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advantages in task switching:
Evidence from the dimensional
change card sort task∗

H WA J I N YA N G
Singapore Management University
A N D R E E H A RTA N TO
Singapore Management University
S U J I N YA N G
Ewha Womans University, South Korea

(Received: August 02, 2016; final revision received: June 22, 2017; accepted: August 09, 2017; first published online 9 October 2017)

We examined the influence of bilingualism on task switching by inspecting various markers for task-switching costs. English
monolinguals and Korean–English bilinguals completed a modified Dimensional Change Card Sort task based on a
nonverbal task-switching paradigm. We found advantages for Korean–English bilinguals in terms of smaller single-task
(pure-block) switch costs and greater reactivation benefits than those of English monolinguals. However, bilingual
advantages in mixing costs were relatively weak, and the two groups did not differ on local switch costs. Notably, when we
approximated the cue-based priming effect in single-task (pure) blocks, we found no evidence that the locus of bilingual
advantages in task-switching performance is attributable to a basic cue-priming effect. Taken together, our results suggest
that bilingualism is conducive to task switching via facilitation in control processing, including inhibition of proactive
interferences and efficient adaptation to abstract task-set reactivation.

Keywords: bilingualism, Dimensional Change Card Sort (DCCS), task switching, local switch cost, mixing cost, single-task switch
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1. Introduction

Bilinguals experience unique linguistic challenges.
Specifically, bilinguals must spontaneously and frequently
alternate between two language systems, especially when
they converse with interlocutors who are speaking
different languages. Bilinguals’ language switching is
conceptually and functionally analogous to task switching
– i.e., moving back and forth between different tasks,
thoughts, goals, or mental operations, depending on
environmental demands (Monsell, 2003). Given the
overlap between language switching and complex task
switching, recent research has noted the potential for a
transfer of bilinguals’ language switching facility to non-
verbal task switching (e.g., Prior & Gollan, 2011), which
is an important aspect of executive control abilities that
regulate thoughts and actions for goal-directed behaviors
(Diamond, 2013).

Evidence from neurocognitive studies implies that
bilinguals’ long-term practice of language switching
may play a positive role in task switching, because
similar brain regions have been reported to be associated
with bilinguals’ task- and language switching (Garbin,
Sanjuan, Forn, Bustamante, Rodriguez-Pujadas, Belloch,
Hernandez, Costa & Avila, 2010; Weissberger, Gollan,
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Bondi, Clark & Wierenga, 2015). However, behavioral
studies that examined the effect of bilingualism on
task switching have yielded inconsistent findings.
More importantly, given that the typical task-switching
paradigm involves (a) local switch costs, which result from
switching between different task sets in mixed blocks, and
(b) mixing costs, which stem from monitoring conflict
and coordinating and maintaining competing task sets
in mixed blocks, in contrast to single-task (pure) blocks
(Prior & Gollan, 2011), previous studies have not reached
a consensus regarding which types of task-switching
costs are influenced by bilingual experience. Since the
literature suggests that these two costs tap into different
aspects of executive control (e.g., Rubin & Meiran, 2005),
understanding the influence of bilingualism on these costs
can shed light on aspects of the mechanism that underlies
bilingual advantages in executive control.

Given that bilinguals must constantly monitor two
languages that are activated simultaneously, some
researchers argue for bilingual advantages in mixing costs
– which are also referred to as “global switch costs” or
“global costs” (e.g., Barac & Bialystok, 2012; Gold, Kim,
Johnson, Kryscio & Smith, 2013; Wiseheart, Viswanathan
& Bialystok, 2016. For a detailed summary of previous
studies, see Appendix 1). Specifically, Wiseheart et al.
(2016) found that bilinguals showed smaller mixing
costs – as indicated by slower responses on task-repeat
trials in mixed-task blocks than on task-repeat trials in
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single-task pure blocks – than monolinguals; however,
no group differences were observed for switch costs.
Similarly, Barac and Bialystok (2012) found that bilingual
children had significantly smaller mixing costs than
monolinguals, but the two groups did not differ in switch
costs (i.e., local costs). In addition, several critical aspects
of bilingualism (e.g., age of acquisition, language balance,
frequency of switching, and number of native languages)
have been found to attenuate mixing costs (Paap, Johnson
& Sawi, 2014; Soveri et al., 2011; Yow & Li, 2015).
Since mixing costs are known to require control abilities
to monitor task cues and maintain two competing task
and response sets (Braver, Reynolds & Donaldson, 2003;
Rubin & Meiran, 2005), they are used to index the
functioning of global control mechanisms that involve
a monitoring system (Braver et al., 2003; Koch, Prinz
& Allport, 2005; Kray & Lindenberger, 2000; Rubin &
Meiran, 2005).

Other studies, however, have found no evidence for
bilingual advantages in mixing costs. Instead, they argue
for bilingual advantages in local switch costs, as indicated
by slower responses on task-switch trials than nonswitch
trials within mixed blocks. Since bilinguals’ language
switching requires skills similar to those used in task
switching – that is, the ability to reconfigure language
sets upon switching and inhibit interference from an
irrelevant language set (e.g., Houtzager, Lowie, Sprenger
& De Bot, 2015) – it is plausible that bilinguals’
language switching is closely related to local switch costs.
Consistent with this view, Prior and MacWhinney (2010)
found significant bilingual advantages in local switch
costs – but not in mixing costs – when they compared
English monolinguals with fluent bilinguals who speak
English and various other languages. Similarly, Prior
and Gollan (2011) found bilingual advantages in local
switch costs, but only among Spanish–English bilinguals
who engaged in more frequent language switching than
Chinese–English bilinguals. However, this effect was only
present when parents’ education levels – a proxy measure
of socioeconomic status (SES) – was controlled for.
Considering that local switch costs are largely driven
by rapid and frequent switching between two competing
tasks, the literature suggests that local switch costs reflect
transient local control mechanisms (Braver et al., 2003;
Logan & Bundesen, 2003; Mayr & Kliegl, 2003; Rubin &
Meiran, 2005) that consist of (a) task-set reconfiguration,
which is the ability to shift from the current task to perform
another task (Rogers & Monsell, 1995), and (b) inhibition
of proactive interference, which is the ability to regulate
interference from the previously performed task (Wylie &
Allport, 2000).

Further complicating the picture, still more studies
have challenged these findings; several failed to find
bilingual advantages in either mixing costs or switch
costs (e.g., Paap & Greenberg, 2013; Paap & Sawi,

2014). Moreover, using a new intermittent task-cue
paradigm, in which cues were presented intermittently
after an unpredictable number of trials, Hernández,
Martin, Barcelo, and Costa (2013) failed to replicate
bilingual advantages in local switch costs, but they did
find bilingual advantages in restart costs, which refer to
the response delay on the first cued trial relative to the
subsequent trial of the same task that is not preceded by
the cue (Poljac, Koch & Bekkering, 2009). Hernández
et al. further argue that bilingual advantages in restart
costs should be attributed to monitoring and facilitation
of task-set reactivation, which is based on the ability to
reactivate and update the task set at hand; restart costs,
therefore, are thought to implicate both global and local
processing.

In view of these discrepancies in the literature,
we aimed to reinvestigate the bilingual effect on task
switching, with three goals. Our primary goal was to
reinvestigate the subject by adopting a modified switching
task, the Dimensional Change Card Sort task (DCCS;
Frye, Zelazo & Palfai, 1995; Yang, Yang & Isen, 2013).
Because the modified DCCS has features that previous
switching tasks lacked, it addresses previous studies’
methodological concerns in three major respects, as
described below.

The first notable feature of the DCCS is that it
eliminates potential memory load for storing task rules
and response keys (see Fig. 1). Specifically, participants
do not need to remember details associated with response
keys, because two reference pictures (a red truck and a blue
star) that correspond to the location of the response key to
press remain visible at the bottom of the screen throughout
the test – i.e., with the red truck at the bottom left and
the blue star at the bottom right. Hence, the DCCS is
designed to measure the target construct (task switching)
more precisely, while minimizing the potential noise that
can be caused by extraneous and irrelevant cognitive
demands on working memory and individual differences
in working memory capacity (e.g., Weissberger et al.,
2015). Since working memory demands are not directly
relevant to task-switching costs (e.g., Rubin & Meiran,
2005), any variation in response time (RT) caused by
working memory load may simply reflect noise, which
in turn obscures the detection of any potential group
differences in task switching. Hence, it is important to
reduce the task’s potential working memory demands to
adequately capture group differences in task-switching
performance.

A second unique feature of the DCCS is its use of a
relatively small number of trials (a total of 60 test trials),
whose goals are (a) to attenuate potential practice effects
and, at the same time, (b) maintain an adequate degree of
task novelty, which requires that well-developed cognitive
routines be modified in a new way. Given that practice is
shown to mitigate task novelty that relates to the prefrontal
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Figure 1. (color online) The top panel (A) illustrates the main experimental procedure. The bottom panel (B) is a schematic
depiction of the Dimension Change Card Sort (DCCS) task used in the study (adapted from Diamond & Kirkham, 2005).
CSI: Cue-Stimulus Interval; RCI: Response-Cue Interval.

cortex and demands a relatively high level of cognitive
control (for a review, see Goldberg, Podell & Lovell,
1994; Gray, 2001), previous studies have demonstrated
that practice via many trials allows for largely automatic
completion of the task without engaging control processes
(e.g., Shiffrin and Schneider, 1977). In line with this
notion, practice has been found to directly influence
task-switching costs (e.g., Minear, Shah & Park, 2002;
Strobach, Liepelt, Schubert & Keisel, 2012). Therefore, a
minimum number of trials – which enhances task novelty
and imposes relatively high demand on control processes
– can contribute to the task’s sensitivity in capturing any
group differences that arise from more cognitively taxing
tasks (Costa, Hernández, Costa-Faidella & Sebastián-
Gallés, 2009; Qu, Low, Zhang, Li & Zelazo, 2016; Yang
& Yang, 2016).

The last notable feature is that the DCCS employs
overlapping response mapping to increase its sensitivity
to local switch and mixing costs. Overlapping response
mapping occurs when each response key is assigned to
two responses on the color vs. shape tasks (e.g., “red”
and “triangle”), while non-overlapping response mapping
occurs when each response key is assigned to only one
response (e.g., “red”). Although both overlapping and
non-overlapping response sets tap into control processes,

the literature suggests that an overlapping response set
critically affects the magnitude of switch and mixing costs,
because it imposes high cognitive demands on (a) task-
set reconfiguration, which underlies switch costs (for a
review, see Kiesel, Steinhauser, Wendt, Falkenstein, Jost,
Philipp & Koch, 2010, and Mayr, 2001), and (b) inhibition
of interference from competing tasks and response sets,
which in turn influences mixing costs (Gade & Koch,
2014; Mayr, 2001; Meiran, 2000; Rubin & Meiran,
2005; Yang, Hartanto & Yang, 2016). As demonstrated
by previous studies (e.g., Costa et al., 2009; Qu et al.,
2016; Yang & Yang, 2016), higher task demand increases
the task’s sensitivity to detect bilingual advantages in
cognitive control. These methodological aspects of the
DCCS differ from the typical color-shape task-switching
paradigm, and can, therefore, render the task more
sensitive for detecting potential group differences in
control abilities.

Our second goal for the study was to examine the
boundary conditions that may modify the effect of
bilingualism on local switch costs. Several studies have
demonstrated the absence of bilingual advantages in local
switch costs (e.g., Hernández et al., 2013; Wiseheart
et al., 2016). However, given that bilinguals’ language
switching occurs either instantaneously or sporadically,
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depending on interlocutor or context, it is likely that
different types of language switching may entail the use of
different cognitive mechanisms. Specifically, bilinguals’
instantaneous and recurrent language switching seems
comparable to local switch costs, which involve both
task-set reconfiguration and inhibition of interference.
In contrast, sporadic and occasional language switching
seems comparable to somewhat different switch costs
– i.e., which entail greater proactive interference –
because longer use of one language should create greater
interference when switching to another (Durston, Thomas,
Worden, Yang & Casey, 2002).

To closely examine various facets of local switch costs,
therefore, we conceptualized a single-task switch cost
that is analogous to sporadic and occasional language
switching. Following the literature (Diamond & Kirkham,
2005; Yang & Yang, 2014), we calculated single-task
switch costs by comparing average differences in RT on
the last two trials in the first pure block and the first
two trials in the second pure block; note that the two
pure blocks consist of trials based on a single task. Since
the first pure block creates strong expectation of a given
task, successful performance on the initial trials of the
second pure block should require the ability to resist
the strong proactive interference of a prior task. In light
of studies that find support for bilingual advantages in
resisting proactive interference (e.g., Bialystok & Feng,
2009), bilingualism likely confers benefits on single-
task switch costs because they impose higher demands
on proactive interference than task-set reconfiguration.
Studying single-task switch costs, therefore, may be useful
in delimiting bilingual advantages in switch costs that are
induced by proactive control, which is regarded as a global
control mechanism.

Our third goal was to examine whether bilingualism
facilitates task-set reactivation, which is a core aspect
of reactive control at a local level. To this end, we
conceptualized reactivation benefits as assessing one’s
ability to adaptively reactivate a relevant task set in
the mixed block despite its unpredictability. In general,
reactivating the same task set in a predictable manner
should be beneficial, since it saves processing time
(Hernández et al., 2013). However, this can be challenging
if the task to be reactivated cannot be foreseen. Despite
this unpredictability, if benefits accrue to the subsequent
repeated trial (i.e., reactivation benefit), this may indicate
adaptive and efficient reactivation and monitoring of task
sets for each rapidly recurring, but unexpected, task
repetition. This conceptualization of reactivation benefit
differs from Hernández et al.’s (2013) restart cost, in which
task-set reactivation occurs in a predictable sequence.
Noting that bilinguals’ language switching in everyday
life occurs unpredictably, especially when initiated by
interlocutors (Green & Abutalebi, 2013), bilinguals may
efficiently recruit adaptive control processes to choose and

reactivate the context-appropriate language, even when
the two languages are intermixed and alternate randomly,
as in the mixed block. Given that reactivation benefits
are based on trial-by-trial adjustment of task-switching
performance in a reactive manner, bilingual advantages
in reactivation benefits will further strengthen the link
between bilingualism and local control mechanisms.

In sum, we compared English monolinguals with
Korean–English bilinguals in task switching as assessed
by the modified DCCS, which yields four task-switching
markers: typical (a) local switch and (b) mixing costs, and
newly conceptualized (c) single-task switch costs and (d)
reactivation benefits. In line with studies that have found
bilingual advantages in global control, we hypothesized
that bilingualism would attenuate mixing costs via better
monitoring at a global level. Similarly, given the evidence
in support of bilinguals’ better control of proactive
interference in particular (Bialystok & Feng, 2009), we
hypothesized that bilingualism would also benefit single-
task switch costs that are attributed more to inhibition of
proactive interference using global control mechanisms.
In view of bilingualism’s potential link to local control
mechanisms, we hypothesized that bilingualism would
enhance reactivation benefits via adaptive trial-by-
trial task-set reactivation. However, we expected that
bilingualism would not confer benefits on local switch
costs, which are thought to rely more on task-set
reconfiguration than inhibition of proactive interference.

In addition, we included three control variables to
control for any group differences in those costs: receptive
vocabulary, as assessed by the Peabody Picture Verbal Test
– Third Edition (Dunn & Dunn, 1997); verbal cognitive
flexibility, as assessed by the Remote Associates Test
(Mednick, Mednick & Mednick, 1964); and nonverbal
fluid cognitive abilities, as assessed by the Trail Making
Test – Part B (Arbuthnott & Frank, 2000; Salthouse,
2011).

2. Method

2.1. Participants

Seventy-two undergraduates (males = 28, aged 18–23
years) from Cornell University participated in exchange
for extra course credit. Thirty-seven participants (male =
13) were bilinguals, and 35 were English monolinguals
(male = 15). To obtain a homogeneous group of
Korean–English bilinguals, five bilinguals who spoke
different language pairs (e.g., English and Chinese) were
eliminated. Monolinguals were native English speakers
and did not speak a second language. Monolinguals
were Caucasian U.S. natives, and bilinguals were Korean
Americans who had immigrated to the U.S. when they
were young (see Table 1). Both groups contained more
females than males, but the ratio of females to males in
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Table 1. Demographics, means, and standard deviations for cognitive tasks and
bilinguals’ self-reported language proficiency as a function of language group

Monolinguals Bilinguals

(n = 35) (n = 32) t statistic

Age (in years) 20 (1.3) 20.3 (1.1) −.67

Gender ratio (male: female) 15:20 13:19 .82a

Cognitive Measures

PPVT-III 187.3 (5.5) 182 (7.5) 3.18∗∗

Remote Associates Test (RAT) 9.1 (3.83) 6.03 (4.3) 3.05∗∗

Trail Making Test (TMT-B) 23.2 (6.1) 24.2 (4.3) −.74

Task-switching Error rates

Last 2 trials in Block 1 5% 7.8% 1.12

First 2 trials in Block 2 3% 5% .47

Task-repeat trials in pure blocs 5.4% 5.3% −.08

Task-switch trials in mixed block 10.5% 10.5% −.023

Task-repeat trials in mixed block 5% 4% −.862

Language background

Age at second language acquisition 7.57 (5.4)

Language preferenceb 38%: 38%: 24%

Daily use of two languagesc 45%: 28%: 27%

Overall Proficiency

Understanding (English: Korean) 3.48 (.69): 3.38 (.68) .55

Reading (English: Korean) 3.4 (.68): 3.1 (.8) 1.5

Writing (English: Korean) 3.2 (.85): 2.8 (.9) 1.4

Speaking (English: Korean) 3.3 (.81): 3.31(.71) 0.0

aChi-square statistics were used instead of t statistics.
bLanguage preference was rated using a 3-point scale (1 = English, 2 = Korean, and 3 = both languages equally).
cDaily use of two languages was rated using a 3-point scale (1 = English, 2 = Korean, and 3 = both languages
equally frequently).
∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001. SDs are shown in parentheses.

the two groups was not statistically different, χ2 = .07,
p = .82.

2.2. Design

Block type (color, shape, mixed) was manipulated within
participants as a function of bilingualism (monolinguals
vs. bilinguals). Preliminary analyses did not show any
effects of age, gender, or order-of-sorting rules (i.e., color
first or shape first), so these variables were not included
in reported analyses.

2.3. Materials

Background measures

The Peabody Picture Verbal Test – Third Edition
(PPVT-III) was used as a standard measure to assess
participants’ receptive English vocabulary, which was the

common language of instruction for both monolinguals
and bilinguals in our sample. In the task, participants
were shown a series of pages with four pictures on
each and asked to specify the word the experimenter
described.

The Remote Associates Test (RAT) was used to assess
verbal cognitive flexibility compared to task switching,
which measures nonverbal cognitive flexibility. On the
RAT, a person is required to think of a solution word that
is related to each of three other words – for instance, cadet,
capsule, and ship (answer: space). In all, 21 RAT items of
moderate difficulty were selected from the normative data
of Bowden and Jung-Beeman (2003).

The Trail Making Test – Part B (TMT-B), which
served as a measure of nonverbal fluid abilities (Salthouse,
2011), contains both numbers (1-13) and letters (A-
L). Participants were instructed to alternately connect
the numbers and letters in sequential order (i.e., 1,
A, 2, B, etc.), and given 2 min to complete the task.
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Performance was assessed in terms of the number
of correct connections minus the number of incorrect
connections.

Dimensional Change Card Sort Task (DCCS)
The DCCS was used to assess participants’ task-switching
performance. In the task, the target picture (i.e., either a
blue truck or red star) appeared in the center of the screen
(Diamond & Kirkham, 2005; Yang et al., 2014). To reduce
memory load, two reference pictures (e.g., a red truck and
a blue star) appeared at the bottom of the screen, and
the location of each corresponded to that of the specific
response key on the keyboard (i.e., left or right) to press.
Neither of the target pictures matched a reference picture
on both color and shape. Participants were asked to sort the
target by a cue word (“color” or “shape”) that appeared
on every trial between the two reference pictures at the
bottom of the screen and specified the sorting criterion
for that trial (see Figure 1).

2.4. Procedure

The RAT was administered first, followed by the
computerized version of the DCCS and the paper-and-
pencil versions of the TMT-B and PPVT-III, along
with a bilingualism questionnaire (age of acquisition,
language preference, daily use of two languages, and
overall proficiency in understanding, reading, writing, and
speaking). The DCCS consisted of two pure blocks of a
single sorting task (based on either color or shape), with a
short pause between blocks, and one mixed block of two
tasks – i.e., both color and shape tasks intermixed within
the block. The order of the three blocks was fixed: two
single-task pure blocks followed by a mixed block. Each
of the two single-task pure blocks consisted of 15 trials of
the same task, and the mixed block contained 30 trials of
both task-switch and task-repeat (i.e., nonswitch) trials.
In the mixed block, two sorting tasks alternated every
two to three trials, resulting in 18 repetition trials (i.e.,
AA[A] or BB[B]) and 12 switch trials (e.g., AB or BA),
with a task-probabilistic ratio of roughly 1.5:1. A task cue
appeared on every trial, which rendered task switching
unpredictable.

Each trial began with a cue that specified the trial’s
sorting criterion, followed by the target picture. The
participant sorted the target picture according to the
given sorting criterion (color or shape) by pressing the
corresponding response key as accurately and quickly
as possible. Because of overlapping stimulus-response
mapping, the same target stimulus was associated with
two possible responses (left or right key, depending on
the sorting criterion). Throughout all trials, the cue-to-
stimulus interval (CSI) and the response-to-cue interval
(RCI) were fixed at 500 ms and 800 ms, respectively. The
order of sorting criteria (color or shape) between the pure

blocks and within the mixed block was counterbalanced
across participants.

3. Results

3.1. Verbal and cognitive measures

A series of independent-samples t-tests was performed
on the PPVT-III, RAT, and TMT-B. Consistent with the
literature (e.g., Bialystok, Craik, Green & Gollan, 2009),
monolinguals showed significantly higher vocabulary
scores as assessed by the PPVT-III (M = 187.3, SD = 5.49)
than bilinguals, (M = 182, SD = 7.48), t(59) = 5.3, p =
.002, Cohen’s d = .81. This suggests that monolinguals
have a larger receptive vocabulary than bilinguals.

On the RAT, monolinguals (M = 9.09, SD = 3.84)
also outperformed bilinguals (M = 6.03, SD = 4.35),
t(65) = 3.05, p = .003, Cohen’s d = .74, which suggests
monolinguals’ greater flexibility in a verbal domain. In
view of a monolingual advantage in receptive vocabulary,
this is presumably due to the task’s reliance on verbal
knowledge. Lastly, no group difference was found in
scores for the TMT-B, which is regarded as an individual-
difference measure of fluid cognitive abilities, t(61) =
−.74, p = .46 (Salthouse, 2011). Though the task seems to
involve some aspects of nonverbal attentional switching,
the TMT-B has been found to tap into fluid cognitive
abilities (i.e., working memory capacity) rather than
task-switching ability (Salthouse, 2011; Sanchez-Cubillo,
Perianez, Adrover-Roig, Rodriguez-Sanchez, Rios-Lago,
Tirapu & Barcelo, 2009). Hence, the absence of group
differences on the TMT-B indicates that the two groups
were equivalent in fluid cognitive abilities. To summarize,
monolinguals outperformed bilinguals in terms of lexical
knowledge and verbal flexibility, but the two groups did
not differ in terms of fluid cognitive abilities.

3.2. Task-switching costs

Incorrect trials were eliminated (7.3% of total trials), so
that only correct trials were included in the analysis.
Due to the small number of trials on the DCCS,
variability among participants’ means was high relative
to the SD in the distributions. Therefore, we followed
the recommendation of Ratcliff (1993) and adopted the
1.5 SD cutoff method, which is known to have greater
power than other methods for dealing with extreme
RT outliers: Extreme RTs that were either greater than
1.5 SD above the mean or less than 200 ms (in all,
13.7% of total trials) were therefore discarded.1 Below,

1 Zhou and Krott (2016a) argue that data trimming can eliminate
bilingual advantages. It is noteworthy, however, that their results
cannot necessarily be generalized to include studies that use switching
tasks; this is because they employed only nonverbal interference tasks
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we present separate analyses of RT data for each task-
switching cost.

Single-task switch cost
Following the literature (Diamond & Kirkham, 2005;
Yang et al., 2014), a single-task switch cost was computed
from the two single-task pure blocks by comparing
average RT on the last two trials in the first block
with average RT on the first two trials in the second
block. RT data were submitted to a repeated-measures
mixed-factor ANOVA with Single-task switching (last
two trials in Block 1 and first two trials in Block 2)
and Bilingualism (monolinguals, bilinguals). We found
a significant main effect of Single-task switching (i.e.,
single-task switch cost), as seen in the substantially
elevated RTs when switching from the first to the
second sorting criterion, F(1, 54) = 6.74, p = .01,
ηp

2 = .11 (Figure 2a).2 The main effect of Bilingualism,
however, was not significant, F(1, 54) = .57, p = .45.
Importantly, an interaction between Single-task switching
and Bilingualism approached significance, suggesting that
bilingualism moderates single-task switch cost, F(1, 54) =
3.7, p = .06, η2 = .064. Planned comparisons of paired
t-tests to examine the presence of single-task switch cost
(i.e., RT differences between the last two trials of Block
1 and the first two trials of Block 2) revealed that single-
task switch cost was absent in bilinguals, p>.67, but
not in monolinguals, t(32) = −3.61, p = .001, Cohen’s
d = −.78, which was corrected for dependence between
means using Morris and DeShon’s (2002) Equation 8;
note that dependence between means should be corrected
for in order to directly compare the effect sizes of a
within-participant design to those of a between-participant
design.

To further test the presence (absence) of single-task
switch costs in monolinguals (bilinguals), we performed
Bayesian paired t-tests, using Morey and Rouder’s (Morey,
Rouder & Jamil, 2014) BayesFactor package for R.
To compute Bayes factors, we set the scale parameter
(r) of the prior in our Bayesian analysis to .707, as
recommended. When we compared monolinguals’ mean
RTs on the last two trials of Block 1 with those on the first
two trials of Block 2 (i.e., single-task switch costs), we
obtained the scaled unit-information prior Bayes factor of

(e.g., the flanker effect), in which RT differences are mostly driven by
the tail of RT distribution – which is captured by the tau parameter
in ex-Gaussian analysis – rather than the typical mu parameter of the
distribution (Calabria, Hernández, Martin & Costa, 2011; Zhou &
Krott, 2016b)

2 Note that the degree of freedom for single-task switch cost differs from
that of other task-switching costs. Different degrees of freedom for
various task-switching costs occurred when trials that had been used
to calculate cost were discarded, due to either errors or RT trimming
for each individual, based on the individual’s means and SDs within
each of the three blocks.

47.49, which indicates substantial support for the presence
of monolinguals’ single-task switch costs. In contrast, for
the same comparison of bilinguals’ mean RT differences,
we obtained the scaled unit-information prior Bayes factor
of 3.31, which offers little support for the presence of
bilinguals’ single-task switch costs. These results confirm
that single-task switch costs are present for monolinguals,
but not for bilinguals.

To examine the locus of the interaction effect, we
also performed additional independent-samples t-tests to
examine group differences on the last two trials of Block
1 (easy trials) and the first two trials of Block 2 (more
difficult trials). We found that the two groups did not
differ on mean RTs on the last two trials of Block 1,
Mmonolinguals = 437, Mbilinguals = 484, t (61) = .393,
p = .39, Cohen’s d = .09; however, group differences in
mean RTs on the first two trials in Block 2 approached
significance, Mmonolinguals = 553, Mbilinguals = 471,
t (54) = 1.84, p = .08, Cohen’s d = .5. The absence
of group difference on relatively easier trials (i.e., the last
two trials of Block 1) suggests that the significant Single-
task switching x Bilingualism interaction is attributable to
bilinguals’ faster RTs on more difficult trials (i.e., the first
two trials of Block 2) than on easier trials.

We also ran the same repeated-measures mixed-factor
ANOVA on accuracy data, but did not find any significant
effects (see Table 1). Follow-up analysis of independent-
samples t-tests was performed on accuracy rates for the
last two trials of Block 1 and the first two trials of the
subsequent block, but we did not find significant effects,
with all ps>.26.

Local switch cost
Local switch cost was obtained by computing mean
RT difference between task-switch trials and task-repeat
trials (i.e., nonswitch) within the mixed block (Rogers &
Monsell, 1995). RT data were submitted to a repeated-
measures mixed-factor ANOVA with Bilingualism as a
between-participant factor and Switching (task-switch
trials, task-repeat trials) as a within-participant factor
(Figure 2b). The main effect of Switching (i.e., local
switch cost) was significant, F(1, 65) = 88.1, p<.001,
η2 = .58, with significantly slower RTs on task-switch
trials than on task-repeat trials. However, the main effect
of Bilingualism, F(1, 65) = .84, p = .362, and its
interaction with Switching, F(1, 65) = 1.12, p = .29,
were not significant, suggesting that both monolinguals
and bilinguals experience substantial local switch costs.

We performed the same mixed-factor analysis on local
switch costs in accuracy data, and found a significant main
effect of Switching, F(1, 65) = 36.9, p <. 001, indicating
that task-switch trials were more error prone than task-
repeat trials. However, the main effect of Bilingualism
and its interaction with Switching were not significant,
all ps>.51.
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Figure 2. Task-switching costs as a function of language group.

Mixing cost
Mixing cost was computed by comparing mean RTs of
task-repeat trials in the two single-task pure blocks with
those of task-repeat trials in the mixed block. RT data were
submitted to a similar ANOVA with Task mixing (task-
repeat trials in pure blocks, task-repeat trials in the mixed
block) and Bilingualism. The main effect of Task mixing
(i.e., mixing cost) was significant (Figure 2c), with poorer
performance on the mixed block (M = 850 ms) than on
single-task pure blocks (M = 581 ms), F(1, 65) = 52.3, p <

.001, ηp
2 = .45. However, the main effect of Bilingualism

was not significant, F(1, 65) = .01, p = .92. Additionally,
we found a significant interaction between Bilingualism
and Task mixing, F(1, 65) = 4.63, p = .035, ηp

2 = .07.
Follow-up analysis of paired t-tests to test the presence
of mixing costs revealed that both monolinguals and
bilinguals experienced substantial mixing costs, but they
were more pronounced in monolinguals, t(34) = 6.08, p <

.001, Cohen’s d = 1.17, than bilinguals, t(31) = 4.11, p <

.001, Cohen’s d = .73. We also examined the locus of the
interaction effect by performing additional independent-
samples t-tests to examine group differences on
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task-repeat trials in pure blocks (easy trials) and those
in the mixed block (more difficult trials). We found no
significant differences on either easier or more difficult
trials: On easier trials (i.e., task-repeat trials in pure
blocks), Mmonolinguals = 550, Mbilinguals = 614, t (65) =
−1.09, p = .28, Cohen’s d = −.26; on more difficult trials
(i.e., task-repeat trials in the mixed block), Mmonolinguals =
910, Mbilinguals = 799, t(65) = 1.39, p = .16, Cohen’s
d = .34. In light of these results, monolinguals’ relatively
faster RTs on easier trials and slower RTs on difficult trials
could have played an instrumental role in our finding of a
significant interaction effect for mixing cost.

We also ran the same ANOVA model on mixing costs
in accuracy data and found similar patterns. That is, the
main effects of Task-mixing and Bilingualism were not
significant, F(1, 65) = 2.71, p = .11 and F(1, 65) = .56,
p = .35, but we found a marginally significant interaction
between Task-mixing and Bilingualism, F(1, 65) = 2.86,
p = .09, indicating bilinguals’ higher accuracy rates
associated with mixing cost. When follow-up analyses
of paired t-tests were performed to examine mixing costs
within each group, we found that mixing cost in accuracy
was absent in bilinguals, p = .97, but not in monolinguals,
p = .06.

Reactivation benefit
We operationalized reactivation benefit in mixed blocks
by calculating RT drops between first-repetition trials
and second-repetition trials. Cues in our DCCS were
randomly presented on every trial, such that participants
were unable to predict which task would be performed
and had to reactivate the same task set in a series of task-
repeat trials. This ensured that subsequent repetition trials
would still be challenging, due to the cognitive resources
required not only for constant reactivation, but also to
address unpredictability. Hence, greater RT facilitation on
subsequent repeat trials than on first-repeat trials should
indicate the magnitude of benefits for reactivating the
same task set in the midst of unpredictability. This is
accomplished via more adaptive reactive control abilities
at a local level, which involve swift and successful
reactivation in response to current demand, efficient
monitoring of task sets, mental preparation, etc. (De
Baene, Kühn & Brass, 2012). Note that our reactivation
benefit differs conceptually from Hernández et al.’s (2013)
restart cost. In their study, the same task set was repeatedly
performed in a predicted succession. Therefore, the cost
for reactivating the same task set on subsequent trials was
reduced to a minimum, because a task set employed in a
previous trial could be used again in a subsequent trial.

To approximate reactivation benefits – i.e., RT drops
between first-repetition trials and second-repetition trials
– we defined each trial in the mixed block relative to
its position: P1 (Position 1 = switch trial); P2 (Position
2 = first-repeat trial); and P3 (Position 3 = second-repeat

trial). The reactivation benefit was computed in the mixed
block by subtracting mean RTs of second-repeat trials (P3)
from those of first-repeat trials (P2).

When RT data were submitted to a similar ANOVA
with Reactivation (P2, P3) and Bilingualism, we found
that the main effect of Reactivation was not significant,
F(1, 65) = .202, p = .65, which indicates that the mean
RTs for P2 and P3 were not different; presumably, this
is because repetition occurred unpredictably. Notably,
however, the main effect of Bilingualism approached
significance, F(1, 65) = 3.272, p = .07, indicating
that bilinguals were faster than monolinguals in those
two task-repeat trials. Moreover, the interaction between
Reactivation and Bilingualism was also significant,
F(1, 65) = 9.91, p = .002, η2 = .13 (Figure 2d). Planned
comparisons of paired t-tests showed significant RT drops
from P2 to P3 in bilinguals (Mp2 = 827.2, Mp3 = 713.8),
t(31) = 4.09, p < .001, but not monolinguals (Mp2 =
869.7, Mp3 = 954.8), p = .13.

Furthermore, when we examined the locus of the
interaction effect by performing additional independent-
samples t-tests, we found that the two groups did not
differ on first task-repeat trials (P2), t(65) = .64, p = .54,
Cohen’s d = .15. However, they differed significantly
on subsequently repeated trials (P3; Mbilinguals = 713.8,
Mmonolinguals = 954.8 ms), t(65) = 2.43, p = .018,
Cohen’s d = .60. This suggests that the Bilingualism x
Task-mixing interaction effect – which supports bilingual
advantages in reactivation benefits – is attributable to
bilinguals’ faster RTs on second task-repeat trials, which
are relatively more difficult than first task-repeat trials due
to the irregular and unpredictable nature of subsequent
repetition. Note that when task repetition occurs randomly
without any predictable pattern, subsequent repetition
is likely to be either more difficult than or equally
challenging as the immediately preceding repetition.
Given this, mean RTs on the second task-repeat trials
could be faster than those on the first task-repeat trials
only when the participant engaged in more adaptive
and flexible task-set reactivation via efficient monitoring
and evaluation of switching activities. Hence, bilinguals’
faster RTs on the second task-repeat trials imply that
bilinguals perform task-set reactivation more adaptively
and flexibly than monolinguals, despite the unpredictable
nature of task repetition.

Cue-priming effect
The DCCS is based on 1:1 cue-task mapping (i.e., one
cue per task), in which task switch and cue switch always
co-occur. Therefore, it is possible that basic cue-priming
processes may underlie any advantages in task-switching
performance (for a review, see Logan & Bundesen, 2003).
Specifically, a response adjustment across task-repeat
trials can be driven by two mechanisms. First, it can be
due to efficient adaptation to abstract task-set reactivation,
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which engages cognitive control (De Baene et al., 2012).
Second, it can be due to a mere visual adaptation to the
same task cue that repeatedly occurs in two consecutive
trials, i.e., cue-priming effects (e.g., Logan & Bundesen,
2003). Although the latter view is controversial (De Baene
et al., 2012; Schneider & Logan, 2011), it is important to
examine whether bilingual advantages in various markers
for task-switching performance can be attributed to basic
cue priming instead of complex control processes.

To assess the impact of the cue-priming effect
that underlies cue repetition, we examined whether
bilingualism systematically influenced the temporal
pattern of RT facilitations within pure blocks, in which
a single cue was repeatedly presented throughout; this
allows cue-encoding benefits (e.g., Logan & Bundesen,
2003) to be established through priming processes. Thus,
we approximated the cue-priming effect by splitting the
trials of each pure block into three bins spanning five
trials each and examined RT facilitation across the three
bins, in which the same task cue appeared repeatedly.
If cue-priming effects moderated bilingual advantage
in task switching, we should see a significant three-
way interaction between Bilingualism, Order of pure
blocks, and Bins, since this implies that bilinguals and
monolinguals are affected differently by the cue-priming
effect signaled by an interaction between Order of pure
blocks and Bins.

To test this, we submitted RT data to a 2 (Bilinguals,
monolinguals) x 2 (Order of pure blocks: block 1,
block 2) × 3 (Bins: B1, B2, B3) mixed-factor ANOVA
and found significant main effects of Order of pure
blocks, F(1, 60) = 22.8, p < .001, and Bins, F(2,
120) = 37.2, p < .001, as well as an interaction effect
between the two, F(2, 120) = 18.6, p < .001, which
indicates the presence of RT facilitation in response to
repeated presentation of the same cue. However, the three-
way Order x Bin x Bilingualism interaction was not
significant, p >.45, suggesting that both monolinguals
and bilinguals were similarly affected by repeated cues.
Therefore, our findings of bilingual benefits in task-
switching performance cannot be attributed to mere cue
priming. In line with De Baene et al.’s (2012) contention
that repeating the same task set recruits the brain regions
involved in cognitive control (i.e., the prefrontal and
parietal cortices) – which is different from low-level
visual adaptation to the task cue (e.g., Logan & Bundesen,
2003) – our findings support bilinguals’ more flexible and
adaptive control.

4. General Discussion

Using the DCCS, we obtained the following key
results, despite bilinguals’ poorer lexical knowledge and
flexibility in the verbal domain. First, single-task switch
costs were absent among bilinguals, but not among

monolinguals; this indicates a bilingual advantage in
flexible switching that largely taps into global proactive
control. Second, reactivation benefits were significant
among bilinguals, but were absent among monolinguals;
this suggests bilinguals’ adaptive task-set reactivation
at a local-control level, despite unpredictable trial-
by-trial variations. Third, although both monolinguals
and bilinguals experienced substantial mixing costs,
bilinguals had less pronounced mixing costs than
monolinguals via more efficient monitoring at a global-
control level. Lastly, we found no group differences in
local switch costs attributable to task-set reconfiguration
at a local-control level. Considering that monolinguals
and bilinguals were similarly affected by cue-priming
effects, our finding of bilingual advantages in single-task
switch costs, mixing costs, and reactivation benefits can
be attributed to differences in control processing – i.e.,
proactive control and monitoring at a global-control level
and task-set reactivation at a local-control level.

It is important to address why our bilingual participants
showed advantages in single-task switch costs but not in
local switch costs. Although these two types of switch
costs entail switching between two tasks and appear to
be very similar, they engage somewhat distinct control
processing. Specifically, single-task switch cost, which
occurs between two pure blocks, imposes a relatively
greater load on global proactive interference than local
task-set reconfiguration. In contrast, local switch cost
– which occurs when the two tasks rapidly alternate
within the mixed block – imposes a greater load on
task-set reconfiguration. Hence, our finding of bilingual
advantages in single-task switch costs may be attributable
in large part to the extent to which a given task implicates
inhibition of proactive interference at a global level.

Although we have not observed any bilingual
advantages in local switch costs, it is noteworthy that
our results do not necessarily indicate that bilingualism
has no effect on task-set reconfiguration. According
to the adaptive-control hypothesis (Green & Abutalebi,
2013), different types of language switching in various
interactional contexts of bilinguals’ conversational
exchanges may impose different demands on cognitive
control. Therefore, a qualitatively different experience of
bilinguals’ language switching may play a more important
role in modulating local switch costs via efficient task-set
reconfiguration (Hartanto & Yang, 2016).

It is worth mentioning that some studies caution
against interpretation of a typical Bilingualism x Trial
type interaction that is mainly driven by a monolingual
advantage on easy trials in either a flanker task (e.g.,
congruent trials as opposed to incongruent trials) or a
switching (e.g., task-repeat trials as opposed to task-
switch trials) task (see Paap, Johnson & Sawi, 2015, and
Wagenmackers, 2015; for different interpretations, see
Linck, 2015, and Linck, Schwieter & Sunderman, 2012).
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When we tested this possibility, we found little evidence
that bilingual advantages in single-task switch costs
and reactivation benefits were driven by a monolingual
advantage on easy trials. In fact, we found that for mixing
cost, a significant Bilingual x Task-mixing (i.e., trial types)
interaction effect could be attributed to monolinguals’
relative advantage on easier trials (i.e., task-repeat trials in
pure blocks) and bilinguals’ relative advantage on difficult
trials (i.e., task-switch trials in the mixed block). In light
of this, it is notable that Linck (2015) has a different
perspective on the lack of bilingual advantages on easy
trials (see also Linck et al., 2012). According to Linck
et al. (2012), inhibitory control may influence both more
demanding and less demanding trials, because even less
demanding trials may still require efficient disengagement
from inhibitory control mechanisms. Linck et al. also
suggest that the absence of bilingual advantages on easy
trials may be due to a different response strategy, which
causes bilinguals’ conflict-monitoring system to take less
advantage of facilitation from repeated trials, which do
not involve high monitoring. Therefore, follow-up tests of
a Bilingualism x Trial interaction should be interpreted
with caution.

Given that our reactivation benefit was computed
similarly to Hernández et al.’s (2013) restart cost, it
is important to understand the conceptual differences
between our reactivation benefit and restart cost.
Specifically, in Hernández et al.’s intermittent task-cue
paradigm, participants were presented with intermittent
cues (“switch” or “repeat”) every four to eight trials.
Once the repeat cue appeared, participants were able
to easily predict the relevant task set to reactivate on
the first and second trials that were used to compute
restart cost. Hence, restart cost – which refers to mean
RT difference between the first- and second-repetition
trials – reflects the cost associated with predictable task-
set reactivation. In contrast, cues in the DCCS were
randomly presented in every trial, such that participants
were unable to predict which task to reactivate on any
given trial; therefore, the task-relevant set should have
been reactivated unpredictably for each and every trial. In
view of this difference, RT drops between the first- and
second-repetition trials in the mixed blocks of the DCCS
should indicate the magnitude of savings associated with
unpredictable reactivation. Hence, bilinguals’ substantial
reactivation benefits in an unpredictable context should
reflect their engagement of adaptive and effective control
mechanisms to reactivate the relevant task set.

Some may argue that motivation could have played a
role in group differences in mixing costs. Although we do
not have any direct evidence for this effect, it seems less
plausible, at least in our study, for the following reasons.
First, given that motivation usually facilitates RTs in a
context in which a participant’s response speed is highly
stressed, if bilinguals were motivated to perform the task,

their overall RTs should have been faster than those of
monolinguals. However, the two groups’ overall mean
RTs did not differ (Mmonolinguals = 807, Mbilinguals = 811,
t(65) = −.06, p = .96). Moreover, motivation does not
explain why bilingualism selectively facilitated RTs on
task-repeat trials over those on switch trials, which had
been presented in the same block; note that no bilingual
advantage in switch costs was found. Second, our DCCS
task employed a small number of trials (30 trials in the
pure blocks and 30 trials in the mixed block), such that
the total duration of the switching task was only about
6 min. Considering this, motivation does not sufficiently
explain why monolinguals’ motivation suddenly declined
in the mixed block, while bilinguals’ motivation did not.
Relatedly, given that task-switch trials alternated with
task-repeat trials in a fast and unpredictable manner,
it is not plausible that motivation fluctuated so rapidly
every few seconds within the same mixed block, favoring
one type of trial over the other; if bilinguals were more
motivated, their better regulation to remain motivated
throughout the mixed block would also reflect their
advantage in cognitive control. Lastly, there was no
apparent reason for bilinguals to be more motivated to
do better on given tasks than monolinguals, because the
language-background questionnaire was administered at
the end of the study. Thus, neither group was aware
of our goal in the study. For these reasons, it is
difficult to argue that significant group differences in
task switching can be attributed to bilinguals’ greater
motivation.

Our study is not without drawbacks. First, due to
the practical difficulties of recruiting Korean–English
bilinguals from immigrant families, we acknowledge
that our sample size (Nbilinguals = 32; Nmonolinguals = 35)
was relatively small; further studies with larger samples
should be performed to replicate our findings (Paap
et al., 2015). Second, we employed a small number of
trials to maintain a certain degree of task novelty to
prevent potential practice effects and increase demand
for executive processing throughout the task. Moreover,
given that task novelty is regarded as an important factor
that influences cognitive control via heightened cognitive
load (e.g., Gray, 2001), task novelty is considered to be
critical for improving the task’s ability to capture potential
group differences in cognitive control (Costa et al., 2009).
Although we acknowledge that the small number of trials
could have affected reliability for single-task switch costs
that involved only four trials, past studies in the task-
switching literature have demonstrated the existence of
single-task switch costs. For example, Poljac, De Haan,
and Van Galen (2006) found significantly slower RTs for
the first trial of the subsequent block – which consisted
of seven trials of a shape task – than for the last trial
in the immediately preceding block (seven trials of a
color task). Single-task switch costs have also reliably
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been demonstrated in other studies that used a similar
DCCS paradigm (Diamond & Kirkham, 2005; Yang &
Yang, 2014). Also, the effect size associated with single-
task switch costs was considerable (e.g., Cohen’s d = 1.31
in Diamond & Kirkham, 2005; our Cohen’s d was .78),
which indicates that RT differences between the last two
trials in Block 1 and the first two trials in Block 2 were
indeed substantial.

Third, another limitation is that our bilingual
participants were not matched to their monolingual
counterparts in terms of ethnicity, culture, or immigration
status; our Korean–English bilinguals were from Korean
immigrant families in the U.S., and monolinguals were
from nonimmigrant Caucasian families in the same
region. Despite these differences, however, we can still
assume that our participants were similar, because they
were recruited from the same private institution, which
charges high tuition and is highly selective in terms
of students’ academic qualifications. Inferring from this
background, our participants were likely from upper-
or middle-class families and possessed the academic
ability required to satisfy the school’s rigorous admission
standards, regardless of background differences (e.g.,
ethnicity or SES).

In addition, our participants’ cultural backgrounds
are not entirely different; our bilinguals were affiliated
with both Korean and Western culture, since – like their
monolingual counterparts – they were raised and educated
in the U.S. Moreover, evidence in the literature is lacking
to support significant effects of the abovementioned
factors on the cognitive consequences of bilingualism;
some evidence suggests that they may not play a
substantial role in bilingual advantages in executive
functions. For instance, Kirk, Scott-Brown, and Kempe
(2014) found that advantage in executive control is not
related to differences in culture, ethnicity, or immigrant
status. Similarly, Yang, Yang, and Lust (2011) suggest that
the beneficial effect of bilingualism extends above and
beyond the effect of culture. Even the stark differences in
the A1 allele – a gene that has been shown to influence
task switching – between Hispanics and Caucasians
has been attributed to bilingualism instead of ethnicity
(Hernandez, Greene, Vaughn, Francis & Grigorenko,
2015). Likewise, given that immigration status is linked
to SES (e.g., Morton & Harper, 2007), studies have
found that bilingualism benefits executive control despite
bilinguals’ low SES (see Engel de Abreu, Cruz-Santos,
Tourinho, Martin & Bialystok, 2012). Given the weight
of supporting evidence, therefore, it is doubtful that
our findings are substantially confounded by ethnicity,
culture, or immigration status. More research is warranted
to examine whether and how these factors significantly
influence bilingual advantages.

Lastly, our study was not designed to identify the
specific interactional context of our bilingual participants.

Although we measured bilinguals’ daily use of two
languages (English vs. Korean), this was not sufficient
to determine bilinguals’ interactional context, because
it does not accurately capture how bilinguals use their
languages and in what contexts. Because of this constraint,
it is not possible to examine the relation of bilinguals’
interactional contexts to different markers of language
switching on the DCCS. However, given that the majority
of our Korean–English bilinguals speak English at school
and Korean at home or in the community, our bilingual
participants are likely to be single-context bilinguals who
speak only one language in one environment (e.g., mother
tongue at home and English at school) rather than dual-
context bilinguals who use two languages within the same
context (e.g., both Korean and English at home). Our
findings that Korean–English bilinguals did not differ
from monolinguals in either mixing costs or local switch
costs are consistent with the adaptive control hypothesis
(Green & Abutalebi, 2013), which suggests that bilingual
advantages in switch costs will be pronounced for dual-
context bilinguals, but not so much for single-context
bilinguals (Hartanto & Yang, 2016).

On the whole, our study is unique, not only because
of the methodological strength afforded by use of the
DCCS, but also because of our homogeneous bilingual
group (i.e., Korean–English). A widespread assumption
in the bilingualism literature is that bilingual effects
are reliable across different language combinations.
However, this assumption has recently been questioned.
Specifically, Coderre and van Heuven (2014) demonstrate
the importance of the two languages’ script similarity
(e.g., German–English vs. Arabic–English) for domain-
general executive control (for a critique, see Paap,
Darrow, Dalibar & Johnson, 2014). Given the markedly
different orthographies of English and Korean, however,
our findings suggest that the script dissimilarity of
bilinguals’ language pair may also affect various
facets of cognitive control – e.g., inhibitory control,
updating, and switching (Yang, Yang & Hartanto,
2016).

In addition, since English and Korean differ in terms of
sentence structure and morphology (i.e., word structure),
it is possible that not only script dissimilarity but also
other linguistic aspects of Korean may have contributed
to Korean–English advantages in task switching. For
instance, Korean has a subject-object-verb word order
that is distinct from the subject-verb-object word order in
English. This difference in sentence structure may place
greater demands on cognitive control, especially when
Korean–English bilinguals alternate between languages,
and therefore lead to substantial benefits in task-switching
abilities. Future studies are warranted to determine how
script similarity (or other language-based characteristics)
modulates bilingual advantages in various aspects of
cognitive control.
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In summary, our study demonstrates bilinguals’
enhanced performance in single-task switch costs and
reactivation benefits and their relatively small benefits
in mixing costs. Given that bilingualism affects the
monitoring processes involved in executive control (e.g.,
Costa et al., 2009), bilingual advantages in single-
task switch costs and mixing costs can be attributed
to facility in global control processes that require

proactive control and careful monitoring of two competing
task sets in the face of interference in a mixed
block (De Baene et al., 2012). Moreover, our finding
of bilinguals’ reactivation benefits supports bilingual
advantages in local control processing, especially when
efficient adaptation to abstract task-set reactivation is
necessary due to the unpredictable nature of task
repetition.
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Appendix 1. Summary of studies examining bilingual advantages using a Task-switching Paradigm (Task-cuing Paradigm)

Study Participants Mean age Task Number of trials Task-switching outcome

Bialystok (1999) Bilinguals (N = 30)

Monolinguals (N = 30)

Children (4.9) DCCS 20 trials (10 pre-switch

trials &10 post-switch

trials)

Bilinguals’ post-switch

advantage in accuracy (i.e.,

single-task switch cost)

Bialystok & Martin

(2004)

Chinese–English bilinguals (N = 31)

English monolinguals (N = 36)

Children (4.9) Computerized

DCCS

80 trials (20 non-switch

trials, 30 pre-switch

trials, & 30 post-switch

trials)

Bilinguals’ post-switch

advantage in accuracy (i.e.,

single-task switch cost)

Carlson & Meltzoff

(2008)

Spanish–English bilinguals (N = 12)

Language immersion children (N = 21)

Monolinguals (N = 17)

6.0 Advanced DCCS 20 trials (16 shape trials &

4 color trials)

Bilinguals’ post-switch

advantage in accuracy (i.e.,

single-task switch cost)

Garbin et al. (2010) Bilinguals (N = 19)

Monolinguals (N = 21)

Young adults

(20.9)

Color-shape

switching task

60 trials (30 mixed-switch

& 30 mixed-repeat)

Bilinguals’ switch-cost

advantage

Prior & MacWhinney

(2010)

Bilinguals (N = 47)

Monolinguals (N = 45)

Young adults

(19.1)

Color-shape

switching task

288 trials (144 pure-repeat,

72 mixed-switch & 72

mixed-repeat) sandwich

design

Bilinguals’ switch-cost

advantage

Prior & Gollan (2011) Spanish–English bilinguals (N = 41)

Mandarin–English bilinguals (N = 43)

Monolinguals (N = 47)

Young adults

(19.9)

Color-shape

switching task

288 trials (144 pure-repeat,

72 mixed-switch &72

mixed-repeat)

Spanish–English bilinguals’

relative advantage in switch

cost among (but not in

Chinese–English bilinguals)

after controlling for parents’

educational level

Soveri,

Rodriguez-Fornells

& Laine (2011)

Finnish–Swedish bilinguals (N = 38) Older adults (52.8) Number-letter

switching task

144 trials (64 pure-repeat,

32 mixed-switch & 48

mixed-repeat)

Mixing-cost advantage in

frequent language switching

bilinguals

Barac & Bialystok

(2012)

Chinese–English bilinguals (N = 30)

French–English bilinguals

(N = 28)

Spanish–English bilinguals

(N = 20)

English monolingual (N = 26)

Children (6.1) Color-shape task

switching

200 trials (50 pure-repeat

trials & 150 trials with

50% of switch & 50% of

repeat)

Bilinguals’ mixing-cost

advantage

https://doi.org/10.1017/S136672891700044X Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S136672891700044X


B
ilingualism

and
Task

Sw
itching

1105

Appendix 1. Continued.

Study Participants Mean age Task Number of trials Task-switching outcome

Hernández et al.

(2013; experiment

3)

Bilinguals (N = 38)

Monolinguals (N = 39)

Young adults

(19.9)

Color-shape

switching task

288 trials (144 pure-repeat,

72 mixed-switch & 72

mixed-repeat)

No bilingual advantages

Paap & Greenberg

(2013)

Bilinguals (N = 109)

Monolinguals (N = 144)

Young adults (NA) Color-shape

switching task

288 trials (144 pure-repeat,

72 mixed-switch & 72

mixed-repeat)

No bilingual advantages

Gold, Kim, Johnson,

Kryscio & Smith

(2013; experiment

1)

Older adult bilinguals

(N = 15)

Older adult monolinguals

(N = 15)

Older adults (63.7) Color-shape

switching task

240 trials (80 pure-repeat,

80 mixed-switch, 80

mixed-repeat)

Bilinguals’ mixing-cost

advantage

Gold et al. (2013;

experiment 2)

Older adult bilinguals (N = 20)

Younger adult bilinguals

(N = 20)

Older adult monolinguals (N = 20)

Young adult bilinguals

(N = 20)

Young adults

(31.9) and Older

adults (64.2)

Color-shape

switching task

240 trials (80 pure-repeat,

80 mixed-switch, 80

mixed-repeat)

No bilingual advantages

(p = .056 trend toward

older bilinguals’

mixing-cost advantage)

Paap & Sawi (2014) Bilinguals (N = 58)

Monolinguals (N = 62)

Young adults

(24.6)

Color-shape

switching task

288 trials (144 pure-repeat,

72 mixed-switch & 72

mixed-repeat)

No bilingual advantages

Wiseheart,

Viswanathan &

Bialystok (2016)

Bilinguals (N = 31)

Monolinguals (N = 37)

Young adults

(19.1)

Color-shape

switching task

150 trials (50 pure-repeat,

50 mixed-switch & 50

mixed-repeat)

Bilinguals’ mixing-cost

advantage

Mor,

Yitzhaki-Amsalem

& Prior (2015)

Bilinguals with ADHD

(N = 20)

Bilinguals control (N = 20)

Monolingual with ADHD

(N = 20)

Monolingual control (N = 20)

Young adults

(24.6)

Color-shape

switching task

288 trials (144 pure-repeat,

72 mixed-switch & 72

mixed-repeat) sandwich

design

No bilingual advantages
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Study Participants Mean age Task Number of trials Task-switching outcome

Qu, Low, Zhang, Li &

Zelazo (2016; ScAc

condition)3

Chinese–English bilinguals

(N = 32)

Chinese monolinguals (N = 32)

Young adults

(21.1)

Computerized

DCCS

118 trials (40 pure-repeat,

10 mixed-switch & 68

mixed-repeat)

Bilinguals’ switch-cost

advantage and

monolinguals’ mixing-cost

advantage

Qu et al. (2016; ScAc

condition)3

Chinese–English bilinguals

(N = 32)

Chinese monolinguals (N = 32)

Young adults

(21.1)

Computerized

DCCS

118 trials (40 pure-repeat,

10 mixed-switch & 68

mixed-repeat)

Bilinguals’ switch-cost

advantage

Qu et al. (2016; ScAc

condition)3

Chinese–English bilinguals

(N = 32)

Chinese monolinguals (N = 32)

Young adults

(21.1)

Computerized

DCCS

118 trials (40 pure-repeat,

10 mixed-switch & 68

mixed-repeat)

Bilinguals’ switch-cost

advantage

Qu et al. (2016; ScAc

condition)3

Chinese–English bilinguals

(N = 32)

Chinese monolinguals

(N = 32)

Young adults

(21.1)

Computerized

DCCS

118 trials (40 pure-repeat,

10 mixed-switch & 68

mixed-repeat)

No bilingual advantages

Houtzager, Lowie,

Sprenger & De Bot

(2015)

Dutch–Frisian bilinguals (N = 50)

German bilinguals (N = 50)

Older adults (60.2) Color-shape

switching task

192 trials (96 pure-repeat,

48 mixed-switch &48

mixed-repeat)

Bilinguals’ switch-cost

advantage

This Study English–Korean bilinguals (N = 37)

English monolinguals (N = 35)

Young adults

(20.3)

Computerized

DCCS

60 trials (30 pure-repeat, 12

mixed-switch & 18

mixed-repeat)

Bilingual advantages in,

single-task switch costs,

reactivation benefits &

mixing costs

Notes: Qu et al. (2015) manipulated cognitive demands of suppression and activation across four different task-switching tasks. ScAc = suppress one set of conflicting responses while simultaneously activating another set of conflicting
responses; ScAc = suppress one set of conflicting responses while simultaneously activating another set of non-conflicting responses; ScAc = suppress one set of non-conflicting responses while simultaneously activating another set of
conflicting responses; ScAc = suppress one set of non-conflicting responses while simultaneously activating another set of non-conflicting responses. DCCS = Dimension Change Card Sort task.
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