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Abstract

The present short review discusses reasons for the mixed results on the possible enhancement of
cognition, especially executive function, in bilingualism. We define three major problem areas that
hamper many studies in this field: the use of research designs that are weak for the task at hand, the
lack of a detailed theory on how bilingual experience would modify cognition, and the employment
of measures of bilingual behaviour and executive function that are troublesome. Potential remedies
for these problem areas are discussed, and the emerging research approach where specific aspects of
individual bilingual experience are examined and related to specific aspects of executive

performance is highlighted.
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Introduction

Research on the relationships between bilingualism and cognition dates back almost a century, with
a dramatic shift from very negative early views (e.g., Saer, 1923) to more recent proposals on
bilingual enhancements especially concerning executive functions (e.g., Bialystok, Craik & Luk,
2012), thought to result from long-term practice in managing two or more languages that trains
executive skills. The widespread interest in this research topic is due to several factors. At the
theoretical level, bilingualism provides an avenue for research on language learning mechanisms,
language-cognition interfaces, and brain plasticity in general. At the practical level, bilingualism is
related to important societal, cultural and educational issues. Thus, it is not surprising that the
putative bilingual executive advantage (BEA) has attracted considerable research interest that has
lately turned into a controversy on the existence of BEA (see e.g. the keynote papers by Baum &
Titone, 2014, and Paap, Johnson & Sawi, 2015, and the ensuing commentaries). The aim of this
selective review is to provide a short summary on what we consider to be the main problems in
BEA research that have led to this controversy, and to highlight recent approaches to tackle these
problems. In this way, we hope to provide the interested reader with an easily digestible overview
on crucial issues that currently lie somewnhat scattered in the literature. Rather than trying to cover
the whole field, or taking a stance for or against the BEA hypothesis, we highlight the key
methodological and theoretical challenges that need to be solved until valid conclusions can be

made.

Since its start in the 1960s, modern research on the cognitive consequences of
bilingualism has provided a number of studies indicating better performance in bilinguals than in
monolinguals on a wide range of tasks tapping attention, inhibitory skills, task switching,
metacognition, divergent thinking, and problem solving (see, e.g., Adesope, Lavin, Thompson &
Ungerleider, 2010, and Bialystok et al., 2012, for reviews). A more recent, intriguing finding from

retrospective studies has been the possible delay in the onset of dementia symptoms in bilinguals



that could hint for additional cognitive reserve for bilinguals compared to monolinguals (e.g., Alladi
et al., 2013; Bialystok, Abutalebi, Bak, Burke & Kroll, 2016; Bialystok, Craik & Freedman, 2007).
Nevertheless, the few prospective studies on this topic have failed to confirm this finding (for a
meta-analysis, see Mukadam, Sommerlad, & Livingston, 2017; see also Ljungberg, Hansson,
Adolfsson, & Nilsson, 2016). Moreover, several neuroimaging studies have reported both structural
and functional differences between bilingual and monolingual participants (e.g., Abutalebi, Canini,
Della Rosa, Green, & Weekes, 2015; Costa & Sebastian-Gallés, 2014; Garbin et al., 2010;
H&maélainen, Sairanen, Leminen & Lehtonen, 2017; Mechelli et al., 2004; Perani & Abutalebi,
2005), and longitudinal imaging studies on foreign language learning have revealed brain changes
over time (e.g,, Martensson et al., 2012). However, the pattern and significance of the bilingualism-
related neuroimaging findings is not quite clear (for a recent review, see Garcia-Penton, Fernandez
Garcia, Costello, Dufabeitia & Carreiras, 2016). In addition, negative or null findings on bilingual-
monolingual cognitive differences have also been reported (e.g., Antén et al., 2014; Dufiabeitia et
al., 2014; Morton & Harper, 2007; Hilchey & Klein, 2011; Paap & Greenberg, 2013; Paap, Johnson

& Sawi, 2014), prompting recent reviews and meta-analyses on the literature.

To briefly highlight some of these overviews, the meta-analysis by Adesope et al.
(2010) on the cognitive correlates of bilingualism analyzed 63 studies that contrasted proficient
bilinguals with monolinguals on cognitive measures including attentional control, problem-solving
skills, creative and divergent thinking, cognitive flexibility, learning strategies, symbolic
representation and abstract reasoning skills, metalinguistic awareness, metacognitive skills, and
working memory. They reported moderate overall positive effects of bilingualism and no signs of
publication bias, but there was large variation in the effect sizes between the cognitive domains,
with the highest effect size for attentional control. As the executive skill of ignoring irrelevant
information has been a prominent topic in BEA research, a review by Hilchey & Klein (2011)

focused on inhibitory measures. They observed a global bilingual performance advantage



irrespective of inhibitory demands but evidence for a BEA in inhibitory skills was scant. In a re-
analysis by Hilchey, Saint-Aubin and Klein (2016) that included more recent studies, also the global
performance advantage failed to appear. More recent narrative reviews by Bialystok and colleagues
concluded that BEA is more readily observable in children and elderly (possibly because they are
not at the peak of their executive skills as young adults are), and that the underlying cognitive
advantage could be related to more general attentional control rather than a specific executive
component such as improved inhibition of irrelevant stimuli (Bialystok et al., 2012; Bialystok,
2015). Also these conclusions have been countered by large-scale studies in children that do not
show BEA (Anton,et al., 2014; Dufabeitia et al., 2014; Gathercole et al., 2014). A very recent
extensive meta-analysis of 152 BEA studies on adults did not find any evidence for larger bilingual-
monolingual differences in older adults either (Lehtonen, Soveri, Laine, Jarvenpad & de Bruin, in
press). Moreover, young adults are not necessarily performing even simpler executive tasks at
ceiling levels that could mitigate possible BEA (Paap, Wagner, Johnson, Bockelman, Cushing, &
Sawi, 2014). Finally, a recent fine-grained eye-tracking analysis failed to find bilingual advantages
in attentional guidance of demanding visual search tasks (Ratiu. Hout, Walenchok, Azuma, &

Goldinger, 2017).

There are also other recent critical reviews that have challenged the existence of BEA.
De Bruin, Treccani and Della Sala (2014) analyzed 104 congress abstracts on the topic, and found
that those reporting BEA were most likely to get published, thus suggesting a publication bias.
Publication bias is by no means specific to BEA research, and having such a bias does not as such
refute the existence of an effect. In their meta-analysis of 68 experiments, Zhou and Krott (2016)
noted that a seemingly minor methodological detail, trimming of RT data, has an impact on the
presence or absence of BEA on interference control tasks: studies that included longer RTs in their
analysis were found to be more likely to report BEA. As a part of a larger critical review, Paap,

Johnson and Sawi (2015) examined the results on interference and task switching measures in



bilinguals vs monolinguals, finding that the studies reporting BEA on these measures clustered on
the lower end of n (< 30 participants per group) while large-n studies reported null effects. In a their
critical review that was accompanied by numerous commentaries, Paap et al. (op.cit.) put forth their
conclusion already in the title of their paper: “Bilingual advantages in executive functioning either
do not exist or are restricted to very specific and undetermined circumstances”. This conclusion
found support in the most recent, large-scale meta-analysis of BEA studies in adults by Lehtonen et
al. (in press): after correcting for publication bias, they found no reliable evidence for BEA in the
six executive domains studied (inhibition, monitoring, shifting, attention, verbal fluency, working

memory).

All in all, a seemingly rather widespread earlier consensus on the existence of BEA,
with its nature somewhat undefined, has turned into a strong controversy. Why have we ended up in

this situation and how can we move forward?

Three major problem areas in BEA research

There can be many reasons for the mixed results concerning the existence of BEA, but here we
focus on three major interrelated problem areas. Two of these are methodological and one is

theoretical.

1. Research design. Typical studies on BEA select groups of bilingual and
monolingual participants, try to match them on background factors such as age, gender, and
education, and then run executive tests to compare the group performances. This represents a
natural groups design, and it is well known that this design can provide only correlative evidence on
the relationship between the independent variable (bilingualism) and the dependent variables
(executive measures). In a natural groups design, causality could in principle go both ways:

bilinguals become better in executive skills because of their regular long-term practice in managing



two or more languages, or people who have better executive skills to start with might be more prone
to pick up several languages. Moreover, despite matching of some demographic factors, there can
always be any number of other, unknown background variables that influence the findings

concerning executive skills in monolinguals vs. bilinguals.

To take the research design issue further, we think that it is instructive to compare the
typical BEA research design described above with cognitive intervention studies. Cross-sectional
BEA studies are of course by their nature different, but this comparison can be motivated by the fact
that the goal of BEA studies is to document a phenomenon that is assumed to emerge from
bilinguals’ everyday practice with two or more languages, that is, from a sort of natural training that
bilinguals do over time. When translating the typical BEA design into an intervention study, it
would correspond to a posttest-only naturalistic group intervention setup. This represents a
particularly weak research design. Besides the weaknesses related to natural groups listed above, no
pre-post comparisons are possible and thus one does not know how comparable the groups were
before one of the groups was exposed to L2. Moreover, in most published studies on BEA, the
contents of the “intervention” (the features of individual bilingual experience) are largely unknown,
as only the most general features such as age of L2 acquisition, the length of L2 exposure, and
proficiency levels are reported. For example, it is often not known whether a bilingual’s language
use has involved frequent switching between L1 and L2, a factor that might play a role in the
emergence of a putative BEA. When considering for a moment the typical cross-sectional BEA
studies from this perspective, it is evident that if the goal is to reveal some kind of intervention
effects, a study that does not employ randomization of the participants into training and control
groups, fails to describe the contents of the intervention in any detail, and provides only post-
training data on the dependent variables, cannot provide any conclusive evidence. This is
nevertheless the situation with most previous studies on BEA, including those conducted by

ourselves (Soveri, Laine, Hamaldinen & Hugdahl, 2011; Karlsson et al., 2015).



2. Theory. In arecent commentary, Hartsuiker (2016) cogently pointed out the
fundamental theoretical challenges faced with BEA research: ”’[..] the problem is that we lack
precise characterizations of the source domain, the transfer process, and the target domain. Hence,
we have no theory that predicts what circumstances particularly engage language control, no theory
of skill generalization, and no cognitive control theory that specifies what executive functions can
be improved by such generalization.” (p. 336). It should be noted that this problem is by no means
unique to BEA research. The lack of a detailed theory on the underlying mechanisms of change
concerns other areas of cognitive intervention as well, such as the currently popular working
memory training (e.g., Shipstead, Zicks, & Engle, 2012). This state of affairs makes it difficult to
formulate and test specific hypotheses related to BEA in a principled fashion. In turn, this leads to

difficulties in falsifying theoretical claims, as they remain unspecific.

3. Measures. Key characteristics of bilingualism are often probed with survey
questions, or a combination of surveys and objective measures of language skills. The most
commonly employed bilingualism-related variables tap L1/L2 competence (proficiency, language
dominance, preference), age of language acquisition, modes of acquisition, and current use of
languages. Self-estimated language skills have been shown to correlate significantly with objective
measures (e.g., Marian, Blumenfeld, & Kaushanskaya, 2007), but evaluations of own behaviour
nevertheless carry inherent limitations related e.g. to memory failures, demand characteristics, and
the limits of conscious access. These limitations may become more apparent when self-ratings are
used to probe more specific aspects of bilingual behaviour, such as frequency and type of language
switches that will be discussed below. Potential measurement problems are not limited to bilinguals
only: monolinguals’ use of dialects is not necessarily probed, even though one could speculate that
bidialectals may cognitively resemble bilinguals and their presence amongst monolingual controls
could perhaps mitigate BEA (Kempe, Kirk & Brooks, 2015; but see Kirk, Fiala, Scott-Brown, &

Kempe, 2014). Another potential issue is to which extent monolingual groups in modern societies



are indeed monolingual, as they have often been exposed to foreign languages at school and through

media.

In BEA research, executive functions have been assessed with a number of tasks. To
avoid the language confound in mono- vs. bilingual comparisons, one has often employed
nonverbal task versions. A significant challenge to BEA research is the fact that the reliability and
validity of commonly used non-linguistic executive measures are far from optimal (see, e.g., Paap
& Greenberg, 2013; Paap & Sawi, 2014; Soveri, Lehtonen, Karlsson, Lukasik, Antfolk & Laine,
2016). These problems also reflect the fact that the mental architecture of executive functions
remains unclear despite the influential division of executive functions into three closely interrelated
domains (set shifting, inhibition of irrelevant information, and working memory updating) that was
put forth by Miyake, Friedman, Emerson, Witzki, Howerter, and Wager, (2000) and that has been
applied in BEA research as well. Even within these hypothetical executive domains, tasks that
supposedly tap the same component do not necessarily correlate with each other (e.g., Jylkka,
Lehtonen, Lindholm, Kuusakoski, & Laine, 2017). This most probably reflects task impurity, a
major concern especially with executive tasks. This means that performance on an executive task is
influenced by several factors: the targeted executive function, general executive resources (e.g.,
goal-maintenance), task-specific features, and measurement error (Snyder, Miyake, & Hankin,
2015). Together with limited sets of executive tasks in many BEA studies, task impurity leads to
unavoidable interpretational problems where it is very difficult to disentangle task-specific vs. more
general effects. This is a concern not only in original studies but also in meta-analyses where one
needs to make decisions on how to categorize the variety of executive measures that have been
used. Lumping together executive tasks that actually tap different executive resources may distort

meta-analytic results.

Possible remedies



The list of problems presented above is formidable, but it has not prevented researchers from
seeking solutions and trying to move the field forward from the current controversy. Here we

discuss some promising new approaches.

Concerning the research design issues, it is evident that a researcher cannot start
randomizing children to mono- or bilingual surroundings in order to conduct a longer-term follow-
up study. However, the three design concerns (lack of randomization, pre-post comparison, and
well-defined intervention) listed above can be amended under special circumstances, especially
with short-term interventions. In a recent study, Janus, Lee, Moreno, and Bialystok (2016)
employed a combination of randomization and pretest matching to assign a group of 57 four- to six-
year-old children to a 20-day training program in either music or conversational French. While the
two intervention groups for the most part showed similar progress on nonverbal executive tasks in
the pre-post comparison (no other control group was employed), this study exemplifies the
feasibility of a rigorous experimental design in BEA research that enables causal inferences. A
similar randomized controlled trial setup could be employed e.g. with university students by using a
waiting list control group if a given foreign language course could be taken at different phases of
the studies. An intervention study can also address the effects of language switching training in
bilinguals, as was recently demonstrated by Zhang, Kang, Wu, Ma, and Guo (2015). Likewise, one
could study the possible effects of general task switching training on bilingual language switching
performances, albeit transfer effects from practice with task switching have been variable
(Gronholm-Nyman, Soveri, Rinne, Ek, Nyholm, Stigsdotter Neely, & Laine, 2017). However, one
potential caveat of these kind of randomized controlled trials is that the time needed for consistent
BEA effects to emerge might exceed the practical time limits of such an experiment. Another
concern is that intervention studies do not catch the richness of bilingual experience in natural
contexts. For naturalistic settings, cross-lagged longitudinal study designs would be useful in

examining the directional influences between bilingualism and executive functions over time.
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Moving to theory, the lack of any detailed, testable (falsifiable) theory on the
underlying mechanisms of BEA is a substantial impediment to the research field. Chein and
Schneider (2012) presented a general neurocognitive model on human learning and control, but they
do not make any specific claims concerning bilingualism. Interestingly, based on the Chein &
Schneider model that links executive engagement to the early stages of learning, Paap (in press)
made a hypothesis related to BEA. According to Paap’s Controlled Dose hypothesis, executive
functions are recruited only during L2 learning when L1 is clearly dominant and requires constant
monitoring and inhibition in order to prevent intrusions when the intention is to speak L2. Thus, any
potential boost to executive functions would be observable only during the early stages of L2
acquisition, after which the effect would dissipate. This hypothesis awaits empirical testing. There
are also models on executive processing in the bilingual mind (Green & Abutalebi, 2013), but what
is still missing is a well-specified, dynamic learning model of the putative changes in cognitive

control following L2 exposure.

While a detailed computational model on the dynamics of cognition-language
interactions during L2 acquisition is lacking, single BEA-related hypotheses are useful in turning
attention to the various features of individual bilingual experience where the mechanisms for a
putative BEA must lie. However, BEA studies have typically sought to determine only the most
general aspects of bilingual experience, namely L2 age of acquisition and the proficiency level
reached. Admittedly, also these general factors could be relevant to BEA. The first factor can be
linked to BEA by simply assuming that the longer the experience, the more training one has
received in managing two competing language systems. However, this would not say anything
about the learning mechanisms involved. With regard to the second general factor (level of
proficiency in L1 and L2), one could for example hypothesize that the amount of training in
attentional control a bilingual receives is related to the amount of interference the languages elicit

against each other, with stronger L2 leading to higher L1-L2 interference and thus more intensive
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training in interference control. As regards the relationships between these two general variables
and executive functioning, the evidence thus far is equivocal. Some researchers have reported that
early bilingualism is associated with better executive performance (Luk, de Sa & Bialystok, 2011)
while others have not found a difference in executive functions between early vs. late bilinguals
(Pelham & Abrams, 2014). In the study by Linck, Hoshino and Kroll (2014), the more proficient L2
learners were found to exhibit reduced inhibitory control relative to the less proficient ones, while
another recent study by Yow and Li (2015) reported that more balanced use and proficiency in the

two languages is related to a better executive functioning.

Naturally enough, individual bilingual experiences vary along many more dimensions
than just age of acquisition and the overall level of proficiency obtained. Delving into these
dimensions is important in advancing our understanding not only on BEA, but on bilingual
behaviours in general. This approach puts more emphasis on within-group analyses of bilinguals.
Accordingly, there have been attempts to correlate the frequency and type of bilingual language
switches (part of which are assumed to tax and thus train executive functions) with executive task
performances, but these studies have yielded mixed results (e.g., Prior & Gollan, 2011; Soveri,
Rodriguez-Fornells, & Laine, 2011; Verreyt, Woumans, Vandelanotte, Szmalec, & Duyck, 2016;
Paap, Myuz, Anders, Bockelman, Mikulinsky, & Sawi, 2017). More specific predictions concerning
the relationships between language switching and executive functions are provided by the Adaptive
Control Hypothesis by Green and Abutalebi (2013). It separates between three broad interactive
bilingual contexts that set different demands on executive functions: a single-language context
(each language used in its own context, e.g., at home and at work), a dual-language context (each
language used with different conversation partners), and a dense code-switching context (the two
languages are often interleaved within single utterances). As these bilingual communicative
contexts are coupled with quite different executive demands (and thus different opportunities for

putative executive training), the predominant contexts in which a bilingual operates could affect the
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emergence of BEA. An interesting recent study by Hartanto and Yang (2016) on language
switching and task switching in bilinguals tested this. Hartanto and Young observed executive
(switch cost) benefits for bilinguals who employed their two languages within the same
interactional contexts. Moreover, they reported that different types of language switches (intra- vs
intersentential) had opposite associations with executive task switching costs: intersentential
switches, considered to be more taxing for language control than intrasentential ones, were
associated with smaller switch costs in a color-shape switching task. This study exemplifies the
need for more fine-grained analyses of bilingual behaviours, in this case language switching. The
underlying assumption in this research approach is that, for example, language switching and
nonlinguistic task switching share executive resources. There are some recent studies that support

this conclusion (e.g., Linck, Schwieter & Sunderman, 2012), but the evidence is still quite limited.

Finally, with regard to the methods used in measuring bilingual behaviours, we
believe that more detailed analyses along the lines described above call for new measures besides
the application of self-ratings that have their limitations. With the use of digital techniques, one
could go even further by collecting data of bilinguals’ language behaviour online. We have recently
explored bilingual language switching behaviour with the so-called Ecological Momentary
Assessment via smartphones, collecting participant reports on their real-life language switching
behaviour close in time to experience, several times per day (Jylkkd, Soveri, Laine & Lehtonen,
2017). Innovative digital technologies make it nowadays possible to conduct also comprehensive
objective assessment of everyday spoken language behaviours. The Language ENvironment
Analysis system (LENA™) provides researchers with all-day digital recording and automated
speech signal analysis (e.g., Canault, Le Normand, Foudil, Loundon, & Thai-Van 2016). It is
important to have these techniques tailored also for bilingualism research. All these techniques
should preferably utilize the individual differences approach so that specific aspects of bilingual

experience are analyzed in a multivariate fashion as continuous variables, as they can vary
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considerably from person to person. As regards executive measures, the task impurity issue
unfortunately prevails. One way to try to circumvent this is to have several tasks per executive
domain and employ composite scores or factor score estimates that should reflect the underlying

construct more reliably (Schmiedek, Lévdén & Lindenberger, 2014).

Conclusions

In this short review, we have highlighted important methodological and theoretical problems that
have plagued many previous studies on BEA and contributed to the present controversy on its
existence. An important way forward is to focus much more research attention on the individual
features of bilingual experience, as this is where the putative cognitive effects stem from. While the
earlier focus has been on a bilingual advantage (i.e., in comparing bilinguals to monolinguals), the
research approach outlined here deals more with the interplay of language behaviours and cognition
within bilinguals. This comes back to the idea of bilingualism as a research avenue for language

learning mechanisms, language-cognition interfaces, and brain plasticity in general.
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