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Abstract  Task-switching performance is strongly influ- 
enced by whether the imperative stimulus uniquely 
specifies which task to perform: Switch cost is substan- 
tial with bivalent stimuli but is greatly reduced with 
univalent stimuli, suggesting that available contextual 
information influences processing in task-switching sit- 
uations. The present study examined whether task-rel- 
evant information provided by task cues influences the 
magnitude of switch cost in a parallel manner. Cues 
presented 500 ms prior to a trivalent stimulus indicated 
which of three tasks to perform. These cues either had 
a preexisting association with the to-be-performed task 
(verbal cues), or a recently learned association with the 
task (spatial and shape cues). The results paralleled 
the effects of stimulus bivalence: substantial switch cost 
with recently learned cue-task associations and greatly 
reduced switch cost with preexisting cue-task associa- 
tions. This suggests that both stimulus-based and cue- 
based information can activate the relevant task set, 
possibly providing external support to endogenous  
control processes. Alternating-switch cost, a greater 
cost for switching back to a recently abandoned task, 
was also observed with both preexisting and recently 
learned cue-task associations, but only when all tasks 
were presented in a consistent spatial location. When 
spatial location was used to cue the to-be-performed 
tasks, no alternating-switch cost was observed, suggest- 
ing that different processes may be involved when 
tasks are uniquely located in space. Specification of the 
nature of these processes may prove to be complex, as 
post-hoc inspection of the data suggested that for the 
spatial cue condition, the alternating-switch cost may 
oscillate between cost and benefit, depending on the 
relevant task. 

Task switching is currently attracting considerable 
research attention, largely because it provides a con- 
trolled method  for the study of executive control  
processes (Meiran, 1996; Rogers & Monsell, 1995, but 

see Allport & Wylie, 1999) and the need for executive 
control is not eliminated with modest amounts of prac- 
tice (Rabbitt, 1997). The logic of the method is to com- 
pare performance on Task A following Task A to per- 
formance on Task A following Task B. Response is 
consistently slower for the switch situation, an effect 
known as "switch cost." 

Research has isolated several factors that influence 
the magnitude of switch cost, including the presence of 
contextual cues as to the currently appropriate task set: 
When Tasks A and B are unambiguously associated 
with different stimuli, costs to switch between the tasks 
are much smaller than when one stimulus type is asso- 
ciated with both tasks (Allport, Styles, & Hsieh, 1994; 
Poulsen & Segalowitz, 1999; Rogers & Monsell, 1995). 
For example, Rogers and Monsell (1995) had partici- 
pants categorize letters as vowel/consonant and digits 
as odd/even. When the stimulus display included both 
a letter and a digit character (i.e., bivalent stimuli), 
switch cost was 289 ms, as compared with 161 ms for 
stimulus displays with a nonalphanumeric (e.g., #) dis- 
tractor (i.e., univalent stimuli; Rogers & Monsell, 1995, 
Experiment 4). This is likely because bivalent stimuli 
are associated with both task sets, and thus encoding 
such stimuli wou ld  activate compe t ing  stimulus- 
response associations in a bottom-up fashion (Allport & 
Wylie, 1999). Greater switch cost with bivalent stimuli 
would thus reflect the time necessai T to select between 
compet ing  processing options,  which presumably  
requires executive control. Conversely, univalent stim- 
uli would activate only the relevant stimulus-response 
association, resulting in much less cost to switch 
between tasks because the need to recruit executive 
processes to resolve competition would be reduced. 
This effect of stimulus ambiguity on switch cost has 
been replicated in a number of studies (e.g., Allport et 
al., 1994; Rogers  & Monsell ,  1995; Pou l sen  & 
Segalowitz, 1999). 

In the context of bivalent stimuli, several recent 
studies have included cues to indicate the relevant task 
(e.g., Meiran, 1996, 2000). The presence of such cues 
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could potentially reduce the time necessary to select 
between competing response options by providing an 
additional source of biased activation for the relevant 
task set, especially when the association between the 
cue and the relevant task is well established. For 
example, Meiran (1996) cued two to-be-performed 
location judgements using pairs of arrows that pointed 
up and down (for an up-down target location judge- 
men0 or right and left (for a right-left target location 
judgement). Arrows have a long-standing association 
with direction and spatial location, and thus it is likely 
that the presence of a pair of arrows pointing up and 
down would bias the appropriate response options to a 
greater degree than a task cue with no prior association 
to the specific task, independent of intentional control 
processes. When a cue has a strong prior association 
with a to-be-performed task, and remains visible while 
the task is performed, this compound stimulus display 
could possibly aid retrieval of the relevant task set 
(Mayr & Kleigl, 2000) or provide facilitory priming of 
the relevant response options in a manner similar to 
that associated with univalent stimuli. If so, this infor- 
mation may reduce the need for executive control 
processes to resolve response competition created by 
the presentation of bivalent stimuli. Consistent with this 
proposal, an early study by Spector and Biederman 
(1976; see also Jersild, 1927) showed a large reduction 
in switch cost associated with the use of cues previous- 
ly associated with the to-be-performed task (a reduc- 
tion from 402 ms/item to 188 ms/item). Cue informa- 
tion alone canno t  activate the specific st imulus- 
response association for the relevant response, but may 
contribute activation to the relevant response option 
rather than to the competing option from the other 
task, thus reducing the time necessary to resolve the 
interference (see also Hommel, 2000; Meiran, 2000). 

Current models of task switching specify two com- 
ponents of switch processes: one component that can 
be completed prior to the presentation of any stimuli 
(endogenous control processes; Meiran, 1996; Rogers & 
Monsell, 1995), and one component that requires the 
presentation of a stimulus to be completed (residual 
switch cost; Meiran, 1996; Rogers & Monsell, 1995). 
When participants are given more warning of an 
upcoming task switch (i.e., longer response-stimulus 
interval or cue-s t imulus  interval),  switch cost  is 
reduced, but residual switch cost remains (Allport et 
al., 1994; Meiran, 1996; Rogers & Monsell, 1995). The 
effect of stimulus ambiguity is observed with both short 
and long preparation times, suggesting that stimulus 
ambiguity influences processes that cannot be complet- 
ed during preparation for an upcoming task. Biased 
activation of relevant responses for univalent stimuli 
would most likely influence processing following pre- 

sentation of the imperative stimulus, consistent with the 
observation of stimulus ambiguity effects for both long 
and short preparation intervals. In contrast, task cues 
would influence processing both during the prepara- 
tion period (i.e., cuing the stimulus-response options 
for the relevant task set; see Mayr & Kleigl, 2000 for the 
role of cue information on preparation costs) and fol- 
lowing presentation of the imperative stimulus (i.e., 
biased activation of the relevant target feature or 
response options due to the association of the cue with 
the target task). In both of these cases, cues with a 
strong prior association with a to-be-performed task are 
likely to facilitate performance of the relevant task, thus 
reducing switch cost. However, significant switch cost 
is observed even for cues with strong prior associations 
with the relevant tasks (Mayr & Keele, 2000; Meiran, 
1996), suggesting that at least some executive control is 
necessary to resolve response competition despite the 
presence of biasing information provided by such cues. 

The purpose of the present study was to examine 
the influence of prior cue-task association on switch 
cost, especially for the residual switch cost component. 
To facilitate the latter, cues were presented 500 ms 
prior to the target stimuli, a duration that has previous- 
ly been observed to reduce switch cost to asymptotic 
levels (Mayr & Keele, 2000; Meiran, 2000), suggesting 
that the preparatory retrieval of task set is completed. 
We predicted that cues with an existing association 
with the to-be-performed task would reduce the magni- 
tude of switch cost as compared to cues only recently 
associated with task sets, largely by biasing response 
competition toward the relevant option. 

Recently, Mayr and Keele (2000) observed that alter- 
nating between two tasks results in greater switch cost 
than switching among three tasks. They argued that 
switching from one task set to another involves inhibi- 
tion of the abandoned task set so that when a switch to 
a recently abandoned task set is required, resolution of 
the prior inhibition slows response time (RT). This 
inhibitory effect is most strongly observed for alternat- 
ing tasks, resulting in an alternating-switch cost that is 
discriminable from switch cost per se (Arbuthnott & 
Frank, 2000; Mayr & Keele, 2000). On the assumption 
that alternating-switch cost reflects the time to resolve 
residual inhibition of the most recently abandoned task 
set, we predict that the magnitude of alternating-switch 
cost should not be influenced by prior cue-task associa- 
tion, because the effect reflects time to resolve task set 
inhibition rather than activation of the currently rele- 
vant task set. Although it is possible that a strong cue- 
task association may reduce the necessity for inhibition, 
and therefore would have an influence on the magni- 
tude of the alternating-switch cost, inhibitory effects 
observed in the sequential control of action (e.g., 
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Arbuthnott, 1996; Houghton, 1990; Li, Lindenberger, 
Runger, & Frensch, 2000) are assumed to be less sensi- 
tive to the relative activation of competing response 
options than are inhibitory effects associated with sup- 
pression of concurrent  distractors (see Arbuthnott, 
1995; Monsell, Yeung, & Azuma, 2000 for discussion of 
different forms of inhibition). Therefore, we adopted 
the simpler all-or-none inhibitory model for the purpos- 
es of this study. 

As with switch cost, the influence of cue-task associ- 
ation on alternating-switch cost has not been exam- 
ined. Previous studies that have distinguished between 
switch cost and alternating-switch cost have used only 
cues with strong prior associations with their relevant 
task sets, specifically, verbal cues associated with par- 
ticular perceptual features (Mayr & Keele, 2000) or 
semantic characters (Arbuthnott & Frank, 2000). To 
investigate whether such cue information influences 
switch cost and alternating-switch cost differentially, as 
we predicted, the present study employed three simple 
ca tegory  judgement  tasks to enable  i ndependen t  
assessment of switch cost and alternating-switch cost. 

In the present study, we manipulated the association 
between the cue and the task to examine the influence 
of response-relevant cue information on switch cost 
and alternating-switch cost. In the context of switches 
among character categorization tasks (i.e., categoriza- 
tion of digits, letters, and nonalphanumeric symbols), 
the strength of the association between cues and the 
to-be-performed task (or character type) was manipu- 
lated by presenting cues either verbally (prior associa- 
tion condition; e.g., Vowel or Consonant? to cue letter 
categorization), or with stimuli not previously associat- 
ed with the relevant task or character type (recent asso- 
ciation condition). For the latter, two different types of 
cues were used, spatial cues (e.g., the lower right 
screen position cued letter categorization) and shape 
cues (e.g., .rl cued letter categorization). The shape 
cue was used to mimic the situation with verbal cues as 
closely as possible, varying only the factor of cue-task 
association. Specifically, object processing is necessary 
for both shape and verbal cues (shape identification 
and word reading, respectively), and all tasks were pre- 
sented in a consistent location on the computer screen 
for both of these cue types. Spatial cues, with the loca- 
tion of the stimulus array indicating which task to per- 
form, were used as a second recent cue-task associa- 
tion condition. In this case, in addition to the differ- 
ence between cue-task association, there are no object- 
processing demands associated with cue interpretation, 
and each of the three tasks was uniquely located on 
the computer screen. Thus, the spatial and shape cues 
are similar in presenting a recently-learned retrieval cue 
for the relevant task set and, presumably, relatively less 

automatic activation of the relevant response options. 
Conversely, the shape and verbal cues are similar in 
requiring object processing of the cues, which is more 
similar to the required type of task judgement (catego- 
rization) than the localization judgements necessary to 
process the spatial cues. It is not clear whether such 
similarity of processing requirements for the cue and 
the subsequent task would facilitate or interfere with 
task processing. Verbal and shape cues require a shift 
of object focus (from the cue itself to the relevant char- 
acter) but not processing type (both object judgements) 
whereas spatial cues require a shift of processing type 
(spatial to object judgemen0, but no interfering object 
from which to shift attention (i.e., only the location of 
the cue is relevant, not its identity). Comparisons 
among these three cue types should indicate which of 
these cue factors, if any, influence switch cost over and 
above task switches themselves. 

Regardless of the type of cue used to indicate tasks, 
participants made categorization judgements of digits 
(odd or even), letters (vowel or consonant), and sym- 
bols (used in text or math contexts), with the relevant 
task changing unpredictably across trials. Using three 
tasks, four different switch conditions can be observed: 
no-switch (AA), 1-switch (AB), 2-switch (ABC), and 
alternating-switch (ABA). To summarize, we predicted 
that cue-task association would influence switch cost 
(1-switch and 2-switch conditions), but not alternating- 
switch cost. 

To f o r e s h a d o w  the results, cues with a newly  
learned association with task set increased switch cost, 
as predicted. Participants receiving the verbal cues and 
shape cues showed alternating-switch costs that were 
greater than pure switch costs, but did not differ as a 
function of cue-task association, also as predicted. 
However ,  par t ic ipants  receiving the spatial cues 
showed only switch costs for both alternating and non- 
alternating trials, suggesting that the location of tasks in 
a task switching situation may influence switching 
processes in previously unanticipated ways. 

Method  
PARTICIPANTS 
Seventy-four participants (57 women) were recruited 
from the participant pool operated by the University of 
Regina psychology department. Participants ranged in 
age from 18 to 37 years (mean = 20.9 years), and 
received course credit in exchange for their participa- 
tion. Participants reported normal or corrected-to-no> 
mal vision, and spoke English as their first language. 
The study took approximately 30 minutes to complete. 
Participants were assigned to one of three cue condi- 
tions: verbal cue (N = 23), spatial cue (N = 23), or 
shape cue (N = 28). 



Switch Cost and  Cue-Task Associat ion 21 

STIMULI AND DESIGN 
The  tasks  u s e d  in the  s tudy  were  c a t e g o r i z a t i o n  of  
three types of  characters, digits ( o d d / e v e n  judgement) ,  
letters (vowel /consonan t  judgement) ,  and  nona lphanu-  
meric symbols  (primal T text or  math use  judgements) .  
Six of  each  type  of  cha rac te r  w e r e  u s e d  as stimuli:  
Digits were  2, 4, 6 (even) or  3, 5, 7 (odd);  letters were  
G, M, R (consonants)  or  A, E, U (vowels),  and  symbols  
were  ?, !, & (text) or  +, <, = (math). The display for 
each  trial was trivalent in that one  of  each  type of  char- 
acter (i.e., symbol,  digit, and  letter) was presented  on  
each  trial, and  the  t o - b e - p e r f o r m e d  j u d g e m e n t  was  
ind ica ted  b y  a cue that a p p e a r e d  500 ms before  the 
imperat ive stimulus, and  remained  on  screen until the 
par t i c ipan ts  m a d e  their  r e sponse .  For  each  trial, the 
three  charac ters  were  a r r anged  in a co lumn  cen t red  
u n d e r  the cue. The pos i t ion  of  the three  characters  
within the trivalent stimulus array (i.e., top, middle,  or  
bo t t om character  in the column)  was de te rmined  semi- 
r andomly  for each  trial: For each 5-trial series, the six 
poss ible  arrangements  (i.e., DLS, DSL, LDS, LSD, SLD, 
SDL; D = digit, L = letter, and  S = symbol  character)  
were  randomly  o rde red  and then the first five arrange- 
ments  were  ass igned to the five trials. For each  trial, 
the  charac te r  f rom each  charac te r  set was  r a n d o m l y  
selected f rom among  the skx options.  

Four  switch cond i t ions  we re  measured :  no-swi tch  
(the same task on two consecut ive trials, AA), 1-switch 
(two different tasks on  consecut ive trials, AB), 2-switch 
(three different tasks on consecut ive trials, ABC), and  
al ternat ing-switch (the same task on  the first and  third 
trials and  a different task on  the second  trial in a three- 
trial sequence,  ABA). Switch condi t ion was manipulat-  
e d  i n d e p e n d e n t  of  t a sk  b y  s e q u e n c i n g  swi tch  type  
across sets of five trials (which were  then presen ted  as 
a cont inuous  sequence  of  60 trials). Switch condi t ion  
was control led  in order  to ensure  an equal  number  of  
trials f rom each  task for each  switch condi t ion ,  thus 
avoid ing  confounds  b e t w e e n  task-specific effects and  
t a sk - swi tch ing  effects.  Cont ro l l ing  swi tch  s e q u e n c e  
rather than task sequence  minimized obvious  sequen-  
tial effects such as those obse rved  b y  Soetens (1998; 
also Koch, 2000), bu t  two different  s equence  orders  
were  used  to reduce  poss ible  expecta t ion  effects even  
further. The primal  T difference be tween  the orders  was 
the pos i t ion  of  no-swi tch  trials (Posit ion 2 or  5) and  
al ternat ing-switch trials (Position 3 or 5), l ikely the two 
m o s t  n o t i c e a b l e  s w i t c h  c o n d i t i o n s .  In  t h e  f i r s t  
s e q u e n c e  set,  t he  f irst  two  t r ia ls  in the  s e q u e n c e  
involved the same task (Trial 2 = no-switch),  the third 
trial was one  of  the other  tasks (1-switch), the fourth 
trial was  the remain ing  task (2-switch),  and  the fifth 
trial was  a re turn  to the trial three  task (a l ternat ing-  
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Figure 1. Sample stimuli and trial sequences for Verbal, Spatial, 
and Shape cue conditions (not to scale). Cues and stimuli are 
shown relatively larger with respect to the screen. For the spatial 
cue, 12 asterisks were shown on the actual display, but only 6 
asterisks are illustrated here in order to more accurately approxi- 
mate the position of this cue on the screen. 

switch). For example ,  part icipants w o u l d  judge (1) the 
digit, (2) the digit, (3) the letter, (4) the symbol,  and  (5) 
the letter, across five consecut ive trials. In the second  
sequence  set, the second  trial was 1-switch, the third 
was the alternating-switch, the fourth was the 2-switch, 
and  the fifth trial was  the no-swi tch  condi t ion .  For  
example ,  part icipants w o u l d  judge (1) the digit, (2) the 
letter, (3) the digit, (4) the symbol,  and  (5) the symbol.  
The first trial in each series could  be  a no-switch, a 2- 
switch, or  an a l ternat ing-switch trial, r andomly  deter-  
mined  b y  the tasks in trials 4 and  5 of  the previous  
series. There are 12 poss ible  ar rangements  of  the three 
tasks in these sequences  (i.e., DDLSL, DDSLS, LLDSD, 
LLSDS, SSDLD, SSLDL a n d  DLDSS, DSDLL, LSLDD, 
LDLSS, SDSLL, SLSDD), for a total of  60 trials in which  
each task is tested four times in each switch condit ion.  
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For each  b lock  of  60 trials, these 12 sets of  five-trial 
sequences  were  randomly  o rdered  and presen ted  as a 
con t inuous  series of  trials (e.g., a s equence  of  DDL- 
SLLDLSSSSDLDSLSDDSSLDLDSLL for the first 30 trials 
for one  participant).  

Three types  of  cues were  used  to indicate the rele- 
vant task for each  trial. Verbal cues were  the same as 
those  u sed  p rev ious ly  (i.e., O d d  or  Even?, Vowel or  
Consonant?, Math or  Text?) and  were  p re sumed  to have 
a pre-exis t ing  associa t ion  with  the var ious  tasks and  
characters. In the spatial  cue condit ion,  the appropr i -  
ate task was indicated by  the posi t ion of  the stimulus 
array on  the screen (i.e., symbol  task trials were  pre- 
sented centred at the top of the screen, letter task trials 
a p p e a r e d  at the lower  left of the screen, and  digit task 
trials a p p e a r e d  at the lower  right of  the screen, in each 
case p recued  by  a row of  asterisks appear ing  at the rel- 
evant  location). In the shape  cue condit ion,  distinctive 
s h a p e s  i n d i c a t e d  the  r e l evan t  t ask  (i.e.,  * for  d igi t  
judgement ,  .O for letter judgement ,  and  ¥ for symbol  
judgement) .  In each case, cues were  p resen ted  500 ms 
prior  to the appea rance  of  the imperat ive trivalent stim- 
ulus array (see Figure 1). 

Two blocks  of  60 trials were  p resen ted  to each par- 
ticipant, with a short b reak  b e t w e e n  blocks.  The des ign 
of  the s tudy was 3 (cue type: verbal,  spatial, shape)  x 4 
(switch condit ion:  no-switch,  1-switch, 2-switch, alter- 
nating-switch) x 3 (task: digit, letter, or  symbol  judge- 
ment).  The cue type manipula t ion  was tested be tw e e n  
participants,  and  the switch condi t ion  and task factors 
were  tested within participants.  

APPARATUS AND PROCEDURE 
Part icpants  were  tes ted individually,  in a small r o o m  
with the exper imente r  present.  Stimuli were  p resen ted  
on  an IBM-compatible compute r  connec ted  to a moni-  
tor that d i sp layed  white  characters against  a dark back-  
ground.  Verbal and  shape cues (visual angles approxi -  
mate ly  1 ° x 6 ° and  1 ° x 3 °, respectively)  were  present-  
ed  slightly above  the vertical centre of  the screen, and  
the stimulus characters, each about  6 m m  by  4 m m  in 
size, were  p resen ted  in a co lumn (visual angle  approxi -  
mate ly  3 ° x .5 °) with the top character  centred on the 
screen (i.e., immedia te ly  b e l o w  the cue). Shape cues 
were  p resen ted  as a row of  six of the relevant  shape.  
Spatial cues were  a row of  12 asterisks (visual angle  
approx imate ly  1 ° x 5 °) at one  of  three posi t ions which  
d e f i n e d  a 15-cm equ i l a t e ra l  t r iangle  c en t r ed  on  the 
compute r  screen, with the apex  of the triangle at the 
top of  the screen (approx imate ly  17 ° visual angle  per  
side of  the virtual  triangle).  The st imulus characters  
were  p resen ted  in a co lumn centred under  the row of  
a s t e r i s k s  ( s e e  F i g u r e  1). F o r  e a c h  t r ia l ,  t he  c u e  
a p p e a r e d  and remained  on  screen for 500 ms, then was 

j o i n e d  b y  the t h r e e - c h a r a c t e r  s t imulus  array,  w h i c h  
r e m a i n e d  o n  s c r e e n  u n t i l  t he  p a r t i c i p a n t ' s  v o c a l  
response .  Vocal r e sponse  opt ions  were  the name  of  
the ca tegory  for the re levant  charac ter  (e.g., "conso-  
nant" for the letter G). Participants wore  a lapel  micro- 
p h o n e  that t r iggered a relay switch connec ted  to the 
computer ' s  serial port, providing RT measurement  accu- 
rate to 1 ms. Fifty ms after the response,  the cue for 
the next  trial a p p e a r e d  (i.e., 50 ms response-cue  inter- 
val). Errors and  verifications of  correct  responses  were  
entered  b y  the experimenter .  Participants were  instruct- 
ed  to state their response  for each  trial a loud  as quickly 
and as accurately as possible.  

In o r d e r  to fami l i a r i ze  t h e m  wi th  the  j u d g e m e n t  
tasks, part icipants  were  initially given 75 training and 
practice trials in the verbal  cue condi t ion and 105 prac- 
tice trials in the spatial and  shape  cue condit ions.  Each 
task was in t roduced in isolation, with the cue and only  
the relevant  character  for five trials, and  then the cue 
and the three-character  array for an addi t ional  five tri- 
als. For spatial and  shape cue condit ions,  the verbal  
cue quest ion was p resen ted  above  the cue for these tri- 
als. Each task was in t roduced in this manner,  beginning  
with the symbol  task, then the letter task, and  then the 
digit task. Fol lowing this, for the spatial and  shape  cue 
condi t ions  only,  30 mixed- t a sk  trials we re  p r e sen t ed  
with the verbal  cue above  the spatial  and  shape  cues 
for 500 ms and then d isappear ing  when  the target stim- 
uli a p p e a r e d  on the screen. Finally, part icipants in all 
condi t ions received 45 practice trials with only  the cues 
for their condit ion,  fo l lowed b y  the exper imenta l  trials. 

Results  
Two par t i c ipan t s  we re  e x c l u d e d  f rom data  analysis ,  
bo th  in the verbal  cue condit ion.  One  part icipant  was 
exc luded  because  their mean  RTs in the no-switch con- 
d i t i o n  e x c e e d e d  f ive  s e c o n d s ,  a n d  the  o t h e r  w a s  
e x c l u d e d  b e c a u s e  they  misc lass i f ied  the ca t egory  of  
stimuli on 30% of  trials. This left 21 part icipants in the 
verbal  cue condit ion,  23 in the spatial  cue condit ion,  
and  28 in the shape  cue condit ion.  The first two trials 
in each  b l o c k  w e r e  e x c l u d e d  f rom analysis ,  bu t  all 
o ther  trials were  included in the analysis (i.e., including 
the initial trial in each 5-trial series). 

Table 1 presents  mean  correct RTs and error  rates for 
each Cue Type, Switch Condition, and  Task. Two types 
of  errors were  tallied, those in which  part icipants  com- 
p le ted  the wrong  task (e.g., judged  the ca tegory of the 
letter w h e n  cued  to judge the digit; wrong- task  errors), 
and  those in which  the part icipants made  an incorrect  
judgement  within the correct task (e.g., judged "3" to 
be  even; decis ion errors). Error rates were  low (means  
of  1.8% for dec i s ion  errors and  1.6% for wrong- t a sk  
errors),  and  be c a use  there  were  no errors  in several  
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TABLE 1 
Mean Reaction Time (ms) and Error Rates (% of trials) by Cue Type, Switch Condition, and Task (Standard Error of theMean in Parentheses) 

R e a c t i o n  T i m e  
Cue Type: No-Switch 1-Switch 2 - S w i t c h  Alternating-Switch 

Task: D L S D L S D L S D L S 
Spatial 998 1067 1024 1438 1404 1138 1379 1334 1140 1291 1366 1286 

(38) (54) (46) (77) (73) (42) (6 7) (61) (36) (52) (8O) (70) 
Verbal 1080 1148 1106 1235 1243 1171 1183 1241 1180 1273 1344 1293 

(52) (60) (46) (59) (71) (76) (70) (79) (66) (66) (72) (78) 
Shape 1099 1359 1259 1480 1651 1435 1565 1684 1403 1535 1929 1592 

(71) (73) (88) (98) (126) (100) (115) (181) (94) (96) (204) (i29) 

W r o n g - T a s k  Errors  
Cue Type: No-Switch 1-Switch 2 - S w i t c h  Alternating-Switch 

Task: D L S D L S D L S D L S 
Spatial 0.00 0.00 0.00 1.27 0.87 0.00 1.03 0.00 0.92 1.85 0.00 0.88 

(O.O) (O.O)  (O.O) (0.9) (0.9) (O.O) (O. 7) (O.O) (0.6) (1 .O) (O.O)  (0.6) 
Verbal 0.00 0.00 0.40 0.00 0.60 0.00 0.00 0.00 0.00 1.23 1.50 0.53 

(0.O) (0.0) (0.4) (0.O) (O.d) (0.O) (0.0) (0.O) (0.0) (0.7) (0.8) (0.5) 
Shape 3.01 2.09 1.69 5.21 4.81 4.30 2.91 4.09 1.12 5.26 2.27 3.08 

0.3)  (0.9) (0.9) 0 .4)  O.~) (1.3) (i .@ (1.3) (0.~) (i.~) (0.9) (i.~) 

D e c i s i o n  Errors  
Cue Type: No-Switch 1-Switch 2 - S w i t c h  Alternating-Switch 

Task: D L S D L S D L S D L S 
Spatial 0.76 0.87 1.48 0.00 0.00 1.88 2.34 1.85 1.86 0.71 0.00 1.81 

(0.5) (0.9) 0 .1 )  (O.O) (O.O) 0 .1)  O.O) (0.9) 0 .1 )  (0.5) (O.O)  O.O) 
Verbal 1.07 0.43 2.89 0.00 1.36 2.91 0.48 0.40 1.59 2.06 3.53 2.27 

(0.7) (0.4) (1.3) (0.O) (1.4) (1.7) (0.5) (0.4) (0.9) (1.0) (1.0) (1.1) 
Shape 1.67 1.72 2.86 1.91 0.60 4.20 1.08 2.04 6.10 1.04 1.19 5.01 

(0.7) (1.2) (1.1) (0.9) (0.6) (2.2) (0.6) (1.O) (2.O) (0.6) (1.2) (2.3) 

Note: D = digit judgement; L = letter judgement; S = symbol judgement 

cells (see Table 1), error rates were  not analyzed fur- 

ther. However ,  as in prev ious  studies (Arbuthnott  & 

Frank, 2000) the nominal  rate of  wrong-task errors was 

grea te r  in the a l te rna t ing-swi tch  condi t ion ,  w he rea s  

decision error rates were  not  influenced by switch con- 

dition. Unless otherwise specified, all reported results 

used  alpha = .05, and fo l low-up post-hoc tests were  

conducted  using Tukey's  honest ly significant difference 

(HSD). Degrees-of- f reedom corrections for violations of 

s p h e r i c i t y  d id  no t  a l te r  the  resul ts ;  t h e r e f o r e ,  the  

d e g r e e s - o f - f r e e d o m  m e a n - s q u a r e  v a l u e s  r e p o r t e d  

be low  are uncorrected.  

A Cue Type x Switch Condition x Task mixed factor 

analysis of variance (ANOVA) of RTS indicated that all 

three main effects were  significant. For Cue Type, F(2, 

69) = 5.49, MSE = 118,848, the group receiving shape 

cues were  slower than those receiving spatial or verbal 

cues (means of 1,499 ms, 1,239 ms, and 1,208 ms for 

shape,  spatial, and  verbal  cues,  respect ively;  HSD = 

138). For Task, Y(2, 138) = 6.54, MSE = 60,096, letter 

judgements  were  s lower  than digit or symbol  judge- 

ments (means of  1,420 ms, 1,308 ms, and 1,266 ms for 

letter, digit, and symbol judgements,  respectively, HSD 

= 97). For Switch Condition, F(3, 207) = 41.86, MSE = 

29,518, no-switch trials (1,135 ms) were  faster than 1- 

swi tch  and 2-switch trials (1,370 ms and 1,363 ms, 

respectively), which were  faster than alternating-switch 

trials (1,455 ms; HSD = 75). 

The three-way interaction was not significant, F(12, 

414) = 0.91, MSE = 67,156. However ,  the significant 

main effects were  modif ied by two significant two-way 

interactions, Cue Type by Switch Condition, F(6, 207) = 

3.57, MSE = 29,518, and Task by Switch Condition, f(6, 

414) = 3.38, MSE = 67,156. As can be seen in Figure 2, 

the Cue Type by Switch Condition interaction arose for 

two reasons. First, the difference be tw een  no-switch 

RTs and  those  for the th ree  swi tch  cond i t i ons  was  

greater with spatial and shape cues (mean 1-switch cost 

= 297 ms and 283 ms, respectively) than with verbal  

cues (mean 1-switch cost = 105 ms). Second, the pat- 

tern of  switch costs differed by cue type, with both ver- 

bal  and  shape  cues  show ing  signif icant  d i f fe rences  

b e t w e e n  a l t e rna t ing-swi tch  and  2-switch cond i t ions  

(mean alternating-switch RT = 1,303 ms and 1,685 ms 
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Switch Condition by Cue Type Switch Condition by Task 

F~gure 2. Mean RT by Switch Condition and Cue type. 
Note: N-S = no-switch, 1-S = 1-switch, 2-S = 2-switch, Alt = alter- 
nating-switch. Error bars indicate 1 standard error for the mixed 
design (Loflus & Masson, 1994). Specifically, within-subject stan- 
dard errors were calculated separately for each cue type condition 
using the deviation of each participant's mean RT from the grand 
mean for that cue condition. This deviation score was then sub- 
tracted from the mean RT for each switch condition, and standard 
errors calculated using these adjusted values (see Loftus & 
Masson, 1994 for details). 

VS. mean  2-switch RT = 1,201 ms and 1,551 ms for ver- 
bal and shape cues, respectively; HSD = 95), but  spatial 
cues showing  no such difference (mean  al ternat ing-  
switch RT = 1,314 ms vs. mean  2-switch RT = 1,284 ms). 
To further examine whether  the spatial cue group did 
not show alternating-switch cost while the verbal and 
shape cue groups did, a 2 (spatial vs. verbal /shape Cue 
Type) x 2 (Switch Condition) ANOVA was conducted for 
the contrast be tween  2-switch and  al ternating-switch 
conditions. In this analysis, the Cue Type by  Switch 
Condit ion interaction was significant, F(1, 70) = 4.91, 
MSE = 38,676. 

The interaction of Switch Condit ion with Task can 
be considered in two ways. First, the interaction arose 
because RTs for symbol judgements  were significantly 
less than those for letter judgements  in all switch condi- 
t ions except  no-swi tch ,  and  digit j u d g e m e n t s  were  
faster than letter judgements for no-switch and alternat- 
ing-switch conditions, but  not  for 1-switch or 2-switch 
condit ions (HSD = 144; see Figure 3). The second way 
to consider this interaction is the pattern of switch costs 
and  alternating-switch costs by  task. For the letter and 
symbol tasks, the pattern replicated the overall pattern, 
with significant switch cost (1-switch and 2-switch RTs 
greater than no-switch RTs) and alternating-switch cost 

F~gure 3. Mean RT by Switch Condition and Task. 
Note: Error bars indicate 1 standard error for the mixed design 
(Loflus & Masson, 1994); N-S = no-switch, 1-S = 1-switch, 2-S = 2- 
switch, Alt= alternating-switch. 

( a l t e rna t i ng - swi t ch  RTs grea ter  t han  2-switch RTs). 
However, for the digit task, only switch cost was signif- 
icant (see Figure 3). 

O n e  f ina l  a n a l y s i s  was  c o n d u c t e d  to e x a m i n e  
whether  the location of the target character within the 
trivalent stimulus array interacted with switch condit ion 
or cue type. For this analysis, correct RTs were calcu- 
lated as a function of whether  the relevant target was 
in the top, middle, or bot tom position in the stimulus 
column (see Table 2). These RTs were analyzed with a 
3 (Cue Type )  x 4 (Switch C o n d i t i o n )  x 3 (Target  
Position: top, middle, bottom) mixed factor ANOVA. In 
addition to the previously reported effects of Cue Type 
and  Switch Condition,  this analysis indicated a main  
effect of Target Position, F(2, 138) = 8.58, MSE = 29,159, 
and  a Cue Type by  Target Posi t ion interaction,  F(4, 

138) = 2.47, MSE = 29,159. The main effect indicated 
that RTs were fastest when  the target character was in 
the top posit ion and slowest when  the target was in the 
bo t tom posi t ion  (means  of 1,283 ms, 1,311 ms, and  
1,399 ms for top, middle, and bot tom positions, respec- 
t ively; HSD = 68). This sugges ts  that  pa r t i c ipan t s  
scanned downward  from the cue w h e n  searching for 
the task-re levant  character. The in terac t ion  of Cue 
Type with Target Position arose because, although the 
difference be tween  the top and bot tom target positions 
was significant for all cue types, the difference be tween  
the top and  middle positions was significant only for 
the verbal cues (differences of 98 ms, 69 ms, and 57 ms 
for verbal, spatial, and  shape cues, respectively; HSD = 
74). Thus, it appears  that the posi t ion of the target 
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TABLE 2 
Mean Reaction Time (ms) by Cue Type, Switch Condition, and Target Stimulus Position (starzdard error of the mearz irzparerztloeses) 

Cue Type 
Spatial Verbal Shape 

Postion: Top Middle Bottom Top Middle Bottom Top Middle BoKom 

No-Switch 996 1013 1065 1066 1148 1132 1167 1184 1366 
(35) (55) (45) (57) (51) (47) (57) (67) (80) 

1-Switch 1240 1377 1366 1060 1288 1311 1503 1464 1585 
(48) (79) (62) (47) (74) (64) (91) (87) (129) 

2-Switch 1245 1342 1287 1125 1187 1279 1595 1418 1669 
(58) (56) (58) (61) (77) (6,3) (146) (77) (161) 

Alt-Switch 1315 1337 1368 1265 1283 1388 1651 1620 1802 
(65) (6 7) (66) (65) (75) (71) (144) (98) (/72) 

Mean 1199 1267 1272 1129 1227 1278 1479 1421 1606 
(46) (5@ (48) (4 7) (63) (54) (94) (6 7) (126) 

character  in the vertical trivalent array did  not  interact 
with switch cost or  cue type in any theoret ical ly rele- 
vant ways.  

D i s c u s s i o n  
The pu rpose  of this s tudy was to examine  switch costs 
and  al ternating-switch costs as a function of the prior  
associat ion be tween  cues and tasks. The results paral-  
leled previous  f indings contrast ing univalent  and  biva- 
lent stimuli, in that switch cost  was greater  for recent ly  
learned  cue-task associat ions (297 ms and 283 ms for 
spatial and  shape cues, respectively)  than for cues with 
prior  associat ion with the relevant  tasks or  characters  
(105 ms for verbal  cues). Thus our  expecta t ion  that the 
s t rength  of  cue - t a sk  assoc ia t ion  w o u l d  affect switch 
cost in a manner  similar to stimulus ambigui ty  was cor- 
rect. In the case of  bivalent  target stimuli, switch cost  
is l ike ly  g rea te r  due  to the  b o t t o m - u p  ac t iva t ion  of  
compet ing  response  opt ions  associated with the stimu- 
lus (Allport & Wylie, 1999; Meiran, 2000). Cues with 
pr ior  associat ions  with the tasks l ikely also inf luence 
switch cost through such automatic  activation process-  
es: A cue that has a pr ior  associat ion with the specific 
t o - b e - p e r f o r m e d  task ,  s u c h  as  d i r e c t i o n a l  a r r o w s  
(Meiran, 1996) or  ve rba l  cues  (Arbu thno t t  & Frank,  
2000; Mayr & Keele, 2000) l ikely contr ibutes selective 
ac t iva t ion  to the  r e l evan t  s t imulus  charac ter i s t ics  or  
response  options,  thus reducing the time necessary  to 
select the appropr ia te  response  f rom among  the com- 
peti tors act ivated by  a bivalent  target stimulus. 

There  are, however ,  two poss ib le  explana t ions  for 
an increase  in switch cost  us ing  cues  wi th  no  pr io r  
associat ion with the to -be-per fo rmed  task: (1) less acti- 
vat ion of the relevant  character  or  response  opt ions  as 
a result  of  encod ing  the cue, result ing in more  t ime 
necessary  to process  and select the correct  response,  
and  (2) a longer  time necessary  to retrieve the relevant  

task set f rom long - t e rm  memory .  Par t ic ipants  we re  
g iven  500 ms to p r e p a r e  for  an u p c o m i n g  task,  an 
amount  of t ime previously  obse rved  to reduce  switch 
costs to asymptot ic  levels, suggesting that e n dogenous  
prepara t ion  for the task is comple ted  in this t ime (Mayr 
& Keele, 2000; Meiran, 2000). However,  given the sug- 
gest ion that p repara t ion  primari ly involves retrieval of  
the relevant  task set f rom long-term m e m o r y  (Mayr & 
Kleigl, 2000), 500 ms may  not  be  sufficient for retrieval 
using recent ly associa ted task cues. These  two possi-  
bilities are not  mutual ly  exclusive, and  so the greater 
swi tch  cost  o b s e r v e d  for  r ecen t ly  l e a r n e d  task cues  
c o u l d  r e f l e c t  e i t h e r  o r  b o t h  o f  t h e s e  p r o c e s s e s .  
However,  whichever  of these processes  is involved, it 
is clear that using cues with no pr ior  associat ion with 
the tasks increases the cost  to switch from one  task to 
another.  

This f inding clearly p laces  cue- task  associa t ion  on  
the growing list of  task factors that influence the mag- 
n i tude  of  switch cost  (i.e., p repa ra t ion  time, pract ice 
with switching be tw e e n  specific tasks, stimulus ambi-  
guity, task alternation).  Given the 500-ms prepara t ion  
pe r iod  in this study, these results also potent ia l ly  pro-  
vide suppor t  for the content ion of Allport  and  his col- 
leagues  (Allport et al., 1994; Allport  & Wylie, 1999) that 
r e s i d u a l  swi t ch  cos t s  re f lec t  the  t ime  n e c e s s a r y  to 
resolve interference caused  b y  bo t tom-up  activation of 
c o m p e t i n g  s t imu lus - r e sponse  associa t ions ,  p roces se s  
more  p roper ly  cons idered  automatic  m e m o r y  processes  
than execut ive control. It is likely, however,  that the 
resolut ion of  such interference requires some degree  of  
execut ive control. 

We also pred ic ted  that al ternat ing-switch cost  w o u l d  
be  observed,  but  wou ld  not  be  increased with recent ly 
assoc ia ted  task cues. This pred ic t ion  was  suppo r t ed  
for the shape  cues: Alternating-switch cost, calculated 
as the  d i f fe rence  b e t w e e n  a l t e rna t ing - swi tch  and  2- 
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switch conditions, was 102 ms with verbal cues and 
134 ms with shape cues, a nonsignificant difference. 
Thus, in contrast to switch cost, alternating-switch cost 
was not influenced by the strength of the cue-task 
association. This lends support to the contention that 
alternating-switch cost reflects somewhat  different 
processes than switch cost per se, specifically the time 
necessary to resolve inhibition of a recently-abandoned 
task set. 

However, a second, unexpected,  difference was 
observed between the cue types for alternating-switch 
cost. Specifically, the typical difference between switch 
cost and alternating-switch cost was observed for ver- 
bal and shape  cues,  but  not  for spatial  cues.  
Alternating-switch cost has been observed across sever- 
al previous studies with both perceptual judgements 
(Mayr & Keele, 2000) and semant ic  j udgemen t s  
(Arbuthnott & Frank, 2000), consistent with a general- 
purpose control process such as backward inhibition. 
As discussed in the introduction, two differences distin- 
guish the spatial cue condition from the verbal and 
shape cue conditions: (1) spatial localization of tasks, 
and (2) spatial vs. object-processing of the cue. If the 
spatial localization of tasks accounts for the absence of 
alternating-switch costs in this study, it would seem 
that this general-purpose control process operates only 
when competing tasks are associated with a single spa- 
tial location. Other studies have indicated that the spa- 
tial attributes of stimulus displays influence perfor- 
mance for semantic judgements (e.g., Fuentes, Vivas, & 
Humphreys, 1999a, 1999b; Lamy & Tsal, 2001; Law, 
Pratte, & Abrahms, 1995), but this is the first indication 
that spatial location may influence task switching per- 
formance. We speculate that the different pattern of 
switch costs for spatially isolated tasks may indicate 
that task-and-location switching requires less suppres- 
sion of previous task sets, perhaps because moving 
one's attention to a new location allows disengagement 
from an activated set without active suppression of the 
abandoned task set. As Fuentes et al. (1999a) posited, 
"... once attention has been withdrawn from a location, 
attention is not sustained to semantic representations of 
targets that fall there..." (p. 1123). It is conceivable that 
this could extend to task set representations, as well as 
to specific semantic representations. 

It is also possible that factors related to the process- 
ing of the cue itself could account for the absence of 
alternating-switch cost with spatially cued tasks. For 
example, previous studies have indicated that verbaliz- 
ing task set instructions facilitate, whereas articulato~T 
suppression greatly interferes with, task switching per- 
f o r m a n c e  (Baddeley ,  Chincotta ,  & Adlam, 2001; 
Goschke, 2000; Miyake, 2001). Thus, it is possible that 
backward inhibition is associated with the verbal repre- 

sentation of the task requirements, rather than other 
dimensions of a task set. If this is the case, then the 
absence of alternating-switch cost for the spatial cue 
condition would be attributable to the ability to retrieve 
the appropriate task set from long-term memory with- 
out first retrieving the verbal representation of the task 
set (i.e., the name of the cue). According to this 
account, participants would process both the verbal 
and the shape cues' verbal representations (i.e., words 
and shape names), and these representations would be 
suppressed for the most recently abandoned task, slow- 
ing task set retrieval for the alternating-switch condi- 
tion. To date, all studies showing the alternating-task 
effect have used cues that would require object pro- 
cessing, and so it is possible that this factor is necessary 
for the observation of alternating-switch cost. 

It is less likely that the need to switch from spatial 
processing of the cue to object processing of the task 
itself disrupted alternating-switch cost but not non- 
alternating switch cost. In their initial studies of the 
alternating task effect, Mayr and Keele (2000) used ver- 
bal cues in combination with a perceptual judgement / 
localization task, thus creating the switch between 
object processing and spatial processing, albeit in the 
opposite direction from the present study. Mayr and 
Keele's participants located one of four stimulus objects 
that differed from the others by the cued perceptual 
feature (colour, orientation, or movement), and indicat- 
ed their response by pressing the key corresponding to 
the location of the target object. In these studies, 
robust alternating-switch cost was observed, reducing 
the likelihood that it is the switch between cue process- 
ing and target processing that is responsible for the 
absence of alternating-switch cost observed here. 
However, further investigation will be needed to deter- 
mine whether backward inhibition is location-specific, 
as implied by the unique task-location association 
hypothesis, or whether object processing (possibly 
phonological) of the task set retrieval cue is necessary 
to trigger backward inhibition. 

It should be noted that despite the nonsignificant 
three-way interaction reported above, post-hoc inspec- 
tion of the data in Table 1 raises the possibility that, for 
spatial cues, alternating switches do influence perfor- 
mance, but that this influence varies between cost and 
facilitation, depending on the task. For example, a 2 
(Switch Condition: alternating-switch vs. the average of 
1-switch and 2-switch) x 3 (Task) ANOVA of RTS in the 
spatial cue condition indicated a significant interaction 
between Switch Condition and Task (p = .01). As can 
be seen in Table 1, relative to nonalternating switches, 
alternating-switch RT was greater for the symbol task, 
equivalent for the letter task, and smaller for the digit 
task. If this complex interaction can be replicated, it 
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w o u l d  necessi ta te  qualif icat ion of  the conclus ion that 
w h e n  spatial  locat ion was used  to cue the to-be-per-  
fo rmed tasks, al ternating-switch cost was absent.  

The similari t ies and  d i f fe rence  b e t w e e n  the th ree  
cue types also neat ly  maps  onto the pat tern of  perfor-  
mance  for the shape  cues. These  cues were  similar to 
the spatial cues in their associat ion with the tasks, and  
similar to the verbal  cues in requiring object  process ing 
(o r  p o s s i b l y  in  t h e  n a m e a b i l i t y  o f  t h e  c u e s ) .  
Performance for the shape  cues was similar to that for 
spatial cues in showing greater switch cost, and  similar 
to that for verbal  cues in showing significant alternat- 
ing-switch cost. Thus it seems that the strength of  the 
cue-task associat ion inf luenced the magni tude  of switch 
cost pe r  se, whereas  the nature of  the cue itself influ- 
enced  the difference be tween  alternating and nonalter-  
nating task switches. Whether  the relevant  factor of  the 
cue that influences al ternating-switch cost is the consis- 
tency of  the task-locat ion associat ions or objec t -based  
cues remains  to be  determined.  

The spatial cue group also showed  the most  benefi t  
f rom no-swi tch  trials, with mean  spatial  no-swi tch  RT 
82 ms faster than the verbal  cue and 210 ms faster than 
the shape  cue condit ions.  It is l ikely that the differing 
demands  for process ing the cues themselves  accounts  
for this no-switch benefi t  for spatial  cues. For the spa- 
tial cue group, n e w  locat ion process ing was not  neces-  
s a l t  for no-swi tch  trials b e c a u s e  the match  with  the 
loca t ion  of  the p rev ious  trial w o u l d  b e  i m m e d i a t e l y  
apparent .  However,  for verbal  and  shape cues, object  
process ing of  the cue was still necessai  T to identify the 
task as a no-switch task. Al though such cue process ing 
w o u l d  be  carried out  during the 500-ms cue-st imulus 
interval, it is l ikely that, for the spatial cue group, most  
of  this durat ion wou ld  be  available to p repare  for the 
u p c o m i n g  trial in the  no - swi t ch  cond i t ion ,  w h e r e a s  
more  of  the time wou ld  be  required for cue process ing 
for the other  cue types (see also Hartston, & Swerdlow, 
1999). Previous visual at tention research indicates that 
spat ia l  se lec t ive  a t t en t ion  inc reases  focus  wi th  t ime 
(e.g., Eriksen & Yeh, 1985; Lamy & Egeth, in press),  
thus it is poss ible  that such processes  account  for the 
greater  facilitation for no-switch trials with spatial cues. 

In summary,  the results of this s tudy indicate that 
cue type has a strong effect on  task switching perfor-  
mance .  Both cue- task  assoc ia t ion  and  task loca t ion  
factors significantly influence the magni tude  of switch 
cost. Converging evidence  with task switching studies 
indicates that even  abilities that are clearly intent ional ly 
directed, such as switching be tween  several  tasks, are 
strongly inf luenced by  exogenous  information such as 
perceptua l ly  available cues (Hommel,  2000; Masson & 
Bub, 2001). Such findings are important  bo th  method-  
o l o g i c a l l y  a n d  p rac t i ca l ly .  M e t h o d o l o g i c a l l y ,  c l ea r  

unders tanding  of  factors that influence per formance  in 
a given task al lows the des ign  of  exper imenta l  para-  
d igms to opt imize discovei  T about  c o m p o n e n t  cogni-  
tive processes  (e.g., Meiran et al., 2000). Practically, 
k n o w l e d g e  abou t  env i ronmenta l  factors that interfere 
with or  assist intentional  per formance  will a l low those 
with more  app l ied  interests to opt imize the des ign of  
human  environments  to take advantage  of  our  built-in 
process ing biases. 
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S o m m a i r e  

La permutat ion de t~ches est toujours reliee au coot  de 

performance mais ce coot  est moins eleve lorsque cha- 

cune des t~ches est sys temat iquement  associee h u n  

stimulus different que  lorsqu 'un seul type de stimulus 

est associe aux deux  t~tches {stimulus bivalent; Allport 

et al., 1994; Poulsen  et Segalowitz,  1999; Rogers et 
Monsell, 1995). En theorie, cela s 'expl ique par le fait 

que  l ' encodage  d 'un stimulus bivalent active automa- 

t iquement  des associat ions s t imulus-reponse  concur-  

rentes, ce qui  d o n n e  lieu h une  interfffrence accrue 
entre les tfiches (Allport & Wylie, 1999). Pour etudier 

le stimulus bivalent,  on  a fait appel ,  dans plusieurs 

e tudes  recentes,  h des indices annonqant  la tfiche 

executer  (par ex., {e.g., Meiran, 1996, 2000) et de tels 

indices etaient potent ie l lement  en mesure  d'activer de 

faqon  a n a l o g u e  u n e  serie  de  tfiches (Jersild, 1927; 

Revue canadienne de psychologie exp~rimentale, 2002, 56:1, 28 
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Spector et Biederman, 1976). Dans la presente etude, 
nous cherchons d 'abord  ~t examiner cette hypoth~se. 
Ensuite, nous t~tchons de verifier si effectivement, le 
coot  des t~tches alternantes est plus eleve que celui des 
permuta t ions  non  al ternantes  (Arbuthnot t  et Frank, 
2000; Mayr et Keele, 2000) en cherchant ~t savoir si l'as- 
sociation indice-t~tche influence de mani~re identique 
les d e u x  types  de  pe rm u t a t i on .  Nous  a v o n s  p o u r  
hypothese  que le coot  des permutat ions alternantes, 
autrement dit la difference entre l 'alternance des t~tches 
(ABA) et la permutation de t~tches (CBA), correspondra 
au temps necessaire pour  ramener  l'inhibition residu- 
elle de la serie de t~tches la plus r ecemmen t  inter- 
rompue, procede qui ne devrait pas etre modifie par 
l ' a s s o c i a t i o n  indice- t~tche.  Par  c o n s e q u e n t ,  n o u s  
prevoyons que l'association indice-t~tche pourrait influ- 
encer le coot de permutation sans alternance, mais non  
pas le coot  de permutation alternante. 

Les pa r t i c i pan t s  d e v a i e n t  e tabl i r  si les chi f f res  
p r e s e n t e s  e t a i e n t  pa i r s  o u  impai rs ,  si les le t t res  
constituaient des voyelles ou des consommes  ou si les 
symboles (par ex., + ou &) s 'employaient dans un con- 
texte mathematique ou textuel, l 'ordre des t~tches etant 
fk've afin de prevoir les conditions experimentales suiv- 
antes : ,, aucune permutation ,,, ,, permutation alternante 
,,, ,, p e r m u t a t i o n  sans  a l t e r n a n c e  ,,. Les i n d i c e s  
annongant la t~tche ~t executer etaient presentes 500 ms 
avant l 'appari t ion du stimulus imperatif. Les indices 
avaient, soit une association preexistante avec la t~tche 
~t executer (indices verbaux tels que ,, Impair ou Pair? ,, 
qui invitent le jugement  relatif au chiffre), soit une  
association avec la t~tche apprise recemment  (indices 
spatiaux et de forme). Les indices de forme (par ex., 
. . . . . .  , qui invite le jugement relatif au chiffre) vari- 
aient uniquement  en fonction de l 'association indice- 
t~tche, mais  l o r s q u ' o n  faisait  a p p e l  ~t la c o n d i t i o n  
experimentale qui comprenai t  un  indice spatial, Fen- 
droit, ~t l 'ecran de l'ordinateur, o~ se trouvait le stimu- 
lus indiquai t  la t~tche ~t execu te r  (par  ex., la z o n e  
inferieure gauche  de l'ecran, qui invitait le jugement  
relatif au chiffre), ce qui ajoutait un  facteur de juge- 
ment spatial au traitement de l'indice. 

Les resultats obtenus par la multiplication du type 
d'indice avec l'interaction de la condition experimen- 
tale de permutation (voir figure 2) etaient significatifs : 
un coot  superieur de permutation non alternante etait 
observe dans le cas des indices spatiaux et de forme 
(290 ms), par rapport  aux indices verbaux (105 ms). 
Aussi, les indices verbaux et de forme demontraient un  

coot  de permutation alternante signfficatif (102 ms et 
134 ms, respectivement), ~ l'inverse des indices spati- 
aux (8 ms). Les indices qui presentaient une forte asso- 
ciation avec une t~che produisaient vraisemblablement 
une  activite selective des caracteristiques pertinentes du 
stimulus ou des options de reponse, reduisant ainsi le 
temps necessaire pour  choisir la reponse  appropr iee  
parmi les reponses concurrentes activees par un stimu- 
lus-cible bivalent. Ces observations laissent entrevoir 
que l ' information axee sur le stimulus et l ' information 
axee sur l'indice peuvent  toutes deux activer la serie de 
t~tches per t inente ,  me t tan t  ainsi ~t con t r ibu t ion  les 
processus endog~nes du contrele. La prediction selon 
laque l le  le c o o t  de  p e r m u t a t i o n  a l t e rnan te  n ' a u g -  
menterait pas s'il etait relic ~t des associations indice- 
t~tche peu  marquees  a pu etre observee  dans le cas 
des indices de forme, appuyant  ainsi la theorie selon 
la-quelle le coot  de permutation alternante correspond 
~t des processus differents de celui de la permutation 
c o m m e  telle, plus prec isement  en ce qui a trait au 
temps necessaire pour  ramener l'inhibition causee par 
l 'interruption recente d 'une  serie de t~tches. 

Cependant,  le coot  de permutation alternante n'a pu 
etre observe  dans le cas des indices spatiaux. Cette 
c o n d i t i o n  etait  d i f fe ren te  des  d e u x  aut res  ~t d e u x  
egards : 1) localisation spatiale des t~tches; 2) traitement 
spat ial  par  o p p o s i t i o n  au t ra i t ement  de  l 'obje t  de 
l'indice. S i c e  dernier element explique l 'absence du 
coot  de permutation alternante, une permutation t~tche- 
emplacement  pourrait peut-etre exiger une  suppression 
moindre des series de t~tches precedentes, sans doute 
parce que le deplacement  de l'attention du sujet vers 
un nouvel  emplacement  permet le retrait ~t partir d 'une  
serie activee sans qu'il n 'y  ait suppression active de la 
serie interrompue.  Reciproquement ,  les facteurs rat- 
taches au traitement des indices eux-m~mes pourraient 
justifier les differences : si l ' inhibition retroactive est 
associee ~t la representation verbale des conditions de 
la t~tche (par ex., Baddeley et al., sous presse; Goschke, 
2000; Miyake, 2001), plutet qu'~t d'autres dimensions de 
la t~tche, l 'extraction de la serie appropriee en reaction 
~t l'indice spatial pourrait ignorer cette representation. I1 
faudra toutefois p roceder  ~t des etudes approfondies  
pour  etablir une  difference entre ces possibilites. Ces 
conclusions semblent indiquer que  des processus de 
contrele differents interviennent lorsque les t~tches se 
situent uniquement  dans l 'espace ou qu'elles partagent 
un emplacement.  


