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In task-switching experiments with three tasks, the relative cost of an N�2 task

repetition (task sequence ABA) compared to a task switch (task sequence CBA)

is referred to as N�2 repetition cost. N�2 repetition cost is assumed to reflect

persisting inhibition of a task that was recently switched away from. In two

experiments, we explored whether the occurrence of task repetitions has an

influence on the size of the N�2 repetition cost. The results in both experiments

showed a decreased N�2 repetition cost in conditions in which task repetitions were

possible*independent of whether the occurrence of task repetitions was manipu-

lated between subjects (Experiment 1) or within subjects (i.e., block by block,

Experiment 2). These results suggest that the occurrence of task repetitions affects

the balance of activation and inhibition in task switching.

The task-switching paradigm offers a tool for studying the role of cognitive

control processes that allow a flexible adaptation of internal settings to

changing action requirements. Adopting one internal setting always has to

go along with the resolution of interference between competing settings.

To give a real-life example, when writing an article, the internal setting has to

be set on ‘‘writing’’*which involves the resolution of competition between

‘‘writing’’, ‘‘planning the next weekend’’, and ‘‘reading newspapers’’.

Internal settings are also referred to as ‘‘task sets’’ (see, e.g., Rogers &

Monsell, 1995) and include all relevant components that enable us to

perform a particular task (e.g., task relevant stimulus-categorisation rules,

category-response rules, corresponding motor programs, etc.). Switching

from one task set to another requires the activation of the relevant task set
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and/or the inhibition of irrelevant task sets. Thus, task activation and task

inhibition can be considered as cognitive mechanisms for the resolution of
interference.

However, these cognitive mechanisms and the process of interference

resolution cannot directly be observed in the task-switching paradigm.

When using the task-switching paradigm we therefore have to rely on

observable phenomena, which are assumed to be empirical markers for

cognitive control processes.

Since the first task-switching studies (Jersild, 1927), ‘‘N�1 shift cost’’ is

taken as such an empirical marker. In task-switching experiments, the
difference in reaction time (RT) and error rate between task-repeat and task-

switch trials represents a disadvantage of switching from one task to another,

which is usually denoted as (N�1) shift cost (e.g., Allport, Styles, & Hsieh,

1994; Meiran, 1996; Rogers & Monsell, 1995). It has been suggested that the

N�1 shift cost depends largely on the resolution of interference in the

preceding trial (e.g., Allport & Wylie, 2000; Koch & Philipp, 2005; Schuch &

Koch, 2003). However, currently there is a debate whether N�1 shift cost

represents a disadvantage of switching to a task that was inhibited during
interference resolution in the preceding trial or an advantage of repeating a

task that was activated during interference resolution in the preceding trial

(e.g., Dreisbach, Haider, & Kluwe, 2002; Koch & Philipp, 2005; Sohn &

Carlson, 2000).

A paradigm has been developed by Mayr and Keele (2000) to show the

important role of task inhibition. In the so-called backward inhibition (BI)

paradigm, subjects switch among three different tasks. The critical compar-

ison between a task sequence ABA and a task sequence CBA shows that it is
more difficult to switch back to a task that has recently been switched away

from (i.e., N�2 repetition cost). It has been argued that the engagement in a

new task triggers inhibition of the just-executed task, resulting in increased

RTs when one has to switch back to this task after only one intermediate trial

(e.g., Arbuthnott & Frank, 2000; Mayr & Keele, 2000). Like N�1 shift cost,

the N�2 repetition cost was supposed to depend to a large degree on

interference resolution in the preceding trial (Schuch & Koch, 2003).

However, in contrast to N�1 shift cost, it is widely accepted that N�2
repetition cost results from persisting inhibition of a task that was inhibited

during interference resolution in the preceding trial.

In their article, Mayr and Keele (2000) argued that task inhibition is a

rather fundamental mechanism because it was also found in a preplanned

sequence. That is, even when subjects knew that they would have to switch

back to a task after only one intermediate trial they showed substantial N�2

repetition cost. Although keeping the task active in working memory would

be quite useful in this context, task inhibition nevertheless seems to have
taken place.
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The goal of our study was to examine whether there are variables

influencing task inhibition. Specifically, we focused on the question whether

the mechanism of task inhibition, and consequently the size of N�2

repetition cost, is affected by the occurrence of task repetitions. Task

repetitions might influence the mechanism of task inhibition because in a

task repetition the inhibition of the preceding task would be maladaptive,

while it would be useful to keep the relevant task set active. To assess

whether the occurrence of task repetitions would change the overall amount

of task inhibition, we compared task-switching performance in experiments

with three tasks, which did or did not include task repetitions. Such a design

provides the possibility to study the N�2 repetition cost as difference

between an ABA sequence and a control sequence (i.e., CBA). Additionally,

N�1 shift cost can be calculated as the difference between a control sequence

(i.e., CBA) and a task-repetition sequence (i.e., CAA).

In recent years, several studies have been published in which task-

switching experiments with three different tasks included the occurrence of

task repetitions (Arbuthnott & Frank, 2000; Arbuthnott & Woodward,

2002; Dreher & Berman, 2002; Mayr, 2001, 2002; Mayr & Keele, 2000). To

our knowledge, only the study by Mayr and Keele (2000) included

experiments with and without task repetitions. But although these authors

argued that there is no change in the size of the N�2 repetition cost in an

experiment with task repetitions (Experiment 4) as compared to an

experiment without task repetitions (Experiment 1), no direct between-

experiment analysis was reported. However, such a direct comparison would

be important because the N�2 repetition cost was not found consistently in

all experiments including task repetitions (see, e.g., Arbuthnott & Wood-

ward, 2002). We intend to focus on this question more systematically by

manipulating the occurrence of task repetitions between as well as within

subjects.

OVERVIEW OF EXPERIMENTS

In two experiments, we focused on the question whether the occurrence of

task repetitions affects task inhibition and the size of the N�2 repetition

cost. Experiment 1 was conducted to study the influence of task repetitions

on the N�2 repetition cost between subjects. We compared two experimental

groups performing a task-switching experiment with three perceptual

decision tasks. For one group the experiment included task repetitions; for

the other group there were no task repetitions in the experiment. In

Experiment 2, we investigated the role of task repetitions on the N�2

repetition cost within one experiment by alternating between blocks with

and without task repetition.
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EXPERIMENT 1

Subjects in Experiment 1 switched among three perceptual decision tasks.

For half of the subjects no repetition of tasks occurred throughout the whole

experiment (‘‘no-repetition’’ group). For the other half of subjects task

repetitions could occur (‘‘repetition’’ group). We expected that the occur-

rence of task repetitions, in which task inhibition clearly would be

maladaptive, might reduce the overall task inhibition level and thus also

the N�2 repetition cost.

By introducing task repetitions, we can also compare the size of N�2

repetition cost and N�1 shift cost. We manipulated the duration of the

preparation interval (cue�stimulus interval, CSI) to examine whether this

manipulation affects N�1 shift cost and N�2 repetition cost differently. We

expected to find a reduction of N�1 shift cost with a long preparation time

(see, e.g., Meiran, 1996; Rogers & Monsell, 1995) but no effect of the CSI

manipulation on N�2 repetition cost (see, e.g., Hübner, Dreisbach, Haider,

& Kluwe, 2003; Koch, Gade, & Philipp, 2004; Mayr & Keele, 2000; Schuch

& Koch, 2003).

Method

Subjects. Thirty-two subjects (19 female and 13 male, mean age�/23.97

years) were tested and evenly assigned to the two experimental groups

‘‘no-repetition’’ and ‘‘repetition’’. Subjects received 7 t for participation.

Stimuli and tasks. Subjects had to switch among three perceptual

decision tasks with three-dimensional stimuli. Tasks were to decide about

the type (A vs. 4), the size (big vs. small), or the colour (red vs. blue) of a

stimulus. Stimuli were presented one at a time in a white frame at the centre

of a black screen (15-inch monitor) connected to a PC. The rectangular

frame had the width of 4.0 cm and height of 3.5 cm; the viewing distance was

60 cm. The relevant task in each trial was cued by four signs surrounding

the frame (cf. Koch, 2001). The cues were paragraph signs for the type task,

up-down pointing arrows for the size task, and small yellow squares for the

colour task. Each cue symbol was approximately 0.7 cm high/wide.

Responses were made manually on an external keyboard with two

response keys for the right and left index finger. Response keys measured

1.2 cm�/1.7 cm and were separated by 3.8 cm.

Procedure. The experiment was run in a single session of approximately

45 minutes. Instructions were given both on the monitor and orally.

Instruction emphasised speed as well as accuracy. Subjects were informed

about the tasks and the response keys (an instruction sheet concerning the
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mapping of the response keys was in front of them throughout the

experiment). All eight possible stimulus�response mappings were counter-

balanced across subjects. The instruction explained all three tasks but did

not mention the presence (in the repetition group) or absence (no-repetition

group) of task repetitions.
Two practice blocks, one with short CSI (100 ms) and one with long CSI

(1000 ms), were run with 12 trials each. The experiment itself consisted of

eight blocks of 96 trials. Before each block, subjects were informed about the

CSI in the next block. Blocks with short and long CSI alternated; whether

the initial CSI was short or long was counterbalanced between subjects. The

response�stimulus interval (RSI) was held constant at 1100 ms with

response�cue interval (RCI) being either 100 ms or 1000 ms, and CSI being

either 100 ms or 1000 ms (i.e., RCI 100/CSI 1000 vs. RCI 1000/CSI 100).

In the no-repetition group, the sequence of trials was controlled for an

equal number of each task, category and stimulus, response repetition, and

all these factors combined. The two relevant task sequences ABA and CBA

occurred with a probability 52% (ABA) or 48% (CBA) of all trials (excluding

the first two trials of each block). Please note that the labels A, B, and C are

used as placeholders and stand for each task (i.e., type, size, and colour) with

an equal probability. Also, each trial in the experiment was analysed with

regard to the two preceding trials as in a ‘‘sliding window’’. Stimuli could be

repeated, but not more than once in a row. No task repetition could occur,

meaning that subjects had to switch the task in every trial.

For the repetition group, the sequence of trials had a comparable number

of each task,1 category and stimulus, response repetition, and all these

factors combined. The task sequences ABA (30%), CBA (28%), and CAA

(26%) occurred with a similar probability (please note that the sum of

probabilities is lower than 100% because all trials following a task repetition

were not analysed). Again, the labels A, B, and C are used as placeholders,

which also means that each task (i.e., type, size, and colour) could be

repeated. To make task repetitions more salient, a task was sometimes

repeated more than once. That is, in the whole experiment there were 11

instances when a task was repeated twice and 3 instances when a task was

repeated three times. This way, the overall probability of a task repetition

was 27.6%.

A trial started with a black screen followed by the cue (i.e., a white square

surrounded by four cue signs). After a variable preparation time (CSI), the

stimulus was presented in the middle of the cue frame, simultaneously

1 Due to a programming error the number of tasks differed slightly. That is, the number of

colour tasks in each block was reduced by four and in return, the number of type tasks was

increased by four. However, the data pattern did not change when we included task as an

additional independent variable.
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with a tone. Pressing a response key erased the cue and the stimulus from

the screen.
Subjects received visual error feedback for 500 ms when they pressed the

wrong key (German: ‘‘Falsche Taste’’).

Design . For both groups, task sequence (ABA vs. CBA in the no-

repetition group/ABA vs. CBA vs. CAA in the repetition group) and CSI

(100 ms vs. 1000 ms) were used as within-subject independent variables.

Group (no-repetition vs. repetition) was the between-subject variable. With

respect to the task-sequence variable, we report two nonorthogonal
contrasts. On the one hand, to compare the N�2 repetition cost in both

groups we contrasted task sequences ABA and CBA. On the other hand, to

calculate the size of the N�1 shift cost we contrasted task sequences CBA

and CAA in the repetition group. RTs and error percentage were measured

as dependent variables. Significance was tested at alpha�/.05.

Results

The first two trials of each block were discarded from analysis. Only trials

preceded by at least two correct trials were included. Additionally, trials with

an RT above 3000 ms were defined as outliers (0.8% in both groups). The

overall error rate was at 7.4% in the no-repetition and 7.1% in the repetition
group.

We describe the results in two separate sections. The first section relates to

the N�2 repetition cost as a function of the occurrence of task repetitions in

the experiment. In the second section we analyse the size of the N�1 shift

cost.

N�2 repetition cost . We conducted a three-way analysis of variance

(ANOVA) on RT data with the within-subject variables task sequence (ABA

vs. CBA), and CSI (100 ms vs. 1000 ms), and the between-subject variable

group (no-repetition vs. repetition). The analysis revealed a significant main

effect of task sequence, F (1, 30)�/14.2, p�/.001, indicating that RTs for trial

n in the task sequence ABA (893 ms) were higher than in a task sequence
CBA (859 ms; see Table 1). Importantly, the interaction of task sequence and

group was significant as well, F (1, 30)�/4.9, p�/.034. The difference between

the task sequences ABA and CBA was higher in the no-repetition group

(54 ms) than in the repetition group (14 ms). Post hoc t -tests for both groups

revealed that the 54 ms effect was significant, t(1, 15)�/5.1, p B/.001,

whereas the 14 ms effect was not significant, t (1, 15)�/1.0, p�/.352. Thus,

the introduction of task repetitions reduced the size of the N�2 repetition

cost.
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The main effect of CSI was significant, F (1, 30)�/100.3, p B/.001,

indicating a reduction of RTs with a long CSI (from 1024 ms to 727 ms).

However, this effect did not differ between both groups, and did not affect

the N�2 repetition cost (FsB/1). The main effect of group was also not

significant (F B/1.4).

When conducting the three-way ANOVA on error data, the main effect of

task sequence was not significant, F (1, 30)�/2.3, p�/.140, but showed the

same tendency as in RT data (more errors in an ABA sequence, 8.3%, than

in a CBA sequence, 7.4%). There also was no difference between groups

(F B/1). The main effect of CSI was not significant in error data (F B/1.5).

However, the interaction of CSI and group was significant. The data pattern

shows that in the no-repetition group error rate was reduced with long

CSI (from 8.7% to 6.7%), whereas there was numerically even a small

increase of error rate with long CSI in the repetition group (7.6% vs. 8.4%).

The interaction of task sequence and CSI was close to significance, F (1,

30)�/3.1, p�/.090. In tendency, the N�2 repetition cost was increased after a

long preparation time (from 0.1% to 1.7%). No other interaction was

significant (FsB/1). As in RT data, the main effect of group was not

significant (F B/1).

N�1 shift cost . We conducted a two-way ANOVA with task sequence

(CBA vs. CAA) and CSI (100 ms vs. 1000 ms) as independent variables.

Importantly, only data from the repetition group are included in this

analysis. The analysis on RT data shows a significant effect of task sequence,

F (1, 15)�/36.4, p B/.001. RTs in a task repetition sequence CAA were lower

(722 ms) than in the control sequence CBA (912 ms), leading to an N�1 shift

TABLE 1
Experiment 1: RT in ms (and error percentage) as a function of task sequence
(ABA vs. CBA vs. CAA), group (no-repetition vs. repetition), and CSI (100 vs.

1000 ms)

Task sequence N�2

repetition cost

(ABA�CBA)

N�1

shift cost

(CBA�CAA)ABA CBA CAA

No-repetition group

CSI 100 1004 (8.8) 944 (8.6) * 60* (0.2) *
CSI 1000 715 (7.1) 667 (6.2) * 48* (0.9) *

Repetition group

CSI 100 1078 (7.6) 1072 (7.6) 861 (5.7) 6 (0.0) 211* (1.9)

CSI 1000 774 (9.6) 752 (7.2) 582 (4.2) 22 (2.4) 170* (3.0)*

*p B/.05 (N�2 repetition cost and N�1 shift cost were tested with two-tailed t -tests).

CSI�/cue�stimulus interval.
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cost of 191 ms. The main effect of CSI was significant, F (1, 15)�/66.7,

p B/.001, but did not significantly interact with task sequence, F (1, 15)�/2.8,

p�/.116. Thus, a long CSI reduced RTs in general (from 967 ms to 667 ms),

but the preparatory decrease of N�1 shift cost (211 ms vs. 170 ms) fell short

of significance.

The same analysis on error data only yielded a significant main effect of

task sequence, F (1, 15)�/10.1, p�/.006. As in RT data, the performance was

better in a task sequence CAA (5.0% errors) than in a CBA sequence (7.4%).

No other effect or interaction was significant (FsB/2.0).

Discussion

The comparison of the size of the N�2 repetition cost between no-repetition

and repetition group demonstrated that there is a substantial N�2 repetition

cost of 54 ms in the no-repetition group. In contrast, the repetition group

only showed a nonsignificant difference of 14 ms. Thus, including task

repetitions in a task-switching experiment with three different tasks reduced

the size of the N�2 repetition cost. Importantly, the overall RT level and

error rate was not different between both groups, so this difference cannot

be accounted for by a change in task difficulty. We therefore assume that

the introduction of task repetitions was indeed responsible for the decreased

N�2 repetition cost. This result of Experiment 1 is different to what Mayr

and Keele (2000) found in their study. We address this difference in the

General Discussion.

With regard to preparation time, the data pattern of Experiment 1 is

comparable to other studies using three tasks in that the N�2 repetition cost

was not influenced by the duration of the preparation interval (Hübner

et al., 2003; Koch et al., 2004; Mayr & Keele, 2000; Schuch & Koch, 2003).

As regards N�1 shift cost, we observed a preparatory decrease of N�1 shift

cost of 41 ms. However, in contrast to other task-switching studies with two

tasks (e.g., Meiran, 1996; Rogers & Monsell, 1995), this decrease was not

significant (p�/.116) in our experiment, which was, as we believe, due to

insufficient statistical power.

The major result of Experiment 1 was the between-subject difference of

the N�2 repetition cost as a function of the occurrence of task repetitions.

To study the influence of task repetitions on the N�2 repetition cost in more

detail, we conducted Experiment 2, in which we manipulated the occurrence

of task repetitions block by block within subjects. This way, we intended to

replicate the finding of Experiment 1 with a different design. We expected to

find similar effects when manipulating the occurrence of task repetitions

within one experimental group. Additionally, a within-subject manipulation
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is suitable to answer questions about the time course in which the N�2

repetition cost changes as a function of the occurrence of task repetitions.

EXPERIMENT 2

In Experiment 2, the occurrence of task repetitions was manipulated within
subjects by alternating between blocks with and without task repetitions. If

the occurrence of task repetitions changes the size of the N�2 task repetition

cost, we should find a difference in the N�2 repetition cost between blocks

with and blocks without task repetitions.

However, it might be that the size of N�2 repetition cost is not changed

from block to block but that the amount of task inhibition adapts to the

most suitable compromise to deal with the experimental condition in the

course of the experiment. If this were the case, it appears reasonable to
assume that at least in the beginning of the experiment, when subjects

experience either a block with or without task repetitions, the N�2 repetition

cost should be different in both types of blocks. As soon as subjects have

experienced both types of blocks (beginning from block 3) the N�2

repetition cost might come to a more intermediate and more constant level.

To examine the development of the N�2 repetition cost and N�1 shift cost,

we analysed performance as a function of ‘‘experience’’ (block 1/2 vs. 3/4 vs.

5/6 vs. 7/8).
In Experiment 1, as in other studies (Hübner et al., 2003; Koch et al.,

2004; Mayr & Keele, 2000; Schuch & Koch, 2003), the N�2 repetition cost

was not influenced by preparation time. Therefore, we saw no important

theoretical implication to manipulate the CSI, so that we kept the CSI

constant at 100 ms in Experiment 2.

Method

Subjects. Thirty-two new subjects (25 female and 7 male, mean age�/

23.2 years) were tested and received 7 t.

Stimuli, tasks, procedure, and design . The experimental setting was

comparable to Experiment 1. The experiment contained 8 blocks of 96 trials
each and lasted about 45 minutes. However, in Experiment 2 subjects

alternated between blocks with and without task repetitions. For half the

subjects the experiment started with a block including task repetitions, for

the other half the first block contained no task repetitions. Before each block

subjects were told whether or not they should expect task repetitions in the

next block. Thus, in contrast to Experiment 1, in the beginning of the

experiment we mentioned the possible occurrence of task repetitions. As this

makes task repetitions already quite salient, we decided not to repeat a task
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more than once in Experiment 2. We controlled the overall trial sequence in

order to ensure a similar number of each relevant task sequence (ABA vs.
CBA in no-repetition blocks and ABA vs. CBA vs. CAA in repetition

blocks). In no-repetition blocks 55% of all trials (without the first two trials)

were ABA trials, and 45% were CBA trials. In repetition blocks, 29% were

ABA trials, 29% were CBA trials, and 28% were CAA trials (again the sum is

less than 100% because all trials following a task repetition were not

analysed). Thus, the probability of a task repetition in repetition blocks was

about the same as in the repetition group of Experiment 1.

For RT analysis, task sequence (ABA vs. CBA vs. CAA), type of block
(no-repetition vs. repetition), and number of block (1/2 vs. 3/4 vs. 5/6 vs. 7/8)

were used as within-subject independent variables. With respect to the task-

sequence variable, again we report two nonorthogonal contrasts. In one

contrast we report the comparison of the N�2 repetition cost in blocks with

and without task repetitions (task sequences ABA vs. CBA); in the other

contrast we report the size of the N�1 shift cost (task sequences CBA and

CAA) in blocks with task repetition. As number of block is a variable with

four levels, we will report o-values when different from 1.0 and use the
Huynh-Feldt test to report p values based on corrected degrees of freedom.

However, we still report noncorrected degrees of freedom.

Including number of block as independent variable reduces the number of

observations for each cell. Because this, above all, affects the statistical

power of the error analysis, we collapsed error data across blocks. That is, for

the error analysis only task sequence (ABA vs. CBA vs. CAA) and type of

block (no-repetition vs. repetition) were used as within-subject independent

variables. However, with respect to the variable task sequence we report the
same contrasts as mentioned for the RT analysis.

Results

The first two trials of each block were discarded from analysis as well as

trials with an RT above 3000 ms (1.7% of otherwise correct trials). Only trials

preceded by at least two correct trials were included. The overall error rate

was 7.1%.

N�2 repetition cost . A three-way ANOVA on RT data with the

independent variables task sequence (ABA vs. CBA), type of block (no-

repetition vs. repetition), and number of block (1/2 vs. 3/4 vs. 5/6 vs. 7/8) re-

vealed significant main effects of number of block, F (3, 93)�/164.6, p B/.001,

o�/0.595, and task sequence, F (1, 31)�/66.5, p B/.001. RTs decreased in the

course of the experiment (from 1352 ms in block 1/2 to 904 ms in block 7/8),

and RTs were higher in a task sequence ABA (1103 ms) than in a task

INHIBITION AND REPETITION 633



sequence CBA (1046 ms). The main effect of type of block was not

significant (F B/1). Importantly, the interaction of task sequence and type of

block was significant, F (1, 31)�/6.8, p�/.014. That is, the N�2 repetition

cost significantly differed between blocks with task repetitions (46 ms) and

blocks without task repetitions (70 ms). The interaction of task sequence,

type of block, and number of block was significant as well, F (3, 93)�/4.9,

p�/.003, o�/0.985. In separate analyses for each pair of blocks, the

interaction between task sequence and type of block was significant only

for block 1/2, F (1, 31)�/13.3, p�/.001, showing a substantial N�2 repetition

cost of 87 ms in blocks without task repetitions and an N�2 repetition

benefit of 16 ms in blocks with task repetitions (see Figure 1). In all other

blocks this interaction was not significant (FsB/1.4). The data pattern for

theses blocks show N�2 repetition cost in blocks with and without task

repetitions. (For error data, the two-way ANOVA with task sequence and

type of block revealed no significant effects; FsB/1.)

N�1 shift cost . We conducted a two-way ANOVA with task sequence

(CBA vs. CAA) and number of block. Please note that only data from

repetition blocks are included in this analysis. The analysis yielded significant

main effects of number of block, F (3, 93)�/87.9, p B/.001, o�/0.715, and task

sequence, F (1, 31)�/36.6, p B/.001. RTs decreased over the experiment (from

1241 ms to 828 ms) and were lower in task repetitions (924 ms) than in task

switches (1053 ms). Additionally, the interaction of task sequence and

number of block was significant, F (3, 93)�/6.3, p�/.003, o�/0.673. The data

pattern indicates that an N�1 shift cost was found in all blocks but that
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Figure 1. Size of N�1 shift cost and N�2 repetition cost (in ms) as a function of block (1/2 vs. 3/4

vs. 5/6 vs. 7/8) and type of block (no-repetition vs. repetition) in Experiment 2.
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it was substantially larger in block 1/2 (232 ms) than in the other blocks

(101 ms in block 3/4, 100 ms in block 5/6, 83 ms in block 7/8).
With regard to error data, a paired-samples t-test was calculated to

compare task sequences CBA and CAA in repetition blocks. The two-tailed

t-test was significant, t(1, 31)�/2.1, p�/.037, showing less errors in a task

repetition (5.7%) than in a task switch (7.3%).

Discussion

Experiment 2 replicated the finding that the size of the N�2 repetition cost is

dependent on the experimental condition. In the first block without task

repetitions, subjects showed a large N�2 repetition cost (87 ms), whereas the

data pattern was even slightly reversed (N�2 repetition benefit of 16 ms) in

blocks with task repetitions. Additionally, the N�1 shift cost was extremely
large (232 ms) in the first block with task repetitions. This data pattern is

consistent with the idea that in the first block without task repetitions task

inhibition was resulting in a substantial N�2 repetition cost. However, in the

first block with task repetitions task inhibition is rather maladaptive to

resolve the interference between competing tasks. The large benefit of

repeating a task and the absence of an N�2 repetition benefit may imply that

task activation played a larger role in the first block with task repetitions.

The alternation between blocks with and without task repetitions did not
change the N�2 repetition cost from block to block, but might have led to an

intermediate level of both task activation and task inhibition.

GENERAL DISCUSSION

The present experiments examined the relation of task repetitions and the

N�2 repetition cost. In both experiments the N�2 repetition cost was

influenced by the occurrence or nonoccurence of task repetitions. In

conditions in which task repetitions were possible we found a decreased

N�2 repetition cost (Experiment 1, block 1/2 of Experiment 2).

We are aware of six other studies in which task repetitions occurred in

experiments with three tasks, and which thus are relevant to explore the
influence of task repetitions on N�2 repetition cost (Arbuthnott & Frank,

2000; Arbuthnott & Woodward, 2002; Dreher & Berman, 2002; Mayr, 2001,

2002; Mayr & Keele, 2000). Three of these studies (Mayr, 2001, 2002; Mayr

& Keele, 2000) report finding N�1 shift cost and N�2 repetition cost.

Arbuthnott and Frank (2000) report an N�2 repetition cost but no

significant N�1 shift cost. In the experiment conducted by Dreher and

Berman (2002), the N�2 repetition cost was found, but a possible N�1 shift

cost was not reported. Finally, the study of Arbuthnott and Woodward
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(2002) demonstrated robust N�1 shift cost under all conditions, whereas the

N�2 repetition cost occurred only under some conditions. Taken together, it
seems that there is no consistent data pattern with respect to the occurrence

of N�1 shift cost and N�2 repetition cost. Our experiments indicated that

task repetitions influence the size of N�2 repetition cost.

To speculate about the possible effect of task repetitions, it can be stated

that the inhibition of the previous task is not useful in task repetitions.

Rather, persistence of task activation is necessary to respond according to

the correct task in a task repetition. Thus, the question can be raised whether

this emphasis on task activation in some way influenced the task inhibition
that presumably underlies the occurrence of N�2 repetition cost (cf. Mayr &

Keele, 2000). However, suggesting that the occurrence of task repetitions had

a different influence on the amount of task activation (i.e., increase) and task

inhibition (i.e., reduction) appears to challenge theoretical notions that

assume a direct functional link between task activation and task in-

hibition*for example ‘‘lateral inhibition’’.

Lateral inhibition was assumed to be a likely mechanism in cognitive

control (see, e.g., Norman & Shallice, 1986) and in particular in task
switching (see, e.g., Mayr & Keele, 2000). The idea of lateral inhibition in

task switching suggests that task inhibition is a direct byproduct of task

activation, so that there is a direct functional link between activation and

inhibition. In other words, the stronger the activation of the relevant task is,

the stronger is the concomitant inhibition of irrelevant task(s). This

assumption, however, is in discordance with our observations because

according to the lateral inhibition view the occurrence of task repetitions

(and thus presumably of strong task activation) should have resulted in an
even increased N�2 repetition cost.

A critical test for a direct functional link between task activation and task

inhibition is to examine their temporal dynamics. As regards task activation,

one could argue that task activation starts as soon as a cue was presented.

This assumption is supported by the finding that the N�1 shift cost depends

on the length of the CSI (see, e.g., Meiran, 1996). In contrast, the N�2

repetition cost is not influenced by CSI duration (e.g., Mayr & Keele, 2000).

Thus, it is unlikely that task inhibition is triggered by the cue. Yet, there still
remain two possibilities when task inhibition might take place: The

occurrence of task inhibition could depend on a stimulus-based conflict

between tasks, or task inhibition could take place after the execution of a

response as ‘‘self-inhibition’’ of the just executed task. Note that in the first

possibility the inhibition affects tasks that are irrelevant in the present trial

(i.e., competing tasks), whereas the self-inhibition would affect the just

executed task. It was shown elsewhere that the self-inhibition of a task is

unlikely (Hübner et al., 2003; Mayr & Keele, 2000; Schuch & Koch, 2003).
Therefore, task inhibition seems to depend on the need to resolve
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interference between tasks and that this interference resolution takes place

after the presentation of a stimulus (cf. Schuch & Koch, 2003). Thus, task
activation and task inhibition appear to have different temporal loci.

Yet, although the temporal characteristics of task activation and task

inhibition appear to be different, we nevertheless suggest an indirect

functional link between task activation and task inhibition. It was supposed

that the persisting activation of the preceding trial causes interference in the

actual trial (see, e.g., Koch & Philipp, 2005). The amount of task inhibition

that is necessary to resolve this proactive interference in the actual trial thus

depends on the amount of persisting activation (cf. Gade & Koch, 2005).
Therefore, on a trial-by-trial basis there might be an indirect functional link

between task activation and task inhibition.

However, this indirect functional link on a trial-by-trial basis cannot

account for the general reduction of the N�2 repetition cost we observed in

experiments with task repetitions. We speculate that although task activation

and task inhibition are indirectly functionally linked on a trial-by-trial basis,

they are also (at least partially) dissociable on a more general level. We

suggest that task repetitions change the general process of how to resolve
interference. Task activation (i.e., activating the relevant task) and task

inhibition (i.e., inhibiting irrelevant tasks) are two mechanisms of inter-

ference resolution and we assume that both mechanisms are integrated in the

general process of interference resolution. The resolution of interference

might be possible by different processes: by the activation of the relevant

task alone, by the activation of the relevant task and the inhibition of

irrelevant tasks, and by the inhibition of irrelevant tasks alone. We believe

that interference resolution is due to task activation and task inhibition.
However, the ratio of task activation and task inhibition in the process of

interference resolution might be variable. It seems that in an experimental

condition in which strong task activation is helpful (i.e., when task

repetitions are possible), the relative amount of task inhibition is reduced,

and vice versa (see also Arbuthnott & Frank, 2000).

The assumption that the interplay of task activation and task inhibition is

to some point variable appears to be supported by a dissociation of the

functional role of the right and left prefrontal cortex. The prefrontal cortex
(PFC) is assumed to play a role for switching between tasks and for the

resolution of interference (see e.g., Miller & Cohen, 2001). However, different

areas in the PFC can be functionally dissociated. Whereas areas of the right

PFC seems to play a major role in the inhibition of irrelevant action rules and

task sets (for a review, see Aron, Robbins, & Poldrack, 2004), the left PFC

seems to be more important in maintaining a task set (MacDonald, Cohen,

Stenger, & Carter, 2000). As regards the role of these cortical areas for task

switching, it was demonstrated that patients with right and left frontal lesions
both show impaired performance but that the origin for their impairment
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appears to be different (Aron, Monsell, Sahakian, & Robbins, 2004). Right

frontal patients were more impaired in inhibiting irrelevant responses,
whereas left frontal patients showed a pattern of results that might be

interpreted as a lack of task maintenance. This neuropsychological dissocia-

tion is consistent with our speculation that the ratio of task activation and

task inhibition in the process of interference resolution is variable.

Importantly, this speculation refers to the general ‘‘setting’’ of which

process is used to resolve the interference within one experiment and not to

the amount of task activation and task inhibition that is needed to resolve

the interference in each single trial. Experiment 2 has shown that the N�2
repetition cost was on an intermediate level after participants had

experienced repetition and no-repetition blocks. Therefore, it is unlikely

that the reduction of the N�2 repetition cost we observed depends on a

factor that varies on a block-by-block or even trial-by-trial basis. Rather, the

occurrence of task repetitions seems to influence the general process of

interference resolution. Consequently, the general ‘‘setting’’ of how much

task activation and task inhibition is used to resolve interference cannot

explain trial by trial variations of task activation and task inhibition that
lead, for example, to the occurrence of asymmetrical shift cost (cf. Allport et

al., 1994). Still, further research will have to reconcile the proposed partial

dissociability of task activation and task inhibition in the general setting of

interference resolution and the indirect functional link between task

activation and task inhibition on a trial-by-trial basis.

To summarise, we have shown that under experimental conditions in

which task repetitions are possible, the N�2 repetition cost is decreased and

therefore harder to find as empirical marker for effects of interference
resolution. The results of our experiments thus indicate that sequential task

control is not a fixed but rather a flexible mechanism consisting of different

components (i.e., task activation and task inhibition).

PrEview proof published online 24 February 2006
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