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Several studies have suggested a bilingual advantage in executive functions, presumably due
to bilinguals’ massive practice with language switching that requires executive resources,
but the results are still somewhat controversial. Previous studies are also plagued by the
inherent limitations of a natural groups design where the participant groups are bound to differ
in many ways in addition to the variable used to classify them. In an attempt to introduce a
complementary analysis approach, we employed multiple regression to study whether the
performance of 30- to 75-yearold Finnish-Swedish bilinguals (N = 38) on tasks measuring different
executive functions (inhibition, updating, and set shifting) could be predicted by the frequency
of language switches in everyday life (as measured by a language switching questionnaire), L2
age of acquisition, or by the self-estimated degree of use of both languages in everyday life.
Most consistent effects were found for the set shifting task where a higher rate of everyday
language switches was related to a smaller mixing cost in errors. Mixing cost is thought to
reflect top-down management of competing task sets, thus resembling the bilingual situation
where decisions of which language to use has to be made in each conversation. These findings
provide additional support to the idea that some executive functions in bilinguals are affected
by a lifelong experience in language switching and, perhaps even more importantly, suggest a

complementary approach to the study of this issue.
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INTRODUCTION
Executive functions is a broad, still somewhat undefined, concept
that involves abilities that make independent, purposive, self-serv-
ing, and socially responsible behavior possible (Lezak, 1995). In
an attempt to categorize the available concepts and measures in a
coherent fashion, Miyake and his colleagues investigated the psycho-
metric relationships between tasks that are commonly used to assess
executive functions (Miyake et al., 2000; Friedman and Miyake,
2004; Friedman et al., 2006). Their findings suggest the existence
of three major, separable executive functions: the “inhibition” of
unwanted responses, the “shifting” between tasks and mental sets
(also called “flexibility”), and the “updating” (and monitoring of)
working memory (WM) representations. Research during the last
three decades has suggested that bilingualism can enhance certain
executive functions (for a review see, e.g., Bialystok, 2009).
Several studies comparing groups of monolingual vs. bilingual
individuals (both children and adults) have shown a bilingual
advantage in executive functions, particularly in the ability to inhibit
irrelevant information (Bialystok and Majumder, 1998; Bialystok,
1999; Bialystok and Martin, 2004; Bialystok et al., 2004, 2006b,
2008; Carlson and Meltzoff, 2008; Costa et al., 2008; Bialystok and
Viswanathan, 2009; Soveri et al., 2011). Bilingual advantages have
also been reported in the ability to efficiently process a mix of dif-

ferent types of trials that either require or do not require inhibi-
tion of conflicting information (Bialystok et al., 2006b; Bialystok
and Viswanathan, 2009; Costa et al., 2009; see also Martin-Rhee
and Bialystok, 2008). Moreover, bilinguals have been reported to
excel monolinguals in their ability to store information in WM
(Bialystok et al., 2004).

The bilingual advantage in executive functions is thought to
stem from the fact that managing two languages requires execu-
tive resources in the form of selection of the relevant language and
inhibition of the language not in use at that moment (Green, 1998;
Meuter and Allport, 1999; Rodriguez-Fornells et al., 2006; Abutalebi
and Green, 2007; Moreno et al., 2008; Bialystok et al., 2009; Ye and
Zhou, 2009). Since bilinguals have a lifelong experience in control-
ling their two languages, they should have received more practice
than monolinguals in processes that engage executive functions.
This idea is supported by previous studies suggesting that earlier
second language (L2) acquisition, higher levels of language profi-
ciency in both languages, and a more balanced use of both languages
may have positive effects on executive performance in bilinguals
(e.g., Bialystok et al., 2006a; Carlson and Meltzoft, 2008). Further,
Costa et al. (2009) hypothesized that the bilingual advantage in
executive functions may be related to the degree to which the bilin-
gual uses both languages in conversations in everyday life. Bilinguals
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who tend to mix languages throughout the day may receive more
practice in monitoring processes (in terms of selecting which lan-
guage to use) and therefore show better executive performance than
bilinguals from diglossic sociolinguistic environments where the
languages are held separate. Albeit speculative, these considerations
highlight the need to relate specific aspects of everyday bilingual
behavior to performance on executive test measures.

The exact mechanisms underlying the bilingual executive advan-
tage are not clear. Costa et al. (2009) suggested that the bilingual
advantage in inhibition tasks may be caused by the bilinguals having
to inhibit the language not in use at a given moment, while their more
efficient processing of a mix of different types of trials may stem from
the fact that bilinguals constantly need to keep track of both languages
in order to select the appropriate language for the situation (see also
Bialystok etal.,2009). Further, Colzato et al. (2008) suggested that the
bilingual advantage is related to reactive inhibition, a process caused
by facilitation of the relevant information in a conflict resolution
situation, and not to active inhibition, a process in which irrelevant
information is actively inhibited. Colzato et al. (2008) proposed that
the bilingual advantage in executive functions is not a result of con-
stantly inhibiting the irrelevant language, but of better selection of the
relevant language from the competing irrelevant language.

Although the possible bilingual advantage in executive func-
tions has been assessed in several studies, the research field has
solely relied on quasi-experimental designs where bilinguals are
compared to monolinguals. Such designs lack the key component
of experimental designs which is the randomization of participants
into the different groups. As a consequence, it is hard to rule out
the role of possible confounding factors that may covary with the
variable of interest, i.e., language background.

The present study was an attempt to introduce a complementary
analysis approach to study the bilingual advantage in executive
functions and its underlying mechanisms. We employed multi-
ple regression in a sample of bilingual Finnish-Swedish adults to
investigate whether interindividual differences in five bilingual-
ism-related background factors (language switching, contextual
switches, unintended switches, use of both languages in everyday
life, and age of L2 acquisition) would be related to the partici-
pants’ performance on tasks measuring three executive functions
(inhibition, updating, and set shifting; see Miyake et al., 2000).
To measure our bilinguals’ everyday language switching tenden-
cies, we employed a Bilingual Switching Questionnaire (BSWQ;
Rodriguez-Fornells et al., submitted). We hypothesized that if the
proposed bilingual executive advantage indeed stems from practice
in language control, i.e., selecting the target language and/or inhib-
iting the non-target language, the frequency of behaviors calling for
such cognitive processes should correlate with executive measures.

MATERIALS AND METHODS

PARTICIPANTS

The present study employed 38 (12 men; 26 women) neurologi-
cally healthy, right-handed Finnish—Swedish bilinguals between
30 and 75 years of age (M = 52.84, SD = 14.96; Table 1). On the
average, they were quite highly educated (M = 15.45 years of
education, SD = 4.14)'. All participants were early simultaneous

'The participants in the present study were partly the same as in Soveri et al. (2011).

bilinguals, i.e., they had learned both languages before the age of
7 (Swedish: M = 3.08 years of age, SD = 1.74, Finnish: M = 2.78,
SD = 1.56) and since then used both languages throughout their
lives. To ensure that they had balanced skills in both of their lan-
guages, they were asked to grade their language skills in Finnish
and Swedish on a scale from 0 to 6, where 0 corresponded to no
skills in that particular language and 6 to skills at a native level
(Table 2). There was no significant difference between their Finnish
and Swedish speaking skills, reading skills, writing skills, or speech
comprehension skills [in all cases, #(37) < 1].

TASKS AND QUESTIONNAIRES

The Simon task

The first measure of inhibition that we employed was the Simon
task (Simon and Rudell, 1967). This task has been suggested to
tap both reactive and active inhibition (Colzato et al., 2008) and
several studies have shown a bilingual advantage on this task
(Bialystok et al., 2004, 2008; Martin-Rhee and Bialystok, 2008;
but see Morton and Harper, 2007; Namazi and Thordardottir,
2010). In this task, a blue or a red square appeared on either the
left or the right side of the screen. The participants were to push
the left button each time a blue square appeared and the right
button each time a red square appeared, irrespective of which side
the square was presented on. On congruent trials, the response
button was on the same side as the square and on incongruent
trials, the square was on the opposite side of the response but-
ton, i.e., the irrelevant spatial information was conflicting with
the correct response.

Table 1| Demographics and scores on the BSWQ subscales.

M SD Range
Age in years 52.8 15.0 30-75
Years of education 15.5 4.1 8-25
Everyday use of both languages in % 36.5 29.7 0-90
Age of L2 acquisition in years 4.0 1.6 1-6
BSWQ: language switching (6-30 pts) 14.1 3.0 8-19
BSWQ: contextual switches (3-15 pts) 7.8 2.7 3-13
BSWQ: unintended switches (3-15 pts) 6.0 2.0 3-10

Table 2 | Summary of the participants’ estimations of their language
skills.

Language M SD
FINNISH

Speaking 5.68 0.47
Reading 5.74 0.60
Writing 5.39 0.72
Speech comprehension 5.82 0.39
SWEDISH

Speaking 5.71 0.62
Reading 5.74 0.60
Writing 5.32 0.96

Speech comprehension 5.82 0.39
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The present task version included 100 trials of which half were
congruent and half incongruent. The presentation order of the
trials was randomized separately for each subject. The trials were
divided into four blocks with a 5-s break in-between. Before starting
the actual test, every subject received a practice sequence. Each trial
began with a fixation cross at the center of the computer screen.
The cross remained on the screen for 800 ms after which it van-
ished and there was a 250-ms blank interval. The blank interval
was followed by a square (either red or blue) which remained on
the screen for 1000 ms if no response was given. After the square
vanished, the screen was blank for 500 ms. The differences in RTs
and error rates between the incongruent and congruent trials (the
Simon effect) were used as the dependent measures on this task.
These variables reflect the extra processing cost of having to inhibit
the incompatible spatial location of the stimulus?.

The Flanker task

The other measure of inhibition that we used was the Flanker task
(adapted from Eriksen and Eriksen, 1974). A bilingual advantage
has previously been found on a modified version of this task (Costa
etal.,2008,2009).In the present task version, five black arrows were
presented in a horizontal line at the center of the screen. The task
was to decide in which direction the arrow in the middle was point-
ing, irrespective of the direction of the other arrows (the flankers).
On congruent trials, all the arrows pointed in the same direction
and on incongruent trials, the flankers pointed in a different direc-
tion than the arrow in the middle.

The present task consisted of 50 congruent trials and 50 incon-
gruent trials. The presentation order of the trials was randomized
separately for each subject. The trials were divided into two blocks
with a 5-s break in-between. Before starting the actual test, the
participant received a practice sequence. Each trial began with a
fixation cross at the center of the screen. The cross vanished after
800 ms and five arrows appeared in a horizontal line. The arrows
remained on the screen for 800 ms if no response was given. This
was followed by a blank interval of 500 ms. The dependent measures
on this task were the differences in RTs and error rates between
incongruent and congruent trials (the Flanker effect). The differ-
ence variables are measures of the extra processing cost caused by
inhibiting the conflicting flanker arrows.

The spatial N-back task

Working memory updating was measured by a visuospatial version
of the N-back task (adapted from Carlsson et al., 1998). N-back
tasks have not been employed in previous bilingual research, but a
study by Bialystok et al. (2004) indicated a smaller WM load effect
in bilinguals in a modified Simon task. In the N-back task used
in the present study, a white square was presented in one of eight
possible locations on the screen. The participant was to remember
the location of the previous square (1-back) or the one before the
previous square (2-back).

*We also calculated the so-called Gratton effect (Gratton et al., 1992) that reflects
the effect of the previous trial type (its compatibility with the current trial type) on
performance on the current trial. Two measures were calculated: (a) the difference
between incongruent to congruent and congruent to congruent trials, and (b) the dif-
ference between congruent to incongruent and incongruent to incongruent trials. The
multiple regression models were, however, not significant for either of these variables.

The task used in the present study consisted of 80 one-back
trials and 80 two-back trials. The trials were divided into two
blocks with 80 trials each and with a 15-s break in-between. Each
block consisted of four sequences of 20 trials: two sequences
with 1-back trials and two sequences with 2-back trials. Each
sequence included 6 targets and 14 non-targets. The order of
the sequences was 1-back, 2-back, 2-back, 1-back within the
first block, and 2-back, 1-back, 1-back, 2-back within the second
block. The presentation order of the trials was pseudorandomized.
Before the actual task, the participant was requested to complete
a practice sequence.

In the 1-back task, the participant pressed one of the two
response buttons: the right one each time the square appeared
in the same location as the previous square and the left one each
time the location was different. On the 2-back task, the participant
was asked to press the right button each time the square was in the
same location as the square two trials back and the left button if
the location was different. In the beginning of each sequence, the
number “1” or “2” appeared at the center of the screen. Number “1”
indicated a 1-back sequence and number “2”a 2-back sequence. The
number remained on the screen for 5000 ms and was then replaced
by a fixation cross in the middle of the screen and a square in one
of eight possible locations. The square remained on the screen for
100 ms. A new square appeared 3000 ms after the previous square
had disappeared, irrespective of whether a response was given or
not. The RT and error rate differences between 2-back and 1-back
trials (N-back effect) were used as dependent variables, and reflect
the cost of managing the increased demands on updating.

The number-letter task

Shifting abilities were assessed with the Number—letter task (adapted
from Rogers and Monsell, 1995). This particular task has not been
used in previous bilingualism research. In this task, a number—letter
combination (e.g., 3A) appeared in one of two squares at the center
of the screen. The task was to either determine if the number was
even or odd or if the letter was a vowel or a consonant, depending on
in which square the number—letter pair appeared. The squares thus
served as cues for which task to perform. Each time the number—
letter combination was in the upper box, the task was to determine
the number and each time it appeared in the lower box, the task
was to determine the letter.

The trials were divided into three different blocks with short
breaks in-between. The first two blocks, with 32 trials in each, were
single-task blocks, in which the number—letter combination was
in the same square on all trials and no task switching was required
(Block 1: in the upper square; Block 2: in the lower square). The
third block was a mixed-tasks block with 32 switching trials and
48 repetition trials (the task was the same as in the previous trial).
The 48 repetition trials included 24 trials in which the participant
was asked to decide if the number was even or odd, and 24 trials
where the participant was to decide if the letter was a vowel or a
consonant. The task switching was unpredictable for the subject,
as the number—letter combination appeared in the two squares
randomly. The left button was to be pressed each time the number
was even or the letter was a vowel, and the right button each time
the number was odd or the letter was a consonant. Each block was
preceded by a practice sequence.
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Each trial began with a 150-ms blank interval, after which a
fixation cross appeared at the center of the screen. After 300 ms,
two small boxes appeared above each other at the center of the
screen, with a number-letter combination in one of the boxes.
The stimuli remained on the screen for 3000 ms if no response
was given. There were two dependent measures for both RTs and
error rates on this task. The first one was the switching cost that
was defined as the performance difference between the repetition
trials and switching trials in the mixed-tasks block. This reflects
the cost of a temporary change in task sets. The second dependent
variable was the mixing cost that was the performance difference
on the single-task trials vs. the repetition trials in the mixed-tasks
block. This reflects the cost of maintenance of attentional control
in a context where two task sets are active.

The Bilingual Switching Questionnaire

All participants completed a Swedish translation of the BSWQ, a
survey instrument developed by Rodriguez-Fornells et al. (sub-
mitted) for the study of individual differences in natural language
switching. The questionnaire included 12 questions representing
four subscales: (a) Tendencies to switch from Swedish to Finnish
(e.g., “When I do not find a word in Swedish, I immediately tend
to produce it in Finnish”), (b) Tendencies to switch from Finnish
to Swedish (e.g., “When I do not find a word in Finnish, [ immedi-
ately tend to produce it in Swedish”), (c) Contextual switches (e.g.,
“There are situations in which I always switch between languages”),
and (d) Unintended switches (e.g., “It is difficult for me to control
the language switches I make during a conversation (e.g., from
Swedish to Finnish)”). The participants responded on a 5-point
scale varying from never (1) to always (5). The construction and
psychometric assessment of the original BSWQ and its four sub-
scales on a large sample of bilingual Spanish—Catalan speakers is
described in Rodriguez-Fornells et al. (submitted). Their paper also
includes the original questionnaire and its translation in English.

Three measures from the BSWQ were used in the multiple
regression analyses: language switching, contextual switches, and
unintended switches. The language switching variable was created
by adding up the points on the first two subscales (Tendencies to
switch from Swedish to Finnish; Tendencies to switch from Finnish
to Swedish).

Our hypotheses concerning the measures from the BSWQ
were as follows. Regarding the language switching and contextual
switches subscales, we predicted that the more a person switches
languages in everyday life (a higher score on a subscale), the bet-
ter the performance (a smaller processing cost) should be on the
executive tasks, if the bilingual advantage in executive functioning
stems from a lifelong experience in language switching. In contrast,
one would not expect to find such a correlation between executive
measures and unintended switches, as they may reflect temporary
processes that induce lapses of attention.

Other background tests and questionnaires

All participants were asked to give their written informed consent
and to fill out the Edinburgh Handedness Inventory (Oldfield,
1971). They also completed a background information sheet
probing their date of birth, education, occupation, vision, hearing,
possible reading difficulties, possible neurological and psychiatric

illnesses, medication, subjective level of alertness, and possible
alcohol intake during the 24-h period preceding the testing. The
participants were also asked to fill out a questionnaire concerning
their language background and language skills. In this question-
naire, the participants were asked about their age of L2 acquisition,
the languages they had used in written and spoken form during the
last 3 years, and the frequency (in percent) with which they had
used each language in everyday life. In order to obtain a measure
of the everyday use of both languages, the percentage of the less
frequently used language was subtracted from the percentage of
the more frequently used language.

STATISTICAL ANALYSES

Multiple linear regression analyses were conducted for the pro-
cessing cost in RTs and error rates (Table 3), separately for each
executive task. Two models of predictors were employed. The first
included three background factors, namely participant’s age, the
age of L2 acquisition, and the percentage of the everyday use of
both languages. The second group of predictors included three
measures from the BSWQ: the BSWQ language switching measure,
the BSWQ contextual switches measure, and the BSWQ unin-
tended switches measure. In both models, the predictors were
inserted simultaneously to the analyses.

RESULTS

With regard to the processing cost in RTs (Tables 4 and 5), the
multiple regression model with age, age of L2 acquisition, and
everyday use of both languages was significant for the Simon effect,
F(3,36) = 3.14, p = 0.038, and the mixing cost, F(3,34) = 3.95,
p=0.017,in the Number—letter task, and the model explained 15%
(Adjusted R* = 0.151) of the variance in the Simon effect and 21%
(Adjusted R*=0.207) of the variance in the mixing cost. There was
a significant association between the predictor age of L2 acquisi-

Table 3 | Performance on the executive tasks.

RTinms Errors in %

m SD M SD
SIMONTASK
Congruent 512 90 2.7 35
Incongruent 557 90 3.4 3.8
Simon effect 45 37 0.3 2.1
FLANKERTASK
Congruent 501 69 0.6 1.6
Incongruent 563 81 2.5 2.6
Flanker effect 62 31 1.0 1.3
N-BACKTASK
1-back 816 170 55 4.4
2-back 1017 215 15.0 1.5
N-back effect 201 1565 6.6 9.8
NUMBER-LETTER TASK
Single-task trials 668 120 1.9 2.7
Repetition trials 1000 272 3.6 3.9
Switching trials 1325 322 74 70
Switching cost 325 139 3.8 6.1
Mixing cost 333 209 3.6 3.9
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Table 4 | Summary of the multiple regression analyses: background variables as predictors of processing cost in RTs on the executive tasks.

Variable The Flanker effect The Simon effect The N-back effect The number-letter task

B B B Switching cost Mixing cost

B B

Constant 78.57** -16.53 163.55 145.33 -104.56
Age 0.00 0.31 —-0.55 3.23 413
Age of L2 acquisition -0.34 8.95% 7.12 6.64 37.63
Everyday use of both -0.43* 0.27 1.04 -0.49 1.93
languages
R? 0.16 0.22 0.04 0.15 0.28
F 2.13 3.14* 0.46 1.85 3.95%

Flanker effect and Simon effect N = 36, N-back effect N = 33, Number-letter task N = 35, Age and everyday use of both languages N = 38; Age of L2 acquisition

N=37*=p<0.05 **=p< 0.0l

Table 5 | Summary of the multiple regression analyses: background variables as predictors of processing cost in errors on the executive tasks.

Variable The Flanker effect The Simon effect The N-back effect The number-letter task
B B B Switching cost Mixing cost
B B

Constant 2.05* -1.24 -12.90* 0.15 -0.85

Age -0.03 0.02 0.33** 0.01 0.03

Age of L2 acquisition 0.09 0.19 0.10 0.73 0.73
Everyday use of both 0.00 0.00 0.03 0.00 0.01
languages

R? 0.10 0.04 0.33 0.04 0.1

F 1.22 0.46 4.89%* 0.42 1.29

Flanker effect and Simon effect N = 36; N-back effect N = 33; Number-letter task N = 35; Age and everyday use of both languages N = 38; Age of L2 acquisition

N=37*=p<0.05 **=p<0.01

tion and the Simon effect as the outcome variable, indicating that
younger age of L2 acquisition resulted in a smaller Simon effect in
RTs. Furthermore, all three predictors were marginally significant
(p<0.10) in predicting the mixing cost, so that younger age, earlier
L2 acquisition, and a more balanced use of both languages in eve-
ryday life was associated with a smaller mixing cost. The multiple
regression model with the three BSWQ predictors was significant
for the mixing cost, F(3,34) = 2.91, p = 0.050, in the Number—let-
ter task. The model explained 14% (Adjusted R* = 0.144) of the
variance. None of the predictors, however, reached significance
in this analysis.

The analyses on the processing cost in error rates (Tables 6 and
7) indicated that the multiple regression model with age, age of
L2 acquisition, and everyday use of both languages was significant
for the N-back effect, F(3,33) = 4.89, p = 0.007, and the model
explained 26% (Adjusted R*=0.261) of the variance. There was a
significant association between the predictor age and the N-back
effect as an outcome variable so that younger age resulted in a
smaller N-back effect in errors. The results also showed that the
multiple regression model with the three BSWQ predictors was
significant for the mixing cost, F(3,34) = 9.74, p < 0.001, and
explained 44% (Adjusted R* = 0.435) of the variance. Language
switching was a significant predictor of the mixing cost in this

analysis: the more a participant tended to switch from Swedish
to Finnish and vice versa, the smaller the mixing cost in errors
in the Number—letter task was.

DISCUSSION

Given the somewhat controversial earlier results concerning the
bilingual advantage in executive functions, we set out to explore
this issue with a new, complementary approach where we sought
for relationships between bilinguals’ everyday language use and
the level of their executive skills. In a sample of 38 Finnish—
Swedish early bilinguals, we found that the frequency with which
our bilinguals switched between languages in their everyday life
significantly predicted the mixing cost (error rate) in our set
shifting task (Number-letter task). In broad terms, this result
provides support for the assumption that the bilingual advantage
stems from a lifelong experience in managing two languages
that calls for executive resources (e.g., Green, 1998; Meuter and
Allport, 1999; Rodriguez-Fornells et al., 2006; Abutalebi and
Green, 2007; Colzato et al., 2008; Moreno et al., 2008; Bialystok
etal., 2009; Ye and Zhou, 2009). Not surprisingly, we also found
that age was significantly associated with both WM updating and
the mixing cost in set shifting, so that younger bilinguals showed
smaller processing costs. This is in line with the common finding
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Table 6 | Summary of the multiple regression analyses: BSWQ variables as predictors of processing cost in RTs on the executive tasks.

Variable The Flanker effect The Simon effect The N-back effect The number-letter task
B B B Switching cost Mixing cost
B B

Constant 50.19* 71.70* 246.71 314.61* 812.66**
Language switching -1.87 -1.78 792 6.08 -21.12
Contextual switches -0.30 0.42 -8.01 -11.15 -10.09
Unintended switches 6.75* -0.78 -15.99 1.88 -17.30

R 0.17 0.02 0.06 0.04 0.22

F 2.33 0.28 0.61 0.43 2.91*

Flanker effect and Simon effect N = 36; N-back effect N = 33, Number-letter task N = 35, Language switching, Contextual switches, and Unintended switches

N=38 *=p<0.05 **=p<0.01

Table 7 | Summary of the multiple regression analyses: BSWQ variables as predictors of processing cost in errors on the executive tasks.

Variable The Flanker effect The Simon effect The N-back effect The Number-letter task
B B B Switching cost Mixing cost
B B
Constant 2.27* -0.38 21.05*% -0.63 16.22%*
Language switching -0.19* —-0.63 -0.13 0.48 -0.68**
Contextual switches 0.07 0.14 -1.19 -0.02 -0.36
Unintended switches 0.14 0.09 -0.06 -0.35 -0.05
R 0.16 0.03 0.13 0.05 0.49
F 2.17 0.39 1.49 0.53 9.74%**

Flanker effect and Simon effect N = 36; N-back effect N = 33, Number-letter task N = 35, Language switching, Contextual switches, and Unintended switches

N =38 *=p<0.05 **=p< 0.0l

that the efficiency of executive functions decreases in older age
(e.g., Kramer et al., 1999; Kray et al., 2004; Zelazo et al., 2004;
Takio et al., 2009).

While the present results are preliminary, they serve to highlight
the potential of the complementary methodological approach we
are introducing here. Previous studies showing enhanced executive
functions in bilinguals have exclusively employed quasi-experimen-
tal designs (bilinguals vs. monolinguals) and have thus been unable
to rule out all possible confounding factors that could contribute to
the observed group differences (see, e.g., Morton and Harper, 2007).
However, the present multiple regression approach focuses on the
bilinguals and is thus not hampered by the unavoidable methodo-
logical problems of naturalistic group designs. Nevertheless, one
must keep in mind that regression analyses represent a correlational
approach and thus cannot prove causality.

In the present study, it was the mixing cost in the set shifting task
that showed sensitivity to the bilingual experience. The underlying
cognitive mechanisms of the mixing cost have been under debate.
Rogers and Monsell (1995) proposed that the performance differ-
ence between single-task blocks and mixed-task blocks is due to
an increased WM load, as two different task sets need to be main-
tained in the mixed-task blocks. However, Rubin and Meiran (2005)
showed that the mixing cost is related to a top-down management
of competing task sets, and not to WM load. The latter interpreta-
tion would fit in the present results: a task-decision process taking

place in the mixed-tasks block resembles the bilingual situation
where a decision of which language to use has to be made in each
conversation.

Itis not totally clear as to why we found associations between the
bilingual language use and the mixing cost but not the switching
cost in the set shifting task. It has, however, been suggested that the
mixing cost and switching cost engage different cognitive control
processes. The mixing cost may set more demands on sustained
control processes, reflecting the constant need to keep different
task-sets active or to maintain attentional monitoring processes, in
order to efficiently react to changes in the task. The switching cost,
on the other hand, may be related to transient control mechanisms,
such as reconfiguration of goals or the linking of task cues to their
appropriate stimulus—response mappings (Braver et al., 2003).
The sustained and transient processes have also been suggested to
activate different brain regions (Braver et al., 2003). Furthermore,
studies have shown that the mixing cost increases at older age, while
the switching cost is less affected by age (for a review, see Mayr and
Liebscher, 2001). The switching cost has been defined as a measure
of task-set reconfiguration (Rogers and Monsell, 1995), interference
from the previous task-set (Allport et al., 1994), or a combination
of both (Monsell, 2003; for a review, see Kiesel et al., 2010). The
present results may thus give some clues as to exactly which aspects
of bilingual language use are important for the executive gains: it
might be that language selection and keeping both languages active
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are more important for the bilingual advantage than inhibition
of the non-target language. This is in line also with the scanty
associations between the predictors and the inhibition tasks (the
single significant model explains only 15% of the variation of the
Simon effect), although one should note that the Flanker task and
the Simon task may not have been demanding enough for stronger
relationships to appear. Contrary to the present findings, however,
Prior and MacWhinney (2010) found a bilingual advantage in the
switching cost, but not the mixing cost, in a study with young adults
(see also Garbin et al., 2010).

One should also note that the present results showed an effect
of language switching, but not contextual switches, on the mixing
cost in the set shifting task. One possible reason for this may be that
the questions in the language switching subscale concern language
switching in general, i.e., whether the bilingual typically tends to use
a word from the non-target language when the correct word in the
target language cannot be retrieved quickly enough. It may be that
this type of language switching is related to more sustained control
processes, similar to the ones that have been suggested to be involved
in the mixing cost. The contextual switches, on the other hand, may
be more situation-bound, as the subscale includes questions as to
whether there are specific situations and topics where the bilingual
tends to mix both languages. This subscale does not give information
about the frequency of occurrence for these situations in everyday
life. Costa et al. (2009) speculates that those bilinguals who mostly
use the two languages in different contexts and do not frequently
switch between them, may not show an advantage in monitoring

processes, as they end up having less practice on language monitor-
ing. The frequency of unintended switches did not predict execu-
tive performance either, probably because they reflect temporary
processes that cause fluctuations in attentional control.

In summary, the present results provide some evidence that
individual differences in bilingualism-related background factors
may predict the mixing cost that bilinguals exhibit in a set shifting
task. Our study presents a new, complementary methodological
approach that will hopefully shed more light on the important issue
of the relationships between bilingual experience and executive
functions. There is no doubt that both the measurement of the vari-
ous aspects of bilingual experience and the cognitive mechanisms
of the mixing cost need to be clarified further in future studies.
Ultimately, longitudinal data is needed to establish causal connec-
tions between bilingualism and enhanced cognition.
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