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ABSTRACT 

When rapidly switching between two tasks. bivalent stimuli can accidentally trigger the previously 
executed and therefore still activated response. Recently. it has been suggested that behavioral response­
repetition effects reflect response inhibition that reduces the risk of such erroneous response repetitions. 
The present study investigated neural correlates of this inhibition process using lateralized readiness 
potentials (LRP). In three experiments. we demonstrate a response-switch bias emerging during the 
preparatory interval which is independent of task sequence{Experiment 1 l. which is linked to task prepa­
ration (Experiment 2). and which is present only under task-switching conditions (Experiment 3). These 
results suggest that the bias reflects a control process that adaptively regulates response preparedness. 

Complex human action often consists of a series of elementary 
tasks. Because these tasks have usually to be executed in a specific 
order. control processes are necessary which prepare the mental 
system for every new task. Numerous processes have been identi­
fied that support this task preparation. like memory retrieval (Mayr 
& Kliegl. 2000). attention adjustment (Meiran & Marciano. 2002) 
or cue processing (Koch, 2003). An essential role in this context is 
played by the control of response preparedness. When confronted 
with a new task. only task-relevant responses should be in a pre­
pared state. Moreover. response preparedness should adapt to the 
risk by which specific responses could cause an error. Responses 
which are at risk to be accidentally triggered by available stimuli 
should be in a less prepared or even inhibited state. For instance. 
before one enters the supermarket to buy some healthy vegetables. 
it could be appropriate to prepare "take the carrots" and to inhibit 
"take the chocolate". 

A special case is given when a response was executed recently. 
and thUS. is still in an activated state. Because the risk to be acci­
dentally triggered by an upcoming stimulus is particularly high 
for such a response. there should be a general tendency to inhibit 
the previously executed response. This idea receives support from 
behavioral studies on task switching showing that repeating the 
response on consecutive trials can be costly under certain con­
ditions. This response-repetition cost has been attributed to the 
inhibition of the previously executed response (Druey & HUbner. 
2008a. 2008b; HUbner & Druey, 2008; Steinhauser & HUbner. 2006). 
Our aim in the present study was to demonstrate this inhibition in a 
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more direct way by measuring physiological correlates of response 
preparedness using event-related potentials. Before we introduce 
our method, though. a brief overview over the relevant paradigms 
and studies is provided. 

The task-switching paradigm (All port, Styles, & Hsieh, 1994; 
Rogers & Monsell, 1995) is frequently used to investigate processes 
underlying task preparation. In one version of this paradigm, partic­
ipants perform multiple tasks in a randomized order in which a cue 
indicates the relevant task on each trial (Meiran, 1996). Most stud­
ies on task switching focused on the so-called switch costs which 
refer to increased response times and error rates on task-switch tri­
als relative to task-repetition trials and which are attributed to task 
preparation (Rogers & Monsell. 1995; Steinhauser, Maier. & Hilbner, 
2007) as well as to memory effects (All port et aI., 1994; Schuch & 
Koch, 2003; Steinhauser & HUbner, 2006). Another interesting phe­
nomenon, however. is the complex pattern of response-repetition 
effects, initially reported by Rogers and Monsell (1995). Numerous 
studies found a response-repetition cost when the task switched, 
but a smaller cost or even a response-repetition benefit when the 
task repeated (e.g., HUbner & Druey, 2006; Kleinsorge. 1999; Lien. 
Schweickert. & Proctor, 2003; Rogers & Monsell. 1995; Schuch & 
Koch. 2004; Steinhauser & HUbner. 2006). 

A -variety of theories has been proposed to account for this 
pattern. Most relevant in the present context is the idea that 
response-repetition effects in task switching result from the inter­
play of two processes (e.g., Druey & Hilbner, 2008b; Hilbner & 
Druey. 2006; Rogers & Monsell, 1995; Steinhauser & Hubner, 2006). 
One process is the inhibition of the previously executed response 
which should prevent that this response is accidentally triggered 
by the next stimulus. Because the probability that an accidental 
response repetition leads to an error is independent of whether the 
task is repeated or switched, inhibition should be similar for task 
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repetitions and task switches. Accordingly, this alone would imply 
a general response-repetition cost. Usually, however, costs show 
up only on task-switch trials. This is explained by the assumption 
that on task-repetition trials, inhibition is compensated by cate­
gory priming. When the task as well as the response is repeated, 
priming of the stimulus category has a strong facilitative effect. As 
a consequence, inhibition produces a response-repetition cost on 
task-switch trials, whereas category priming reduces this cost or 
even turns it into a response-repetition benefit on task-repetition 
trials. 

Evidence for this two-process account has been provided, for 
instance, by HUbner and Druey (2006). In their experiments, stimuli 
were used which required the same response for each task (con­
gruent stimuli) or a different response for each task (incongruent 
stimuli). When the previous stimulus was congruent. the response­
repetition benefit on task-repetition trials was decreased to the 
same amount as the response-repetition cost on task-switch trials 
was increased (see. Fig. 2 in HUbner & Druey. 2006). (n other words. 
the inhibitory component was selectively increased. To explain this. 
they argued that congruent stimuli imply stronger activation of 
the executed response. This, in turn. increases the risk that this 
response is aCcidentally triggered by the next stimulus. To counter­
act this risk, more inhibition of this response is required on the next 
trial (see also. Druey & HUbner. 2008b). 

A similar increase of the response-repetition cost was shown 
under conditions of strong time pressure (Steinhauser & Hllbner. 
2006). From a theoretical view. this is plausible given that time pres­
sure induces a lower response criterion. Under these conditions, 
more inhibition of the previously executed response is beneficial 
because a low criterion increases the risk that an accidentally trig­
gered response exceeds this criterion. Finally. when stimuli were 
used that were linked to one task only. inhibition seemed to be 
largely absent (Hllbner & Druey, 2006). This supports the idea 
that inhibition is linked to the risk that an error occurs when the 
stimulus triggers the previously executed response. When stim­
uli are linked to only one task. then the stimulus is associated 
only with the correct response and thus cannot trigger the wrong 
response. 

Despite these findings, the behavioral response-repetition effect 
is rather limited as an indicator of response preparedness. As men­
tioned above. only a portion of the response-repetition effect can 
be due to inhibition because the effect of inhibition is blurred 
by category priming when the task is repeated (e.g .. HUbner & 
Druey, 2006). Moreover. other authors have proposed mechanisms 
which might further contribute to the complex response-repetition 
effects, and which would affect task-repetition trials as well as task 
switch-trials. For instance, Kleinsorge (1999)suggested that prepar­
ing a task-switch generally implies preparation of a response switch 
and vice versa. Finally, other authors assumed a process called 
response recoding which alone would imply response-repetition 
benefits on task-repetition trials but response-repetition costs on 
task-switch trials (Meiran, 2000; Schuch & Koch, 2004). Taken 
together, without precise knowledge of how these mechanisms 
contribute to the overall pattern, a valid estimation of the Inhibitory 
component of the response-repetition effect is difficult. Because of 
this, it would be desirable to have a more direct measure of response 
inhibition. 

We assumed that response inhibition can be measured more 
directly by considering an event-related potential called the later­
alized readiness potential (LRP, de jong, Wierda. Mulder, & Mulder, 
1988; Gratton, Coles, Sirevaag. Eriksen, & Donchin. 1988). The LRP 
corresponds to the relative increase of scalp potentials over motor 
areas contralateral to the response hand. and is regarded as a corre­
late of the preparedness for a specific hand response. In the context 
of task switching. LRPs were used to investigate the source of the 
switch cost and the mechanisms underlying task preparation (de 
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jong. Gladwin. & t Hart. 2006; Gladwin, Undsen. & de jong. 2006; 
Hsieh & Uu, 2005; Hsieh & Vu. 2003a, 2003b). 

In the present study. we investigated response inhibition using 
the LRP as a measure of response preparedness. To this end. a 
simple task-switching paradigm was applied in which the par­
ticipants classified digits as odd/even or as less/greater than 5 
by responding with their left or right hand. respectively. Task 
order was randomized and the relevant task on each trial was 
indicated by a cue preceding the stimulus. The participants were 
instructed to respond very quickly because time pressure seems 
to promote the observation of response inhibition (Steinhauser 
& Hllbner. 2006). Based on the previous considerations. a sim­
ple prediction could be derived. If response inhibition influences 
response preparedness. the lRP should show a bias toward the pre­
viously not executed response emerging during the preparatory 
interval. In the following. we not only demonstrate the existence 
of such a response-switch bias. but also provide evidence that this 
bias is linked to response inhibition as postulated by Hllbner and 
Druey (2006): We show that the response-switch bias is simi­
lar for task-switch trials and task-repetition trials (Experiment 1). 
Moreover. we provide evidence that the bias is related to task 
preparation (Experiment 2). and occurs only under conditions 
where the stimuli can accidentally trigger the wrong response 
(Experiment 3). 

1. Experiment 1 

The first experiment tested the crucial predictions of the 
response-inhibition account. To this end. we examined LRP epochs 
comprising the response on trial n - 1 as well as the response on 
trial n. Specifically. we focused on the cue-stimulus interval (CSI) 
in which participants prepare the upcoming task. According to our 
hypothesis. a response-switch bias should emerge during this inter­
val reflecting the inhibition of the previously executed response. At 
stimulus onset on trial n. the LRP should be biased toward the cor­
rect response if a response switch is required. whereas it should 
be biased toward the incorrect response if a response repetition is 
required. Moreover. this bias should be similar for task-repetition 
trials and task-switch trials. Any LRP effects related to task sequence 
should emerge not before stimulus onset. 

If we observe a response-switch bias emerging during the CSI, 
then the question arises whether this bias can be attributed to task 
preparation. To allow for such an interpretation. one has to show 
that the participants really prepare the task during the CSI, which 
is not self-evident in a procedure like the present one (cf .• Altmann. 
2004; Koch. 2001; Steinhauser et al.. 2007). To test this. we addition­
ally examined electrophysiological correlates of task preparation. 
Indeed. a number of studies showed a positivity on parietal chan­
nels for task-switch trials relative to task-repetition trials. which 
has been interpreted as a correlate of endogenous task prepara­
tion (Barcelo. Escera. Corral. & Perianez. 2006; Barcelo. Perianez. 
& Knight. 2002; Karayanidis. Coltheart. Michie. & Murphy. 2003; 
Miniussi. Marzi. & Nobre. 2005; Nicholoson. Karayanidis. Poboka, 
Heathcote. & Michie. 2005; Nicholson. Karayanidis. Bumak. Poboka, 
& Michie. 2006; Nicholson. Karayanidis, Davies. & Michie. 2006). If 
we find a similar effect. this would support the assumption that 
task preparation took place during the CSI. 

1.1. Method 

1.1.1. Participants 
Sixteen participants (12 female. 4 male) between 19 and 27 

years of age (mean 22.2) with normal or corrected-to-normal vision 
participated in the study. Participants were recruited at the Un i­
versitllt Konstanz and were paid 5€/h. The study was conducted in 
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accordance with institutional guidelines and informed consent was 
acquired from all participants. 

1.1.2. Stimuli 
Stimuli were the digits 1-9 (without 5) comprising a width of 

1.68" visual angle and a height of 2.24" visual angle at a viewing 
distance of about 70 cm. A circle and a square with the same size 
served as cues. Cues and stimuli were presented on a 21-in. color 
monitor in white color on a black background. 

1.1.3. Design and procedure 
On each trial, the participants had to apply one of two judg­

ments to a digit presented on the screen. [n the parity judgment, 
the digit had to be classified as odd or even. In the magnitude judg­
ment, it had to be classified as less or greater than five. Responses 
were given by squeezing one of two hand dynamometers (TSD121 C, 
BIOPAC Systems, Goleta, CA, USA) with the left hand (even,less) or 
the right hand (odd, greater). Participants held one dynamometer 
in each hand with both arms hanging loose. Each trial started with 
the presentation ofthe cue for 200 ms followed by a blank screen for 
600 ms. The cue-task mapping was counterbalanced across partic­
ipants. The stimulus was presented for 200 ms followed by a blank 
screen. A short tone (600 Hz, 100 ms) was presented when response 
force in one hand exceeded an individually adjusted force threshold. 
1000 ms after the tone, a new trial started. The order of stim­
uli, judgments and required responses was randomized although 
stimulus repetitions on two consecutive trials were omitted. The 
relevant experimental conditions were task sequence (task rep­
etition, task switch) and response sequence (response repetition, 
response switch). Stimulus presentation and response registration 
was controlled using custom CH routines. 

participants worked through 10 test blocks of 64 trials, result­
ing in a total amount of 640 trials. The test blocks were preceded by 
two practice blocks with 64 trials each, which were not further ana­
Iyzed. At the beginning of the experiment, the participants' force 
threshold was determined separately for each hand. To this end, 
each participant had to squeeze the dynamometers as strong as pos­
sible. 20% of the resulting maximum force was taken as threshold. 
Participants were encouraged to respond as fast as possible. 

!.l.4. Electrophysiological recording 
Participants were seated comfortably in a dimly lit, electrically 

shielded room. The electroencephalogram (EEG) was recorded with 
As/AgCI electrodes mounted in a cap (Easycap, Herrsching. Ger­
many) from three electrode sites: C3, C4. and Pz. The right mastoid 
was recorded as an additional channel. Electrodes were referenced 
to the left mastoid and off-line re-referenced to the average of both 
mastoids. Electrode impedances were kept below 5 kQ. Vertical and 
horizontal electrooculogram (EOG) was recorded from above and 
below the left eye and from the outer canthi of both eyes. respec­
tively. EEG and EOG were continuously recorded at a sampling rate 
of 200Hz and a high-pass filter of 0.1 Hz using Biopac amplifiers 
(BIOPAC Systems, Goleta, CA. USA). Waveforms were off-line fil­
tered with a low pass filter of 5 Hz for the LRP analyses and 8 Hz for 
the remaining ERPs. 

U.5. Data analysis 
To analyze behavioral data. response times were computed as 

the interval between stimulus onset and the time the response 
threshold for one hand was exceeded. Trials preceded by errors 
were excluded from all further analyses. EEG data were analyzed 
by first extracting segments of 2500ms before and 1000 ms after 
the onset of the stimulus on each trial n. As a consequence. these 
segments contain the current response (Rn) as well as the preced­
ing response (Rn-1)' Due to the constant response-cue interval and 
cue-stimulus interval, these segments are locked to the stimulus on 

trial n as well as to the response on trial n - 1. The average voltage 
in the 100 ms preceding stimulus onset of trial n - 1 served as base­
line. Trials contaminated with oculomotor artifacts were rejected 
on the basis of vertical and horizontal EOG. Lateralized readiness 
potentials were calculated by applying double subtraction method 

. to data from electrode sites C3 and C4 (Eimer, 1998). This implies 
that the difference potential between C3 and C4 for trials with right­
hand responses is subtracted from the same difference potential for 
trials with left-hand-responses. The data segments were averaged 
separately for each experimental condition. All analyses were done 
using custom routines in MatLab 7.0.4 (The Mathworks, Natic, MA. 
USA). 

1.2. Results 

1.2.1. Behavioral data 
Outliers in the response times were eliminated by excluding 

trials with response times larger than three standard deviations 
above the mean within each condition of each participant. Response 
times of correct responses and error rates were subjected to a 
two-way ANOVA with repeated measurement on the variables 
task sequence (task repetition, task switch) and response sequence 
(response repetition. response switch). In this and the following 
analyses, main effects are not reported when interactions involv­
ing this variable reached significance. The results are depicted 
in Fig. 1. For the response times, only the main effect of task 
sequence reached significance, F(1. 15)~7.12, p<0.05. Response 
times on task-switch trials were higher (542 ms) than those on 
task-repetition trials (513 ms). For the error rates, the interaction 
between both variables was significant. F(1. 15)-6.04, p<0.05. 
Whereas a response-repetition cost of 6.0% was obtained on task-
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fig. 1. Experiment 1: response-repetition effects in response times and error rates. 
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Fig. 2. Experiment 1: lateralized readiness potentials (LRP) locked to the stimulus 
on trial n, separately for each combination of task sequence (TR. IS) and response 
sequence (RR, RS). The range is chosen to comprise the response on trial n as well 
as that on trial n - 1. Positive values indicate a higher activation of the response 
side correct on trial n.lJ.v- microvolt, R(N)- response on trial n, R(N - l)a response 
on trial n-1. C-cue, Sastimulus. RR-response repetition, RS-response switch, 
TR· task repetition, 15 • task switch. 

switch trials, this effect was reduced to 0.3% on task-repetition 
trials. 

1.2.2. Lateralized readiness potentials 
Separated lRPs were computed for all combinations of the 

variables task sequence and response sequence. Fig. 2 shows the 
resulting waveforms for an interval comprising the responses on 
trial n and trial n - 1. Note that the vertical axis is positive for 
the response side that is correct on trial n. Accordingly, the n - 1 
response is represented by a positive deflection on response­
repetition trials. whereas the n - 1 response is represented by a 
negative deflection on response-switch trials. Further note that the 
lRP for the n - 1 response is larger than that for the n response 
because the lRP for the n - 1 response is response-locked whereas 
the lRP for the n response is stimulus-locked. This results because 
the data segments were averaged locked to the stimulus on trial n 
as well as to the response on trial n - 1 (see above). 

A closer inspection of this figure allows for two observations: 
First. during the interval between the n - 1 response and the stim­
ulus of trial n, the lRP develops in a direction contrary to the 
deflection representing the n - 1 response. Second. this response­
switch bias seems to be independent of task sequence. Some of the 
apparent differences between the waveforms reflecting task repeti­
tions and those reflecting task switches seem to exist already before 
cue onset. and consequently, should be due to noise. 

To corroborate these observations statistically. the mean ampli­
tude of the lRP in an interval raging from 100 to 0 ms preceding 
stimulus onset was subjected to a two-way ANOVA with repeated 
measurement on the variables task sequence and response 
sequence. Only a main effect of response repetition was obtained. 
F( 1. 15) - 27.1. p < 0.001. whereas all other effects did not reach 
significance. Computed as the difference between values for 
response-switch trials and response-repetition trials. the bias was 
1.98/LV. 

In a further step. we examined the question whether the post­
stimulus lRP related to the n response shows any effects that 
go beyond those obtained in the pre-stimulus lRP. To ensure 
comparability of both analyses. we focused on amplitude differ­
ences as in the previous analysis. However. now we considered 
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Fig. 3. Experiment 1: stimulus-locked waveforms at electrode Pz, separately for 
each combination of task sequence (lR. IS) and response sequence (RR, RS). The 
range is chosen to comprise the response on trial n as well as that on trial n - 1. 
C-cue, S a stimulus, RR. response repetition, RS a response switch, TR. task repeti­
tion, TS - task switch. 

the mean amplitude in an interval ranging from 250 to 500 ms 
after stimulus onset. Mean amplitudes were subjected to a two­
way ANOVA with repeated measurement on the variables task 
sequence and response sequence. In contrast to the pre-stimulus 
lRP, we now obtained a significant interaction between both vari­
ables. F( 1. 15) - 5.28, p < 0.05. When the response repeated. higher 
mean amplitudes were observed for task-repetition trials (2.72 /LV) 
than for task-switch trials (1.71 /LV). In contrast. when the response 
switched. this difference was reversed (task repetition: 4.78/LV; 
task switch: 5.22/LV). 

1.2.3. ERP correlates of task preparation 
To examine correlates of task preparation in the electro­

physiological data. we analyzed stimulus-locked waveforms from 
electrode PZ. Fig. 3 reveals that. during the CSI. waveforms repre­
senting task-repetition trials were more positive than waveforms 
representing task-switch trials. In contrast. response sequence had 
no' substantial effect during this interval. To corroborate these 
observations, we first calculated the mean amplitude in a pre­
stimulus interval ranging from 500 to 0 ms before stimulus onset 
which captures the amplitude of the cue-related slow wave. A 
one-way ANOVA with repeated measurement on the variable task 
sequence revealed a significant effect. F(1. 15) -13.7. p < 0.01. indi­
cating an increased mean amplitude on task-switch trials (1.51 /LV) 
relative to task-repetition trials (-0.24 /LV). 

1.3. Discussion 

The first experiment confirmed our predictions. Behavioral 
effects were mainly obtained for accuracy data. which might be due 
to the high time pressure. Consistent with earlier results, the error 
rates revealed a response-repetition cost in case of a task switch, 
but nearly no cost in case of a task repetition. Most important. how­
ever. the electrophysiological data demonstrate the existence of a 
response-switch bias emerging synchronously with task prepara­
tion. During the CSI. the lRP drifted toward the side opposite to 
the previous response. This resulted in a bias toward the correct 
response in case of a response switch but a bias toward the incor­
rect response in case of a response repetition. As predicted. this bias 
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was not different for task-repetition trials and task-switch trials. 
Finally. any substantial effects of task sequence emerged after stim­
ulus onset. In the post-stimulus period. the lRP amplitudes largely 
mirrored the behavioral effect including the interaction between 
task sequence and response sequence. This supports the inhibition 
accountofthe response-repetition effects. according to which these 
effects are due to (a) an inhibitory effect emerging before stimulus 
onset and (b) a priming effect emerging after stimulus onset. 

In addition. inspection of channel pz revealed a significantly 
more positive waveform during the CSI on task-switch trials. rel­
ative to that on task-repetition trials. In earlier studies. similar 
observations have been attributed to endogenous task preparation 
(e.g .• Karayanidis et al .• 2003). The temporal synchronicity of the LRP 
bias and the preparatory effect suggests that both effects emerge 
from the same mechanism. However. because the evidence is only 
correlational. a further experiment was conducted to investigate 
the relation between task preparation and the response-switch bias 
in more detail. 

2. Experiment 2 

The goal of the second experiment was to further examine 
the process underlying the response-switch bias. The results of 
the previous experiment were compatible with the idea that the 
response-switch bias reflects inhibition of the previously executed 
response during task preparation. and that the function ofresponse 
inhibition is to prevent that the previously executed response is 
accidentally triggered again by the next stimulus. Alternatively. 
however. one could argue that the response-switch bias reflects 
automatic self-inhibition which takes place immediately after 
response execution. Indeed. such a mechanism has been proposed 
as a means to prevent perseverative responding (U. Lindenberger. 
Ruenger. & Frensch. 2000; Smith. 1968). Unfortunately. the mere 
time course of the LRP in the inter-trial interval in the previous 
experiment cannot distinguish between these alternatives. The fact 
that the LRPcrosses the null line during the CSI does not necessarily 
imply that inhibition does not already occur before. 

One way to distinguish between these alternatives is to examine 
whether the response-switch bias is linked to task preparation or to 
the preceding response. Accordingly. we manipulated the interval 
between the response and the next stimulus (response-stimulus 
interval. RSI) as well as the interval between the cue and the next 
stimulus (CSI). Each alternative view makes different predictions as 
to how the bias is affected by these intervals. If the bias is related 
to task preparation then it should depend exclusively on the CS[: 
with a short CSI. task preparation. and thus. the generation of the 
response-switch bias. cannot occur before stimulus onset. In con­
trast. if the bias is due to automatic self-inhibition then the RSI 
rather than the CSI should affect the bias. Automatic self-inhibition 
implies that. after the response on trial n -1. the time course of the 
LRP should be rather ballistic and independent of the time the next 
cue or the next stimulus arrives. Fig. 1 shows that. 2 s after the n - 1 
response. the LRP is negative for response switches but positive for 
response repetitions (which indicates the response-switch bias). 
In contrast. 1 s after the n - 1 response. the lRP is still positive for 
response switches and negative for response repetitions. Accord­
ingly. if the time course of the lRP is independent of the onset of 
the next stimulus. then a reduction of the RSI to about 1 s should 
imply that a response-repetition bias is obtained. 

Based on these considerations. we replicated Experiment 1 with 
two CSIs (200. 1000ms) and two RSIs (1200. 2000ms).1 Specifi-

I RSI effects in task-switching are typically obtained with smaller RSls than 
1200/2000 ms (e.g., Koch a. A1lport, 2006). However, these studies analyzed the 
influence of RSI on the task-SWitch costs in order to examine the decay of task sets. 

cally. we realized a long RSI/long CSI condition, a short RSI/long CSI 
condition, and a short RSI/short CSI condition. Two contrasts were 
crucial for our reasoning. The effects of RSI can be examined by 
comparing the long RSI/[ong CSI condition with the short RS[/Iong 
CSI condition. The effect of CSI can be examined by comparing the 
short RSI/long CSI condition with the short RSJ/short CSI condition_ 
If the response-switch bias is related to automatic self-inhibition. 
then reducing the RSI should lead to a response-repetition bias 
(or at least a strongly reduced response-switch bias) at stimulus 
onset. In contrast. if the response-switch bias is related to inhibi­
tion during task preparation, we expect that the response-switch 
bias at stimulus onset should be eliminated when the CSI is short. 
To obtain a reasonable number of trials per condition despite of the 
increased number of conditions. we did not include the variable 
'task sequence' in the LRP analysis. This seems justified because 
Experiment 1 showed no significant effect of task sequence on the 
response-switch bias. 

2.1. Method 

Twelve new participants (11 female, 1 male) between 20 and 37 
years of age (mean 25.2) with normal or corrected -to-normal vision 
participated in the study. Stimuli and procedure were the same as 
in Experiment 1 with the following exceptions. The cue was pre­
sented for 150ms in all conditions. RSI and CSI were manipulated 
in three blocked conditions: In condition short RSI/long CSI. an RSI 
of 1200 ms and a CSI of 1000 ms was used. In condition long RSI/long 
CSI. an RSI of 2000 ms and a CSI of 1000 ms was used. In condition 
short RSI/shortCSf, an RSI of1200ms and a CSI of200mswas used. 
For each condition. two blocks with 128 trials each were performed,. 
resulting in a total number of768 trials. Each participant performed 
a specific order of the three conditions two times. one time in each 
session half(resulting in a block sequence like, e.g .• ACBACB). Each 
of the six possible orders was assigned to two participants. At the 
beginning of each session. participants performed three practice 
blocks with 64 trials (one from each condition. in the same order 
as in the test blocks). 

2.2. Results 

2.2.1. Behavioral data 
Response time outliers were eliminated by excluding trials with 

response times larger than three standard deviations above the 
mean within each condition and each partiCipant. Response times 
and error rates are depicted in Fig. 4. The effects of CS[ and RSI were 
considered in different analyses. 

To examine the effect of CS I. response times of correct responses 
and error rates were subjected to three-way ANOVAs with repeated 
measurement on the variables interval (short RSI/short CS[, short 
RSI/long CSI). task sequence and response sequence. For the 
response times, we obtained a significant interaction between 
interval and task sequence, F(l, 11)=20.21. p<O.OO1. Task-switch 
costs were larger in the short RSI/short CSI condition (67 ms) than 
in the short RSI/long CSf (24 ms). For the error rates. the interac­
tion between interval and task sequence was marginally significant. 
F(1. 11)-4.13. p<0.10. indicating larger task-switch costs in the 
short RSI/short CSI condition (4.3%) than in the short RSI/long CSI 
condition (1.6%). Moreover. the interaction between task sequence 
and response sequence reached significance, F(1. 11) = 8.60. P < 0.05. 
A response-repetition cost of 3.8% was obtained on task-switch 

In the present study, we were interested In the Influence of RSI on the response­
switch bias. RSI values of 1200 and 2000 ms were chosen because these values allow 
for differential predictions derived from the empirical time course of the LRP in 
Experiment 1. 
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trials, but a small response-repetition benefit was observed on task­
repetition trials (0.8%). 

To examine the effect of RSI, the same analyses were computed 
involving the short RSI/long CSI and long RSI/long CSI conditions. 
For the response times, only a marginally significant effect of task 
sequence was obtained, F(1, 11} "4.50, P < 0.10, whereas the task­
switch costs were not different for the short RSI/long CSI condition 
(24 ms) and the long RSI/long CSI (8 ms). For the error rates, only 
a significant main effect of response sequence was obtained, F(1, 
11}· 5.43, P < 0.05, indicating response-repetition costs of 2.6%. 

222. Lateralized readiness potentia Is 
Fig. 5 (left column) shows separate LRP waveforms for all com­

binations of the variables interval and response sequence. The 
data show a response-switch bias emerging during the response­
stimulus interval for the long RSI/long CSI condition and the short 
RSI/long CSI condition. Although the bias is somewhat smaller in the 
short RSI/long CSI condition at stimulus onset, it reaches a similar 
level in both conditions at the onset of the LRP deflection related 
to response n. For the short RSI/short CSI condition, virtually no 
response-switch bias is obtained at stimulus onset. However, such 
a bias seems to develop after stimulus onset, 

These observations received support from statistical analyses. 
Mean LRPs from the interval ranging from 100 to 0 ms before stim­
ulus onset were extracted. First, to examine the effect of CSI, data 
from the short RSI/short CSI and short RSI/long CSI conditions 
were subjected to a two-way ANOVA with repeated measurement 
on the variables interval and response sequence. We obtained an 
interaction between interval and response repetition, F( 1,11} - 8.18, 
p < 0.05. Whereas a large response-switch bias was obtained in the 
short RSI/long CSI condition (2.22 j.LV), nearly no effect of response 
sequence was observed at stimulus onset in the short RSI/short 
CSI condition (-0.2 j.L V). Second, to examine the effect of RSI, the 
same analysis was computed involving the short RSI/long CSI and 
long RSI/long CSI conditions. Here, no significant interaction was 
obtained, indicating similar response-switch biases in the short 
RSI/long CSI condition (2.22 j.LV) and long RSI/long CSI condition 
(3.69fJ.V). 

22.3. ERP correlates of task preparation 
Again, we analyzed stimulus-locked ERPs at electrode pz sep­

arately for task-repetition trials and task-switch trials to examine 
correlates of task preparation. In this analysis, response sequence 
was ignored because of the small trial numbers. Moreover, only 
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fig. 5. Experiments 2 and 3: lateralized readiness potentials locked to the stimulus 
on trial n. separately for each combination of condition (short RSI/long CSI. long 
RSJ/JongCSJ. short RSI/shortCSJ) and response sequence(RR. RS). The range is chosen 
to comprise the response on trial n as well as that on trial n - 1. Positive values 
indicate a higher activation of the response side correct on trial n. R(N) -response on 
trial n, ).l.V - mlcrovolt. C· cue, S· stimulus, RR· response repetition, RS· response 
switch, TR· task repetition, TS - task switch. 

conditions with long CSI condition were considered because the 
short CSI is too short for pre-stimulus effects related to task 
sequence to emerge. Inspection of Fig. 6 revealed a positivity on 
task-switch trials during the CSI for the short RSI/long CSI con­
dition and the long RSI/long CSI condition. To corroborate this 
observation, we computed the mean amplitude in an interval rang­
ing from 400 to 600 ms after cue onset in these two conditions. 
A two-way ANOVA with repeated-measurement on the variables 
interval (short RSI/long CSI, long RS1/long CSI) showed only a sig­
nificant effect of task sequence, F(1, 11} = 6.55, P < 0.05, indicating 
larger mean amplitudes on task-switch trials (2.93 fJ.V) than on 
task-repetition trials (1.61 fJ.V). 

2.3. Discussion 

In this experiment we examined whether the response-switch 
bias reflects response inhibition during task preparation or whether 
it is due to an automatic self-inhibition of the previous response. 
Our results clearly fiwor a preparation-based source of the bias. 
When the CSI was reduced from 1000 ms in the short RSll.long 
CSI condition to 200 ms' in the short RSI/short CSI condition, the 
bias at stimulus onset nearly disappeared. This suggests that, when 
preparation cannot occur before stimulus onset, the bias is also not 
established, which supports the idea that the bias is related to task 
preparation. 
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FIg. 6. Experiment 2: stimulus-locked waveforms at electrode PZ. separately for each 
task sequence (TR. TS). (-cue. S - stimulus. TR. task repetition. TS. task switch. 

In contrast, when the RSI was reduced from 2000 ms in the 
long RSI/long CSI condition to 1200 ms in the short RSI/long CSI 
condition. no substantial effect on the response-switch bias was 
observed. Indeed, there was a trend toward a smaller bias at stimu­
lus onset. However, at the onset of the response-related deflection 
of the LRP (about 200 ms after stimulus onset) the bias was nearly 
identical for the two RSls. This contradicts the idea of automatic 
self-inhibition as the source of the response-switch bias.lfthe bias 
was due to automatic self-inhibition, the time course ofthe LRP fol­
lowing the n - 1 response should be independent of when the next 
cue or stimulus arrives, and therefore, a different bias should be 
obtained for a short RSI and for a long RSI. This becomes clear Ifwe 
compare the time course of the LRP starting with the n - 1 response 
in the long RSI/long CSI and short RSI/longCSI conditions (see, Fig. 5, 
left column). Following the peak associated with the n - 1 response, 
the LRP is nearly identical for both conditions until about 1000 ms 
after the n - 1 response. The oscillating form of the LRP during this 
phase can be attributed to a decay of motor activity and activity 
from reafferent processes (Leuthold & Jentzsch, 2001, 2002). After 
1000 ms, however, the LRP in the two conditions develops differ­
ently. Because task preparation starts earlier relative to the n - 1 
response in the short RSI condition than in the long RSI condition, 
the response-switch bias is established earlier in the former than 
in the latter.2 This c\earshows that the response-switch bias is not 

2 Note that the time between cue onset and the onset of the bias is longer in the 
short RSI condition. This might be due to the fact that with a short RSI. the bias is 
Initially masked by LRP activity linked to the previous response. 

due to a ballistic self-inhibition ordecay process but is rather linked 
to task preparation during the CSI. 

Interestingly, although the response-switch bias at stimulus 
onset was absent when the CSI was short, inspection of Fig. 5 
(left column. last row) suggests that the bias emerges after stim­
ulus onset in this condition. This is consistent with the idea that 
task preparation is not abandoned with a short CSI, but rather 
postponed to the post-stimulus period (e.g., Rogers & Monsell, 
1995).3 Based on this observation, one could predict that even in 
the short RSI/short CSI condition, a response-repetition cost should 
be observed. Indeed, this expectation is confirmed by our data. In 
the error rates, the response-repetition costs on task-switch trials 
were similar in each condition. There was only a trend toward a 
stronger response-repetition cost on task-repetition trials in the 
long RSI/long CSI condition. This could reflect a reduced effect 
of category priming (which normally counteracts the effect of 
response inhibition on task-repetition trials) which could be due 
to the fact that the activation of stimulus categories decayed when 
the RSI was long. 

3. Experiment 3 

The results of the first two experiments demonstrate the exis­
tence of a response-switch bias emerging during task preparation. 
However, these data are not informative with respect to the func­
tional role of this mechanism. Initially, we proposed that the 
bias prevents that the previously executed response is acciden­
tally triggered by the stimulus. An alternative idea is that the 
bias simply reflects a tendency to overestimate the probability 
of response switches. Indeed, studies in which the performance 
in sequential choice tasks was examined show that, when the 
interval between two trials is relatively long, participants generate 
expectancies regarding the probabilities of the involved responses, 
and thereby often overestimate the probability of a response switch 
(e.g .. Notebaert & Soetens, 2003; Soetens, 1998). Because this leads 
to an expectancy bias towards a response switch, the partici­
pants prepare for a switch, which leads to costs if the response 
repeats. Since the inter-trial intervals are usually rather long in task­
switching studies, it seems possible that the response-switch bias 
is partially due to this expectancy effect. 

To test this idea, we conducted a third experiment in which par­
ticipants performed on Iy one task during the whole experimen t. All 
other aspects of the procedure, including a cue and a variation of CS! 
and RSI, were similar as in the previous experiment. Using a con­
stant task not only implies that participants are never confronted 
with a task switch, it also implies that stimuli are unequivocally 
associated with one response. This should minimize the risk that 
the previously executed response is accidentally triggered. If the 
response-switch bias reflects a mechanism that counteracts this 
risk, then the bias as well as the response-repetition cost should 
be eliminated under these conditions. In contrast, if the response­
switch bias simply reflects expectancies, the same bias should be 
observed. 

3.1. Method 

Twelve new participants (8 female, 4 male) between 20 and 32 
years of age (mean 22.2) with normal or corrected-to-normal vision 
participated in the study. Experiment 3 was identical to Experiment 
2 with one exception. Participants performed only a single task. 

3 The fact that task-switch costs (i.e .• the performance decrement on task-switch 
trials relative to task·repetitlon trials) are increased with a short CSlls often consid­
ered as an Indicator that task preparation is postponed to the post-stimulus period 
(cf .. Melran, 1996; Steinhauseretal., 2007). 
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Accordingly. the same cue was presented on each trial. Half of the 
participants performed the parity task. the other half performed 
the magnitude task. 

3.2. Results 

3.2.1. Behavioral data 
Response time ouUlers were eliminated by excluding trials with 

response times larger than three standard deviations above the 
mean within each condition. Response times and error rates are 
depicted in Fig. 7. Again. the effects of CSI and RSI were consid­
ered in different analyses. To examine the effect of CSI. response 
times of correct responses and error rates were subjected to two­
way ANOV As with repeated measurement on the variables interval 
(short RSI/short CSI. short RSI/long CSI) and response sequence. 
For the response times. we obtained only a significant main 
effect of response sequence. F{ 1. 11) = 5.80. p < 0.05. indicating a 
response-repetition benefit of 13 ms. For the error rates. response 
sequence reached significance. F{1. 11)=22.3. p<O.OOl. but now 
a response-repetition cost of 3.2% was obtained. To examine the 
effect of RSI. similar analyses were computed involving the short 
RSI/long CSI and long RSI/long CSI conditions. For the response 
times. a significant effect of response sequence. F{1. 11)-6.47. 
P < 0.05. indicated a response-repetition benefit of 14 ms. For the 
error rates. the main effect of response sequence. F{ 1. 11) = 9.93. 
P < 0.01. as well as the interaction between response sequence 
and interval. F{1. 11) = 7.71. P < 0.05. were significant. A response­
repetition cost was obtained which was larger in the long RSI/long 
CSI condition (5.9%) than in the short RSI/Iong CSI condition 
(2.1%). 

3.2.2. Lateralized readiness potentials 
Fig. 5 (right column) shows separate LRP waveforms for all 

combinations of the variables interval and response sequence. In 
contrast to Experiment 2 (Fig. 5. left column). we now obtained 
almost no bias in the pre-stimulus period. The same analyses as 
in Experiment 2 were conducted but no significant effects were 
revealed (F< 1). 

3.3. Discussion 

The results of Experiment 3 partially confirmed our predictions. 
The response-switch bias disappeared when a constant task was 
performed. This is consistent with the idea that the role of the bias 
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is to prevent the previously executed and still activated response 
from being accidentally triggered by the bivalent stimulus. If the 
stimuli are associated only with the correct response. then there is 
little risk that the wrong response is triggered. Surprisingly. though. 
we still obtained a response-repetition cost in the error rates. At 
first glance. this seems to contradict our reasoning. However. as 
already discussed. there is evidence for response-repetition costs 
in serial choice tasks with long inter-trial intervals which reflects 
participants' expectancy (e.g .• Notebaert & Soetens. 2003; Soetens. 
1998). Thus. it is not surprising that we obtained such an effect in 
the present experiment. But why is such an expectancy-based bias 
not visible in the LRP? 

One answer could be that. in the present experiments, 
expectancy does not lead to a bias in motor activation but to a 
shift in the motor threshold. That is. when a left-hand response is 
expected then participants do not increase preparedness of the left 
hand but rather lower the amount of activation that is necessary for 
a left-hand response to occur. In this way. the probability that a left 
response is accidentally elicited is increased. This idea is supported 
by another observation. In contrast to the previous experiments, the 
response-repetition cost is observed only in the error rates whereas 
a small response-repetition benefit occurred in the response times. 
Such a speed-accuracy tradeoff is a further indicator of a shift in the 
motor threshold. The fact that such a tradeoff was not observed in 
our previous experiments suggests that expectancy did not play a 
role under task switching. 

4. General discussion 

In the present study we investigated the control of response 
preparedness under task-switching conditions. When preparing a 
task. it is necessary to minimize the risk that ambivalent stim­
uli trigger the wrong response. This risk is particularly high for 
the previously executed response because this response might 
still be in an activated state. Accordingly. under bivalent stimu­
lus conditions. an efficient task preparation should also include 
the inhibition of the previously executed resporise. Support for 
this idea came from studies reporting response-repetition effects 
in task switching (e.g., Hubner & Druey. 2006; Rogers & Monsell. 
1995; Steinhauser & Hubner. 2006). However. this behavioral mea­
sure is also affected by other mechanisms like category priming 
(Hiibner & Druey. 2006). response recoding (Meiran. 2000; Schuch 
& Koch. 2004) or expectancy (Notebaert & Soetens. 2003; Soetens. 
1998). Therefore. the present study aimed at providing more direct 
evidence for response inhibition by examining the LRP. an electro­
physiological correlate of response preparedness. 

Three experiments were conducted using a standard task­
switching paradigm in which participants alternated randomly 
between two simple number classification tasks. The behavioral 
effects replicated the results from earlier studies: response­
repetition costs occurred on task-switch trials. whereas no costs or 
even response-repetition benefits were present on task-repetition 
trials. In the present study. however. we primarily focused on the 
analysis of the LRP during task preparation. 

In Experiment 1 the participants showed a response-switch bias 
that emerged during task preparation. This bias can be viewed 
as reflecting the inhibition of the previously executed response. 
Moreover. it was similar for task-switch and task-repetition trials. 
which supports the idea that response inhibition takes place on 
task-switch trials as well as on task-repetition trials (e.g .• HObner 
& Druey. 2008; Hiibner & Druey. 2006). Clearly. from our view 
this seems reasonable since the risk that the previously executed 
response is triggered by the stimulus is independent of whether the 
task repeats or not. Although the bias is similar for both trial types, 
the behavioral data show a response-repetition cost only on task-
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switch trials. As discussed earlier. this is probably due to the fact 
that the bias is compensated by priming of stimulus categories (e.g .. 
"even") which occurs only when the task as well as the response is 
repeated. Because category priming should emerge during stimu­
lus processing on trial n. it cannot affect the response-switch bias 
during task preparation. 

Although the response-switch bias emerged during the CSI. one 
could argue that the bias is not necessarily related to task prepara­
tion because it is possible that participants did not make use of 
the CSI for preparing the tasks in advance (see. Altmann. 2004; 
Koch. 2001; Steinhauser et al.. 2007). However. the observation of 
a task-switch positivity on parietal electrode sites which has been 
attributed to task preparation in earlier studies (e.g .. Karayanidis et 
al.. 2003) is not in line which such an assumption. 

Nevertheless. we conducted a second experiment. in which 
we directly examined whether the response-switch bias can be 
attributed to task preparation or whether it is due to automatic 
self-inhibition which could occur immediately after the execution 
of the previous response. To test these hypotheses. we varied the 
interval between the response and the next stimulus (RSI) as well 
as the interval between the cue and the next stimulus (CSO.ln con­
trastto the prediction of the self-inhibition account. the time course 
of the LRP following the n - 1 response was not independent of 
RSI. Rather. the bias was established earlier in the short RSI/long 
CSI condition than in the long RSI/long CSI condition. leading to 
a similar bias at stimulus onset in the two conditions. However. 
in line With the preparation account. the bias emerged during the 
pre-stimulus period only when the CSI was long. and. thus. task 
preparation could take place during this interval. When the CSI was 
short. there was a trend toward a bias emerging after stimulus onset. 
This suggests that task preparation as well as the establishment of 
a response-switch bias is postponed to the post-stimulus period in 
this case. This also receives support from the observation that. even 
with a shortCSI. a response-repetition coston task-switch trials was 
obtained. 

Finally. in a third experiment. we showed that the response­
switch bias disappeared when only a single task had to be 
performed throughout a block of trials. and. therefore. the stim­
uli were less likely to trigger the wrong response accidentally. 
This supports the idea that the bias depends on the risk that 
the stimulus triggers the wrong response. which is especially 
high when the stimuli are bivalent. that is. when each stimu­
lus is associated with two tasks which could lead to different 
responses. 

Interestingly. we obtained a pattern of response-repetition 
effects in this experiment that differed from those in the previous 
experiments. Whereas a response-repetition cost was observed in 
the error rates. a response-repetition benefit was present in the 
response times. We attributed this pattern to expectancy effects 
which typically emerge when the inter-trial interval is long (e.g .. 
Notebaert 8. Soetens. 2003; Soetens. 1998). In our experiment. 
expectancy could have led to a shift in the motor threshold which 
would explain the pattern of results. Although such a shift could 
not to be responsible for the results in Experiments 1 and 2. our 
result raise the question whether. at least under certain conditions. 
expectancy effects can contribute to response-repetition costs in 
task switching. 

An important issue is how the present results are influenced 
by the response type used in the present study. In contrast to 
most task-switching studies. we used squeeze responses. Whereas 
our behavioral data are very similar to those reported in studies 
using other response types (e.g .• Schuch & Koch. 2004). the ques­
tion emerges whether the response-switch bias is related to the 
squeeze response. In contrast to most other response types. squeeze 
responses require that participants actively relieve the squeeze 
by relaxing the grip. Because muscle relaxation has been shown 

to be associated with various types of motor activity (Buccolieri. 
Abbruzzese. & Rothwell, 2004; Pope. Holton, Hassan, Kourtis, & 
Praamstra. 2007; Terada.lkeda. Nagamine. 8. Shibasaki. 1995). one 
could ask whether this could have produced the bias. Basically. such 
an explanation can be viewed as a variant of the self-inhibition 
account discussed above. Accordingly. it is contradicted by the 
finding that the bias is linked to task preparation but not to the 
response-stimulus interval (Experiment 2). If the bias would be 
induced by relieving the squeeze then it should be independent 
of whether task preparation is possible during the pre-stimulus 
period. Rather. it should depend on the time elapsed since the pre­
ceding response. Moreover. although muscle relaxation seems to be 
accompanied by excitatory (Terada et al .• 1995) as well as inhibitory 
cortical activity (Buccolieri et al.. 2004), its effect on the LRP has the 
same direction as that of muscle contraction (Pope et al.. 2007). In 
contrast. the bias in the present study is in the opposite direction as 
the LRP associated with the previous response. Altogether. it seems 
highly implausible that muscle relaxation is involved in producing 
the bias. . 

Our results demonstrate the advantages of the method used in 
the present study. The LRP is not only suited to measure response 
preparedness directly. it is probably an even purer measure than the 
response-repetition effect in behavioral data. Accordingly. the LRP 
can now be used to answer further questions regarding the control 
of response preparedness. One interesting question. for instance. is 
whether response preparedness is adjusted in an optimal way or 
whether the risk of errors is overestimated. as suggested by the 
large number of errors resulting from the response-switch bias 
itself. Another question is whether the control of response pre­
paredness can be influenced by knowledge about the risk of these 
errors. 

Finally. a particularly interesting question concerns the locus 
of response inhibition. Although we could measure the effects 
of response inhibition by considering a correlate of motor pre­
paredness. this does not necessarily imply that response inhibition 
occurs on the motor level. Rather. it is possible that the control 
of response preparedness is achieved by activating or inhibiting 
abstract response codes (like 'left'. 'right'). Schuch and Koch (2004) 
as well as HUbner and Oruey (2006) demonstrated that simi­
lar behavioral response-repetition effects are obtained if not the 
actual motor responses are switched or repeated, but rather only 
the corresponding response codes (e.g .. left. right). For instance. 
if a first task requires pressing left and right keys whereas a 
second task requires saying 'left' or 'right'. then a similar pat­
tern of 'response' repetition effects is obtained. This suggests 
that the underlying response inhibition affects the activation of 
semantic response codes. which is then translated into motor 
preparedness. 

Taken together. our results provide evidence for the adaptive 
control of response preparedness during task preparation. Opti­
mal response preparedness depends not only on which responses 
are relevant in a given context. but also on which responses are at 
risk to cause an error. To improve task performance. more "risky" 
responses are prepared to a lesser extent or are even inhibited. As 
our results demonstrate. this holds particularly for responses that 
were recently executed. and. therefore. are at risk to be triggered 
by the next stimulus. 
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