict resolution rather than enhanced inhibitory control. 
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1. The research database viewed through rose-colored glasses 

In our contribution to this special issue [1] we discussed six reasons why it will be very difficult 
to discover the brain mechanisms underlying the cognitive benefits of bilingualism. Many of these 
problems apply to the article by Fernandez, et al. [2] that also appears in the special issue. 

In their introduction Fernandez et al. present an untempered view that bilingualism enhances 
brain structures and function involved in EF. In the context of our discussion of the “alignment 
problem” ([1] Section 5) and “valence ambiguity” ([1] Section 6) in the neuroscience investigations 
of the bilingual advantage we feel a more circumspect perspective is warranted. Valence ambiguity 
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refers to the surprisingly common disagreements regarding whether a larger neural measure is “good” 
or “bad” with respect to its influence on actual performance. The alignment problem refers to the fact 
that in many tests for bilingual advantages the language group differences in the neural data do not 
align with the differences in performance. We argued that alignment between the neural and 
behavioral results is especially critical in situations of valence ambiguity. As discussed below, there 
is considerable ambiguity regarding whether larger N2 amplitudes that are the focus of the Fernandez 
et al. study reflect more or less effective cognitive control. 

In contrast to the unequivocal perspective on the relevant cognitive neuroscience Fernandez
et al. do acknowledge inconsistencies in the behavioral results. However, these inconsistencies have 
accumulated to levels that catch many observers by surprise and the analysis presented in our Section 
2 and elaborated upon in Paap and Greenberg [3] and Paap, Johnson, and Sawi [4] lead us to 
question if the phenomenon actually exists. This skepticism rests heavily on the fact that large-n 
studies overwhelmingly yield null results. 

2. Implications if bilingual advantages were restricted to auditory tasks 

Before turning to those aspects of the Fernandez et al. experiment that concern us we agree that 
directly comparing visual and auditory tests of executive functioning (EF) in the same study is 
innovative and potentially fertile. If bilingual advantages occur in preschoolers, then those 
advantages must be the product of managing the production and comprehension of speech as they 
have yet to learn to read and write. Similarly, older children and adult bilinguals are likely to produce 
more spoken language than written and to do so at a faster speed––a rate that should require more 
active coordination of the two languages. Thus, we find this research question very worthwhile. If 
bilingual advantages in performance were larger or more consistently observed in auditory compared 
to visual tasks, this may lead to an additional inference that Fernandez et al. do not discuss: namely, 
that the advantages may not reflect an enhancement in general EF. The reason that researchers use 
non-linguistic tasks to test for bilingual advantages in EF is to make sure that any group differences 
in performance reflect domain-general differences in ability and not linguistic differences that may 
have been honed by the unique experiences associated with managing two languages. Applying a 
similar logic, if the components of EF (e.g., updating, inhibitory control, switching) are assumed to 
be general and not modality-specific, then one might be reluctant to attribute language-group 
differences restricted to the auditory modality to differences in a modality-free EF. Differences 
between bilinguals and monolinguals in auditory versus visual processing may, of course, be very 
interesting in their own right. 

3. The risks of testing small numbers of participants 

One of the concerns we have raised repeatedly [3–7] is the use of small numbers (n) of 
participants in the language groups used to test for bilingual advantages. This is especially prevalent 
in studies that include both behavioral and neuroscience measures. In the RT data Fernandez et al. 
have only 6 monolinguals and 11 bilinguals. If one generously assumes that the effects of 
bilingualism are of medium size and a standard alpha of 0.05 (two-tailed), then the power for an 
independent-groups t-test is only 0.11. Thus, the estimated probability of rejecting a medium effect 
size in the RT data was only 11%. 
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For the ERP analyses of the auditory task there were 13 monolinguals and 13 bilinguals yielding 
a power of 0.23 for the same scenario (medium effect size, alpha = 0.05, two-tailed). Are the 
significant differences between the group means of the N2 amplitudes on the auditory NoGo trials all 
the more compelling under these circumstances? Beyond mere optimism, we believe that additional 
analyses probing additional questions are warranted for a better understanding. A Bayes Factor  
ratio [8] is the probability of the alternative hypothesis given the data over the probability of the null 
given the data. The BF ratio for the audio task is 3.83. Based on Jeffreys’ (1961) guidelines for 
interpreting BFs: the obtained BF escapes the 1 to 3 range (“worth no more than a brief mention”), 
and lands on the 3 to 10 side of the fence that the guidelines suggest indicates “substantial evidence” 
for the alternative hypothesis. 

Accepting that the N2 amplitudes are greater for the bilinguals on the auditory NoGo trials, 
what may have caused those differences? Fernandez et al. conclude that they are caused by bilingual 
experiences in spoken language that do not generalize to the visual task. However, small sample 
sizes in tests between two naturally occurring populations are difficult to match with respect to other 
characteristics [9,10]. To their credit Fernandez et al. showed that their groups did not differ on 
measures of SES and general fluid intelligence, but the groups were not matched on immigrant status 
with 11 of the 18 bilinguals emigrating from Central or South America. 

4. Valence ambiguity in N2 amplitude 

Are larger N2 amplitudes on the NoGo trials really indicative of better cognitive control? 
Fernandez et al. do not justify the assumption that bigger is better in their 2014 article, but in an 
earlier article [11] they cite a study by Falkenstein et al. [12] who concluded that larger N2 
amplitudes reflect better inhibitory control because participants with high false-alarm rates on the 
NoGo trials also exhibited smaller N2 amplitudes. 

Although this evidence and logic should be given just consideration it is fair to say that it is not 
the consensus view. Some of the most compelling evidence comes from developmental studies 
showing that N2 amplitude in the Go/NoGo task declines over the span of 7 to 16 years even when 
potential physical artifacts are taken into account [13]. Furthermore, regression analyses showed that 
N2 amplitudes on NoGo trials significantly predicted the magnitude of Stroop interference- a 
common behavioral test of inhibitory control. Similarly, Espinet, Anderson, and Zelazo [14] showed 
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 (N2 amplitude 
differences between two groups) align with the behavioral performance results (success versus 
failure on the DCCS) and as argued in Paap et al. [1] this is critical to resolving the “valence 
ambiguity” often associated with neural measures. In this case it strongly suggests that a smaller N2 
amplitude reflects superior performance. The valence ambiguity of the N2 amplitude component is 
strikingly exhibited by Kousaie and Phillips [15] who predicted a bilingual advantage in the form of 
greater N2 amplitudes in their introduction only to reverse their interpretation when bilinguals 
showed smaller N2 amplitudes in their Stroop task. Whatever the interpretation of the N2 amplitude 
differences in the Stroop task there were no differences in performance in either the flanker or Simon 
task showing that the language-group difference itself is inconsistent across tasks. 
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5. Selecting a task/measure 

It is customary, but somewhat puzzling, that researchers testing for bilingual advantages usually 
provide only a cursory rationale for the selection of their tasks and measures. Paap and Greenberg [3] 
suggested that researchers should start with a theoretical framework that specifies the aspects of EF 
that they assume are extensively exercised in managing two languages and consequently those 
components of EF that should be enhanced and yield bilingual advantages. Having selected the 
critical constructs a priori one should then select tasks/measures that have demonstrated convergent 
and discriminant validity. Furthermore, given that most of the standard tasks for measuring the 
monitoring and inhibitory control components of EF have low levels of convergent validity [7] it is 
preferable for a study design to include two measures of the same component of EF (derived from 
two different tasks) so that convergent validity can be demonstrated within the study. 

How should the choice of the Go/NoGo task be evaluated? Across a variety of 
taxonomies [16–19] the NoGo task is assumed to involve the inhibition of a prepotent response, but 
task analyses will not necessarily identify the tasks that are affected by common components of EF. 
A more empirical approach is to use latent variable analyses to identify measures that load on the 
same psychological construct. In their seminal study of inhibition Friedman and Miyake [20] 
considered three categories of interference tasks, but the best model did not empirically separate 
response inhibition (viz., stop signal, antisaccade, Stroop) from resistance to distractor interference 
(e.g., flanker task). Unfortunately the Go/NoGo task was not included in Friedman and Miyake’s 
design. 

In a very large meta-analysis of self control measures Duckworth and Kern [21] report an 
average correlation (based on 131 correlations and a total N of 4,855 participants) between the 
Go/No-Go task and other tasks assumed to reflect EF of r = 0.16. The Go/NoGo task appears in the 
middle of the pack of the EF tasks with, for example, the flanker task having a higher average 
correlation (r = 0.19) and the Stop-signal a lower correlation (r = 0.11). Thus in the grand scheme of 
things performance on the Go/No-Go task is associated other “measures” of EF, but the magnitude of 
the association is unimpressive and glosses over the various ways that performance is measured in 
the Go/No-Go task.  

A more detailed analysis of performance on Go versus NoGo trials is presented by Votruba and 
Langenecker [22]. Their Parametric Go/No-Go (PGNG) task is similar to one strain of Go/NoGo 
tasks (those where the NoGo is contingent upon whether a target is repeated or alternated), but 
differs in many ways (modality, number of targets) from the one used by Fernandez et al. 
Nonetheless, the Votruba and Langenecker study provides an interesting analysis of how proportion 
correct (PC) on the Go trials and the NoGo trials correlate with measures of EF derived from other 
tasks. A typical outcome is that the correlation between PC on the Go trials and Stroop interference  
(r = + 0.29) is as strong as or stronger than the correlation with the NoGo trials (r = + 0.19). The 
implication is that if the bilinguals in the Fernandez et al. (2014) do have better inhibitory control 
than the monolinguals, then those advantages might have appeared on both Go trial performance 
(where there were no differences in performance) and No Go trials (where no data is reported on the 
grounds that there were very few false alarms). 
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6. Conclusion 

Fernandez et al. are pursuing an interesting research question in asking if the benefits of 
bilingualism on nonlinguistic tasks might be limited to auditory tasks. However, we recommend that 
this work, and work on the bilingual advantage in general, embrace the need for adequately powerful 
sample sizes, avoid obvious confounds between the language groups, and select tasks that enable any 
valence ambiguity in the neural measure (N2 amplitude in this case) to be adjudicated by differences 
in performance that are faster, more accurate, or both. 
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