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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 L
from the weaker L than vice versa such that, on switch trials,responses were slower than ig. L
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 langiagguites
active inhibition or suppression of the stronger competitor languagehe inhibition persists into
the following (switch) trial in the form of “negative priming” of the, llexicon as a whole. © 1999
Academic Press

A bilingual or multilingual speaker is able tothat bilingual language selection depends or
switch rapidly, at will, from one spoken lan-processes that are similar in kind to those re-
guage to another. While switches of languagsponsible for the control of task set in other
sometimes occur unintentionally, particularly irmonolingual and/or nonlanguage task domains
moments of emotion or stress (Dornic, 1979This is an assumption shared by other researct
1980; Grosjean, 1982), fluent bilinguals arers in the field (e.g., Kirsner, Lalor, & Hird,
generally efficient at language selection and at992: Macnamara, Krauthammer, & Bolgar,
keeping their languages separate. Thus it is poggeg; Paradis, 1980). An alternative view, how-
sible to listen to one language while speakingyer, might stress that language is a uniquely
another (Grosjean, 1988). Indeed, skilled simukpecialized human function, with characteristics
taneous interpreters temporally overlap speakhat separate it from all other cognitive pro-
ing one language while Iiste_ning to another langesses. From this perspective, it might be ar:
guage by up to 75% of the time (Gerver, 1974)y0q, linguistic control mechanisms—includ-

How is the intended language selected, ifhg  specifically, the fundamental selection of
spoken language production, and what are thgniqh language to speak—might be suppose
behavioral effects of switching from one Ian-to be likewisesui generis;that is, to show

? i i i . . .
guage to another? Our working assumption is,,herties different from those observable in
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prediction is this. When switching between ancluding when the shift of task could in prin-
stronger first language (). and a relatively ciple be fully anticipated—for example, in reg-
weaker second language . the cost of ular alternation of two different S-R tasks—
switching languages should be larger for providedthat the task stimuli themselves were
switch to L, than for a switch to L not sufficient to specify uniquely which of the
This prediction is based on our interpretatiotwo (or more) tasks was to be performed (All-
of task-switching costs observed in other tasgort et al., 1994, Experiments 3 and 4; Spectol
domains, none of which involve language& Biederman, 1976). (The latter proviso will be
switching (Allport, Styles, & Hsieh, 1994; All- assumed in all of the experiments discussec
port & Wylie, in press). In the following sec- here.) Furthermore, they found that an unfilled
tion, we explain how this somewhat counterintime interval of as much as Ir @ s preceding
tuitive prediction about language switching ighe next RT trial, even with a fully predictable
motivated. Before doing so, however, there is ghift of task, was not sufficient to eliminate the
second, complementary objective of this expelRT shift cost on the next trial. This was so, even
iment that should be pointed out. This is tdhough such an interval could be an order of
establish whether certain behavioral propertiemagnitude greater than the shift cost itself
of task-switching costs, studied hitherto in con{~200 ms). Allport et al. inferred from this
ventional, laboratory, reaction time (RT) tasksresult that the RT shift costs a wholecould not
can be extrapolated to the special case of bilisimply reflect the time taken to execute an au-
gual language switching. tonomous or anticipatory “shift of set” in ad-
To date, studies of task switching have chaivance of the next trial. Instead, they proposec
acteristically used tasks with more or less arbithat the persisting RT shift cost resulted in this
trary stimulus—response (S-R) mappings, oftecase from a failure to effectively shift set prior
with two-alternative key-press responses; more the arrival of the new task stimulus. They
importantly, they have used combinations oproposed that the task set, implemented for the
tasks that participants normally have no expereceding trial(s), persisted involuntarily into
rience of switching between before they entethe processing of the next (switch) trial even
the laboratory. In contrast, bilinguals who opthough the participant knew that the next trial
erate in two (or more) language contexts typirequired a shift of “set” and was instructed to do
cally have extensive practice at switching, rapher best to prepare for it. That is, under these
idly, from speaking in one language to speakingonditions, ‘active disengagemefrom the task
in the other. It seems important to establisket of preceding trial. . .must wait until trig-
whether the effects found in switching betweegered by the imperative stimulus for the follow-
relatively arbitrary pairs of RT tasks also applying trial” (Allport et al., 1994, p. 441, italics
to language switching in skilled bilinguals.  added). In consequence, the switch trial shows
We now set out the background to our preincreased interference, or response conflict, be
diction. Early studies of task switching in sim-tween the current and the preceding task. This i
ple speeded tasks were reported by Jersitemonstrated, for example, by greatly enhance
(1927) and replicated by Spector and BiedeiStroop interference effects during switching.
man (1976). More recently, task switching In a detailed investigation of task preparation
among a variety of (nonlinguistic or monolin-and shift costs, Rogers and Monsell (1995), anc
gual) tasks has been studied in greater detailibsequently Meiran (1996), confirmed that a
(e.g., Allport et al., 1994; Allport & Wylie, in major component of the task-switching costs
press; Hsieh & Allport, 1994; De Jong, 1995persisted, similarly, over preparatory intervals
Los, 1996; Meiran, 1996; Rogers & Monsell,of 1 or more s. In most conditions, the shift
1995; Styles & Allport, 1990). An excellent costs showed a consistent, althowgtly partial
review is provided by Monsell (1996). reduction with increasing preparation interval.
Allport et al. (1994) found RT costs associ-They interpreted this as showing an additional
ated with a wide range of shifts of task setcomponent of the shift cost that was subject to
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anticipatory or “endogenous” control. We bednertia hypothesis, is straightforward. To enable
lieve this interpretation to be correct. On thehe task set for the weaker, color-naming task tc
other hand, they found no reduction in betweerbe performed, the competing (normally domi-
task interference (incongruity) effects as a funcant) word-reading task must lzetively sup-
tion of increasing preparation time, suggestingressedand (perhaps) the color-naming task
little, if any, effectivedisengagement from the additionally activated. Suppose that a shift of
prior task during the preparation interval. Rogtask is now required from color naming to word
ers and Monsell (1995) also noted that, in theireading. The Task Set Inertia hypothesis pre-
elegant “alternating runs” paradigm, switchingdicts that the task set from the preceding trial(s)
costs in RT were present only on the switch trialvill persist; that is, active suppression of the
itself and not on the following nonswitch trials,word-reading task (and facilitation of color
consistent with a process of active disengageaming) should still be present at the start of a
ment during the course of the switch trialword-reading trial on a switch from color nam-
Where switching costs are estimated in relatiomg. Hence (“paradoxically”) a large switching
to uniform tasks, however, there is evidence thatst on a shift to the easy task of word reading.
switching costs can persist over considerablyhe word-reading task, on the other hand, doe:
more than one trial (e.g., Allport et al., 1994 notrequire any comparable suppression of colol
Experiment 4; Allport & Wylie, in press, Ex- naming in order for it to be performed. Task set
periments 2 and 3). Moreover, in rapid visualnertia from the word-reading task thus will
monitoring tasks, in which the participant doeiave a much smaller impact on a switch to color
not respond overtly during the stimulus senaming. Hence a much smaller (or even negli-
guence, the data show a gradual recovery gible) shift cost on a switch to color naming, as
performance over some five to seven successiigin fact observed (Allport et al., 1994, Exper-
stimuli after a shift of task has been cued (Hsielment 5; Allport & Wylie, in press).
& Allport, 1994; Hsieh, 1995). Similar, “paradoxical,” asymmetries have
Consistent with all of these results from taskbeen reported in switching costs with other
switching studies is the idea of involuntary pertasks. Harvey (1984, Experiment 5) used a spa
sistence of components of the preceding (“preial version of the Stroop task and found asym-
switch”) task set into the processing of themetrical switching costs, with the dominant task
stimulus for the “switch trial” itself, which we showing the larger costs. De Jong (1995) usec
refer to as task set inertia. It follows that thespatially compatible and incompatible tasks anc
major determinant of the persisting switchingound larger shift costs for the compatible task.
costs should be the characteristics of the task séeung (1997), working in our laboratory, found
for the precedingtrial(s) rather than those of thethat differential practice at task A had the (“par-
task to which the switch is to be made. This haadoxical”) effect of greatlyncreasingthe shift
some generally counterintuitive consequence®sts on task A and reducing them on the com:-
for switching costs between pairs of tasks ipeting, unpracticed task B.
which one task is the behaviorally dominant or The motivation for our experimental predic-
stronger member of the pair. For example, whetion about language switching should now be
participants switched between two versions dflear. To repeat, we predict that in switching
the classic Stroop color—word task (Macleodbetween a dominant first language,;)land a
1991) (that is, between naming the color andelatively weaker second language,fLwe
reading the word of incongruent Stroop stimulishould find asymmetric switching costs: a
Allport et al. (1994) found asymmetric switch-(“paradoxically”) larger cost of switching from
ing costs: much larger switching costs irL, to L, than from L to L,. The reason is as
switching to the dominant word-reading tasKollows: L, is, by definition, acquired first and,
than to the weaker task of color naming. Thisn the case that we consider here, receives by fe
finding was replicated by Allport and Wylie (in the greater amount of practice throughout life.
press). The explanation, in terms of the Task Sétccordingly, we suggest, the weakey ¢an win
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the competition with L. for the control of spo- tional (or experimenter-cued) switching of spo-
ken production, only if L is suppressed. In ken language, in which the time costs of switch-
contrast, speech production in, Ishould nor- ing were studied, was reported by Kolers (1966,
mally require relatively little, if any, active in- 1968). From the total reading times by bilin-
hibition of L,. Similar proposals have beenguals of monolingual and bilingually mixed
made by a number of other students of bilinpassages, Kolers estimated the mean time-co:
gualism (De Bot, 1992; De Bot & Schreuderfor a switch of spoken language when reading
1993; Green, 1986, 1993, 1998; Paradis, 1984joud at between 0.3 and 0.5 s. However, this
to the effect that the selection of a particulameasure does not distinguish between the direc
language entails the active suppression or inhiion of switch from L; to L, versus from L, to
bition of the other, potentially competing, lan-L,. More recent studies of language switching
guages(s). In bilingual word recognition it ishave focused almost exclusively on the effects
further suggested that the stronger languag¥ a shift in the language of input; for example,
(L,) would normally exert stronger inhibition on comprehension time for mixed language sen
on the “language node” for Lthan vice versa tences (e.g. Chan, Chau, & Hoosain, 1983;
(Dijkstra & Van Heuven, 1998; Grainger & Macnamara & Kushnir, 1971; Neufeld, 1976)
Dijkstra, 1992; Grainger, 1993). and in mixed-language lexical decision (e.g.

According to the Task Set Inertia hypothesisGrainger & Beauvillain, 1987; Kirsner, Smith,
therefore, on an intended switch of languageockhart, King, & Jain, 1984; Meyer & Ruddy,
from L, to L,, the suppression of Lshould 1974; Von Studnitz & Green, 1997).
persist into the initial processing of the, L Comparatively little experimental research
speech act, thus delaying the production of amas been directed to intentional language
L, response. For a language switch in the othewitching in spoken production. Dalrymple-Al-
direction, however, task set inertia followingford (1985) asked bilinguals to read aloud
one or more L responses may include the permixed-language lists of unrelated words with
sisting, positive activation of [, but little, if varying numbers of predictable language
any, suppression of L. The degree of the pre- switches per list. However, here, as in Kolers’
dicted asymmetry in language switching cost6l966) study, the written word provides a lan-
should, of course, depend on the (complemeiguage-specific, nonsemantic specification of the
tary) asymmetry in the relative strength of thespoken response (e.g. Besner & McCann, 1987
speaker’s two languages. (Their “absoluteColtheart, 1985). That is, lexical retrieval of the
level of proficiency is unimportant; what mat-spoken word formin the appropriate language
ters, for our prediction, is theirelative is already directly specified by the written stim-
strength.) We therefore refer to this predictiomulus. Thus, aside from the selection of compet-
as the Relative Strength hypothesis. The moiag grapheme—phoneme correspondences, tf
nearly equal in strength the two languages, thask of discrete oral word reading minimizes the
smaller the expected (reverse) asymmetry in ttedement of selectionbetween competing lan-
switching costs. guages in the bilingual lexicon.

To our knowledge, no suitable data exist to We are aware of only one experimental study
enable us to test this prediction. To date, mucbf language switching in oral naming, using
of the research on bilingual language switchintanguage-neutral stimuli. Macnamara et al.
has involved the analysis of conversationa]1968) presented Arabic numerals one at a time
speech recorded from bilingual speakers arfdr naming, cueing the language of response
has focused on the points in an utterance atith a circle or triangle beside each numeral.
which unintentional or “spontaneous” shiftsLanguage switching occurred either predictably
from one language to the other occur (e.g. BerKwith regular alternation) or unpredictably be-
Seligson, 1986; Clyne, 1980, 1987, Pfaff, 197%ween the two languages and was compared t
Poplack, 1980; Sridhar & Sridhar, 1980; Timmmonolingual naming sequences. “Switching
1983). The first experimental study of intentimes” were estimated simply by subtracting
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total list completion times for monolingual listsof lexical selection for language B recover to
from those for the language-switching condiasymptote? In their study of task switching us-
tions. However, this method (like Kolers’) failsing two-alternative, key-press responses, Rog
to distinguish the direction of switch, from,fo  ers and Monsell (1995) reported switching costs
L, versus from L, to L,. Macnamara et al.’s on the first postswitch triadnly. Is this the case
pioneering study nevertheless provides a simpliso in a bilingual naming task? Second, does ¢
model for the experiment to be reported here series of naming trials, all in the same language
In the present experiment, bilinguals werglanguage A), lead to an increasing facilitation
instructed to name Arabic numerals (i.e., lanof language A and a consequent progressive
guage-neutral stimuli) in each of two languageseduction in naming RTs (a “grooved in” ef-
Surprisingly, this appears to be the first reporteféct)? Complementarily, does the cost of a
study of language switching in oral naming toswitch to language B vary as a function of the

make use of discrete RTs. In this simple namingumber of preceding trials consistently in lan-
task, bilinguals (with a dominant ). were gyage A?

asked to switch the language of production,
according to the color of the background on METHOD
which each numeral was displayed.
The primary purpose of the experiment wa®articipants
to test the “paradoxical” prediction from the _. . -
Relative Strength hypothesis: Is the switchin Sixteen bilingual participants volunteered to

cost larger for a switch of language to the stron-ake E’r&;]rt,'n the expendmfent, 21:% WiTen andAﬁ
ger L, than for a switch to L? men. Their ages ranged from 23 to 44 years.

In discrete naming tasks,,Lresponses are of the participants spoke English either as a firsi
1

typically faster and more accurate thag fe- (-1 OF & second language ). and all partici-

sponses. It seems intuitively plausible to sup2@nts judged themselves to be reasonably prc

pose that this superiority of Lshould be, if figient in their second Ianguage. The pative En-
anything, even more marked when switchin?"Sh speakers_had_ all studied their seconc
from one language to another. For both psychofdnguage at university level and had spent &
ogists and nonpsychologists whom we havieast 1 year in the relgvant country. Those wha
asked, this intuition appears to be more or les¥oke English as their second language had a
universal. Macnamara (1967) provides an exeen resident in Britain for at least 6 months at
ample of this assumption, suggesting that the time of testing and were occupied in full-
should be relatively easy to suppress the rdime study or research in which English was the
sponse in a weaker language,(Land thus working language. All participants reported fre-
easier to switch to the dominant, lthan to duent, intentional switches of spoken language
switch to L,. A third possibility to consider is @s an everyday occurrence. The languages sp
that there is simply a constant time cost oken by our bilingual participants were deliber-
switching between languages A and B, regarcitely selected from a range of European lan-
less of relative proficiency, and of the directiorguages in order to limit possible systematic
of the switch, A to B versus B to A, as earliereffects of cognate number names in particula
studies by Kolers and others would appear t@&nguage pairs (e.g., French=6"six”). These
assume. languages were French € 2), German if =
There were two further questions that wet), Italian fy = 1), Portuguesen( = 5), and
hoped to explore in this experiment. These corSpanish if = 4).
cern possiblesequentiakffects of language se- A self-paced numeral-naming task was usec
lection over successive naming trials. Two emto estimate relative name retrieval efficiency in
pirical questions will be examined. First,L, versus L. Participants were asked to read
following a successful switch from language Aaloud, as fast as possible, lists of 20 numerals ir
to language B, how rapidly does the efficiencgach of their two languages. This task was per:
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formed twice. Over the group as a whole, meaather stimuli, presentation of numeral and back-
reading time in L, was 20% slower than in,L ground was simultaneous.

Materials Procedure

The stimuli were sinale digits ranging from Participants were tested individually. They
imutl w ingle digt ging .\were seated at approximately 40 cm distance

1 to 9. They were presented one at a time I{;rom the computer monitor with the voice key

randpm _orlder,trlln shor(tj_ste%llJe?ces 5(tI|stls4 laced directly in front of them. Participants
ranging in iength unpredictably from 5 to ere told that single numerals would appear on

itgms. Atotal 9f 200 such Iists_ was preseqtg he computer screen against a color backgrounc
giving approximately 2000 trials per particl-n jists of varying length, and that the end of

pant. The numeralsl were presented smgly O8hch list would be signaled by the appearance o
a VGA color monitor interfaced with an ,, aterisk accompanied by a short beep. The
IBM-PC compatible computer. They were 9o asked to name the numerals quickly anc
mm high and appeared in the center of eithef. ., rately in the appropriate language, as indi
a blue or a yellow rectangle, measuring X1 aeq by the color, taking care to speak sharply
4 cm. The color of the rectangle told theyng cjearly. Their responses were recorded by :
participant in which language to name thgi.q key.

numeral, depending on instructions. For €X- The experiment began with 12 practice lists,
ample, an English—French participant mighgimijar 1o those in the main experiment. Partic-
be instructed that “blue” indicated “respondpants repeated the practice run up to three
in English” and “yellow” indicated “respond imes; if necessary, to ensure consistent use
in French.” The assignment of color cue tgne yoice key (100% accurate triggering). Dur-
response language was counterbalancggy the experimental session, each participan
across participants. A change in color of thgyas presented with all 200 lists of numerals.
rectangle from that of the preceding trial thusrhe order of list presentation was randomized
cued a switch in the language of responsecross participants. After every 20th list the
The lists were designed such that on any triglarticipant was allowed a short rest.

there was .3 probability of a switclp(switch)  Response latencies (RTs) were recorded b
= .3; p(nonswitch)= .7]. The possible num- the computer and measured from stimulus onse
ber of language switches within a list ranged the triggering of the response. Tape-recordec
from O to 4. A switch in the language ofyocal responses were checked later for errors
response could be either (1) from the weakerTs corresponding to incorrect responses wer
L, to the stronger L (L, to L,) or (2) from the excluded from subsequent analyses as were co

stronger L to the weaker L (L, to L,). Non-  rect responses on trials immediately following
switch trials were either in Lor L,. Within  an error.

each list the numerals were generated ran-
domly for each participant, with the con-Design and Analysis
straint that the same numeral could not be The experimental design included three main
repeated immediately in a sequence. Each ligictors: (1) Response Languags (@r L,); (2)
consisted of a unique sequence of nonswitcRun Length: the number of consecutive naming
and switch trials, and these within-list seresponses consistently in one language (i.e.
guences were consistent across participant$same language” responses) immediately pre
The display of the numerals was responseeding each switch or nonswitch trial (range
driven, through the activation of a voice keyJ1, 13]); and (3) Ordinal Position: for switch
The next stimulus appeared on the screen 4@@als, the first, second, or third occurrence of a
ms after the voice key was triggered. For thewitch of response language in a list, and for
first item in a list the background rectangle wasonswitch trials, those occurring (a) before the
displayel 2 s before stimulus onset. For alloccurrence of the first switch, (b) after the first
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FIG. 1. (A) The overall mean RT (in milliseconds) on nonswitch and switch trials. (B, C, and D) These data
are shown separately for the first, second, and third switch, respectively, in a list. In B, C, and D data for the
nonswitch trials show the nonswitch RT immediately preceding the corresponding switch trial.

switch but before the second switch, and (cjuage” responses (Run Length). Because san
after the second switch within a list. Medianple size decreases with increasing run length
RTs were calculated and subjected to analysésis latter variable was grouped as follows: RTs
of variance (ANOVAs). Because the full set ofpreceded (a) by not more than one same lan
items was used, analyses are reported by sufuage response, (b) by two to three consecutiv
jects only. same language responses, and (c) by four o
more consecutive same language response

) RESULTS Third, the data were categorized by ordinal po-

_Figure 1A shows the overall response latenition in the list: (a) prior to the first switch of

cies obtained when responding in &nd L, 0N |anquage, (b) after the first switch, and (c) after
both switch and nonsvyltch trials. A stnkmgthe second switch. Figure 2 shows the non:
pattern can b_e seen, which 'S repeated_ at e"?‘Chs%itch RTs grouped by ordinal position in this
the three ordinal switch positions in a list (FlgsWay (Figs. 2A, 2B, and 2C) and suggests some

1B'. 1C, and 1D).' This data pattern has th_re hat different patterns of nonswitch RTs de-
main features. First, for each language, switc : : .

. . . ending upon their occurrence relative to a
trials are slower than nonswitch trials. Secon

on nonswitch trials mean RT is faster in than éw:chg. L Ordinal Positionx
in L,; in contrast, on switch trials, mean RT is esponse Language Ordinal Position

consistently slower in Lthan in L,. Third, RTs Run Length repeated-measures analysis of vari

on both switch and nonswitch trials tend tNCe revealed a significant and consistent ad
increase with each successive switch within ¥antage for L [F(1,15) = 4.98,MS, = 8568.9,
list. These and other features of the data afe< 0-05]. Mean naming responses were 24 m:
analyzed below for the nonswitch and switcaster in Ly than in L. The main effect of Run
trials and in terms of the respective costs di€ngth was not significant( < 1) but a sig-

switching between languages. nificant Ordinal Position main effect was ob-
_ _ served F(2,30) = 49.30,MS, = 775.46,p <
Nonswitch Trials 0.0001]. Moreover, the interaction of Ordinal

Nonswitch RTs were categorized in thredPosition X Run Length was also significant
ways. First, by language of response and sef=(4,60) = 14.57,MS, = 475.07,p < 0.0001].
ond, by the number of preceding “same lanThere were no interactions with Response Lan:
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FIG. 2. Mean RT (in milliseconds) on nonswitch trials for, land L, naming responses as a function of
preceding run length. (Run length is the number of consecutive responsesamtdanguage, without a switch,
immediately preceding a given nonswitch trial. Run length is divided into: no more than 1, 2—3, and 4 or more
same-language responses.) (A) Nonswitch RTs on trials prior to any language switch in a list; (B) trials following
the first switch; (C) trials after a second language switch.

guage Fs < 1) and there was no three-waywas slower than those with longer run lengths

interaction F(4,60)= 1.65,MS, = 537.21, ns]. (2-3, 4+). No interaction was observed
A simple effects analysis of the Ordinal Po{F(2,30) = 1.08,MS, = 746.11, ns].

sition X Run Length interaction showed the .

following. (1) For nonswitch trials prior to any SWitch Trials

language switch (see Fig. 2A), there was a sig- Figure 3 shows switch trial RTs forjland L,

nificant simple main effect of Response Lanfresponses as a function of preceding run lengtt

guage F(1,15) = 4.69,MS, = 3741.75,p < (i.e., the number of consecutive preceding non:

.05] and of Run LengthH(2,30)= 10.12,MS, switch responses in thether language imme-

= 353.58,p < .005]. That is, nonswitch RTs diately preceding the switch). Switch RTs ap-

unexpectedlyincreased (slightly but consis- pear completely unaffected by this variable. As

tently) with increasing number of consecutivealready noted, switch RTs from,lto L, are

preceding “same language” responses. The tvoonsistently slower than switches fromto L.

factors did not interactH < 1). (2) For non-

switch trials occurring after the first switch but 4o,

before the second (see Fig. 2B) there was agai@ 750 —e—L1
a significant simple main effect of Responsez 4] —0--12
Languageff(1,15)= 6.3,MS§, = 2047.70p < 650 5\6——8—’5\ —

.025]. However, no effect of Run Length was
observed £ < 1) and there was no interaction
[F(2,30) = 2.27,MS, = 335.38, ns]. (3) For
nonswitch trials occurring after the second
switch the effect of Response Language failed
to reach significanceF(1,15) = 2.86, MS, =
4368.82, ns]. There was, however, a significant FIG. 3. The figure shows RTs (in milliseconds) on switch
effect of Run Lengthf(2,30) = 7.39,MS, = trials for L, and L, responses as a function of preceding run

. . length. (Run length is here the number of consecutive,
1497.56,p < '005]' As is clear from Fig. 2C, preceding, nonswitch responses in tikerlanguage.) The

naming latency on the trial immediately follow-gata shown are for the first language switch in each se-
ing a second language switch (Run Lengtli) quence of trials.

600
550
500

Response laten

2 3 4 5 6+
Run length
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These observations were confirmed by a Re- TABLE 1
sponse Language Run Length repef'ﬂed'mea' Mean Language-Switching Costs (in milliseconds) for
sures ANOVA. For the switch trials, Run switches from L to L, and from L to L, Presented Sep-
Length was analyzed over a range of 1 t& 6 arately for Each Ordinal Position in a List
consecutive preceding responses in the other
language. The only significant effect was that

Language-switching cost

for Response Languagé([L,15) = 15.02,MS.  odinal position Ltol, LtoL,
= 2002.34,p < 0.0025]. A switch from the

weaker L, into the dominant L. showed consis- First switch 140 74
tently slower RTs than a switch fromjlto L, (a  Second switch 137 91
mean difference of 28 ms). There was no effedird switch 151 90
of Run Length and no interaction between thetean 143 85

two factors Fs < 1).
Figure 1 shows that mean RTs on language
switch trials (as on nonswitch trials) apparently
increased with each successive switch in a lissition, for both L and L,. Language-switching
This was tested using a Response Langugge costs in each case were derived by subtractin
Ordinal PositionX Run Length repeated-mea-the median nonswitch RTs from the median
sures ANOVA. For this analysis, preceding Rurswitch RTs for each participant. The results are
Length was divided into two categories, three csummarized in Table 1 (see also Fig. 1).
fewer and four or more immediately preceding The language-switching costs were subjectec
responses in the other language. There wete a Response Language Ordinal Position
significant main effects of Response Languagepeated-measures ANOVA. A significant main
[F(1,15)= 13.76,MS, = 2477.49p < 0.0025] effect of Response Language was found
and of Ordinal Positionf(2,30)= 8.19,MS, = [F(1,15)= 19.29,MS, = 4132.52,p < .001],
7490.71,p < 0.0025]. Mean RTs on the first, confirming that language-switching costs were
second, and third language switch within a listonsistently greater when switching from the
were 657, 693, and 716 ms, respectively. Againyeaker L, into the stronger L. However, there
there was no effect of Run Lengtk & 1). No was no main effect of Ordinal Position and there
interactions were found. was no interactionHs < 1). The analysis con-
firms that the size of the language-switching
cost depends only on the direction of the switch
The RT language-switching cost is defined af; to L, versus L, to L;) and remains essen-
the difference between switch and nonswitchially constant over successive switches within a
RTs. Given that nonswitch RTs increased sidist.
nificantly with ordinal position in a list, the Our principal prediction, the Relative
language-switching cost was calculated by taksStrength hypothesis, is thus strongly confirmed.
ing as a baseline the set of nonswitch responsAs predicted by the Task Set Inertia model of
immediately preceding each switch. (That istask switching, the cost of switching language
for the first language switch, the nonswitch trito the relatively stronger Lis greater than the
als occurring before any switch of languageost of switching in the opposite direction, to
were taken as the baseline; for the second,.
switch, the baseline consisted of the nonswitch )
trials occurring after the first switch but before-urther Tes.ts of the Relative Strength
the second switch; for the third switch, the HYPOthesis
baseline was the nonswitch trials occurring after Practice effectsThe data permit two further
the second switch but before the third.) Mediatests of this hypothesis. The first of these con-
switch and nonswitch RTs were computed fosiders the differential effects of practice on nu-
each participant, separately at each ordinal poaeral naming in L versus L, within the course

Language-Switching Cost
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— it is the L, RTs that show the largest reduction
) o2 with practice (65 ms) compared tg, I(30 ms).
E A repeated-measures ANOVA on the language:-
g 650 switching costs showed a significant main effect
= A of Response Languag€&(l,15) = 12.43,MS,

g - o/ = 4911.50,p < .005], but, on account of the
g ¢ crossover effect just described, no Practice mait
0 effect was observedF[1,15) = 1.78, MS, =
ovon- Switeh Non-  Switch 1665.57, ns]. However, the predicted Respons
BEFORE AFTER Languagex Practice interaction was just short

PRACTICE of significance F(1,15) = 4.17, MS, =

2202.35,p = .059]. Post hoc Newman-Keuls

FIG. 4. The figure shows the effect of practice on the . . .
language-switching costs over some 2000 naming rénalyses showed significant reduction with

sponses. Mean RTs (milliseconds) for the first languagpractice in the language-switching cost foy L
switch and for the immediately preceding nonswitch triabut not for L,. Over the first 15 trials the lan-
are shown. (A) The resuIFs early in practice, on the first 1%uage-switching cost was larger fog than L,
gg::gg: i:zllz of the experiment; (B) results from the last 1 y 86 ms @ = .01); by the last 15 trials this
difference was reduced to 38 ms, though this
remaining asymmetry in the switching costs
of the experiment. The participants all had avas still significant & = .05).
lifetime of practice at this simple task in, L but Relative proficiencyAs a further test of the
in many cases only a year or so of intensive usRelative Strength hypothesis, participants were
of L,. During the course of the experiment, eaclivided into two groups, according to their rel-
participant performed some 2000 trials oftive proficiency in the two languages. For this
speeded numeral naming, 1000 trials in each plrpose, we used the simplest but also the mos
L, and L. It seems plausible that this amount oflirectly relevant index of relative language pro-
practice should have benefited the weaker Lficiency within our experimental task, namely
more than it should L (Notoriously, bilinguals the speed of numeral naming in liersus L.
often continue to perform numerical tasks in L For each participant the mean of median naminc
even when operating otherwise principally irRTs, in L, and L, for all nonswitch trials prior
L,.) Accordingly, the relative strength of,land to the first language switch in a list were com-
L, for numeral naming should differ less by theputed. Based on the difference between thes
end of the experiment than they did at the startwo values (mean Lminus L, nonswitch RT),
We would therefore predict that the asymmetrywo equal-sized groups resulted: Group =
in the language-switching costs should likewis8), with a mean L-L, difference in RT of 90 ms
be less at the end of the experiment than at t{€D = 58), and group Br{ = 8) with a much
beginning. smaller mean differencé{ = 15 ms,SD= 13).

In order to test this prediction, the first 15 The data for these two groups are shown in
correct trials and the last 15 correct trials in eachig. 5 (Figs. 5A and 5B, respectively) and sug-
condition (over the 200 numeral lists) were segest a reduction in the switching cost asymme:-
lected for further analysis (the Practice factor)ry for Group B, where the difference in relative
using RTSs for the first language switch and foproficiency was comparatively small. An
the immediately preceding nonswitch trial in BANOVA with Relative Proficiency as the be-
list as the critical data (see Fig. 4). Evidently, ottween-subjects factor and Trial Type (non-
nonswitch trials, both Land L, benefited from switch versus switch) and Response Languag
the intervening practice, L RTs showing, as as the within-subjects factors, however, failed to
expected, a proportionally larger practice effecshow a reliable three-way interactioR & 1).
than L, (41 ms versus 27 ms for,l. Con- Simple effects analyses were carried out none
versely, on the switch trials, again as predictedheless to evaluate the Trial Typé Response
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800 ST number of phonological blends between the two

750 o2 languages. The exclusion of correct response:s
on trials immediately following an error, re-
sulted in the loss of 1.1% of correct responses
Incorrect triggering of the voice key resulted in

a further loss of 0.9% of responses.

700

650.

600,

550 S
500 DISCUSSION

on - Switch Son Switch As predicted, the language-switching cost
GREAT SMALL was larger in switching from the weakey, ko
PROFICIENCY DIFFERENCE the stronger . (mean switching cost 143 ms)

FIG. 5. The effect of relative proficiency in,Lversus L, than in SWItChIng from E to L2 (mean switch-

on the language-switching cost. (A) The data (in milliseciNg COst= 85 ms). This a_symmetric pattern was
onds) for participants with a larger difference in relativealso remarkably consistent. It was further

L,/L, proficiency. (B) The data for the participants withstrengthened by analyses of differential practice
little difference in relative proficiency between the tWOeffeCtS in L1 versus |2 and of individual differ-
languages. . . ..
ences in the relative proficiency of, land L.
The asymmetry in the size of the language

L v f h G switching cost resulted in a crossover effect, on
anguage separately for each group. roup,'%Witch trials, such that numeral naming in L

with the larger difference in language profl—Was actually slower than it was in,l(see Figs.

cier_my between L-and L, showed the expecf[edl and 3). We are not aware of any previously
main effects of nonswitch versus SW'tChreported RT data in which more highly prac-
[F(1,14) = 28.37,MS, = 5004.51,p < .0005] ticed RT task (or a task with earlier age of
and of Response LanguagE(.I..,14) = 5.03, acquisition) shows a slower RT than a corre-
MS‘? :.658'59’9 < .05]. In addition, there was sponding, butesshighly practiced task.

a significant Trial Typex Response Language We believe this result—which appears to run

interaction F(1,14) = 6.64, MS, = 2134.96, qcounter to common sense intuition on the sub-

E'I'< '02|5]' In contrast, I;or ;he mlo re_ba!?nce ect—provides substantial support for the Task
lingual group, group B, the only significantge |ertiq interpretation of task-switching

effect was for nonswitch versus switdh([L,14) " ; C
o B costs, as a form of “negative priming” of task
= 10.23,MS, = 5004.51p < .01]. There was set. The “negative priming” arises from the ac-

no main effect of Response Language in thiﬁve inhibition of one of two mutually compet-
group_ﬂ:(l,14)= 1.08,|\/!Se.=. 658'.59’ ns] .and, ing tasks (or languages), A, which then persists
more |mportantl_y, no S|gn|f|cant |ntera_ct|on Ofinvoluntarilyinto the processing of the next task
Trial Type (switch vs nonswitch) with Re- (or language), B. Thus, for language production
sponse LanguageF(1,14) = 2.12, MS, = 5 veaker L,, active suppression of the com-
2134.96, ns]. petitor language (1 is needed, as well as po-
tentiation of L,. On a subsequent switch trial,
this L, language set thus generates powerful
Very few errors were made. The percentagmterference with the intended, ltesponse. For
of errors in the four main categories of responsproduction in L, in contrast, little suppression
were as follows: nonswitch L= 0.6%; non- of any competitor language(s) may be needed
switch L, = 0.5%; switch L, to L, = 0.6%; Hence the reverse asymmetry in the language
switch L to L, = 0.3%. These were too few to switching costs.
enable meaningful analysis, but it should be On the contrary, if the language-switching
noted that twice as many errors occurred whetosts are taken to represent the time needed fc
switching from L, to L, than vice versa. It is a control operation to prepare or engageribes
also worth noting that the errors included antended language set, the asymmetric effec

Response latency (ms)

Errors
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appears paradoxical. If this were the origin ofjenerality. If the “carry over” hypothesis were
the language-switching costs, why should theorrect, it would, of course, have to apply to all
language set for the better learned, “strongerg¢ases of task switching. That is, the same asym
L, be more difficult and take longer to engagenetry of switching costs should be observed
than the weaker 2 On the other hand, if the betweenrall pairs of competing tasks that differ
switching cost reflects primarily the difficulty of in RT. However, this prediction is strongly dis-
disengagemeritom the preceding language setconfirmed by the available evidence. By no
as the Task Set Inertia model assumes, thiseans all manipulations of task “difficulty”
pattern of results is exactly what should béand hence RT) result in reverse asymmetry in
expected. switching costs. For example, Azuma and Mon-

As proposed in the Introduction, the presell (1998) reported a series of task-switching
dicted pattern of language-switching costs lendstudies with pairs of tasks, each pair consisting
support also to the assumption that bilinguadf one “easy” task and one more “difficult” task,
language switching reflects processes that abg manipulating S-R compatibility. They found
fundamentally similar to task switching in othemo asymmetry of switching costs. Similarly, to
domains. Furthermore, even very extensive, egive another example, we manipulated the in-
traexperimental practice at switching betweetrinsic difficulty of a number comparison task
their two languages, which our participants unby varying the symbolic distance between the
doubtedly had, did not eliminate the switchinghumbers. This manipulation had a substantia
cost?! effect on RT, but left the shift cost unchanged

A clear-cut prediction from the Task Set In-and symmetrical for both “easy” and “difficult”
ertia account of the switching costs is that theomparisons (Allport et al., 1994, Experiment
(reverse) asymmetry should diminish, as th2). To our knowledge, only mutually competing
relative proficiency of the two languages aptasks (or languages) in which the stronger tas}
proaches equality. Post hoc analyses of the cyer language) must be actively suppressed tc
rent data supported this prediction. A more deenable the relatively weaker competitor to be
manding test would be provided by trulyperformed result in (reverse) asymmetry in the
balanced bilinguals. In a study of bilingualsswitching costs. There is indeed a “carry over”
specially selected for their matched perforeffect, in switching set, but it concerns specifi-
mance in both languages, Meuter (1994) foundally the carry over of suppression of the pre-
identicalcosts of switching to either language inviously competing language or task. This issue
a category naming task. is addressed at length, with extensive further

An alternative possible explanation for thesvidence, in Allport and Wylie (in press).
asymmetry of the language-switching costs was Second, we are not aware of any empirical
put forward by an anonymous referee. This iglata, even within uniform tasks, adequate to
that a difficult task on trial N may carry over tomotivate the “carry over” hypothesis as a po-
produce a slow response also on the next triagkntial explanation for our findings. Clearly the
Thus, the relatively difficult task of naming in RT carry over effect would have to be massive
L, would be followed by a further slow re-to account for the very large asymmetry in the
sponse on a switch to,L(Let us refer to this as data reported here. In general, autocorrelatior
the “carry over” hypothesis.) There are twoon sequential RT data does not reveal gros:
rather straightforward reasons why this attragatterns of speeding or slowing following
tively simple account can be ruled out. The firsteasy” versus “difficult” responses, although
is this, and is, we believe, conclusive. The mergmall fluctuations in speed—accuracy criterion,
of the “carry over” hypothesis is its simpleaffecting errors, have been reported (e.g. Fearr
ley, 1978).

1 This latter point, however, should be qualified by noting .
that switching between languages, in response to an arbi- The effect of the number of precedlng, con-

trary color cue, is unlikely to have formed a major part ofS€CUtiVE responses in language A (or task A) or
their prior experience. the cost of switching to a competing language
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(task), B, has not previously been investigatedilinguals named line drawings of objects with
The data give no indication of cumulativelypredictable, cued switches of the language of
increasing engagement of one particular lamesponse. Prior to the actual experiment, partic
guage set, nor an increasing difficulty of switchipants were given intensive practice at speede
ing to a different language, over successiveaming of a selected subset of the stimulus
same-language responses. This pattern of rigems, some items in one language, a different
sults is of some theoretical importance. It sugsubset in the other language. Another, larger se
gests that the lexicon of language A versuef items remained unpracticed. In the switching
language B is selectively activated a whole task, stimuli that had received intensive prior
unit, rather than as a function of the cumulativenaming practice could be presented for naming
activity of individual lexical items, piecemeal. either in thesamelanguage in which they had
The data are consistent with the construct dieen practiced (“target-primed” items) or in the
functional supralexical “language nodes,’other, competing language (“competitor-
which activate and/or suppress a languag@rimed” items). The purpose of this manipula-
specific lexicon for spoken language productiotion was thus to simulate the AL, difference in
as a whole,as proposed for bilingual lexical relative language strength, exploited in the mair
representation in the BIA model (Dijkstra & study reported in this article, but now on a
Van Heuven, 1998; Grainger, 1993; for similatrial-by-trial (item-by-item) basis. That is, tar-
proposals, see also De Bot & Schreuder, 1998gt-primed trials are designed to elicit naming
Green, 1986, 1993, 1998; Paradis, 1981). Thigsponses in the relatively stronger language
conclusion, however, is qualified in two ways(for that iten); competitor-primed trials elicit
First, it is qualified by our use of small, closedresponses in the weaker language (for tha
vocabularies (numeral names) in this experitem). The latter should therefore require greatel
ment. It would be valuable to confirm whether itsuppression of the competing language re-
also holds well with much larger vocabulariessponseon that particular trial. It should be no
without item repetition. Second, it is possiblesurprise that naming RT on target-primed trials
that participants increasingly expect alternawas about 100 ms faster than on competitor-
tions the longer a run gets, despite the objeprimed trials. As expected, also, this difference
tively constant probability of a switctp(= 0.3) remained about the same on both languag
and despite the fact that lists with zero switcheswitch and nonswitch trials. The critical ques-
occurred. If so, this effect might mask a smaltion concerns the efficiency of naming on the
effect, in the opposite direction, of increasindrial immediatelyfollowing a primed trial. Ac-
facilitation at the repeated language. On theording to the account of language-switching
other hand, for the first occurrence of a laneosts presented here, active suppression of th
guage switch in a list, the switching cost wagompetitor language may persist, involuntarily,
observed only on the switch trial itself. By thedespite an intention to switch to the other lan-
next trial, naming RT was as fast as on anguage, resulting in “negative priming” of the
subsequent trials, consistent with the “languagatended language on the switch trial. (Hence
node” idea. (However, following a second landarger switching costs in switching from,lto
guage switch in a list, there was a significant , than from L; to L,.) However, withitem-by-
tendency for the next (nonswitch) trial to showitemmanipulation of relative language strength,
a slower RT.) The issue is an important one foa similar effect should occumly if suppression
bilingual language selection. On the whole, ouof the primed competitor item results in sup-
data strongly suggest that all-or-none languag®ession, not just of that item, but of the com-
selection (for spoken naming) can and doegeting language vocabulargs a whole.The
indeed occur. results were dramatic and clear-cut. On trials
Further evidence in favor of all-or-none lanfollowing a target-primed item, when little if
guage selection is provided in a recent study &ny suppression of the competing response
language switching (Loasby, 1998). Proficiemvould have been needed, the mean cost of
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|anguage switch was less than 40 ms. In con- intentiona.l set: Exploring the dynamic contrql of tasks.
trast, following a competitor-primed item, the N (f: Umilta ‘i‘(\')"-CMOSC‘?V”Ch ('st-)A“e”“‘?” ar?df
. . .. Pperformance XV: Conscious and nonconscious infor-
§W|tCh|ng_COSt _WaS over 180 ms. The item-by mation processingpp. 421-452). Hillsdale, NJ: Erl-
item manipulation of relative language strength  ,,,m.
thus resulted in the same asymmetry in lamzuma, R., & Monsell, S. (1998, AprilTask switching and
guage switching costs as in our globaj/lL, compatibility between stimulus attribute and response
manipulation, reported in this paper. The item- mode.Paper presented at the meeting of the Experi-
by-item manipulation, however, permits two__ Mental Psychology Society, Cambridge, U.K.
further inferences. First. switching costs are deB_erk—SeIlgson, S. (1986). Linguistic constraints on intrasen-
) ) "o ! 9 . tential code-switching: A study of Spanish—Hebrew
termined primarily by the Contr_0| reqU”ementS bilingualism.Language in Societyl5, 313-348.
of the language (or taskjom which the switch Besner, D., & McCann, R. S. (1987). Word frequency and
is made, rather than the control requirements of pattgrn distortion i'n vi§ual word identification and pro-
the upcoming language (or task). (For further duction: An examination Qf four classes of models. In
evidence supporting this proposition, see All- M. Coltheart (Ed.),Attention and performance XII:
e . The psychology of readin(pp. 210-219). Hillsdale,
port ar_1d Wylle,_ln p_ress.) Second, activation of  n3: Erbaum.
a particular lexical item in language A, and/ofchan, M.-C., Chau, H. L., & Hoosain, R. (1983). Input/
suppression of a competing lexical item in lan-  output switch in bilingual code switchingournal of
guage B, apparently results in facilitation of the ~ Psycholinguistic Researci2, 407-416. _
language A vocabulary and “negative priming’chmg'a'x'é1 d?én(%%i?l‘am??igzangggf”fgggio‘gocess'”g'
of the Ianguage B voc_abularyls a WhOIe' Clyne, M. G. (1987). Constraints on code-switching: How
The question of active preparation of a spe-  yniversal are they®inguistics, 25, 739-764.
cific language setin advance ofthe naming Coltheart, M. (1985). Right-hemisphere reading revisited.
stimulus, was not addressed in this experiment Behavioral & Brain Sciences}(2), 363-365. _
(but see Meuter & Powell, 1997, for a pre|imi_DaIrympIe-AIford, E C. (_1.985). Language switching during
nary study). The extent of anticipatory control bilingual reading.British Journal of Psychology76,
y y ; . X P y . 111-124.
of task set, in other task-s_W|t(_:h|ng domains, ande Bot, K. (1992). A bilingual's production model:
the conditions under which it may or may not  Levelt's speaking model adaptedipplied Linguistics,
occur, is the subject of active current research 13, 1-24. .
(De Jong, in press; Meiran, 1996; Rogers &e Bot, K_.,_ & Schreqder, R. (1993). Word production and
Monsell, 1995). We note here the earlier finding e Pilingual lexicon. In R. Schreuder & B. Weltens
| h in thei (Eds.), The bilingual lexicon(pp. 191-214). Amster-
_by Macnamara e_t a_' (1968) that, in their eXPer' dam/Philadelphia: John Benjamins.
iment, an intertrial interval of 2.0 s, even withpe jong, R. (1995). Strategical determinants of compatibil-
fully predictable alternation between languages, ity effects with task uncertaintyActa Psychologica,
did not reduce the observed switching cost. It ~88,187-207. , _ N
would be interesting to establish whether thEe Jong, R. (in press). Residual .SWItCh costs and cognitive
reverse asvmmetry of lanquage-switching costs control. In S. Monsell & J. Driver (Eds.pttention and
Yy y guag g 1 performance XVIII: Control of cognitive processes.
reporte_d here, would be observed even With  cambridge, MA: MIT Press.
precueing of the language for naming. Whabijkstra, A., & Van Heuven, W. J. B. (1998). The BIA
kinds of stimuli act as effective cues for lan- model and bilingual word recognition. In J. Grainger &
guage selection, and to what extent they can A Jacobs (Eds.),ocalist connectionist approaches to
_ _ewitehi human cognition(pp. 189-225). London: Erlbaum.
reduce or even eliminate language swﬂchmgor

. nic, S. (1979). Information processing in bilinguals:
costs, are questions for future research. Some selected issue®sychological Research40,
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