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Bilingual Language Switching in Naming: Asymmetrical Costs
of Language Selection

Renata F. I. Meuter and Alan Allport

Department of Experimental Psychology, University of Oxford, England

In an experimental study of language switching and selection, bilinguals named numerals in either
their first or second language unpredictably. Response latencies (RTs) on switch trials (where the
response language changed from the previous trial) were slower than on nonswitch trials. As
predicted, the language-switching cost was consistently larger when switching to the dominant L1

from the weaker L2 than vice versa such that, on switch trials, L1 responses were slower than in L2.
This “paradoxical” asymmetry in the cost of switching languages is explained in terms of differences
in relative strength of the bilingual’s two languages and the involuntary persistence of the previous
language set across an intended switch of language. Naming in the weaker language, L2, requires
active inhibition or suppression of the stronger competitor language, L1; the inhibition persists into
the following (switch) trial in the form of “negative priming” of the L1 lexicon as a whole. © 1999
Academic Press
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A bilingual or multilingual speaker is able
switch rapidly, at will, from one spoken la
guage to another. While switches of langu
sometimes occur unintentionally, particularly
moments of emotion or stress (Dornic, 19
1980; Grosjean, 1982), fluent bilinguals
generally efficient at language selection an
keeping their languages separate. Thus it is
sible to listen to one language while speak
another (Grosjean, 1988). Indeed, skilled sim
taneous interpreters temporally overlap sp
ing one language while listening to another l
guage by up to 75% of the time (Gerver, 197

How is the intended language selected
spoken language production, and what are
behavioral effects of switching from one la
guage to another? Our working assumptio
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that bilingual language selection depends
processes that are similar in kind to those
sponsible for the control of task set in ot
monolingual and/or nonlanguage task doma
This is an assumption shared by other resea
ers in the field (e.g., Kirsner, Lalor, & Hir
1992; Macnamara, Krauthammer, & Bolg
1968; Paradis, 1980). An alternative view, ho
ever, might stress that language is a uniq
specialized human function, with characteris
that separate it from all other cognitive p
cesses. From this perspective, it might be
gued, linguistic control mechanisms—inclu
ing, specifically, the fundamental selection
which language to speak—might be suppo
to be likewise sui generis; that is, to show
properties different from those observable
shifting between other task domains. T
present article proposes a means of discrim
ing, experimentally, between these compe
views.

The experiment to be described here offe
rather demanding test of our assumption,
that bilingual language selection depends on
same principles of control as other nonlingui
tasks. It does so by means of a simple
apparently counterintuitive prediction about
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behavioral costs of language switching. The
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26 MEUTER AND ALLPORT
prediction is this. When switching between
stronger first language (L1) and a relatively
weaker second language (L2), the cost o
switching languages should be larger fo
switch to L1 than for a switch to L2.

This prediction is based on our interpretat
of task-switching costs observed in other t
domains, none of which involve langua
switching (Allport, Styles, & Hsieh, 1994; Al
port & Wylie, in press). In the following se
tion, we explain how this somewhat counte
tuitive prediction about language switching
motivated. Before doing so, however, there
second, complementary objective of this exp
iment that should be pointed out. This is
establish whether certain behavioral prope
of task-switching costs, studied hitherto in c
ventional, laboratory, reaction time (RT) tas
can be extrapolated to the special case of b
gual language switching.

To date, studies of task switching have ch
acteristically used tasks with more or less a
trary stimulus–response (S-R) mappings, o
with two-alternative key-press responses; m
importantly, they have used combinations
tasks that participants normally have no ex
rience of switching between before they en
the laboratory. In contrast, bilinguals who o
erate in two (or more) language contexts ty
cally have extensive practice at switching, r
idly, from speaking in one language to speak
in the other. It seems important to estab
whether the effects found in switching betwe
relatively arbitrary pairs of RT tasks also ap
to language switching in skilled bilinguals.

We now set out the background to our p
diction. Early studies of task switching in si
ple speeded tasks were reported by Je
(1927) and replicated by Spector and Bied
man (1976). More recently, task switchi
among a variety of (nonlinguistic or monol
gual) tasks has been studied in greater d
(e.g., Allport et al., 1994; Allport & Wylie, in
press; Hsieh & Allport, 1994; De Jong, 199
Los, 1996; Meiran, 1996; Rogers & Monse
1995; Styles & Allport, 1990). An excelle
review is provided by Monsell (1996).

Allport et al. (1994) found RT costs asso

ated with a wide range of shifts of task set
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including when the shift of task could in pri
ciple be fully anticipated—for example, in re
ular alternation of two different S-R tasks
providedthat the task stimuli themselves w
not sufficient to specify uniquely which of t
two (or more) tasks was to be performed (A
port et al., 1994, Experiments 3 and 4; Spe
& Biederman, 1976). (The latter proviso will
assumed in all of the experiments discus
here.) Furthermore, they found that an unfi
time interval of as much as 1 or 2 s precedin
the next RT trial, even with a fully predictab
shift of task, was not sufficient to eliminate t
RT shift cost on the next trial. This was so, e
though such an interval could be an orde
magnitude greater than the shift cost its
(;200 ms). Allport et al. inferred from th
result that the RT shift costas a wholecould no
simply reflect the time taken to execute an
tonomous or anticipatory “shift of set” in a
vance of the next trial. Instead, they propo
that the persisting RT shift cost resulted in
case from a failure to effectively shift set pr
to the arrival of the new task stimulus. Th
proposed that the task set, implemented for
preceding trial(s), persisted involuntarily in
the processing of the next (switch) trial ev
though the participant knew that the next t
required a shift of “set” and was instructed to
her best to prepare for it. That is, under th
conditions, “active disengagementfrom the task
set of preceding trials . . .must wait until trig-
gered by the imperative stimulus for the follo
ing trial” (Allport et al., 1994, p. 441, italic
added). In consequence, the switch trial sh
increased interference, or response conflict
tween the current and the preceding task. Th
demonstrated, for example, by greatly enhan
Stroop interference effects during switching

In a detailed investigation of task preparat
and shift costs, Rogers and Monsell (1995),
subsequently Meiran (1996), confirmed tha
major component of the task-switching co
persisted, similarly, over preparatory interv
of 1 or more s. In most conditions, the sh
costs showed a consistent, althoughonly partial
reduction with increasing preparation interv
They interpreted this as showing an additio

,component of the shift cost that was subject to
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27BILINGUAL LANGUAGE SELECTION
anticipatory or “endogenous” control. We b
lieve this interpretation to be correct. On
other hand, they found no reduction in betwe
task interference (incongruity) effects as a fu
tion of increasing preparation time, sugges
little, if any, effectivedisengagement from th
prior task during the preparation interval. R
ers and Monsell (1995) also noted that, in th
elegant “alternating runs” paradigm, switch
costs in RT were present only on the switch t
itself and not on the following nonswitch tria
consistent with a process of active disenga
ment during the course of the switch tr
Where switching costs are estimated in rela
to uniform tasks, however, there is evidence
switching costs can persist over considera
more than one trial (e.g., Allport et al., 199
Experiment 4; Allport & Wylie, in press, Ex
periments 2 and 3). Moreover, in rapid vis
monitoring tasks, in which the participant do
not respond overtly during the stimulus
quence, the data show a gradual recover
performance over some five to seven succes
stimuli after a shift of task has been cued (Hs
& Allport, 1994; Hsieh, 1995).

Consistent with all of these results from ta
switching studies is the idea of involuntary p
sistence of components of the preceding (“
switch”) task set into the processing of
stimulus for the “switch trial” itself, which w
refer to as task set inertia. It follows that
major determinant of the persisting switch
costs should be the characteristics of the tas
for theprecedingtrial(s) rather than those of t
ask to which the switch is to be made. This
ome generally counterintuitive consequen
or switching costs between pairs of tasks
hich one task is the behaviorally dominan
tronger member of the pair. For example, w
articipants switched between two versions

he classic Stroop color–word task (Macle
991) (that is, between naming the color
eading the word of incongruent Stroop stim
llport et al. (1994) found asymmetric switc

ng costs: much larger switching costs
witching to the dominant word-reading ta
han to the weaker task of color naming. T
nding was replicated by Allport and Wylie (

ress). The explanation, in terms of the Task Se
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nertia hypothesis, is straightforward. To ena
he task set for the weaker, color-naming tas
e performed, the competing (normally do
ant) word-reading task must beactively sup
ressedand (perhaps) the color-naming ta
dditionally activated. Suppose that a shift

ask is now required from color naming to wo
eading. The Task Set Inertia hypothesis
icts that the task set from the preceding tria
ill persist; that is, active suppression of
ord-reading task (and facilitation of col
aming) should still be present at the start
ord-reading trial on a switch from color na

ng. Hence (“paradoxically”) a large switchi
ost on a shift to the easy task of word read
he word-reading task, on the other hand, d
ot require any comparable suppression of c
aming in order for it to be performed. Task

nertia from the word-reading task thus w
ave a much smaller impact on a switch to c
aming. Hence a much smaller (or even ne
ible) shift cost on a switch to color naming,

s in fact observed (Allport et al., 1994, Exp
ment 5; Allport & Wylie, in press).

Similar, “paradoxical,” asymmetries ha
een reported in switching costs with ot

asks. Harvey (1984, Experiment 5) used a
ial version of the Stroop task and found asy
etrical switching costs, with the dominant ta

howing the larger costs. De Jong (1995) u
patially compatible and incompatible tasks
ound larger shift costs for the compatible ta
eung (1997), working in our laboratory, fou

hat differential practice at task A had the (“p
doxical”) effect of greatlyincreasingthe shift
osts on task A and reducing them on the c
eting, unpracticed task B.
The motivation for our experimental pred

ion about language switching should now
lear. To repeat, we predict that in switch
etween a dominant first language (L1) and a

relatively weaker second language (L2) we
should find asymmetric switching costs:
(“paradoxically”) larger cost of switching fro
L2 to L1 than from L1 to L2. The reason is a
follows: L1 is, by definition, acquired first an
in the case that we consider here, receives b
the greater amount of practice throughout

tAccordingly, we suggest, the weaker L2 can win
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28 MEUTER AND ALLPORT
the competition with L1 for the control of spo
ken production, only if L1 is suppressed.
ontrast, speech production in L1 should nor

mally require relatively little, if any, active in
hibition of L2. Similar proposals have be
made by a number of other students of bi
gualism (De Bot, 1992; De Bot & Schreud
1993; Green, 1986, 1993, 1998; Paradis, 1
to the effect that the selection of a particu
language entails the active suppression or
bition of the other, potentially competing, la
guages(s). In bilingual word recognition it
further suggested that the stronger langu
(L1) would normally exert stronger inhibitio
on the “language node” for L2 than vice vers
(Dijkstra & Van Heuven, 1998; Grainger
Dijkstra, 1992; Grainger, 1993).

According to the Task Set Inertia hypothe
therefore, on an intended switch of langu
from L2 to L1, the suppression of L1 should
persist into the initial processing of the1

speech act, thus delaying the production o
L1 response. For a language switch in the o
direction, however, task set inertia followi
one or more L1 responses may include the p
sisting, positive activation of L1, but little, if
any, suppression of L2. The degree of the pr

icted asymmetry in language switching co
hould, of course, depend on the (complem
ary) asymmetry in the relative strength of
peaker’s two languages. (Their “absolu

evel of proficiency is unimportant; what m
ers, for our prediction, is theirrelative
trength.) We therefore refer to this predict
s the Relative Strength hypothesis. The m
early equal in strength the two languages,
maller the expected (reverse) asymmetry in
witching costs.
To our knowledge, no suitable data exis

nable us to test this prediction. To date, m
f the research on bilingual language switch
as involved the analysis of conversatio
peech recorded from bilingual speakers
as focused on the points in an utteranc
hich unintentional or “spontaneous” shi

rom one language to the other occur (e.g. B
eligson, 1986; Clyne, 1980, 1987; Pfaff, 19
oplack, 1980; Sridhar & Sridhar, 1980; Tim

983). The first experimental study of inten-
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tional (or experimenter-cued) switching of s
ken language, in which the time costs of swit
ing were studied, was reported by Kolers (19
1968). From the total reading times by bil
guals of monolingual and bilingually mixe
passages, Kolers estimated the mean time
for a switch of spoken language when read
aloud at between 0.3 and 0.5 s. However,
measure does not distinguish between the d
tion of switch from L1 to L2 versus from L2 to
L1. More recent studies of language switch
have focused almost exclusively on the effe
of a shift in the language of input; for examp
on comprehension time for mixed language s
tences (e.g. Chan, Chau, & Hoosain, 19
Macnamara & Kushnir, 1971; Neufeld, 197
and in mixed-language lexical decision (e
Grainger & Beauvillain, 1987; Kirsner, Smit
Lockhart, King, & Jain, 1984; Meyer & Rudd
1974; Von Studnitz & Green, 1997).

Comparatively little experimental resea
has been directed to intentional langu
switching in spoken production. Dalrymple-A
ford (1985) asked bilinguals to read alo
mixed-language lists of unrelated words w
varying numbers of predictable langua
switches per list. However, here, as in Kole
(1966) study, the written word provides a la
guage-specific, nonsemantic specification o
spoken response (e.g. Besner & McCann, 1
Coltheart, 1985). That is, lexical retrieval of t
spoken word formin the appropriate languag
is already directly specified by the written sti
ulus. Thus, aside from the selection of com
ing grapheme–phoneme correspondences
task of discrete oral word reading minimizes
element ofselectionbetween competing la
guages in the bilingual lexicon.

We are aware of only one experimental st
of language switching in oral naming, us
language-neutral stimuli. Macnamara et
(1968) presented Arabic numerals one at a
for naming, cueing the language of respo
with a circle or triangle beside each nume
Language switching occurred either predicta
(with regular alternation) or unpredictably b
tween the two languages and was compare
monolingual naming sequences. “Switch

times” were estimated simply by subtracting
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29BILINGUAL LANGUAGE SELECTION
total list completion times for monolingual lis
from those for the language-switching con
tions. However, this method (like Kolers’) fa
to distinguish the direction of switch, from L1 to
L2 versus from L2 to L1. Macnamara et al.
pioneering study nevertheless provides a sim
model for the experiment to be reported he

In the present experiment, bilinguals w
instructed to name Arabic numerals (i.e., l
guage-neutral stimuli) in each of two languag
Surprisingly, this appears to be the first repo
study of language switching in oral naming
make use of discrete RTs. In this simple nam
task, bilinguals (with a dominant L1) were
asked to switch the language of product
according to the color of the background
which each numeral was displayed.

The primary purpose of the experiment w
to test the “paradoxical” prediction from t
Relative Strength hypothesis: Is the switch
cost larger for a switch of language to the str
ger L1 than for a switch to L2?

In discrete naming tasks, L1 responses a
typically faster and more accurate than L2 re-
sponses. It seems intuitively plausible to s
pose that this superiority of L1 should be, i
anything, even more marked when switch
from one language to another. For both psyc
ogists and nonpsychologists whom we h
asked, this intuition appears to be more or
universal. Macnamara (1967) provides an
ample of this assumption, suggesting tha
should be relatively easy to suppress the
sponse in a weaker language (L2), and thus
easier to switch to the dominant L1 than to
witch to L2. A third possibility to consider i

that there is simply a constant time cost
switching between languages A and B, reg
less of relative proficiency, and of the direct
of the switch, A to B versus B to A, as earl
studies by Kolers and others would appea
assume.

There were two further questions that
hoped to explore in this experiment. These c
cern possiblesequentialeffects of language s
ection over successive naming trials. Two e
irical questions will be examined. Fir

ollowing a successful switch from language

o language B, how rapidly does the efficiency
le
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of lexical selection for language B recover
asymptote? In their study of task switching
ing two-alternative, key-press responses, R
ers and Monsell (1995) reported switching co
on the first postswitch trialonly. Is this the cas

lso in a bilingual naming task? Second, do
eries of naming trials, all in the same langu
language A), lead to an increasing facilitat
f language A and a consequent progres
eduction in naming RTs (a “grooved in” e
ect)? Complementarily, does the cost o
witch to language B vary as a function of
umber of preceding trials consistently in l
uage A?

METHOD

articipants

Sixteen bilingual participants volunteered
ake part in the experiment, 11 women an
en. Their ages ranged from 23 to 44 years
f the participants spoke English either as a
L1) or a second language (L2), and all partici

pants judged themselves to be reasonably
ficient in their second language. The native
glish speakers had all studied their sec
language at university level and had spen
least 1 year in the relevant country. Those w
spoke English as their second language ha
been resident in Britain for at least 6 month
the time of testing and were occupied in fu
time study or research in which English was
working language. All participants reported f
quent, intentional switches of spoken langu
as an everyday occurrence. The languages
ken by our bilingual participants were delib
ately selected from a range of European
guages in order to limit possible system
effects of cognate number names in partic
language pairs (e.g., French, 65 “six”). These
languages were French (n 5 2), German (n 5
4), Italian (n 5 1), Portuguese (n 5 5), and
Spanish (n 5 4).

A self-paced numeral-naming task was u
to estimate relative name retrieval efficiency
L1 versus L2. Participants were asked to re
aloud, as fast as possible, lists of 20 numera

each of their two languages. This task was per-
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30 MEUTER AND ALLPORT
formed twice. Over the group as a whole, m
reading time in L2 was 20% slower than in L1.

Materials

The stimuli were single digits ranging fro
1 to 9. They were presented one at a tim
random order, in short sequences (“list
ranging in length unpredictably from 5 to
items. A total of 200 such lists was presen
giving approximately 2000 trials per parti
pant. The numerals were presented singly
a VGA color monitor interfaced with a
IBM-PC compatible computer. They were
mm high and appeared in the center of ei
a blue or a yellow rectangle, measuring 113
4 cm. The color of the rectangle told t
participant in which language to name
numeral, depending on instructions. For
ample, an English–French participant mi
be instructed that “blue” indicated “respo
in English” and “yellow” indicated “respon
in French.” The assignment of color cue
response language was counterbalan
across participants. A change in color of
rectangle from that of the preceding trial th
cued a switch in the language of respon
The lists were designed such that on any
there was .3 probability of a switch [p(switch)
5 .3; p(nonswitch)5 .7]. The possible num
ber of language switches within a list rang
from 0 to 4. A switch in the language
response could be either (1) from the wea
L2 to the stronger L1 (L2 to L1) or (2) from the
stronger L1 to the weaker L2 (L1 to L2). Non-
switch trials were either in L1 or L2. Within
each list the numerals were generated
domly for each participant, with the co
straint that the same numeral could not
repeated immediately in a sequence. Each
consisted of a unique sequence of nonsw
and switch trials, and these within-list s
quences were consistent across participa

The display of the numerals was respo
driven, through the activation of a voice k
The next stimulus appeared on the screen
ms after the voice key was triggered. For
first item in a list the background rectangle w

displayed 2 s before stimulus onset. For all
n

n
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n

r

-
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d
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l

r
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e
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other stimuli, presentation of numeral and ba
ground was simultaneous.

Procedure

Participants were tested individually. Th
were seated at approximately 40 cm dista
from the computer monitor with the voice k
placed directly in front of them. Participan
were told that single numerals would appea
the computer screen against a color backgro
in lists of varying length, and that the end
each list would be signaled by the appearanc
an asterisk accompanied by a short beep. T
were asked to name the numerals quickly
accurately in the appropriate language, as i
cated by the color, taking care to speak sha
and clearly. Their responses were recorded
voice key.

The experiment began with 12 practice li
similar to those in the main experiment. Par
ipants repeated the practice run up to th
times, if necessary, to ensure consistent us
the voice key (100% accurate triggering). D
ing the experimental session, each particip
was presented with all 200 lists of numer
The order of list presentation was randomi
across participants. After every 20th list
participant was allowed a short rest.

Response latencies (RTs) were recorded
the computer and measured from stimulus o
to the triggering of the response. Tape-recor
vocal responses were checked later for er
RTs corresponding to incorrect responses w
excluded from subsequent analyses as were
rect responses on trials immediately follow
an error.

Design and Analysis

The experimental design included three m
factors: (1) Response Language (L1 or L2); (2)
Run Length: the number of consecutive nam
responses consistently in one language
“same language” responses) immediately
ceding each switch or nonswitch trial (range5
[1, 13]); and (3) Ordinal Position: for switc
trials, the first, second, or third occurrence o
switch of response language in a list, and
nonswitch trials, those occurring (a) before

occurrence of the first switch, (b) after the first
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31BILINGUAL LANGUAGE SELECTION
switch but before the second switch, and
after the second switch within a list. Medi
RTs were calculated and subjected to anal
of variance (ANOVAs). Because the full set
items was used, analyses are reported by
jects only.

RESULTS

Figure 1A shows the overall response la
cies obtained when responding in L1 and L2 on
both switch and nonswitch trials. A strikin
pattern can be seen, which is repeated at ea
the three ordinal switch positions in a list (Fi
1B, 1C, and 1D). This data pattern has th
main features. First, for each language, sw
trials are slower than nonswitch trials. Seco
on nonswitch trials mean RT is faster in L1 than
in L2; in contrast, on switch trials, mean RT
consistently slower in L1 than in L2. Third, RTs
on both switch and nonswitch trials tend
increase with each successive switch with
list. These and other features of the data
analyzed below for the nonswitch and swi
trials and in terms of the respective costs
switching between languages.

Nonswitch Trials

Nonswitch RTs were categorized in th
ways. First, by language of response and

FIG. 1. (A) The overall mean RT (in millisecond
are shown separately for the first, second, and th
nonswitch trials show the nonswitch RT immedia
ond, by the number of preceding “same lan
)

s

b-

-

of

e
h
,

a
e

f

c-

guage” responses (Run Length). Because
ple size decreases with increasing run len
this latter variable was grouped as follows: R
preceded (a) by not more than one same
guage response, (b) by two to three consecu
same language responses, and (c) by fou
more consecutive same language respo
Third, the data were categorized by ordinal
sition in the list: (a) prior to the first switch
language, (b) after the first switch, and (c) a
the second switch. Figure 2 shows the n
switch RTs grouped by ordinal position in t
way (Figs. 2A, 2B, and 2C) and suggests so
what different patterns of nonswitch RTs
pending upon their occurrence relative to
switch.

A Response Language3 Ordinal Position3
Run Length repeated-measures analysis of
ance revealed a significant and consistent
vantage for L1 [F(1,15)5 4.98,MSe 5 8568.9
p , 0.05]. Mean naming responses were 24
aster in L1 than in L2. The main effect of Ru
Length was not significant (F , 1) but a sig
nificant Ordinal Position main effect was o
served [F(2,30) 5 49.30,MSe 5 775.46,p ,
0.0001]. Moreover, the interaction of Ordin
Position 3 Run Length was also significa
[F(4,60)5 14.57,MSe 5 475.07,p , 0.0001]

n nonswitch and switch trials. (B, C, and D) These dat
switch, respectively, in a list. In B, C, and D data for
preceding the corresponding switch trial.
s) o
ird
tely
-There were no interactions with Response Lan-
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32 MEUTER AND ALLPORT
guage (Fs , 1) and there was no three-w
interaction [F(4,60)5 1.65,MSe 5 537.21, ns]

A simple effects analysis of the Ordinal P
sition 3 Run Length interaction showed t
following. (1) For nonswitch trials prior to an
language switch (see Fig. 2A), there was a
nificant simple main effect of Response L
guage [F(1,15) 5 4.69, MSe 5 3741.75,p ,
.05] and of Run Length [F(2,30)5 10.12,MSe

5 353.58,p , .005]. That is, nonswitch RT
nexpectedlyincreased (slightly but consis

ently) with increasing number of consecut
receding “same language” responses. The

actors did not interact (F , 1). (2) For non
switch trials occurring after the first switch b
before the second (see Fig. 2B) there was a
a significant simple main effect of Respo
Language [F(1,15)5 6.3,MSe 5 2047.70,p ,
.025]. However, no effect of Run Length w
observed (F , 1) and there was no interacti
F(2,30) 5 2.27, MSe 5 335.38, ns]. (3) Fo

nonswitch trials occurring after the seco
switch the effect of Response Language fa
to reach significance [F(1,15) 5 2.86, MSe 5

368.82, ns]. There was, however, a signific
ffect of Run Length [F(2,30) 5 7.39,MSe 5

1497.56,p , .005]. As is clear from Fig. 2C
naming latency on the trial immediately follo

FIG. 2. Mean RT (in milliseconds) on nonswit
preceding run length. (Run length is the number of
immediately preceding a given nonswitch trial. Ru
same-language responses.) (A) Nonswitch RTs on
the first switch; (C) trials after a second language
ing a second language switch (Run Length5 1) q
-

o

in

d

t

was slower than those with longer run leng
(2–3, 41). No interaction was observe
[F(2,30)5 1.08,MSe 5 746.11, ns].

Switch Trials

Figure 3 shows switch trial RTs for L1 and L2

responses as a function of preceding run le
(i.e., the number of consecutive preceding n
switch responses in theother language imme
diately preceding the switch). Switch RTs
pear completely unaffected by this variable.
already noted, switch RTs from L2 to L1 are
consistently slower than switches from L1 to L2.

rials for L1 and L2 naming responses as a function of
secutive responses in thesamelanguage, without a switch,
ngth is divided into: no more than 1, 2–3, and 4 or mo
ls prior to any language switch in a list; (B) trials followi
itch.

FIG. 3. The figure shows RTs (in milliseconds) on swi
trials for L1 and L2 responses as a function of preceding
ength. (Run length is here the number of consecu
receding, nonswitch responses in theother language.) Th
ata shown are for the first language switch in each
ch t
con
n le
tria
uence of trials.
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33BILINGUAL LANGUAGE SELECTION
These observations were confirmed by a
sponse Language3 Run Length repeated-me
sures ANOVA. For the switch trials, Ru
Length was analyzed over a range of 1 to1
consecutive preceding responses in the o
language. The only significant effect was t
for Response Language [F(1,15)5 15.02,MSe

5 2002.34,p , 0.0025]. A switch from th
weaker L2 into the dominant L1 showed consis
tently slower RTs than a switch from L1 to L2 (a

ean difference of 28 ms). There was no ef
f Run Length and no interaction between

wo factors (Fs , 1).
Figure 1 shows that mean RTs on langu

witch trials (as on nonswitch trials) apparen
ncreased with each successive switch in a
his was tested using a Response Languag3

Ordinal Position3 Run Length repeated-me
ures ANOVA. For this analysis, preceding R
ength was divided into two categories, three

ewer and four or more immediately preced
esponses in the other language. There w
ignificant main effects of Response Langu
F(1,15)5 13.76,MSe 5 2477.49,p , 0.0025]
nd of Ordinal Position [F(2,30)5 8.19,MSe 5

7490.71,p , 0.0025]. Mean RTs on the firs
econd, and third language switch within a
ere 657, 693, and 716 ms, respectively. Ag

here was no effect of Run Length (F , 1). No
nteractions were found.

anguage-Switching Cost

The RT language-switching cost is defined
he difference between switch and nonsw
Ts. Given that nonswitch RTs increased
ificantly with ordinal position in a list, th

anguage-switching cost was calculated by
ng as a baseline the set of nonswitch respo
mmediately preceding each switch. (That
or the first language switch, the nonswitch
ls occurring before any switch of langua
ere taken as the baseline; for the sec
witch, the baseline consisted of the nonsw
rials occurring after the first switch but befo
he second switch; for the third switch, t
aseline was the nonswitch trials occurring a

he second switch but before the third.) Med
witch and nonswitch RTs were computed

ach participant, separately at each ordinal po
-

er
t

t

e

t.

r

re
e

t
,

s

-

-
es
,

d
h

r

r

ition, for both L1 and L2. Language-switchin
costs in each case were derived by subtrac
the median nonswitch RTs from the med
switch RTs for each participant. The results
summarized in Table 1 (see also Fig. 1).

The language-switching costs were subje
to a Response Language3 Ordinal Position
repeated-measures ANOVA. A significant m
effect of Response Language was fou
[F(1,15) 5 19.29,MSe 5 4132.52,p , .001],
confirming that language-switching costs w
consistently greater when switching from
weaker L2 into the stronger L1. However, ther
was no main effect of Ordinal Position and th
was no interaction (Fs , 1). The analysis con
firms that the size of the language-switch
cost depends only on the direction of the sw
(L1 to L2 versus L2 to L1) and remains esse
tially constant over successive switches with
list.

Our principal prediction, the Relativ
Strength hypothesis, is thus strongly confirm
As predicted by the Task Set Inertia mode
task switching, the cost of switching langua
to the relatively stronger L1 is greater than th
cost of switching in the opposite direction,
L2.

Further Tests of the Relative Strength
Hypothesis

Practice effects.The data permit two furthe
tests of this hypothesis. The first of these c
siders the differential effects of practice on

TABLE 1

Mean Language-Switching Costs (in milliseconds)
witches from L2 to L1 and from L1 to L2 Presented Se
rately for Each Ordinal Position in a List

Ordinal position

Language-switching cost

L2 to L1 L1 to L2

First switch 140 74
Second switch 137 91
Third switch 151 90

Mean 143 85
-meral naming in L1 versus L2, within the course
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34 MEUTER AND ALLPORT
of the experiment. The participants all ha
lifetime of practice at this simple task in L1, but
in many cases only a year or so of intensive
of L2. During the course of the experiment, e
participant performed some 2000 trials
speeded numeral naming, 1000 trials in eac
L1 and L2. It seems plausible that this amoun
practice should have benefited the weake2
more than it should L1. (Notoriously, bilingual
often continue to perform numerical tasks in1,
even when operating otherwise principally
L2.) Accordingly, the relative strength of L1 and

2 for numeral naming should differ less by
nd of the experiment than they did at the s
e would therefore predict that the asymme

n the language-switching costs should likew
e less at the end of the experiment than a
eginning.
In order to test this prediction, the first

correct trials and the last 15 correct trials in e
condition (over the 200 numeral lists) were
lected for further analysis (the Practice fact
using RTs for the first language switch and
the immediately preceding nonswitch trial in
list as the critical data (see Fig. 4). Evidently,
nonswitch trials, both L1 and L2 benefited from
the intervening practice, L2 RTs showing, a
expected, a proportionally larger practice ef
than L1 (41 ms versus 27 ms for L1). Con-

FIG. 4. The figure shows the effect of practice on
language-switching costs over some 2000 naming
sponses. Mean RTs (milliseconds) for the first langu
switch and for the immediately preceding nonswitch
are shown. (A) The results early in practice, on the firs
correct trials of the experiment; (B) results from the las
correct trials.
versely, on the switch trials, again as predicted
e

f

t.

e

h
-
,

t

it is the L1 RTs that show the largest reduct
with practice (65 ms) compared to L2 (30 ms)
A repeated-measures ANOVA on the langua
switching costs showed a significant main ef
of Response Language [F(1,15) 5 12.43,MSe

5 4911.50,p , .005], but, on account of th
rossover effect just described, no Practice m
ffect was observed [F(1,15) 5 1.78, MSe 5

1665.57, ns]. However, the predicted Respo
Language3 Practice interaction was just sh
of significance [F(1,15) 5 4.17, MSe 5
2202.35,p 5 .059]. Post hoc Newman–Keu

nalyses showed significant reduction w
ractice in the language-switching cost for1

but not for L2. Over the first 15 trials the la
guage-switching cost was larger for L1 than L2

by 86 ms (a 5 .01); by the last 15 trials th
difference was reduced to 38 ms, though
remaining asymmetry in the switching co
was still significant (a 5 .05).

Relative proficiency.As a further test of th
Relative Strength hypothesis, participants w
divided into two groups, according to their r
ative proficiency in the two languages. For t
purpose, we used the simplest but also the m
directly relevant index of relative language p
ficiency within our experimental task, nam
the speed of numeral naming in L1 versus L2.
For each participant the mean of median nam
RTs, in L1 and L2, for all nonswitch trials prio
to the first language switch in a list were co
puted. Based on the difference between th
two values (mean L1 minus L2 nonswitch RT)
two equal-sized groups resulted: Group A (n 5
8), with a mean L1-L2 difference in RT of 90 m
(SD 5 58), and group B (n 5 8) with a much
smaller mean difference (M 5 15 ms,SD5 13).

The data for these two groups are show
Fig. 5 (Figs. 5A and 5B, respectively) and s
gest a reduction in the switching cost asym
try for Group B, where the difference in relati
proficiency was comparatively small. A
ANOVA with Relative Proficiency as the b
tween-subjects factor and Trial Type (no
switch versus switch) and Response Langu
as the within-subjects factors, however, faile
show a reliable three-way interaction (F , 1).
Simple effects analyses were carried out no

-
e

,theless to evaluate the Trial Type3 Response
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Language separately for each group. Grou
with the larger difference in language pro
ciency between L1 and L2, showed the expecte
main effects of nonswitch versus swit
[F(1,14)5 28.37,MSe 5 5004.51,p , .0005]
and of Response Language [F(1,14) 5 5.03,
MSe 5 658.59,p , .05]. In addition, there wa

significant Trial Type3 Response Langua
nteraction [F(1,14) 5 6.64, MSe 5 2134.96
p , .025]. In contrast, for the more balanc

ilingual group, group B, the only significa
ffect was for nonswitch versus switch [F(1,14)

10.23,MSe 5 5004.51,p , .01]. There wa
no main effect of Response Language in
group [F(1,14)5 1.08,MSe 5 658.59, ns] and

ore importantly, no significant interaction
rial Type (switch vs nonswitch) with R
ponse Language [F(1,14) 5 2.12, MSe 5

2134.96, ns].

Errors

Very few errors were made. The percent
of errors in the four main categories of respo
were as follows: nonswitch L1 5 0.6%; non
witch L2 5 0.5%; switch L2 to L1 5 0.6%;

switch L1 to L2 5 0.3%. These were too few
enable meaningful analysis, but it should
noted that twice as many errors occurred w
switching from L2 to L1 than vice versa. It i

FIG. 5. The effect of relative proficiency in L1 versus L2
on the language-switching cost. (A) The data (in millis
onds) for participants with a larger difference in rela
L1/L2 proficiency. (B) The data for the participants w
little difference in relative proficiency between the t
languages.
also worth noting that the errors included a
,

s

e
e

n

number of phonological blends between the
languages. The exclusion of correct respon
on trials immediately following an error, r
sulted in the loss of 1.1% of correct respon
Incorrect triggering of the voice key resulted
a further loss of 0.9% of responses.

DISCUSSION

As predicted, the language-switching c
was larger in switching from the weaker L2 to
the stronger L1 (mean switching cost5 143 ms
han in switching from L1 to L2 (mean switch
ing cost5 85 ms). This asymmetric pattern w
also remarkably consistent. It was furth
strengthened by analyses of differential prac
effects in L1 versus L2 and of individual differ
ences in the relative proficiency of L1 and L2.
The asymmetry in the size of the langua
switching cost resulted in a crossover effect
switch trials, such that numeral naming in1
was actually slower than it was in L2 (see Figs
1 and 3). We are not aware of any previou
reported RT data in which amorehighly prac-
ticed RT task (or a task with earlier age
acquisition) shows a slower RT than a co
sponding, butlesshighly practiced task.

We believe this result—which appears to
counter to common sense intuition on the s
ject—provides substantial support for the T
Set Inertia interpretation of task-switchi
costs, as a form of “negative priming” of ta
set. The “negative priming” arises from the
tive inhibition of one of two mutually compe
ing tasks (or languages), A, which then pers
involuntarily into the processing of the next ta
(or language), B. Thus, for language produc
in a weaker L2, active suppression of the co
petitor language (L1) is needed, as well as p
tentiation of L2. On a subsequent switch tri
this L2 language set thus generates powe
interference with the intended L1 response. Fo
production in L1, in contrast, little suppressio
of any competitor language(s) may be nee
Hence the reverse asymmetry in the langu
switching costs.

On the contrary, if the language-switch
costs are taken to represent the time neede
a control operation to prepare or engage thenew

intended language set, the asymmetric effect
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36 MEUTER AND ALLPORT
appears paradoxical. If this were the origin
the language-switching costs, why should
language set for the better learned, “strong
L1 be more difficult and take longer to enga
han the weaker L2? On the other hand, if th
switching cost reflects primarily the difficulty
disengagementfrom the preceding language s
as the Task Set Inertia model assumes,
pattern of results is exactly what should
expected.

As proposed in the Introduction, the p
dicted pattern of language-switching costs le
support also to the assumption that biling
language switching reflects processes tha
fundamentally similar to task switching in oth
domains. Furthermore, even very extensive,
traexperimental practice at switching betw
their two languages, which our participants
doubtedly had, did not eliminate the switch
cost.1

A clear-cut prediction from the Task Set
ertia account of the switching costs is that
(reverse) asymmetry should diminish, as
relative proficiency of the two languages
proaches equality. Post hoc analyses of the
rent data supported this prediction. A more
manding test would be provided by tru
balanced bilinguals. In a study of bilingu
specially selected for their matched perf
mance in both languages, Meuter (1994) fo
identicalcosts of switching to either language
a category naming task.

An alternative possible explanation for
asymmetry of the language-switching costs
put forward by an anonymous referee. Thi
that a difficult task on trial N may carry over
produce a slow response also on the next
Thus, the relatively difficult task of naming
L2 would be followed by a further slow r
sponse on a switch to L1. (Let us refer to this a
the “carry over” hypothesis.) There are t
rather straightforward reasons why this att
tively simple account can be ruled out. The fi
is this, and is, we believe, conclusive. The m
of the “carry over” hypothesis is its simp

1 This latter point, however, should be qualified by no
that switching between languages, in response to an
trary color cue, is unlikely to have formed a major par

their prior experience.
f
e
”
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generality. If the “carry over” hypothesis we
correct, it would, of course, have to apply to
cases of task switching. That is, the same as
metry of switching costs should be obser
betweenall pairs of competing tasks that diff
in RT. However, this prediction is strongly d
confirmed by the available evidence. By
means all manipulations of task “difficult
(and hence RT) result in reverse asymmetr
switching costs. For example, Azuma and M
sell (1998) reported a series of task-switch
studies with pairs of tasks, each pair consis
of one “easy” task and one more “difficult” tas
by manipulating S-R compatibility. They fou
no asymmetry of switching costs. Similarly,
give another example, we manipulated the
trinsic difficulty of a number comparison ta
by varying the symbolic distance between
numbers. This manipulation had a substan
effect on RT, but left the shift cost unchang
and symmetrical for both “easy” and “difficu
comparisons (Allport et al., 1994, Experim
2). To our knowledge, only mutually competi
tasks (or languages) in which the stronger
(or language) must be actively suppresse
enable the relatively weaker competitor to
performed result in (reverse) asymmetry in
switching costs. There is indeed a “carry ov
effect, in switching set, but it concerns spec
cally the carry over of suppression of the p
viously competing language or task. This is
is addressed at length, with extensive fur
evidence, in Allport and Wylie (in press).

Second, we are not aware of any empir
data, even within uniform tasks, adequate
motivate the “carry over” hypothesis as a
tential explanation for our findings. Clearly t
RT carry over effect would have to be mass
to account for the very large asymmetry in
data reported here. In general, autocorrela
on sequential RT data does not reveal g
patterns of speeding or slowing followi
“easy” versus “difficult” responses, althou
small fluctuations in speed–accuracy criter
affecting errors, have been reported (e.g. Fe
ley, 1978).

The effect of the number of preceding, c
secutive responses in language A (or task A
i-
the cost of switching to a competing language
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37BILINGUAL LANGUAGE SELECTION
(task), B, has not previously been investiga
The data give no indication of cumulative
increasing engagement of one particular
guage set, nor an increasing difficulty of swit
ing to a different language, over success
same-language responses. This pattern o
sults is of some theoretical importance. It s
gests that the lexicon of language A ver
language B is selectively activatedas a whole
unit, rather than as a function of the cumulat
activity of individual lexical items, pieceme
The data are consistent with the construc
functional supralexical “language node
which activate and/or suppress a langua
specific lexicon for spoken language produc
as a whole,as proposed for bilingual lexic
epresentation in the BIA model (Dijkstra
an Heuven, 1998; Grainger, 1993; for sim
roposals, see also De Bot & Schreuder, 1
reen, 1986, 1993, 1998; Paradis, 1981).
onclusion, however, is qualified in two wa
irst, it is qualified by our use of small, clos
ocabularies (numeral names) in this exp
ent. It would be valuable to confirm whethe
lso holds well with much larger vocabulari
ithout item repetition. Second, it is possi

hat participants increasingly expect alter
ions the longer a run gets, despite the ob
ively constant probability of a switch (p 5 0.3)
and despite the fact that lists with zero switc
occurred. If so, this effect might mask a sm
effect, in the opposite direction, of increas
facilitation at the repeated language. On
other hand, for the first occurrence of a l
guage switch in a list, the switching cost w
observed only on the switch trial itself. By t
next trial, naming RT was as fast as on
subsequent trials, consistent with the “langu
node” idea. (However, following a second la
guage switch in a list, there was a signific
tendency for the next (nonswitch) trial to sh
a slower RT.) The issue is an important one
bilingual language selection. On the whole,
data strongly suggest that all-or-none langu
selection (for spoken naming) can and d
indeed occur.

Further evidence in favor of all-or-none la
guage selection is provided in a recent stud

language switching (Loasby, 1998). Proficienw
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bilinguals named line drawings of objects w
predictable, cued switches of the language
response. Prior to the actual experiment, pa
ipants were given intensive practice at spee
naming of a selected subset of the stimu
items, some items in one language, a diffe
subset in the other language. Another, large
of items remained unpracticed. In the switch
task, stimuli that had received intensive p
naming practice could be presented for nam
either in thesamelanguage in which they ha
been practiced (“target-primed” items) or in
other, competing language (“competito
primed” items). The purpose of this manipu
tion was thus to simulate the L1/L2 difference in
relative language strength, exploited in the m
study reported in this article, but now on
trial-by-trial (item-by-item) basis. That is, ta
get-primed trials are designed to elicit nam
responses in the relatively stronger langu
(for that item); competitor-primed trials elic
responses in the weaker language (for
item). The latter should therefore require gre
suppression of the competing language
sponseon that particular trial. It should be no
surprise that naming RT on target-primed tr
was about 100 ms faster than on compet
primed trials. As expected, also, this differe
remained about the same on both langu
switch and nonswitch trials. The critical qu
tion concerns the efficiency of naming on
trial immediatelyfollowing a primed trial. Ac
cording to the account of language-switch
costs presented here, active suppression o
competitor language may persist, involuntar
despite an intention to switch to the other l
guage, resulting in “negative priming” of t
intended language on the switch trial. (He
larger switching costs in switching from L2 to
L1 than from L1 to L2.) However, withitem-by-
itemmanipulation of relative language streng
a similar effect should occuronly if suppressio
of the primed competitor item results in su
pression, not just of that item, but of the co
peting language vocabularyas a whole.The
esults were dramatic and clear-cut. On tr
ollowing a target-primed item, when little
ny suppression of the competing respo
t ould have been needed, the mean cost of a
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38 MEUTER AND ALLPORT
language switch was less than 40 ms. In c
trast, following a competitor-primed item, t
switching cost was over 180 ms. The item-
item manipulation of relative language stren
thus resulted in the same asymmetry in
guage switching costs as in our global L1/L2

manipulation, reported in this paper. The ite
by-item manipulation, however, permits t
further inferences. First, switching costs are
termined primarily by the control requireme
of the language (or task)from which the switch
is made, rather than the control requirement
the upcoming language (or task). (For furt
evidence supporting this proposition, see
port and Wylie, in press.) Second, activation
a particular lexical item in language A, and
suppression of a competing lexical item in l
guage B, apparently results in facilitation of
language A vocabulary and “negative primin
of the language B vocabulary,as a whole.

The question of active preparation of a s
cific language set,in advance ofthe naming
timulus, was not addressed in this experim
but see Meuter & Powell, 1997, for a prelim
ary study). The extent of anticipatory cont
f task set, in other task-switching domains,

he conditions under which it may or may n
ccur, is the subject of active current resea
De Jong, in press; Meiran, 1996; Rogers
onsell, 1995). We note here the earlier find
y Macnamara et al. (1968) that, in their exp

ment, an intertrial interval of 2.0 s, even w
ully predictable alternation between languag
id not reduce the observed switching cos
ould be interesting to establish whether

everse asymmetry of language-switching co
eported here, would be observed even w
recueing of the language for naming. W
inds of stimuli act as effective cues for la
uage selection, and to what extent they
educe or even eliminate language-switch
osts, are questions for future research.
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