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INTRODUCTION

Many studies have claimed bilingualism strengthens the neural mechanisms that underpin
executive functions and enhances cognition in the elderly (Bialystok, 2017). Nevertheless, the field
of bilingualism research has suffered from contradictory interpretations of results and many of the
neural differences between monolinguals and bilinguals (in some cases, such patterns of results are
difficult to interpret) have been taken as evidence for enhanced neural processing in bilinguals
compared to monolinguals (de Bruin et al,, inpress; Paap et al., 2015). Currently, researchers
disagree regarding the existence of improved executive functioning in bilinguals compared to
monolinguals—e.g., Bialystok (2017) states there is evidence for the mentioned improvements
whereas Paap et al. (2015) remain skeptical.

In the present article, after recapping the main sources of variability in research findings
(Figure 1, top panel), contradictory interpretation of results is examined. This issue highlights the
importance of theoretically-grounded studies such as Cespon and Carreiras (2020), which defines
what specific event-related brain potential differences between monolinguals and bilinguals should
be taken to indicate enhanced bilingual neural processing during executive tasks.

SOURCES OF VARIABILITY IN RESULTS

A main source for the considerable variability in reported results comes from the fact that
researchers have investigated different types of executive functions. Early studies stated that
inhibition was the specific executive function enhanced by bilingualism. Scientists argued that
this advantage resulted from bilinguals’ life-long practice in inhibiting their non-target language
during conversation (Bialystok et al., 2004). However, subsequent studies (e.g., Kirk et al., 2014;
Antén et al., 2016) failed to replicate these early findings. Later studies claimed that bilingualism
mainly enhanced attentional switching, since bilinguals need to switch attention in order to use
different languages in different contexts. However, there have also been studies that failed to
obtain any evidence for a bilingual advantage in switching skills (Mor et al., 2015; Ramos et al.,
2017; Goldsmith and Morton, 2018). Other studies suggested that bilingualism enhances working
memory (Grundy and Timmer, 2017) or monitoring (Costa et al., 2009). Nevertheless, negative
results were also frequently reported (e.g., Kirk et al., 2014; Lukasik et al., 2018).

There are several variables that could lead to ceiling effects in executive control tasks and
obscure real differences between monolinguals and bilinguals. For instance, tasks with low levels
of difficulty could mask a bilingual advantage in executive functions due to ceiling effects in
performance (Bialystok et al., 2014; Kuipers and Westphal, 2021). This could also happen if
executive control tasks are administered to young adults, who are at the top of their performance
(Bialystok et al., 2008; Ware et al., 2020). Also, recruiting monolinguals and bilinguals with high
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Sources of variability that
should be studied

Sources of variability that
should be avoided

-Specific executive function that is studied
-Cognitive Reserve of recruited samples
-Difficulty of the experimental task
-Cultural differences

-Variables related to the spoken language/s

- Bilinguals’ sociolinguistic practices

- Sensitivity of behavioural and neural outcomes

- Small sample size

- Publication bias

- Selective reporting of results

- Methodological errors / poor analyses

- Contradictory interpretations

BASIC STUDIES
EVALUATIVE
REVIE
> VIEWS
REVIEWS ON DATA —u PRE-REGISTERED |_ STAGE?2
INTERPRETATION REPORTS STAGE 1 \ T
METAANALY SIS

interpretability.

FIGURE 1 | Bilingualism and executive functioning: studying results variability and improving results interpretability. Sources of results variability (top panel); how
“Reviews on data interpretation” can increase the reliability and interpretability of results (bottom panel). Bidirectional interaction between different types of scientific
articles will help advance research. For instance, “Reviews on data interpretation” feed the hypotheses in “Pre-registered reports, Stage 1” and, at the same time,
results from “Stage 2” may modify the hypotheses formulated in “Reviews on data interpretation.” The term “basic studies” refers to research that investigates neural
modulations under experimental conditions in young and/or elderly samples. Bilingualism and executive functioning: studying results variability and improving results

cognitive reserve (CR) may blur differences in executive
functions since other CR factors (e.g., a high level of education)
could strength cognition in monolinguals (Bialystok et al., 2016)
by improving functional compensatory mechanisms (Cespon
etal., 2018).

Variables related to spoken language/s such as age of
acquisition, the number of languages spoken, the degree of
similarity between these languages, and the relative degrees
of proficiency a speaker has in each of their languages may
also modulate any potential bilingual enhancement in executive
functioning (Bialystok, 2017). Sociolinguistic practices could also
influence which executive processes are enhanced by bilingualism
(Hofweber et al, 2020). Differences between cultures may
constitute another source of differences in executive functioning
(Samuel et al., 2018; Treffers-Daller et al., 2020). Overall, the

samples recruited for studies have differed widely in terms
of the variables listed above (Cespon and Carreiras, 2020),
possibly explaining a substantial portion of the variability in
results. Importantly, this variability may be reduced by analyzing
neurophysiological measures, which are more sensitive than
behavioral correlates to differences between monolinguals and
bilinguals (Grundy et al., 2017a).

METHODOLOGICAL PROBLEMS

Button et al. (2013) estimated that only 8% to 31% of
studies in neuroscience are properly powered. The field of
research investigating the relationship between bilingualism and
the neural mechanisms underlying executive functions is no
exception. As noted by Cespon and Carreiras (2020), sample sizes
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for event-related potential (ERP) studies typically include only
20-25 participants per group, the standard sample size in ERP
literature. This low statistical power may partly explain the often
inconsistent findings (Baker, 2016).

Publication bias has affected bilingualism research (de Bruin
et al., 2015) like other fields of psychology (Kiithberger et al.,
2014). Specifically, the proportion of negative to positive results
in studies on the relationship between bilingualism and executive
functioning was higher in conference abstracts than in scientific
journals (de Bruin et al., 2015); this suggests scientific journals
are biased to accept studies that show positive results.

Selective reporting is another factor that contributes to the
low replicability of reported results; researchers may run analyses
until they find something that matches their predictions, as
pointed out by Chambers (2017). Selective reporting may be
difficult to identify but can sometimes be detected. For instance,
it is unclear why Ferndndez et al. (2014) in a replication of their
previous study (Fernandez et al., 2013) used different methods
to analyse the N200 ERP component. A more worrying issue is
the presence of objective methodological errors that could have
been avoided through a careful peer-review process, as detailed
by Paap et al. (2020).

CONTRADICTORY INTERPRETATION OF
RESULTS

Previous research has already suggested that pre-registered
reports and multi-center studies are appropriate measures to
avoid publication bias and selective reporting of results (e.g.,
Paap et al., 2020). Preventing biased interpretations of results and
agreeing on how specific patterns of data should be interpreted
is another important issue. In this context, theoretical reviews—
such as Cespon and Carreiras (2020), which provides guidelines
on how to interpret specific patterns of data in line with basic
research findings—will contribute to establishing well-founded
hypotheses for future studies and to interpreting upcoming
research results in an unbiased way. Figure 1 (bottom panel)
shows how suitable relationships among different types of studies
could help advance research in a reliable manner

Cespon and Carreiras (2020) reviewed the main ERP
modulations (specifically, N200, P300, N450, and error related
negativity) used to investigate enhanced executive functioning in
bilingual research. They also outline how these ERP modulations
have been interpreted in basic psychophysiological studies
outside the field of bilingualism. Using this approach, the authors
established which ERP differences between monolinguals and
bilinguals can be reliably interpreted as demonstrating enhanced
neural processing. They argued that faster ERP latencies in group

«_»

x” compared to group “y” indicate more efficient processing by
group “x” even in the absence of behavioral differences. However,
ERP amplitudes are usually more difficult to interpret than ERP
latencies (Cespén and Carreiras, 2020); reliable interpretation
would require a well-established theoretical framework or
evidence for significant correlations between ERP amplitudes and

behavioral performance.

A number of studies have investigated ERP differences
in the neural processes involved in executive functioning in
monolinguals and bilinguals (Kousaie and Phillips, 2012, 2017;
Fernandez et al., 2013, 2014; Coderre and van Heuven, 2014;
Moreno et al., 2014; Heidlmayr et al., 2015; Morales et al., 2015;
Barac et al., 2016; Grundy et al., 2017b; Lopez-Zunini et al., 2019;
Morrison et al., 2019). All of these ERP studies—except Kousaie
and Phillips (2012)—have claimed a bilingual advantage in neural
correlates underlying executive tasks; nevertheless, only three
studies (Barac et al., 2016; Kousaie and Phillips, 2017; Morrison
et al., 2019) demonstrated that their results matched predictions
based on basic research, as discussed in Cespon and Carreiras
(2020).

There is widespread misinterpretation of N200 amplitude
modulations. The fact that N200 amplitudes are higher in
bilinguals than monolinguals performing executive tasks has
erroneously been taken as evidence for enhanced neural
processing in bilinguals (Ferndndez et al., 2013, 2014; Moreno
et al.,, 2014; Morales et al., 2015). Research in other fields has
demonstrated that increased fronto-central N200 amplitudes
relate to greater effort and increased neural deployment of
inhibitory processes (Jodo and Kayama, 1992; Kopp et al., 1996;
Falkenstein et al., 1999; Heil et al., 2000; Liotti et al., 2000;
Bokura et al., 2001; Clayson and Larson, 2011). In this broader
research context, it seems highly implausible that increased N200
amplitudes constitute a neural signature of enhanced neural
processing during bilingual performance of executive control
tasks. The results obtained by Moreno et al. (2014) illustrate
this point. These authors found that bilinguals had larger N200
amplitudes than monolinguals during the performance of a
Go/No-Go task. Moreover, this N200 amplitude was also larger
in monolingual non-musicians than monolingual musicians.
Thus, according to the interpretation of N200 amplitudes in
the bilingual literature, we would have to deduce that being
a musician impairs neural processing related to executive
functioning. However, this interpretation is highly implausible
since being a musician is considered a factor that contributes to
CR (Roman-Caballero et al., 2018; Andrews et al., 2021).

There are some ERP studies that have offered partial or
inconclusive evidence for enhanced executive neural processing
in bilinguals relative to monolinguals. Kousaie and Phillips
(2017) observed a bilingual advantage in some tasks but
not in other tasks that measured similar processes. Another
study reported a behavioral bilingual advantage in attentional
switching, but the underlying neural mechanisms could not
be clearly identified (Lopez-Zunini et al, 2019). Most ERP
studies have focused on the classical N200 and P300 components
(Cespén and Carreiras, 2020). Importantly, future research
should also investigate other ERP correlates of executive
processes that are thought to be enhanced by bilingualism, such
as the negativity central contralateral and negativity posterior
contralateral, which relate to inhibition and attentional shifting,
respectively (Cespon et al., 2020).

The existence of contradictory interpretations in studies
investigating relationships between bilingualism and executive
functions was also indicated outside ERP literature (Paap et al.,
2015; Garcia-Penton et al., 2016). Research based on magnetic
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resonance imaging (MRI) has sometimes interpreted opposite
patterns of results as evidence for a bilingual advantage. For
example, some studies on the healthy elderly have claimed
that increased white matter integrity of the corpus callosum
in bilinguals demonstrated that they showed better structural
preservation than monolinguals (Luk et al., 2011; Pliatsikas et al.,
2015). In contrast, other studies have claimed that reduced
white matter in the corpus callosum of bilinguals relative to
monolinguals demonstrated enhanced CR in bilinguals; the
argument is that bilinguals are able to match the performance of
monolinguals despite impairments in corpus callosum structure
(Gold et al, 2013). Studies focused on the healthy elderly
using functional MRI have concluded that higher connectivity
in prefrontal areas indicates that bilinguals have greater brain
capacity than monolinguals (Grady et al., 2015), whereas Berroir
et al. (2017) claimed that lower connectivity in prefrontal
areas in elderly bilinguals relative to monolinguals reveals more
efficient processing in the bilingual brain. A number of the
interpretations of neural differences between monolinguals and
bilinguals resemble the logic of “Heads I win, tails you lose,
with opposite patterns of results interpreted as beneficial neural
modulations related to bilingualism.

The development of theoretically-grounded reviews in
basic science (e.g., Cespon and Carreiras, 2020), which may
be labeled “Reviews on data interpretation” (see Figurel,
bottom panel), could reduce the type of contradictory
interpretations mentioned in the previous paragraph by
establishing how specific data patterns will be interpreted
beforehand. If there is disagreement on how to interpret specific
results, this will highlight relevant issues that require further
basic research.
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