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Abstract
Bilingualism has been argued to benefit executive functioning. However, recent research suggests
that this advantage may stem from uncontrolled factors or incorrectly matched samples. In this
study we test the effects of bilingualism on elderly lifelong bilinguals whose cognitive abilities are
in decline, thus making any benefits more salient. Firstly we compare 24 bilinguals and 24 carefully
matched monolinguals on verbal and the numerical Stroop tasks, obtaining no differences in
monitoring or inhibitory measures. Secondly we explore the modulations that the proficiency in the
L2 might cause to executive control functions, as measured by the same tasks, by testing 70 elderly
bilinguals who vary in their L2 mastery from very low to perfectly fluent. Results show no
modulation in any of the indices due to L2 proficiency. These results add to the growing body of
evidence showing that the bilingual advantages might indeed be due to other factors rather than

bilingualism.
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Does bilingualism shape inhibitory control in the elderly?

The impact of bilingualism in human cognition has become a popular topic in the past several
years and the debate about the so-called bilingual advantage is driving the attention of many
researchers in the field. The hypothesis of this apparent advantage of bilinguals over monolinguals
in some domain-general non-linguistic skills is grounded on the assumption that bilingualism
provides speakers with an additional cognitive training: when it comes to facing communicative
situations with different speakers and different demands, bilinguals have to choose between the two
languages that they have available in their repertoire to make their communication efficient and to
adequate it to the requirements of the current context. Given that the languages that a bilingual
speaker speaks are active always (e.g., Lagrou, Hartsuiker, & Duyck, 2013; Midgley, Holcomb, van
Heuven, & Grainger, 2008; Thierry, & Wu, 2007), the language that is not meant to be used in a
given situation has to be inhibited to avoid any cross-linguistic contamination that could harm
effective communication. In contrast, monolinguals do not face these situations, so no language
choice is needed and no language inhibition is required. Based on this difference between bilinguals
and monolinguals, the hypothesis of the bilingual advantage postulates that bilinguals have
increased experience with their executive functions, which is a cognitive construct formed by
inhibition (i.e., the ability to suppress dominant responses), shifting (i.e., the ability to switch
between tasks), and monitoring (i.e., the ability to update the information in the working memory;
see Miyake et al., 2000; Miyake & Friedman, 2012). In other words, given that bilinguals are
constantly monitoring their linguistic environment and inhibiting the non-relevant language, the so-
called hypothesis of the bilingual advantage suggests that they have enhanced executive functions
as compared to monolinguals (e.g., Bialystok, Craik, Green, & Gollan, 2009). In fact, evidence in
favor of this advantage has been provided in a variety of studies using non-linguistic executive
control tasks, mainly (but not only) focusing on two relevant measurements: inhibitory and
monitoring skills (e.g., Bialystok, Craik, Klein & Viswanathan, 2004; Bialystok, Craik & Luk,
2008, 2012; Hernandez, Costa, Fuentes, Vivas, & Sebastian-Gallés, 2010; Kroll & Bialystok, 2013).

On the one hand, some researchers have argued that, considering that bilinguals need to
reliably inhibit the non-target language, this capacity to avoid intrusion of inappropriate pieces of
information would constitute the enhanced skill. Consequently, the advantage should be easily
captured by tasks measuring inhibitory skills, such as the classic flanker task (Eriksen & Eriksen,
1974), the Stroop task (Stroop, 1935) or the Simon task (Simon & Rudell, 1967). All these tasks
share some features: there are incongruent and congruent trials. Incongruent trials present irrelevant

and distracting information and support a different or opposing response from the one expected.
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This irrelevant information must either be ignored or the unwanted response needs to be inhibited.
Congruent trials are those in which the irrelevant information favors the same response as the one
that the relevant information does. Crucially, the difference between the average responses to these
two kinds of conditions (i.e., the conflict effect) is found to be smaller in bilinguals (i.e. better
inhibitory skills) in some of these tasks (Bialystok, Craik, Klein, & Viswanathan, 2004; Costa,
Hernandez, & Sebastian-Gallés, 2008; Bialystok, Craik, & Luk, 2008). These differences have been
interpreted as a better ability of bilinguals to deal with irrelevant and confusing information and to
suppress it, as they do in their daily life when they suppress then non-target language.

On the other hand, the purported bilingual advantage has been also grounded on bilinguals’
enhanced monitoring skills (Costa et al. 2009), which stems from the constant need of bilinguals to
keep track of the communicative context and monitoring the language needed for the
communicative situation in question. These demands would enhance the bilinguals’ skill to
efficiently tackle taxing contexts in which different stimuli (some relevant, some irrelevant) are
present and intermixed, similarly to the everyday situations in which they have to pay attention to
different stimuli (the linguistic representations), and select only the relevant ones. In the last few
years some researchers have closely related monitoring abilities with global reaction times (RTs) in
tasks involving different kinds of congruency conditions, and thus a bilingual advantage in
monitoring has been defended empirically by research showing that bilinguals are overall faster
than monolinguals when the context of the task is high demanding and that, crucially, this
advantage vanishes if the context is low demanding (Bialystok, 2006; Costa et al., 2009; Costa &
Sebastian-Gallés, 2014; but see Paap, Johnson, & Sawi, 2014 for a discussion on the impurity of the
use of global RTs as a measure of monitoring).

In contrast to the accounts that favor a genuine enhancement of cognitive control as a
consequence of bilingualism, a strong and increasing line of research suggests that the so-called
bilingual advantage might be due to hidden demographic factors that tend to be differently
distributed among the bilingual and monolingual populations under study (e.g., immigrant status,
educational level or socio-economic status, among many others; see Paap, Johnson, & Sawi,
2015a), and that these factors, and not bilingualism per se, may be responsible for the observed
differences. This counter-argument, which constitutes one of the building blocks of opponents to
the so-called bilingual advantage, started with the pioneering work by Morton and Harper (2007).
Being aware of the crucial role played by many demographic factors in the development and
mastery of executive functioning (among many other cognitive skills), they pointed out that
preceding research comparing groups with different linguistic contexts had completely neglected

the role of these factors. Some years later, other researchers also brought this same idea to the
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debate, and the importance of possibly confounding socio-demographic factors started to be
acknowledged (see Hilchey & Klein, 2011). Good examples of this are provided by socioeconomic
status (SES), which has been often correlated with a better performance in executive functioning
tasks, as well as by the immigrant status and other ethnicity-related factors, which are known to
affect the quality and speed of the performance on executive function tasks (e.g., Mezzacappa,
2004; Noble, Norman, & Farah, 2005). Bearing this in mind, one can easily observe how some of
these factors have been overlooked in many studies reporting a bilingual advantage. For instance,
Bialystok and Martin (2004) compared Canadian monolingual and bilingual children without
measuring SES. Bialystok and Shapero (2005) compared Canadian monolinguals with immigrant
bilinguals coming from different linguistic and ethnic background without measuring SES. In this
same line, Bialystok, Craik and Luk (2008) mainly included immigrants in their sample of
bilinguals (20 out of 24 individuals). More recently, Engel de Abreu and colleagues (Engel de
Abreu, Cruz-Santos, Tourinho, Martin, and Bialystok, 2012) matched their monolinguals and
bilinguals for SES, but they took each sample from a different country (Portugal and Luxemburg,
respectively). All these studies yielded a bilingual advantage, which the authors unambiguously
attributed to bilingualism instead of considering the potential effects of the abovementioned factors.
Along these lines, in some extensive reviews, Paap and colleagues (see Paap & Greenberg, 2013;
Paap, Johnson, & Sawi, 2015a, 2015b) identified several other deficiencies that may have
contribute to the appearance of a bilingual advantage in preceding studies, including not only Type |
errors due to inadequately matched groups or small sample sizes, but also uncontrolled external
factors or task-dependent effects.

Crucially, when the mentioned confounding factors are controlled for and participants are
carefully matched, any sign for a bilingual advantage, either in inhibition (reduced conflict effect)
or in monitoring (overall reduced RTs) tends to vanish (see Paap & Greenberg, 2013). In this line,
Morton and Harper (2007) tried to replicate the findings obtained by Bialystok, Craik, Klein and
Viswanathan (2004) using the Simon task in children, but as opposed to Bialystok et al., they
matched both groups on SES, immigrant status and ethnicity. They found no bilingual advantage in
this carefully-controlled experimental setting. Following this same rationale, null results (no
bilingual advantage) have been replicated in the last several years in studies in which participant
groups were carefully matched for the factors mentioned above and in which the number of
participants tested was relatively high (see Anton et al., 2014; Dufiabeitia et al., 2014; Paap &
Greenberg, 2013; Paap, Johnson, & Sawi, 2015a, 2015b; Gathercole et al., 2014).

While methodological concerns might capture the heterogeneity of the results presented so

far in studies comparing monolingual and bilingual young adults, an additional critical issue related
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to the development of certain cognitive skills of interest has been recently raised. Research in this
field has mainly focused on studying populations formed by young adults, which are in normal
terms at the peak of their domain-general cognitive abilities (around 20-40 years of age, see
Hartshorne & Germine, 2015). This fact makes them likely to show a “ceiling effect” moment with
respect to their domain-general cognitive abilities, which can mask or hide the presence of a
potential difference between bilinguals and monolinguals, and thus the bilingualism-driven
differences might arguably be hard to capture.

Therefore, if any relevant cognitive differences are to arise as a consequence of bilingualism,
they would be expected to be most salient when the cognitive skills are not at their maximum, but
rather when they are still developing (childhood) or already declining (elderly). This is precisely
what has been found by Bialystok and her colleagues (Bialystok, Martin, & Viswanathan, 2005):
they administrated the Simon task to 5 year-old children, young adults (20 years of age), middle-
aged adults (30-59 years of age) and older adults (60-80 years), and found that the bilingual
advantage was present in children and middle-aged and older adult groups, but absent in the young
adult participants. However, the general picture does not seem to be consistent in these samples
either, and the evidence for a bilingual advantage in the childhood and in the elderly has been also
questioned recently. While some studies show an advantage for bilingual children as compared to
their monolingual peers (e.g., Martin-Rhee & Bialystok, 2008; Yang, Yang, & Lust, 2011), recent
findings suggest that, using a carefully matched and large sample, the advantage disappears in
children samples, as it is the case with young adults too (Antén et al. 2014; Dufiabeitia et al., 2014;
Gathercole et al. 2014).

The scenario with bilingual seniors, whose cognitive abilities are already declining due to
normal cognitive deterioration caused by age, is also unclear and foggy. There are a relatively
reduced number of studies providing seemingly consistent evidence favoring a behavioral
advantage in tasks measuring different forms of cognitive control and executive functions in elderly
bilinguals. For example, Bialystok, Craik and Luk (2008) showed stronger differences between
bilinguals and monolinguals in older samples as compared to young adults in both the Simon and
the verbal Stroop tasks (see also Bialystok, Craik, Klein, & Viswanathan, 2004; Gold, Kim,
Johnson, Kryscio, & Smith, 2013), but lately other researchers have suggested that those pieces of
evidence are not entirely reliable and replicable. For instance, Kirk and colleagues (Kirk, Fiala,
Scott-Brown, & Kempe, 2014) tried to replicate the findings obtained by Bialystok et al. (2004)
demonstrating a reduction of the Simon effect in older bilinguals, and found neither signs of a
bilingual advantage in inhibition nor a difference in global reaction times (i.e., no advantage in

monitoring). This inconsistent pattern is also observable in other studies testing elderly participants,
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where no group differences appear (see Kousaie & Phillips, 2012; see also de Bruin, Bak & Della
Sala, 2015, for a study comparing monolinguals and active and passive bilinguals in the Simon
Arrow task with no evidence for any bilingual advantage).

Furthermore, defenders of the bilingual advantage have also argued in favor of a different
kind of advantage in the elderly by considering bilingualism a form of protection against dementia
(i.e., the neuro-protective value of bilingualism; see Bialystok, Abutalebi, Bak, Burke, & Kroll,
2016, for a recent review). For example, Bialystok and colleagues (Bialystok, Craik, & Freedman,
2007) analyzed records of patients that underwent a process of being diagnosed and treated for
dementia, and found that bilinguals manifested the incipient symptoms around four years later than
monolinguals, with no change in the later rate of progression or course of the illness. However,
these same results have not been fully replicated in other samples, and an increasing number of
authors deny that the symptomatology of neurodegenerative diseases is delayed in bilinguals due to
their seemingly greater cognitive reserve (e.g., Costa & Sebastian-Gallés, 2014; Paap, Johnson &
Sawi, 2015a; 2015b). As pointed out by Chertkow and colleagues (Chertkow et al., 2010), 90% of
the bilingual patients investigated by Bialystok et al. (2007) were immigrants, and in a replication
of these results they found critical interactions between immigrant status and bilingualism. In an
attempt to further clarify the scenario, Gollan and her colleagues (Gollan, Salmon, Montoya, &
Galasko, 2011) defended that the neuro-protective role of bilingualism is indeed real, but only in
people with low educational level. They found that higher degrees of bilingualism were associated
with a delay in the diagnosis, but only in bilinguals with a low educational level. As a potential
solution for the conundrum presented by the unclear debate of the role of bilingualism in patients
with dementia, a handful of studies have opted for a longitudinal approach, testing cohorts starting
from a baseline stage in which no signs of dementia are evident. Most of the studies using this
approach have shown no consistent delay in the onset of the symptoms caused by bilingualism
(Crane et al., 2009; Lawton, Gasquoine, & Weimer, 2015; Sanders, Hall, Katz, & Lipton, 2012;
Yeung, St. John, Menec, & Tyas, 2014; Zahodne, Schofield, Farrell, Stern, & Manly, 2014).

This contradictory evidence draws an unclear picture of the potentially beneficial effects that
lifelong bilingualism may have in elderly bilinguals in both executive functions and
neurodegenerative processes. According to the general view, it seems reasonable to think that if the
use of two languages yields any boosting or enhancement of domain-general cognitive abilities, this
should be easily captured in elderly lifelong bilinguals, since they have been actively exposed to
two languages for decades, consequently training their inhibitory and monitoring skills for much
longer than bilingual children or young adults. However, the evidence in this regard is far from

clear and additional studies are required to better understand whether or not bilingualism yields
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beneficial effects for cognitive reserve in the elderly. The current study was designed to shed light
on this precise issue.

It has been suggested that instead of focusing on comparisons between bilinguals and
monolinguals (i.e., taking bilingualism as an “all or nothing” factor), bilingualism should be better
treated as a continuous rather than dichotomous factor. For example, Singh and Mishra (2013)
tested high and low proficient Hindi-English bilinguals on a modified saccadic arrow Stroop task
and found a group effect, indicating that high proficient bilinguals were faster and had reduced
conflict indices, thus showing that L2 proficiency can apparently modulate monitoring and conflict
resolution skills. However, some other researchers had also considered this hypothesis and found no
differences in inhibitory control, monitoring or switching based on participants’ L2 proficiency
(see, for example, Paap, Johnson, & Sawi, 2014). If the effect of the proficiency of the L2 found by
Singh and Mishra (2013) is robust and consistent, one should be able to easily replicate a similar
finding in groups of bilinguals immersed in a society in which the two languages they speak are
present and official by exploring how varying degrees of L2 proficiency modulate differently
classic markers of inhibitory skills. This was precisely the aim of our second set of experiments.

Here we present evidence from verbal & non-verbal Stroop tasks aimed at exploring if
elderly bilingual speakers differ from their monolingual peers in their inhibitory skills and/or in
their monitoring abilities; and if among bilinguals there is a modulation based on their L2
proficiency. Considering that many studies have consistently reported that bilinguals suffer a
disadvantage in production of spoken responses (lvanova & Costa, 2007; Gollan, Montoya,
Fennema-Notestine, & Morris, 2005) we collected data from both the verbal Stroop task, i.e., the
classic color-naming version of the Stroop paradigm (Stroop, 1935) as well as from a less
linguistically-charged version of the same paradigm, the numerical Stroop task (Besner & Coltheart,
1979; Kaufmann et al., 2005; Santens & Verguts, 2011). These two paradigms were implemented
along the lines that Dufiabeitia et al. (2014) followed in their study testing the reliability of the
bilingual advantage during childhood, where they found reliable differences between conditions
(i.e., the Stroop, congruency and incongruity indices or effects), which were not modulated by the
language background of the participants. In the current study, in Experiment 1A, we compared
monolingual and carefully matched non-immigrant highly proficient lifelong bilingual seniors in the
verbal Stroop task, while in the Experiment 1B we compared the same set of participants in the
numerical Stroop task. In addition to this, and considering that it has been suggested that
bilingualism should be treated as a continuous rather than dichotomous factor (e.g., Singh &
Mishra, 2013), in Experiment 2 we explored the impact of the “degree of bilingualism”, here

measured as non-immigrant bilinguals’ general proficiency in their second language, in executive
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control functions. A wide range of bilingual seniors with varying degrees of second language (L2)
proficiency were tested in the verbal Stroop (Experiment 2A) and the numerical Stroop tasks
(Experiment 2B), to see if the classic markers of inhibition (as well as of monitoring) were

modulated by participants’ L2 knowledge and mastery.

Experiments 1A and 1B: Effect of lifelong bilingualism in executive control.

In this first set of experiments, the hypothesis of the bilingual advantage in inhibitory skills
was tested by comparing elderly bilinguals’ and monolinguals’ performance in a verbal
(Experiment 1A) and in a numerical version (Experiment 1B) of the Stroop paradigm. Both groups
of participants were carefully matched in the potentially confounding factors discussed above (cf.
Paap & Greenberg, 2013), including general intelligence, socioeconomic status, immigration and
ethnicity, so that the only relevant difference between both groups was their linguistic profile.
Additionally, bearing in mind that some researchers have circumscribed the presence of a bilingual
advantage to lowly educated samples (see Gollan et al., 2011), most of the participants that were
recruited had a relatively low educational level (see below for details). If the previously reported
instances of bilingual advantages in similar tasks were not the result of the confounding factors that
we controlled for, both groups of participants would show significant differences either in the
magnitude of the Stroop effects (i.e., bilinguals should show a reduced Stroop effects as a reflection
of their enhanced inhibitory skills) or in the overall reaction times (with bilinguals performing

overall faster due to their better monitoring abilities).

Method
Participants

48 seniors (28 females) were recruited in the Basque Country (mean age 69.06, SD=4.56; age
range = 61-78). All of them reported to have normal or corrected-to-normal vision and none of
them had any history of chronic neuropsychological disorders. Every participant signed a written
consent form approved by the Ethics and Research Committees of the Basque Center on Cognition,
Brain and Language (BCBL) establish.

Half of the participants (14 female; mean age= 68.75, SD=4.42) were Spanish monolinguals;
and the other half (14 female, mean age of 69.38, SD=4.58) were Basque-Spanish bilinguals who
use both languages everyday and rate themselves as highly proficient in comprehension and
production in Basque (average score of 8.04 (SD=0.95) where 1 is really poor level and 10 is

perfectly fluent) as well as in Spanish (average score of 8.67 (SD=1.17) over 10). Apart from self-
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rated proficiency, which has been extensively used in the literature and reported to accurately
account for the actual proficiency (see, among many others, Clark, 1981; Heilenman, 1990;
LeBlanc and Painchaud, 1985), a native speaker of both languages interviewed the participants to
certify that bilinguals could efficiently speak both languages fluently and that monolinguals were
not able to communicate in Basque. All the participants acquired their languages before the age of
12. Bilinguals and monolinguals didn’t differ in any demographic factor (all ps>.5), including the
age at which they quit formal schooling, the 1Q percentile based on the scores they obtained in an
abridged version of the Kaufman Brief Intelligence Test, K-BIT (Kaufman & Kaufman, 1990), and
the scores in the Spanish version of the Mini Mental State Examination (MMSE, see Lobo et al.,
1979). Considering that some researchers have suggested that the level of education can modulate
the presence of a bilingual advantage (see Gollan et al., 2011), we recruited participants from all the
educational strata but mostly from the lowest one: 9 bilinguals and 10 monolinguals only finished
primary school, 2 bilinguals and 3 monolinguals completed middle school, 3 bilinguals and 5
monolinguals had a professional training, 6 bilinguals and 4 monolinguals completed high school
and 4 bilinguals and 2 monolinguals had completed a university degree. To avoid any cultural
difference, they were recruited in the same city (Donostia-San Sebastian) and were non-immigrants.
Furthermore, based on self-ratings, they didn’t differ significantly in general, speaking and
comprehension abilities in Spanish (all ps >.6, see Table A.1 for detailed information), which was

the language in which they were spoken to and tested in during the whole process.

-- Table A.1 around here —

Materials

Experiment 1A. For the verbal Stroop task (which was a variation of the classic Stroop task;
Stroop, 1935), the names of the colors red, blue and yellow (“rojo”, “azul” and “amarillo” in
Spanish) and three pairwise-matched non-color words of a similar length, frequency and syllabic
structure (“ropa”, “avion” and “apellido”, translated as clothes, plane and surname, respectively)
were arranged to create the Congruent (a color name printed in the same color that it indicates, e.g.,
the word “rojo” in red), Incongruent (a color name printed in a different color, e.g., the word “rojo”
in blue) and Neutral Word (words that weren’t color names printed in the three colors, e.g., the
word “ropa” in red) conditions, and a Neutral Symbol (a string of dollar signs printed in the three

colors, e.g., “$$$$$” in red) condition was added to have a condition unaffected by language. Each

condition consisted in 24 trials, presenting each color the same amount of times, paired equally to

10
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every word in each condition. Each participant was presented with a total of 96 experimental trials,

and the trial presentation order was randomized across participants.

Experiment 1B. For the numerical Stroop task, 48 stimuli were created using eight digits (1, 2,
3,4, 6,7,8and 9). Each digit was presented the same number of times in each condition (4 times)
and in total (12 times). Each trial consisted in two digits (e.g., 1-6), one on the left side and another
one on the right side of the screen. Three conditions were created: 16 congruent trials (the larger
number in magnitude was also the bigger in size, e.g., small 1-big 6), 16 incongruent trials (the
larger number in magnitude was the smaller in size, e.g., big 1-small 6) and 16 neutral trials (two
same numbers different in size, e.g., big 1-small 1). In all the conditions “left” and “right” responses

were equally distributed.

Procedures
All the participants were tested in the BCBL facilities in Donostia-San Sebastian. The
experiment was run using DMDX (Forster & Forster, 2003) following the same procedure reported

by Dufiabeitia and colleagues (Dufiabeitia et al., 2014).

Experiment 1A. For the verbal Stroop task, verbal responses were collected through
Sennheisser PC151 headsets. Research assistants indicated to the participants that they had to name
the color of the ink in which the word on the screen was presented, as quickly and as accurately as
possible. They completed a short training phase that consisted of four trials, one per condition.
Immediately after this, the experiment began. They first saw a fixation mark for 250ms and then the
target word appeared on the screen for 3000 ms. All the strings were presented in uppercase Courier
New font on a black background, and the colors were set in the RGB-scale values as follows:
blue=0,0,255; red=255,0,0; yellow=255,255,0.

Experiment 1B. For the numerical Stroop, all the technical equipment and software used in
this experiment were identical to that reported for the verbal Stroop task. In this occasion,
participants were instructed to indicate with the keyboard which of the digits in each pair displayed
in the screen was bigger in size, by pressing “L” to indicate “right” side and “S” to indicate “left”
side of the screen. After instructions, they completed three practice trials (one per condition) and
feedback regarding their accuracy was provided. Immediately after the practice trials, the
experimental trials were presented in a random order for each participant. First, a fixation mark was
presented in the center of the screen for 300ms in order to capture participants’ attention. Next, the
visual display was presented until participants had responded to it or for a maximum of 3500ms. All

the digits were presented in Courier New black font on a white background, each digit of each pair

11
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on one side of the screen. The whole experimental session lasted around 5 minutes. The order of the

tasks was counterbalanced.

Results
Experiment 1A. For the verbal Stroop task, first latencies were analyzed. Reaction times
above and below 2.5 standard deviations from each participant’s mean in each condition (< 3.2% of
the data) were excluded from the analysis. With the remaining data a general ANOVA was run
including the factors Condition (Congruent, Incongruent, Neutral Words and Neutral Symbols) and
Group (Monolinguals and Bilinguals). In this general 4x2 ANOVA, we found a significant effect of
Condition [F(3, 136)= 66.88, p<.01] but neither the main effect of Group nor the interaction (all

Fs<1). All the descriptive values of conditions across groups are detailed in Table A.2.

- Table A.2 around here —

To explore all the possible venues in which differences could emerge, we also computed 2x2
ANOVAS to analyze the potential differences between the groups in the classic Stroop effect (i.e.,
Congruent vs. Incongruent conditions), incongruity effect (Neutral Word vs. Incongruent
conditions) and congruency effect (Neutral Word vs. Congruent conditions)*. We further tested
these differences with the Bayesian Null Hypothesis Testing (Rouder et al., 2009; Wetzels et al.,
2011), comparing bilinguals to monolinguals for every index (i.e., comparing the indices of Stroop,
congruency and incongruity of both groups) testing the H, of no differences against the H; that says
that bilinguals should have smaller indices than monolinguals (i.e., a test of the so-called bilingual
advantage) using Bayesian t-tests.

Stroop effect was significant [F(1, 46)= 114.95, p<.01] but there was no effect of Group nor
an interaction between them (all Fs<1), which was also supported by the Bayesian t-test (Bayesian

t-test of the index between groups: BF;> 5.55). The same pattern was obtained for the incongruity

' In order to explore the possibility that the bilingual advantage may be circumscribed to low-
educated bilinguals (cf. Gollan et al., 2011), a reanalysis of the data was done with the subset of
participants with the lowest educational level. To this end, the 9 bilinguals and 10 monolinguals that
had only completed primary school were selected, and the ANOVAs on the RT data failed to show
a significant effect of Group, nor an interaction between the two main factors [Fs<1]. The analysis
of each index reinforced this result, showing a sizeable Stroop effect [F(1,17)=55.40, p<.01], a
marginal incongruity effect [F(1,17)= 4.25, p<.06], and a significant congruency effect
[F(1,17)=46.12, p<.01], which did not interact with the factor Group [all Fs<1.55 and ps>.23]. The
analysis of the error rates mimicked these same results, with all the main effects of Group or
interactions with this factor resulting negligible [all Fs<1].
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effect, with significant main effect [F(1, 46)= 46.42, p<.01) with no effect of Group neither an
interaction (all Fs<1) and no differences between groups when the incongruity effect was compared
across groups using Bayesian approach (Bayesian t-test of the index between groups: BFy;>4.1).
Congruency effect was also significant [F(1, 46)= 30.29, p<.01] but neither the main effect of
Group nor the interaction was significant (all Fs<1), and the null hypothesis was supported by the
Bayesian t-test (Bayesian t-test of the index between groups: BFq;>5.04).

The error rate analysis also showed a quite similar pattern, first with a general 4x2 ANOVA
and then comparing each index separately by using both 2x2 ANOVAs and Bayesian Null
Hypothesis Testing between groups. A general 4x2 ANOVA showed a significant effect of
Condition [F(3, 138)= 8.15, p<.01] and no main effect of Group nor an interaction (Fs<1). In the
analysis of the Stroop index, we observed a main Condition effect [F(1, 46)=7.27, p<.02] but
neither the main effect of Group nor the interaction was significant (Fs<1), indicating no
differences in this index between groups (Bayesian t-test of the index between groups: BF;>3.48).
When the congruency effect was explored, we observed no effect of Condition, Group or an
interaction (all Fs<1), and Bayesian analysis comparing the index across group indicated that the
null was slightly more likely than the alternative hypothesis (Bayesian t-test of the index between
groups: BFy;>1.42). Finally, the analysis of the incongruity effect showed a main effect of
Condition [F(1, 46)=87.53, p<.01] but no main effect of Group or interaction (Fs<1), and a Bayes
factor analysis that favored the null hypothesis over the alternative (Bayesian t-test of the index

between groups: BF¢;>3.92).

Experiment 1B. The same rationale as in the previous task was followed in the analysis of the
numerical Stroop task results. In the latencies, responses above and below 2.5 standard deviations
from each participant’s mean in each condition (< 2.9% of the data) were excluded from the
analysis. After trimming, a general 3 x 2 ANOVA was run with the factors Condition (Congruent,
Incongruent and Neutral) and Language (Monolinguals and Bilinguals). Analysis showed only a
main effect of Condition [F(2, 92)= 35.07, p<.01, all other Fs<1]. See Table A.2 for detailed
information for each condition.

As in the previous task, we also explored the classic Stroop effect (i.e., Congruent vs.

Incongruent conditions), the incongruity effect (Neutral vs. Incongruent conditions) and the
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congruency effect (Neutral vs. Congruent conditions)? using both ANOVAs and Bayesian Null
Hypothesis Testing to compare the indices between groups. Stroop and incongruity effects showed
the same pattern, with strong Condition effects (all ps<.01) and no other main effect or interaction
(all Fs<1), while Bayesian analysis also showed that the Null Hypothesis of no differences was
more likely than the alternative one of smaller effects for bilinguals (BF,;>3.6 and BFy,>5.72 for
the Bayesian t-tests of the Stroop and incongruity effects, respectively). In the analysis of the
congruency effect we also found a main effect of Condition [F(1, 46)=7.25, p<.02], no effect of
Group (F<1) and no interaction [F(1, 46)=2.91, p>.1], but the results coming from the Bayesian
Null Hypothesis testing didn’t allow us to reach any conclusion (Bayesian t-test of the index
between groups: BF;>0.58).

In a similar vein, the general 3x2 ANOVA on the error rates indicated that there was a strong
effect of Condition [F(2, 92)=7.23, p<.01] but no Group effect nor an interaction (Fs<1). When the
indices were explored individually, we observed that the Stroop effect was significant [F(1, 46)=
8.00, p<.01] but no main effect of Group nor an interaction was found (all Fs<1), coherent with the
results from the Bayesian t-test (Bayesian t-test of the index between groups: BF¢;>3.48).
Incongruity effect analysis showed a significant effect of Condition [F(1, 46)= 6.67, p<.02) and no
effect of Group or interaction (all Fs<1), while Bayesian analysis supported the null hypothesis
(Bayesian t-test of the index between groups: BFy;,>3.92). When the congruency effect was
analyzed, neither the main effect of Condition [F(1, 46)= 1.00, p>.32], nor the main effect of Group
[F(1, 46)=1.00, p>.32] neither an interaction between them was found [F(1, 46)= 1.87, p>.18]; and
Bayesian factor analysis showed that the null hypothesis was slightly more likely than the
alternative one (Bayesian t-test of the index between groups: BF(;>1.42).

Interim conclusion
Results of the two tasks in this first experiment clearly show no differences between the
monolingual and the bilingual group in the critical measures of both inhibitory (Stroop effect) and

monitoring skills (overall reaction times). Importantly, the tasks worked as expected, replicating

2 As in Experiment 1A, a reanalysis was run on those participants who only completed the
obligatory primary school (9 bilinguals and 10 monolinguals). The ANOVAs on the RT data did not
show any significant effect of Group or an interaction between the two main factors [Fs<1.22 and
ps>.3]. The analysis of each index reinforced this result, showing a significant Stroop effect
[F(1,17)=10.50, p<.01], and a significant incongruity effect [F(1,17)= 9.42, p<.01]. The congruency
effect was not significant [F<1], and none of the interactions of these indices with the factor Group
resulted significant [all Fs<1.06, all ps>.31]. The analysis of the error rates mimicked these same
results, with all the main effects of Group or interactions with this factor resulting negligible [all
Fs<2.45, and ps>.14].

14



© 00 N o U B W N B

[ERN
o

11
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

previous findings on the main indices in both reaction times and error rates with significant and
strong Stroop effects, mainly due to an incongruity effect. Importantly, when carefully matched
monolinguals and bilinguals were compared using the conservative Bayesian approach, results
clearly favor the null hypothesis, indicating that the data is much more likely to be explained by the
hypothesis of “no differences” than by any other alternative model. Furthermore, the potential
impact of the educational level on the emergence of the so-called bilingual advantage was also
considered. While most of the participants tested were not highly educated, this was not the case for
all of them, and considering that the differential effects could be stronger in low-educated samples
(see Gollan et al., 2011), we ran an additional set of analyses including only the participants with
the lowest education levels and parallel results were obtained.

However, instead of a clear cut dichotomous distinction between monolinguals and bilinguals,
it might be the case that L2 proficiency modulates the effect. To investigate this potential
modulation, we conducted a second experiment using the same tasks with a different sample: a set
of bilingual participants who differ in L2 proficiency, ranking from a very limited knowledge to
perfectly fluent and balanced bilinguals.

Experiment 2A and 2B: Effect of L2 proficiency in executive control.
Method

Participants

70 Basque-Spanish bilingual seniors (45 females; mean age of 69.36, SD=4.40; age range =
61-81) were recruited from the same city from the Basque Country (Donostia-San Sebastian) and
were non-immigrants. All of them rated themselves as highly proficient in Spanish (average rating
in a 1-to-10 scale was 8.72; SD=1.08) while they showed as a group great variability in their
Basque General Proficiency, ranging from 1 (very poor level) to 10 (perfectly fluent), which was
also confirmed in the personal interviews guided by bilingual native speakers from the research
center. All of them had acquired their two languages before the age of 12 (see Table A.3 for
detailed information about participants’ profiles). None of them reported history of chronic
neuropsychological disorder(s) and all of them had normal or corrected-to-normal vision. All
participants signed the written informed consent form approved by the Ethics and Research
Committees of the Basque Center on Cognition, Brain and Language (BCBL), and they completed a
cognitive screening that included, as in Experiment 1, the Spanish version of the MMSE (Lobo et
al., 1979) and an abridged version of the Kaufman Brief Intelligence Test, K-BIT (Kaufman &

Kaufman, 1990). Also, these participants were recruited from every different educational strata: out
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of the 70 participants, 20 had only completed primary school, 7 had completed middle school, 12
had a professional training, 12 had completed high school, and 19 got a university degree.

-- Table A.3 around here --

Materials
Materials used for Experiments 2A and 2B were the exact same ones used in the Experiment

1A and 1B respectively.

Procedures
The procedure followed for the Experiments 2A and 2Bwas the same that we followed in the

Experiment 1A and 1B respectively.

Results
In this experiment we performed the same analysis used in Experiment 1, but instead of a
between-subject factor separating bilinguals from monolinguals in two groups, we considered
Basque General Proficiency as a covariate. This rating scale varied from 1 (very poor level of

Basque) to 10 (very fluent) among our 70 bilingual speakers (see Figures B.1 and B.2).

Experiment 2A. In the verbal Stroop task, reaction times above and below 2.5 standard
deviations from each participant’s mean in each condition (< 2.9% of the data) were excluded from
the analysis.

With the remaining latencies, a four way ANOVA (Condition: Congruent, Incongruent,
Neutral Symbol and Neutral Words) was conducted, showing a main effect of Condition [F(3,
207)=168.69, p<.01]. Paired t-tests showed that Stroop [t(69)=17.37, p<.01], incongruity [t(69)=-
10.33, p<.01] and congruency [t(69)=7.96, p<.01] effects were significant (see Table A.4 for
descriptive values).

After this general analysis of our bilingual participants, a four way ANCOVA was run
including the factor Condition (Congruent, Incongruent, Neutral Words and Neutral Symbols) and

using the Basque General Proficiency as covariate®. A significant effect of Condition [F(3, 204)=

* Considering previous findings that show a relation between the intelligence scores and the
different executive functioning tasks such as the Stroop task (Adelman, 2002; Arffa, 2007), we also
ran a four way ANCOVA including both Basque General Proficiency and 1Q percentile values
(obtained from the K-BIT) as covariates. Results show that there is a main effect of Condition [F(3,
201)=21.02, p<.01], 1Q [F(1, 67)=10.55, p<.01] and an interaction between them [F(3, 201)= 7.29,
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18.29, p<.01] was found, but the effect of Basque General Proficiency was not significant [F(Z,
68)=2.11, p>.15], and it didn’t interact with Condition (F<1).

We also explored each index separately by two-way ANCOVAS to see if there was any
modulation of the covariate in the effect. The classic Stroop effect (i.e., Congruent vs. Incongruent
conditions) was significant [F(1, 68)=29.49, p<.01] but the main effect of Basque General
Proficiency was not [F(1, 68)= 1.05, p>.31], and Basque General Proficiency did not modulate the
main effect of Condition (F<1). The incongruity effect (Neutral Word vs. Incongruent Conditions)
followed the same pattern, with main effect of Condition [F(1, 68)=16.74, p<.01], no effect of
Basque General Proficiency [F(1, 68)=2.06, p>.16] and no modulation of the Basque General
Proficiency in the main effect of Condition (F<1). Finally, the congruency effect (Neutral Word vs.
Congruent conditions) showed a marginal effect [F(1, 68)=2.96, p<.1], with no effect of Basque
General Proficiency [F(1, 68)=1.96, p>.17] nor an interaction between the two main effects [F(1,
68)=1.20, p>.28].

In the error rate analysis, the general four-way ANCOVA showed that none of the effects or
interactions were significant [all Fs<2 and ps>.17].

Considering that preceding studies have proposed the existence of a close relationship
between the educational level of the participants and their performance in Stroop-like tasks (see
Moering, Schinka, Mortimer, & Graves, 2004), and taking into account that the so-called bilingual
advantage has been claimed to depend on this factor (cf. Gollan et al., 2011), we decided to run an
additional analysis in order to shed light on this issue. A four-way ANCOVA was run including the
factor Condition (Congruent, Incongruent, Neutral Words and Neutral Symbols) and using the
Basque General Proficiency and Education (i.e., the age at which participants quit formal education)
as covariates. Results showed a significant main effect of Condition [F(3,201)=9.06, p<.01] and a
marginal effect of Education [F(1,67)=3.17, p=.08], with no effect of Basque General Proficiency
[F(1,67)=1.85, p>.18], nor an interaction between Condition and any of the covariates [all Fs<1].
When each index was explored independently in the corresponding set of two-way ANCOVAs, the

p<.01]. When looking at each index, analysis of the Stroop effect revealed a main effect of
Condition [F(1, 67)=48.86, p<.01], 1Q [F(1, 67)=4.86, p<.01] and an interaction between them
[F(1, 67)=15.25, p<.01] indicating that the Stroop effect was smaller for higher 1Q values (r=-0.44,
p<.01, n=70). We observe a similar pattern in the congruency effect, with a significant Condition
[F(1, 67)=19.08, p<.01] and IQ [F(1, 67)= 7.21, p<.01] effects as well as an interaction between
them [F(1, 67)= 18.16, p<.01] indicating that the congruency effect was smaller for higher 1Q scores
(r="-.47, p<.01, n=70). Finally, incongruity effect analysis revealed a main effect of Condition [F(1,
67)=7.27, p<.01] and 1Q [F(1, 67)= 15.19, p<.01] but no other effect was significant (all Fs<1).
Basque General Proficiency was not significant (all Fs<1, all ps>.33) for any of the indices, nor did
it interact with condition.
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Stroop effect (Congruent vs. Incongruent) resulted significant [F(1,67)=15.45, p<.01], but it was not
modulated by Basque General Proficiency or Education [Fs<1]. The main effects of Basque
General Proficiency and Education were not significant either [Fs(1,67)<2.6, ps>.11]. The
incongruity effect (Incongruent vs. Neutral Word) was significant [F(1,67)=8.71, p>.01], but it was
not modulated by Basque General Proficiency or Education [all Fs<1]. The main effect of
Education was marginal [F(1,67)=3.02, p=.09], but the effect of Basque General Proficiency was
negligible [F(1,67)=1.81, p>.18]. Finally, the congruency effect (Congruent vs. Neutral Word) was
not significant [F(1,67)=1.54, p>.22], and it was not modulated by Basque General Proficiency
[F(1,67)=1.14, p<.3] or Education [F<1]. The main effects of Basque General Proficiency and
Education were not significant [F(1,67)=1.73, p>.19 and F(1,67)=2.54, p>.12, respectively]. The
four-way ANCOVA run on the accuracy data showed that none of the effects or interactions was
significant (all Fs<1.8 and ps>.2). Altogether, the marginal main effects of Education that emerged
in the general ANCOVA showed that overall reaction times tended to be shorter for people with
higher educational level, but critically, this analysis demonstrated that Education did not modulate

any of the indices of interest.

To further check for any possible modulation of the indices as a function of the relevant
demographic data collected, different correlation analyses were run between the factors of interest
and the indices obtained (both for RTs and error rates). Crucially for the purposes of this study,
Basque General Proficiency did not correlate with the Stroop (r=.07, p>.58), incongruity (r=-.003,
p>.98) or congruency (r=.13, p>.28) indices in the RTs (see Figure B.1). The error rate analysis
showed the same pattern, and neither the Stroop (r=.04, p>.74), nor the congruency (r=-.05, p>.66)
and the incongruity (r=.06, p>.64) indices were correlated with the general proficiency that
participants had in Basque (Footnote 3).

- Figure B.1 around here -

Experiment 2B. Reaction times above and below 2.5 standard deviations from each
participant’s mean in each condition (< 3.2% of the data) of the numerical Stroop task were

excluded from the analysis. After trimming, a three way ANCOVA was run including the factor
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Condition (Congruent, Incongruent and Neutral) and Basque General Proficiency as a covariate*
(see Table A.4 for descriptives). The main effect of Condition was significant [F(2, 136)= 7.39,
p<.01], but Basque General Proficiency was not, and it did not interact with Condition either (all
Fs<1). Two-way ANCOVAS to account for each effect and its modulation by Basque General
Proficiency, if any, showed that both the Stroop [F(1, 68)=12.54, p>.01] and the congruency [F(1,
68)=7.81, p<.01] indices were significant but Basque General Proficiency and its interaction with
Condition were not (all Fs<1). The incongruity effect was not statistically significant [F(1,
68)=2.93, p<.1], and Basque General Proficiency was not and it did not interact with the Condition
effect (Fs<1).

- Table A.4 around here -

The general three-way ANCOVA run in error rates showed that neither Condition [F(2,

136)=.17, p>.84] nor Basque General Proficiency nor their interaction were significant (Fs<1).

As in the Experiment 1, the potential effect of Education (i.e., the age at which participants
quit formal education) was investigated in a three-way ANCOVA including Basque General
Proficiency and Education as covariates. The main effect of Condition [F(2,134)=5.40, p<.01] and
Education [F(1,64)=4.61, p<.04] resulted significant. Crucially, the effect of Condition did not
interact with any of the other factors [all Fs<1.5, all ps>.22], and the effect of Basque General
Proficiency was not significant [F<1]. The analysis of the Stroop effect showed significant effects
of Condition [F(1,67)=7.78, p<.01] and Education [F(1,67)=5.22, p<.03], with no other relevant
effects or interactions [all Fs<1]. Similarly, the analysis of the incongruity effect showed a main
effect of Condition [F(1,67)= 4.86, p<.04] and of Education [F(1,67)=4.52, p<.04], with no main

effect of Basque General Proficiency [F<1] or interaction between Condition and Basque General

* As in Experiment 2A, we ran a general ANCOVA including both Basque General Proficiency and
1Q percentile values as covariates. Condition [F(2, 134)=12.37, p<.01], 1Q [F(1, 67)=14.54, p<.01]
and the interaction between them [F(2, 134)= 6.08, p<.01] were significant. Exploring each index,
the analysis of the Stroop effect revealed a main effect of Condition [F(1, 67)=18.43, p<.01], 1Q
[F(1, 67)=16.50, p<.01] and an interaction [F(1, 67)=5.78, p<.02], showing that the Stroop effect
decreased as 1Q values increased (r=-0.28, p<.02, n=70). In the congruency effect we found a
significant 1Q effect [F(1, 67)= 10.89, p<.01], with no other significant main effects or interactions
(all Fs<2, all ps>.21). The incongruity effect analysis revealed a main effect of Condition [F(1,
67)=10.71, p<.01] and 1Q [F(1, 67)= 15.53, p<.01], as well as an interaction [F(1, 67)=8.04,
p<.01], indicating reduced incongruity effects for higher 1Q values (r=-.34, p<.01, n=70). Basque
General Proficiency was not significant in any of the analyses, nor did it interact with Condition (all
Fs<1 and ps>.53).
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Proficiency [F<1], neither between Condition and Education [F(1,67)=2.16, p<.15]. The analysis of
the congruency effect showed no main effect or interactions [all Fs<1.5 and ps>.24], except for a
marginal effect of Education [F(1,67)=3.8, p<.06]. The main effects of Education that consistently
emerged in these analyses showed that participants who quit formal education later were the ones
associated with faster reaction times in the different conditions. The three-way ANCOVA on the
accuracy data showed that none of the main effects or interactions were significant [all Fs<1].

Additionally, the possible relationship between the demographic variables of interest and
the indices measured in this Numerical Stroop task was explored in a correlation analysis. Crucially
for the hypothesis explored in this study, we observed that the Stroop (r=.03, p>.8), congruency (r=-
.1, p>.41) and incongruity (r=.08, p>.5) indices were not correlated with the General Basque
Proficiency in the RT analysis (see Figure B.2). A similar pattern was observed for the error rates,
with none of the indices being correlated with the general proficiency that participants had in

Basque (Stroop: r=.13, p>.30; congruency: r=.10, p>.40; incongruity: r=.09, p>.44; Footnote 4).

- Figure B.2 around here -

Interim Conclusion
In this experiment we obtained significant and strong Stroop effects in the latency analysis of
both tasks, mainly due to the incongruity effects. However, when the impact of Basque General
Proficiency in the different indices was analyzed, and even when the variance provided by factors
such as 1Q or Educational Level was controlled for, the ANCOVAs showed no significant effect of
participants’ knowledge of a second language neither a modulation of the main indices based on the

this knowledge, as measured by their Basque General Proficiency.

General Discussion

In the current study, we analyzed the effects derived from lifelong bilingualism in domain-
general cognitive abilities related to inhibitory control and monitoring skills in samples of elderly
bilinguals and monolinguals. In Experiments 1A and 1B, we compared monolingual Spanish-
speaking old adults and elderly Spanish-Basque bilinguals who have been immersed in a bilingual
society and who have used their two languages during the vast majority of their lives on a daily
basis. All of them were non-immigrants coming from the same city and did not differ in any of the
demographic factors nor in the linguistic skills in Spanish (the language that both groups shared and
the language in which they were tested). These participants were presumably in a declining process
of their cognitive abilities due to normal aging, although their cognitive functioning was at normal

levels according to the scores obtained in the Mini Mental State Examination (MMSE, see Folstein,
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Folstein & McHugh, 1975; i.e., all participants scored above 26 in Experiment 1 (Median = 29.5),
and above 24 in Experiment 2 (Median = 29). These bilinguals were tentatively selected as a good
test case to explore any enhancing effect that bilingualism may have in the inhibitory control and
monitoring skills, because they have been exposed to lifelong bilingualism and they are not at their
peak cognitive abilities. The results unambiguously demonstrated a complete absence of differences
between lifelong bilingual seniors and their monolingual peers either in monitoring abilities (which
would have been reflected in overall faster reaction times) or in inhibitory skills (which would have
been shown by reduced conflict or Stroop effects). Importantly, when the same hypotheses were
tested only in the subsets of seniors with the lowest educational levels following Gollan et al.’s
(2011) rationale, the same results were replicated, demonstrating that the lack of a bilingual
advantage does not circumscribe to certain levels of education.

In Experiments 2A and 2B, a different approach was taken in order to delve into this same
issue, this time testing a large group of bilinguals that differed in their L2 proficiency, ranging from
a clearly low knowledge of the second language to perfectly fluent and balanced bilinguals. If
bilingualism has any impact in cognitive functioning, then this impact should be modulated by the
degree of knowledge of the second language, and thus the effects obtained in both tasks should
show a significant correlation with seniors” L2 proficiency. Preceding research on this issue has
failed at providing a consistent picture. Thus, to the best of our knowledge, the current study is the
first one that aimed at checking for any possible modulation of bilingual seniors’ inhibitory
capacities by their degree of mastery of an L2 along a continuum, keeping all the other factors
static. The 70 seniors tested in the second group of experiments came from the same city and all of
them had acquired their second language before the age of 12, meaning that, despite individual
differences in their use of the languages, the general degree of exposure to the languages in social
contexts could be considered as highly homogeneous. The results from the ANCOVAs and
correlations demonstrated that, regardless of their L2 proficiency participants showed comparable
inhibitory skills (as measured by the Stroop effects), thus extending and qualifying earlier evidence
obtained from younger bilinguals who did not show a significant relationship between L2

proficiency and the size of inhibitory control measures.

When the ANCOVASs were run including the 1Q percentiles obtained from the K-BIT as a
covariate, we replicated previous findings showing that the Stroop indices are reduced for higher 1Q
values (see Adelman, 2002; Arffa, 2007), but still we observed no main effect of Basque General
Proficiency, nor an interaction of it with any of the indices. Similarly, when additional ANCOVAs

were run including Education as a covariate, these same results were replicated. Participants’
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performance in the Stroop task improved as a function of Education (see also Houx, Jolles, &
Vreeling, 1993; Moering, Schinka, Mortimer, & Graves, 2004; Van der Elst, Van Boxtel, Van
Breukelen, & Jolles, 2006), but no effect of Basque General Proficiency was found, nor an
interaction between Basque General Proficiency and any of the indices of interest.

Hence, the current results demonstrate that when the hypothesis of a potential modulation of
inhibitory skills as a function of increased L2 proficiency is tested with lifelong elderly, no
significant difference in their executive functions was observed as a function of their L2 knowledge.

The results found here add to the growing body of evidence that is gaining strength in the last
several years and that suggest that the bilingual advantage in executive functioning (and explicitly
in inhibitory and monitoring abilities) is actually non-existent. Different arguments have been used
to reconcile the failures to obtain bilingual advantages. The absence of evidence favoring the
bilingual advantage in young adults (Bialystok, Martin, & Viswanathan, 2005) has been argued to
be a consequence of the ceiling effects that cognitive skills might feature in those ages; and
therefore it might be captured easier in children. However, this has not been the case when
contrasting a large sample of monolingual and bilingual children (Dufiabeitia et al., 2014; Anton et
al., 2014, Gathercole et al., 2014). In turn, this absence of evidence of an enhancement of general
executive functioning in young children could also be argued to be due to the lack of enough
exposure to bilingualism, meaning that these bilinguals have not undergone sufficient training in
their lives. Consequently, it has been argued that the so-called bilingual advantage might emerge in
later stages of life, given that the benefits of lifelong bilingualism could be better observed in
samples of seniors whose cognitive skills are presumably declining. Nonetheless, here we
demonstrated that in our elderly bilingual sample the bilingual advantage is absent. Furthermore, it
is worth noting that our data is not the only one showing unambiguously that there are no
differences in executive functioning between elderly monolinguals and bilinguals (Kirk et al., 2014;
Kousaie & Phillips, 2012; de Bruin, Bak & Della Sala, 2015).

However, we acknowledge that the present results should be considered with cautiousness,
and although our data show that bilingualism does not enhance executive functioning in the elderly,
benefits derived from bilingualism in other domains should not be overlooked or disregarded, like
the obvious benefits in terms of social and communicational skills. Nowadays, other potential
paybacks of bilingualism at non-linguistic levels are also under debate, such as its neuro-protective
value regarding the delay in the emergence of the symptoms of certain types of dementias (see
Bialystok, Craik, & Freedman, 2007; Alban-Gonzalez & Ortega-Campoverde, 2014). While some

researchers do not support this potential consequence of bilingualism when the characteristics of the
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samples are carefully controlled for (see Chertkow et al., 2010; Lawton, Gasquoine, & Weimer,
2015), others report significant results even in carefully matched groups (see Alladi et al., 2013;
Woumans et al., 2015). However, as correctly stated by Paap, Johnson and Sawi (2015b), the most
compelling pieces of evidence at this regard may come from longitudinal studies following cohorts
of individuals, and most of these studies yielded non-significant differences, or even monolingual-
favoring trends (e.g., Crane et al., 2009; Lawton, Gasquoine, & Weimer, 2015; Sanders, Hall, Katz,
& Lipton, 2012; Yeung, St. John, Menec, & Tyas, 2014; Zahodne, Schofield, Farrell, Stern, &
Manly, 2014), while only one presented evidence in favor of a bilingual advantage at this level of
analysis (Wilson et al., 2014).

The vast majority of research exploring the so-called bilingual advantage focuses on group
comparisons, but conclusions from this type of experimental designs are always to be taken with
caution, because despite all the effort put in matching samples, one might consider that dozens of
factors can still play a role when the main comparison of interest is done based on a non-randomly
distributed variable, i.e., bilingualism. In our present study investigating Basque-Spanish bilinguals
and Spanish monolinguals, one could argue that Basque speakers represent a cultural minority with
a different social and historical background from those of Spanish monolinguals. However, it is
important to mention at this regard that our participants come from the same city and that they are
not immigrants, thus sharing cultural and historical background to a great extent, and being as
comparable as a between-subjects design allows for (Experiment 1). Furthermore, in an attempt to
reduce the potential impact of uncontrolled between-groups factors, a second series of experiments
were run considering the proficiency in the second language as a continuum in a sample of bilingual
individuals (Experiment 2). Nonetheless, we acknowledge that other alternative approaches should
be also favored. As suggested by Paap, Johnson and Sawi (2015b) and Dufiabeitia and Carreiras
(2015), it would be worth exploring how a wide range of cognitive skills (including executive
functioning) changes before and after the acquisition of a language in the same group of individuals,
following a longitudinal approach. According to recent evidence, it could be tentatively predicted
that in case of the emergence of a difference (i.e., a bilingual advantage), this would be most clearly
seen during the first years of immersion in an L2 context (see Heidlmayr, Moutier, Hemforth,
Courtin, Tanzmeister, & Isel, 2014).

Conclusions
If we consider the evidence presented here together with the other published results showing
no bilingual advantage in young children when critical confounding factors are controlled for, the

argument that the ceiling effect of cognitive abilities is responsible for the lack of bilingual
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advantage in young adulthood is weakened. If that was the case, the advantage would be elusive in
young adulthood but strong in children and the elderly. In addition, the present data (and in other
studies cited above) showing no benefits of lifelong bilingualism weakens the hypothesis that there
were no evident differences in children because lifelong exposure to bilingualism is needed to
achieve that boosting effect in executive functioning. Thus, the evidence we collected in the present
study adds to the growing body of evidence showing a comprehensive picture indicating that a
bilingual advantage in tasks measuring executive control in any segment of the population is very
likely to be produced by uncontrolled non-linguistic factors, rather than by the critical between-
group difference of being bilingual or monolingual. As recently suggested, when those factors are
controlled for and participant groups are carefully matched, no significant differences are captured
between monolinguals and bilinguals in their performance in tasks tapping into inhibition and
monitoring abilities (Paap, Johnson & Sawi, 2015a, 2015b). In fact, we failed to find any signs of a
bilingual advantage in samples of carefully selected lifelong non-immigrant native bilingual seniors
with different degrees of proficiency that live in a bilingual society, when their performance is
compared with that of a group of carefully matched monolingual seniors. Hence, we conclude that
lifelong bilingualism does not represent any specific benefit in executive functions in healthy
elderly (see also Hilchey, Saint-Aubin, & Klein, 2015).
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Appendix A: Tables
Table A.1. Characteristics of the samples of monolingual and bilingual seniors tested in
Experiments 1A and 1B. Mean values for each group are displayed with standard deviations

between brackets. T-tests report independent sample t-tests comparisons’ results.

Monolinguals Bilinguals p value

Chronological
68.75 (4.62) 69.38 (4.59) 0.64
age (years)

Education (age) 15.58 (3.15) 16.17 (3.86) 0.57
MMSE (raw
score)

General 1Q

(percentile)

29.13 (0.99) 29.17 (1.17) 0.89

59.67 (31.27) 65.33 (29.25)  0.52

Spanish general 854 (1.02) 867 (1.17) 0.69

Spanish speaking 8.67 (1.05) 854 (1.06)  0.68

Spanish
] 875 (0.9) 879 (1.06) 0.88
comprehension

Basque general -- -- 8.04 (0.95) -
Basque speaking -- -- 8.13 (1.08) -
Basque

- - 8.29 (1.37) --

comprehension




1  Table A.2. Mean latencies for correct responses and error rates in all conditions for the tasks tested
2 in Experiments 1A and 1B for the monolingual and bilingual groups of seniors. Reaction times are
3 showed in milliseconds with standard deviations between brackets. Errors are showed in
4  percentages with standard deviations between brackets.
5
Verbal Stroop task (mean RTs) Numerical Stroop task (Mean RTs)
Monolinguals Bilinguals Monolinguals Bilinguals
Congruent 772 (217) 787  (167) 615 (133.2) 608  (111)
Incongruent 1017  (202) 1001 (176) 693  (153) 684  (133)
. Neutral Word 901 (185) 892 (131) 621  (125) 631 (111)
Conditions
Neutral
791 (144) 780 (105) -- -- -- --
Symbol
Total 871  (167) 865  (130) 643  (131) 641  (114)
Stroop 246 (167) 213 (128) 77 (86) 76 (60)
Effects Congruency 129 (164) 104 (128) 5 (37) 24 (38)
Incongruity ~ -117  (104) -109  (125) 72 (90) -52 (73)
6
Verbal Stroop task (mean error rates)  Numerical Stroop task (mean error rates)
Monolinguals Bilinguals Monolinguals Bilinguals
Congruent  0.52 (1.41) 0.87 (1.73) 0 0) 0.26  (1.28)
Incongruent  2.26  (4.07) 295 (5.83) 2.08 (5.43) 234 (4.81)
Neutral Word  0.69  (2.01) 0.69 (2.01) 0 0) 052 (1.76)
Conditions Neutral
0.35 (1.18) 0.17 (0.85) -- -- -- --
Symbol
Total 0.95 (1.53) 1.17  (2.09) 0.69 (1.81) 1.04 (194
Stroop 1.74 (4.06) 2.08 (5.63) 2.08 (5.43) 2.08 (4.76)
Effects  Congruency 0.17  (2.6) -0.17  (2.29) 0 0) 0.26 (5.04)
Incongruity -1.56 (2.96) -2.26  (4.91) -2.08 (543 -1.82  (1.28)
7
8
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Table A.3. Characteristics of the sample of bilingual seniors tested in Experiments 2A and 2B.

Mean values are displayed with standard deviation between brackets.

Bilinguals
Chronological age
69.36 (4.4)
(years)
Education (age) 1771 (4.71)
MMSE (raw score) 29 (1.3)
General 1Q
) 70 (29.65)
(percentile)
Spanish general 8.72  (1.08)
Spanish speaking 8.65 (1.07)
Spanish
) 8.99 (0.99)
comprehension
Basque general 6.49 (2.4)
Basque speaking 6.7 (2.62)
Basque
7.23 (2.13)

comprehension

Table A.4. Mean latencies and error rates for the bilinguals seniors tested in Experiments 2A and

2B. Reaction times are presented in milliseconds and error rates in percentages. Standard deviations

are displayed between parentheses.

Verbal Stroop task

Numerical Stroop task

Reaction Times

Error Rates

Reaction Times

Error Rates

Congruent 789 (145) 0.42 (1.26) 598 (103) 0.45 (1.62)

Incongruent 1011 (174 2.14 (442 671 (117) 1.79 (4.00)

Conditions  Neutral Word 891 (140) 0.36 (1.37) 621 (100) 0.27 (1.28)
Neutral Symbol 765 (104) 0.18 (0.85) - - - -

Total 864  (128) 0.77 (1.46) 630  (103) 0.83 (1.60)

Stroop 223 (107) 1.726 (4.29) 73 (56) 1.340 (4.37)

ffects Incongruity -120 (98) -1.79 (4.11) -50 (61) -1.52 (3.90)
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Congruency

103

(108)

-0.06

(1.66)

24

(34)

-0.18

(1.83)
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Appendix B: Figures

Figure B.1: Correlations in the verbal Stroop task. Correlations between Stroop (Incongruent-

Congruent), congruency (Neutral Words-Congruent) and incongruity (Neutral Words-Incongruent)

indices in latencies (in the vertical axis, indicated as the difference between conditions in

milliseconds) and General Basque Proficiency (in the horizontal axis, from 1 to 10) for the

Experiment 2A (verbal Stroop task). R*value is indicated in each graph.
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Figure B.2: Correlations in the numerical Stroop task. Correlations between Stroop

(Incongruent-Congruent), congruency (Neutral-Congruent) and incongruity (Neutral-Incongruent)

indices in latencies (in the vertical axis, indicated as the difference between conditions in

milliseconds) and General Basque Proficiency (in the horizontal axis, from 1 to 10) for the

Experiment 2B (numerical Stroop task). R?value is indicated in each graph.
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