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Repetition effects are often viewed as informative regarding the cognitivemechanisms of action control. One par-
ticular finding, namely costs for repeating the same response in subsequent trials, especially challenges theoriz-
ing. Costs for response repetitions have recently been reported in task-switch studies on task-switch trials
(whereas benefits usually arise in task-repetition trials), but also in some choice-RT task studies. In three exper-
iments, two of the most successful accounts for the response-repetition costs in choice-RT task studies and task
switching were tested: an expectancy-based explanation, and an inhibition-based account. Using a choice-RT
task introduced by Smith (1968) andmanipulating the response–stimulus interval (RSI) and the categorizability
of the stimuli, some specific predictions of the two accounts were tested. The results clearly revealed that
expectancy-based explanations fail to account for the observed patterns of effects, whereas they are well in
linewith the predictions from the inhibition-based account. Finally, the results are further discussedwith respect
to alternative accounts from the field of task switching.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Beginning with the now classic series of experiments by Bertelson
(1963, 1965), sequential effects have been viewed as informative re-
garding the cognitive analysis of choice-RT task performance. Whereas
most of the studies so far deal with concurrent stimulus + response
repetition effects, already Bertelson (1965) broadened the focus by ap-
plying the so-called Information Reduction Procedure (IRP), in which
several stimuli are mapped to one response and, consequently, allow
the observation of pure response-repetition effects. Recently,
response-repetition effects also received considerable attention in the
context of task-switch studies, where it was found that repeating the
same response results in benefits when at the same time the task re-
peats, and in costs when at the same time the task switches (e.g.,
Rogers & Monsell, 1995; see Altmann, 2011, for an overview).

In the following I will first review previous evidence regarding
the effects of (pure) response repetitions in choice-RT tasks and
task switching. After this short introduction, the two accounts that
most successfully explained the respective results from the two
fields will shortly be depicted: An expectancy-based account from
the field of choice-RT tasks and an inhibition-based account from
ghts reserved.
task switching. Finally, the rationale for the current study will be
outlined.

1.1. Response repetition effects in choice-RT tasks

In the context of the choice-RT task studies, the effects of pure
response repetitions (i.e. of response repetitions not occurring concur-
rently with a repetition of the relevant target stimulus) have been ad-
dressed in several studies. The results revealed a rather inconsistent
picture: Whereas in most studies pure response repetitions produced
considerable benefits (e.g., Bertelson, 1965; Eichelman, 1970;
Notebaert & Soetens, 2003; Smith, Chase, & Smith, 1973), costs have
been observed in other studies (e.g., Marczinski, Milliken, & Nelson,
2003; Mondor, Hurlburt, & Thorne, 2003; Smith, 1968). One main
reason for the diverging results is categorizability of the stimuli
(cf., Campbell & Proctor, 1993; Pashler & Baylis, 1991; Rabbitt, 1968):
If the stimuli mapped to one response can be classified according to a
common (stimulus) category (e.g. “letters” vs. “digits”), presenting
two different stimuli of the same category in succession involves a rep-
etition of the response, and this repetition results in net benefits relative
to a response switch. If, however, the stimuli mapped to one response
aremembers of different categories (e.g. a letter and a digit are assigned
to each response, respectively), then presenting two different stimuli
affording the same response in succession produces costs relative to a
response switch. Moreover, in line with recent research in task
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switching (Grzyb & Hübner, 2012a; Hübner & Druey, 2006), it seems
that if the non-categorizable stimuli are multidimensional, i.e. require
the binding of features to determine the response, the costs are consid-
erably increased relative to unidimensional (or univalent) stimuli.

Another aspect besides categorizability that affects the repetition ef-
fects in choice-RT task studies concerns the response–stimulus interval
(RSI). In several studies it has been shown that concurrent stimulus +
response repetitions can also result in costs if this interval is only long
enough (e.g., Soetens, 1998; Vervaeck & Boer, 1980). For the simple spa-
tial tasks with a high stimulus–response (SR) overlap that were most
often used in the past, RSIs of 500 ms and longer proved to be sufficient
to reverse the effect (e.g. Kirby, 1976; Notebaert & Soetens, 2003;
Soetens, 1998). However, with more abstract stimuli as, for instance,
letters, digits and symbols, even intervals of 1 s have not been sufficient
to produce such a reversal (e.g. Campbell & Proctor, 1993; Pashler &
Baylis, 1991).

1.2. Response repetition effects in task switching

Asmentioned, response repetitions produce opposite effects in task-
repetition and in task-switch trials: Whereas benefits usually arise in
task-repetition trials, costs are frequently observed in task-switch trials
(see Altmann, 2011, for an overview). This basic pattern proved robust
against several variations as, for instance, repeating the physical
response vs. repeating a common response feature (e.g., Hübner &
Druey, 2008; Schuch & Koch, 2004), or actual response execution vs.
only partial response preparation (Hübner & Druey, 2006; Schuch &
Koch, 2010). At the same time, several factors have been shown tomod-
ulate the response-repetition effects in the two types of trials in mixed-
task blocks. After congruent trials (i.e., trials in which the stimulus
afforded the same response according to both tasks), for instance, the
response-repetition costs in task-switch trials are usually increased
and the benefits in task-repetition trials decreased when compared to
after incongruent trials (e.g., Altmann, 2011; Druey & Hübner, 2008;
Grzyb&Hübner, 2012b). A comparable parallel shift in the repetition ef-
fects of task-repetition and task-switch trials has recently been ob-
served when comparing the effects on trials with high vs. low spatial
response discriminability (Koch, Schuch, Vu, & Proctor, 2011). Depend-
ing on the actual conditions, the effectsmight even result in a reversal of
the response-repetition benefits into costs in task-repetition trials
(Cooper &Mari-Beffa, 2008; Druey & Hübner, 2008; Marí-Beffa, Cooper,
& Houghton, 2012; Steinhauser & Hübner, 2006), which is especially
challenging regarding the theoretical explanation of the fundamental
pattern of response-repetition effects in task switching.

One aspect that was evaluated in only a few studies but is of
relevance for the present study concerns the effect of the RSI on the
respective response-repetition effects in task-repetition and task-
switch trials (e.g., Kleinsorge, 1999; Rogers & Monsell, 1995). Across
these studies, a clear tendency can be seen towards a reduction of the
response-repetition benefits with increasing RSI in task-repetition
trials. Regarding the response-repetition costs in task-switch trials
a similar attenuation is looming, but the effect is distinctly less pro-
nounced than the attenuation of the benefits in the task-repetition
trials.

1.3. Theoretical accounts for response-repetition effects

In the context of the choice-RT studies, several explanations have
been put forward to account for the different patterns of repetition ef-
fects. The most popular framework has already been suggested by
Kirby (1976) and has since received considerable attention and support
from several studies. According to this account, repetition effects reflect
the interplay of two generalmechanisms: automatic facilitation and sub-
jective expectancy (cf. Jentzsch & Sommer, 2002a; Notebaert & Soetens,
2003; Soetens, 1998; Soetens, Boer, & Hueting, 1985; Sommer,
Leuthold, & Soetens, 1999; Vervaeck & Boer, 1980).
One critical assumption within this theoretical framework relates to
the role of time and can nicely be illustrated by how the RSI-effects are
explained: Whereas the benefits with short RSIs are a consequence of
“automatic facilitation”, the costs with long RSIs are a consequence of
subjective expectancies (e.g. Kirby, 1976; Soetens et al., 1985). Follow-
ing the reasoning of Wagenaar (1972) the assumption is that, with
sufficient time, participants tend to expect more alternations than rep-
etitions. As a consequence, if actually a repetition follows, this is against
the expectation, thus producing performance costs. However, such ex-
pectancies need some time before they can affect performance, and
this time may vary between different tasks of different complexity
(cf. Soetens, 1998). With the most simple tasks that have been used so
far, namely taskswith a high degree of spatial SR-overlap, theminimum
time necessary to build up and implement such expectations was sup-
posed to be around 500 ms (Vervaeck & Boer, 1980).

More recent evidence based on event-related brain potentials
(ERPs) suggests that expectancies might already be present earlier, as
indicated by different amplitudes of the P300 for expected and unex-
pected events (Sommer, Leuthold, & Matt, 1998). However, despite
this evidence for early expectancy effects in event-related potentials,
behavioral effects of these expectancies have not been observed with
RSIs of less than 500 ms (e.g., Sommer et al., 1999). Jentzsch and
Sommer (2002b) therefore concluded that two different and indepen-
dent variants of expectancymight co-exist: A passive, automatic variant
which results in automatic facilitation, and an active, conscious variant
requiring attention, which is related to concrete preparation. Under
the assumption that the latter variant is biased towards overestimating
switches relative to repetitions in random sequences of events, this
explains why costs for repeated events (i.e. stimuli and/or responses)
are observed relative to switched events if only sufficient time is provid-
ed for these expectancies to affect behavior.

In the context of task switching, several explanations have been put
forward to account for the opposite response-repetition effects in
task-repetition and task-switch trials. In the following, I will focus on
the inhibition-based accounts which have been shown to cover a wide
range of findings, including also those challenging the other accounts.
The priming and inhibition account of Hübner and Druey (2006),
which recently has also been implemented in a connectionist model
(Oberauer, Souza, Druey, & Gade, 2013), is based on the assumption
that responses are generally inhibited after they had been selected or
executed (cf. Cooper & Mari-Beffa, 2008; Marí-Beffa et al., 2012;
Smith, 1968, for similar accounts). Because such an inhibition should
result in costs for response repetitions irrespective of the actual task
sequence, a second mechanism has been assumed which counteracts
the negative effects of response inhibition and therefore explains
the response-repetition benefits in task-repetition trials: Only in task-
repetition trials response repetitions go along with a repetition of the
relevant stimulus category (e.g. “odd” if the task is to classify digits
according to parity). If this category remains active even after
responding, this residual activation might (over-) compensate the
effects of response inhibition in task-repetition trials, thus resulting in
overall repetition benefits in these trials. Evidence for such categorical
priming has been revealed in two recent studies (Druey, in press;
Oberauer et al., 2013).

The assumption of response inhibition in this account pertains to
several models in which response self-inhibition has been suggested
as a mechanism to prevent accidental response re-execution
(i.e. perseveration) (e.g., Arbuthnott, 1996; Baddeley, Emslie, Kolodny,
& Duncan, 1998; Houghton & Tipper, 1994; Juvina & Taatgen, 2009;
Lewandowsky, 1999; Li, Lindenberger, Rünger, & Frensch, 2000;
MacKay, 1987). Steinhauser, Hübner, and Druey (2009) also provided
evidence for such an inhibition mechanism in their task-switch study
using the lateralized readiness potential (LRP) as an indicator of
response preparedness. In the LRP data, a bias in favor of switching
the response was observed in task-switch and in task-repetition trials:
After a response had been executed, the LRP not only drifted away
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from the side indicating the previous response but even reversed to the
side indicating the alternative response. This shift of relative activation
over motor cortices in the response–stimulus interval (RSI) has been
taken as evidence for the inhibition of the previous response. Similar
shifts of response preparedness in the LRP have also been observed in
studies on subliminal response priming, in which they also have been
taken to indicate inhibition of erroneously activated responses
(see Eimer & Schlaghecken, 2003, for an overview).

This priming and inhibition framework can also be used to explain
the different patterns of response-repetition effects in the choice-RT
tasks: Whereas with categorizable stimuli the category comprising the
different stimuli mapped to one response could compensate the nega-
tive effects of response inhibition via priming, such compensation is
not possible with non-categorizable stimuli. In line with this reasoning,
Ells and Gotts (1977) showed that pure stimulus (item) repetitions
without a concurrent response repetition produced benefits, thus
supporting the notion that stimuli remain primed even after they have
been selected.

1.4. The present study

Before detailing the aims of the present study, one important aspect
needs to be considered: The expectancy-based account received sup-
port not primarily from immediate (“first-order”) repetition effects
(i.e. from repetition effects assessed in considering only sequences of
two subsequent trials), but rather from the detailed analyses of
higher-order repetition effects (i.e. repetition effects across sequences
of at least three consecutive trials; e.g., Jentzsch & Sommer, 2002b;
Kirby, 1976; Soetens, 1998; Soetens & Notebaert, 2005; Soetens et al.,
1985; Sommer et al., 1999). Still, though, it has also been used to explain
the reversal of first-order repetition benefits into costs with increasing
RSI or decreasing compatibility of the SR-mapping (e.g., Jentzsch &
Sommer, 2002b; Soetens, 1998; Soetens et al., 1985; but see Soetens &
Notebaert, 2005, for a critical evaluation of this transfer).

In the present study, the focus is exclusively on the first-order repeti-
tion effects and whether they better fit to an inhibition-based or an
expectancy-based theoretical framework. Therefore, in the first two ex-
periments using the non-categorizable mappings of Smith (1968), the
effects of RSIs of different length (randomized in Experiment 1, blocked
in Experiment 2) on pure response-repetition effects were considered.
In Experiment 3, categorizablemappingswere used, and theRSIwasma-
nipulated blockwise as in Experiment 2, to further evaluate the effects of
stimulus and response repetitions regarding the two accounts under
consideration. Aswill be shown, the pattern of observed effectsfits better
to an inhibition-based than to an expectancy-based framework.

2. Experiment 1

In thisfirst experiment I used the same stimuli as Smith (1968): In her
study, she presented the four possible combinations of a red or green
square inwhich a “1” or a “2” appeared (see Fig. 1A). Two of these stimuli
(e.g., the “red 1” and the “green 2”) weremapped to one response button
each so that the two stimuli belonging to one response were always col-
ored differently and showed a different digit value. Consequently, there is
no common classification category linking the two stimulimapped to one
response. Determining the required response for a given stimulus thus re-
quired binding of the color and the digit value, hence the stimuli were
two-dimensional. Three transition conditions from trial n − 1 to trial n
can be distinguished with such an arrangement: First, the stimulus in
both trials could be the same, which then also affords the same response
in both trials (i.e. stimulus + response repetition; +S + R hereafter).
Second, the stimulus could switch, but the two consecutive stimuli
1 Notice that with the design applied stimulus + response switches are not complete
switches given that one stimulus feature (i.e. color or digit value) always repeats (see
Fig. 1A). I consider this aspect further in Experiment 3 and in Section 5.
require the same response (i.e. pure response repetition; −S + R).
Third, the stimulus could switch and the two stimuli require different re-
sponses (i.e. stimulus + response switch; −S −R).1 In the study of
Smith (1968) the combined repetition of stimuli and responses produced
the fastest response times (RTs), whereas the pure response repetitions
produced the slowest RTs. The double switches (i.e. −S −R) lay in be-
tween. In other words, there were reliable costs for pure response repeti-
tions relative to response switches.

One way to distinguish between the inhibition-based and the
expectancy-based accounts for these pure response-repetition costs is
to vary the response–stimulus interval (RSI). In the original study by
Smith (1968) this intervalwas not constant because she used a constant
inter-stimulus interval (ISI) of 4 s. However, given that the mean RTs
were well below 1 s, the RSI on average was longer than 3 s. Thus, in
terms of the expectancy account, therewas ample time for expectations
to affect performance, and consequently the response-repetition costs
could reflect an over-expectation of response switches relative to
response repetitions (cf. Soetens, 1998). Such expectations should not
get manifest in case the RSI is shortened considerably. With a short
RSI (i.e. below 500 ms according to previous studies), benefits rather
than costs should be present for pure response repetitions according
to the expectancy account. However, according to the priming and inhi-
bition account, costs for pure response repetitions should already be
present with a short RSI because there is no residual stimulus category
activation that could compensate the negative effects induced by re-
sponse inhibition. Notice, that this prediction builds on the assumption
that inhibition occurs very quickly after responding,which is reasonable
given previous findings for response repetition costs even within one
trial in studies combining task switching with the PRP (Psychological
Refractory Period) paradigm (e.g., Hübner & Druey, 2006; Schuch &
Koch, 2004). Furthermore, if one assumes that inhibition decays over
time – an assumption that is under debate though (see, e.g., Houghton
and Tipper (1994); Juvina and Taatgen (2009), for models assuming
decay of inhibition; but see, e.g., Duncan and Lewandowsky (2005),
for the assumption of no decay in response inhibition) – the response-
repetition costs should rather decrease than increase.

2.1. Method

2.1.1. Participants
Sixteen students (8 female, 8 male) participated in Experiment 1.

They were all from the University of Zurich and either received course
credit or 15 CHF per hour in exchange for their participation. Mean
age of the participants was 23.44 years (SD = 1.36 years). All partici-
pants reported normal or corrected-to-normal vision and no color
blindness.

2.1.2. Apparatus, stimuli, task, and procedure
Participants were tested individually in a small testing room. Stimu-

lus presentation and response recording were controlled by an IBM-
compatible PC. The stimuli were presented on a 19-in. color monitor
(DELL 1905FP) with a resolution of 1280 × 1024 pixels and a refresh
rate of 60 Hz. The screen was located centrally on a desk in front of
the participants and viewing distance was approximately 50 cm. The
experiment was programmed in C using the Tscope library functions
(Stevens, Lammertyn, Verbruggen, & Vandierendonck, 2006) on a
Windows XP platform.

Red or green squares with either a “1” or a “2” in it served as stimuli
and were presented in random order. Each stimulus square was 100 px
in width and height, and the numbers were displayed in the middle of
each square, filling about half of the total height of the squares. For half
of the participants, the “red 1” and the “green 2” were mapped to a left
response, and the “red 2” and the “green 1” to a right response. For the
other half of the participants this assignment was reversed (see
Fig. 1A). As response keys served the left-arrow and right-arrow keys
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on a Swiss–German QWERTZ keyboard, which were operated with the
index fingers of the participants' left and right hand, respectively.

Each trial started with the presentation of the edges of a fixation
frame, in which the stimulus squares would then fit perfectly (see
Fig. 1B for an illustration), for 200 ms. Immediately after the 200 msfix-
ation frame the actual target stimulus appeared, and participants were
instructed to respond as quickly and accurately as possible to that stim-
ulus. After the participants executed their response, the stimulus imme-
diately disappeared from the screen which then remained blank for
either 100 ms, 1300 ms, or 2800 ms. This interval varied randomly
from trial to trial, and together with the fixation interval resulted in
total RSIs of 300 ms, 1500 ms, and 3000 ms.

In total, the participants performed 18 blocks of 48 trials each, the
first three of which were considered as practice and not further
analyzed.

2.2. Results

For the analysis of the mean RTs, all trials in which the participants
made an error and all trials following an error were excluded
(i.e. 14.2% of all trials). Furthermore, data were trimmed by removing
the fastest and the slowest 2% of the remaining RT-distribution sepa-
rately for each cell of the design. Remaining data were analyzed by
means of 3 (repetition condition: +S +R, −S +R, and −S −R) by 3
(RSI: 300, 1500, and 3000 ms) repeated measures ANOVAs separately
for the RTs and the error rates (ERs).

2.2.1. RTs
For the response times the ANOVA revealed a significantmain effect

of repetition condition, F(2, 30) = 231.15, p b .001, ηp2 = .94. Re-
sponses were fastest in the +S +R condition (551 ms) and slowest in
the−S+R condition (651 ms), with the−S−R condition in between
(610 ms). Pairwise post-hoc comparisons revealed that all differences
between the three repetition conditions were reliable, all t(15) N 10,
all p b .001. Moreover, the interaction between repetition condition
and RSI was significant, F(4, 60) = 28.13, p b .001, ηp2 = .65. As
Fig. 2 shows, the costs for pure response repetitions relative to double
switches decreased slightly but not significantly with increasing RSI,
F(2, 30) = 1.57, p = .22, ηp2 = .10. At the same time, the benefits for
complete repetitions relative to double switches decreased significantly
with increasing RSI, F(2, 30) = 19.97, p b .001, ηp2 = .67. Contrary to
the pure response-repetition condition and the double-switch condi-
tion, RTs in the combined-repetition condition increased with
increasing RSI.
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2.2.2. ERs
The ANOVA for the error rates also revealed a significantmain effect

of repetition condition, F(2, 30) = 77.41, p b .001, ηp2 = .84. As in the
RTs, error rates were lowest with complete repetitions (+S+R; 4.27%)
and highest with pure response repetitions (−S +R; 12.56%). Double
switches (−S −R; 4.51%) resulted in a mean error rate close to and
not significantly different from the one in the complete repetition
condition, t(15) = .61, p = .55. Also the interaction between repetition
condition and RSI was significant, F(4, 60) = 7.50, p b .001, ηp2 = .33.
Both the costs for pure response repetitions as well as the benefits for
complete repetitions decreased with increasing RSI (see Fig. 2), al-
though both of these effects were not significant when tested individu-
ally, both F(2,30) b 2.5, both p N .10.
2.3. Discussion

The different time course of the two types of repetition effects across
RSIs has some important theoretical consequences: First, in line with
the assumption of an expectancy-based account, the benefits for com-
plete repetitions were reduced with increasing RSI. Indeed, given that
the RTs increase in this condition with increasing RSI, this could be
taken as an indicator that response repetitions are the less expected
the longer the interval between two trials. At the same time, almost
the same amount of benefit reduction is due to the decreasing RTs in
the double switch condition. Decreasing RTs with increasing RSIs
would exactly bewhat one expects in this condition if participants over-
estimate the frequency of response switches, thus preparing for a
response alternation.

Regarding the data from the pure response-repetition condition,
though, the picture looks somewhat different: If there was an
expectancy-bias towards response switches, then the costs for pure
response repetitions should have increased with increasing RSI –

i.e. pure response repetitions should have revealed the same pattern
across RSIs as the complete repetitions. This, however, was not the
case. Rather, there are already costs for pure response repetitions at
the shortest RSI, which is incompatible with the expectancy account
as outlined above.

From theperspective of the priming and inhibition account, these ef-
fects can be explained by assuming that the benefits for complete repe-
titions are due to stimulus priming (cf. Ells & Gotts, 1977). This priming
(i.e. the residual activation of the previously relevant stimulus represen-
tation) seems to decrease with increasing RSI, thus explaining the
slower responses at the longer RSIs (1500 ms and 3000 ms) than at
the shortest RSI (300 ms). Although there is some debate in the litera-
ture whether such decay of priming effects indeed occurs, from several
studies and models it seems reasonable to assume that residual activa-
tion of no-longer relevant memory representations decrease with time
(e.g., Altmann &Gray, 2002;Mattler, 2005). Furthermore, the decreasing
repetition benefit is well in line with the results of previous task-switch
studies, in which similar effects have been observed (e.g., Kleinsorge,
1999; Rogers & Monsell, 1995). Assuming such decay in residual stimu-
lus activation could also explain the decreasing RTs in the double-switch
condition, as it results in less interference from the previously relevant
stimulus.

Also the costs for pure response repetitions are not surprising ac-
cording to the priming and inhibition account: Responses are generally
inhibited after their selection and execution (e.g., Hübner & Druey,
2006; Marí-Beffa et al., 2012; Smith, 1968). Even the fact that these
costs remain constant across RSIs can be explained if one assumes that
a) inhibition is also subject to decay, resulting in decreasing RTs in the
pure response-repetition condition, and b) decreasing residual stimulus
activation results in less interference and thus faster RTs in the double
switch trials, as outlined above. Alternatively, inhibition might simply
not decay as suggested by somepreviousmodels on response inhibition
(e.g., Duncan & Lewandowsky, 2005).
Thus, summarizing, the results of this first experiment rather pro-
vide support for the priming and inhibition account than for the expec-
tancy account – at least if one considers response-specific expectancies,
an aspect I will return to below. Especially the constant costs for pure
response repetitions across RSIs are difficult to explain within the ex-
pectancy account. However, one might argue that no response-related
expectancies are generated because the RSIs varied randomly on a
trial-by-trial basis. In other words, even if in the current trial the RSI
could be assumed to be long enough, the fact that in (at least) one
third of the trials the RSI is probably too short for expectancies to arise
and affect behavior could have had the consequence that biased expec-
tancies regarding the response sequence were never set up. That vary-
ing temporal foreperiods (in contrast to constant ones) indeed affect
preparation differentially via different expectancies is well known
since the seminal study of Niemi and Näätänen (1981). Although in
their study expectancies were primarily related to the temporal param-
eters of the experimental paradigms, the fact that preparation differs
between constant and variable foreperiod intervals is undisputed now-
adays (cf., e.g., Altmann, 2004, in task switching). Therefore it seems
reasonable to re-run Experiment 1, this time however keeping the
RSIs constant within a block of trials.

3. Experiment 2

The only difference of this experiment compared to the first one is
that now the RSIs remained constant for awhole block of trials. If expec-
tancies regarding the response sequence emerge only if there is suffi-
cient time in between trials and participants know that there is
sufficient time, then one would expect that with blocked RSIs the
costs for pure response repetitions should now increasewith increasing
RSI. More specifically, benefits for pure response repetitions should
arise with short RSIs due to automatic facilitation (cf., e.g., Jentzsch &
Sommer, 2002b; Soetens, 1998), and these benefits should be reversed
into costs with long RSIs. According to the priming and inhibition
account, though, the pattern with blocked RSIs should not change fun-
damentally relative to the pattern observed with variable RSIs in Exper-
iment 1. Rather, costs for pure response repetitions are expected at all
RSIs, and if at all these costs should decrease with increasing RSI.

3.1. Method

3.1.1. Participants
Sixteen new students (6 female, 10 male) with a mean age of

27.94 years (SD = 3.21 years) participated in this experiment. All
other recruitment criteria were the same as in the first experiment.

3.1.2. Apparatus, stimuli, and procedure
The apparatus, stimuli, and procedure were exactly the same as in

the first experiment, with the only exception that within each block of
48 trials the RSI now remained constant. The order of blocked RSI-
conditions was counterbalanced across participants, and each partici-
pant performed six blocks in each RSI-condition, resulting again in 18
blocks overall. The first three blocks (one of each RSI-condition, the
order also counterbalanced across participants) were considered prac-
tice and not further analyzed.

3.2. Results

For the analysis of the mean RTs, all trials in which the participants
made an error and all trials following an error were excluded again
(5.9% of all trials). Furthermore, data were trimmed by removing the
fastest and the slowest 2% of the remaining RT-distribution separately
for each cell of the design. Remaining data were analyzed by means of
3 (repetition condition: +S +R, −S +R, and −S −R) by 3 (RSI: 300,
1500, and 3000 ms) repeated measures ANOVAs separately for the
RTs and the error rates (ERs), as in the first experiment.
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3.2.1. RTs
The analysis of the RTs revealed significant main effects of both

repetition condition, F(2, 30) = 77.07, p b .001, ηp2 = .84, and RSI,
F(2, 30) = 12.62, p b .001, ηp2 = .46. Participants responded fastest
in the complete repetition condition (+S +R; 672 ms), slowest in the
pure response-repetition condition (−S +R; 788 ms), with the
double-switch condition in between (−S −R; 752 ms). Pairwise
post-hoc comparisons revealed that all of these repetition conditions
differed significantly from one another, all t(15) N 7, all p b .001. Fur-
thermore, responses were reliably slower at the 300 ms RSI (761 ms)
than at the 1500 ms RSI (725 ms), t(15) = 3.97, p b .01, and at the
3000 ms RSI (728 ms), t(15) = 3.43, p b .01. The 1500 ms RSI and
the 3000 ms RSIs did not differ significantly, t(15) = 1.17, p = .26. Fi-
nally, also the interaction between repetition condition and RSI reached
significance, F(4, 60) = 15.97, p b .001, ηp2 = .52. As can be seen from
Fig. 3, the pattern looks quite similar as in Experiment 1: There were
constant reliable costs for pure response repetitions across all RSIs, as in-
dicated by a non-significant interaction including only the −S +R and
the −S −R conditions, F(2, 30) b 1. The benefits for complete repeti-
tions, however, decreased relative to double switches with increasing
RSI, F(2, 30) = 19.33, p b .001, ηp2 = .56. The benefits were still reli-
able, though, even at the longest RSI, t(15) = 4.97, p b .001.
3.2.2. ERs
In the error rates, the analysis revealed a significant main effect of

repetition condition, F(2, 30) = 39.57, p b .001, ηp2 = .73. As in the
RTs, participants made the least errors in the +S +R condition
(1.12%), most errors in the −S +R condition (4.90%), with the double
switches in between (2.79%). All differences between repetition condi-
tions were significant as revealed by post-hoc pairwise comparisons,
all t(15) N 4.5, all p b .001. The main effect of RSI wasmarginally signif-
icant, F(2, 30) = 2.85, p = .073, ηp2 = .16, reflecting the slightly
higher error rate in the 300 ms RSI condition (3.42%) relative to the
1500 ms RSI condition (2.76%), and the 3000 ms RSI condition
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Fig. 3. Repetition effects in response times (RT) and error rates (ER) in Experiment
2. +S +R = stimulus + response repetition, −S +R = pure response repetition,
−S −R = stimulus + response switch. Error bars represent 95% within-subject
confidence intervals (Loftus & Masson, 1994; Morey, 2008).
(2.62%). Finally, also the interaction between repetition condition and
RSI was significant, F(4, 60) = 3.69, p b .01, ηp2 = .20. This interaction
is due to the fact that the costs for pure response repetitions as well as
the benefits for complete repetitions both decreased slightly but
not significantly with increasing RSI when compared individually to
the−S −R condition, both F(2,30) b2.5, both p N .10 (see Fig. 3).

3.3. Discussion

The results of this second experiment are clear: As in the first exper-
iment, reliable costs for pure response repetitions emerged already at the
shortest RSI. Thisfinding is predicted from the priming and inhibition ac-
count, but is not in line with the assumption that the pure response-
repetition costs are due to the subjects' expectancies regarding the se-
quence of responses. In other words, switch-biased expectancies as to
which response is coming next, are not an adequate explanation for
the current results and those of Smith (1968). Rather, the current find-
ings support the notion of response inhibition as the main determinant
of the response-repetition costs with non-categorizable stimuli.

Again, both accounts could equallywell explain the benefits for com-
plete repetitions and even the decrease of these benefitswith increasing
RSI. According to the expectancy account, although this decrease cannot
reflect response-specific expectancies as this would predict a different
pattern for the pure response repetitions across RSIs, it can be taken as
an indication for an expectation towards more stimulus switches than
repetitions. From the perspective of the priming and inhibition account,
it rather reflects decreasing residual stimulus activation and the conse-
quences this has on interference in the double-switch trials.

Thus, although the data of the pure response repetition condition
are well in line with an explanation in terms of response inhibition,
the benefits for complete repetitions may still be explained in terms
of stimulus-specific expectancies. Besides that such an assumption
would indeed be reasonable, as the stimuli are the most obvious part
of the task, one could nevertheless try to disentangle the effects of stim-
ulus priming and stimulus-sequence related expectancies.

4. Experiment 3

One way to disentangle expectancy- and inhibition-based explana-
tions for the complete (i.e. stimulus + response) repetition effects is to
use the same stimuli andmap them to the responses in away that creates
categorizable mappings. That is, if, for instance, red squares require a left
response and green squares a right response, irrespective of the digit
value, then participants could use the colors to select the currently re-
quired response. Notice that by creating categorizablemappings, concur-
rent stimulus switches + response repetitions differ from the pure
response repetition condition in the first two experiments in that there
is now an additional repetition of the categorization-relevant stimulus
feature (e.g. “red” in the example above). Moreover, whereas in the
first two experiments double switches always involved two possible
stimuli (e.g., switching from the “red 1” to the “red 2” or the “green 1”)
for which one stimulus dimension was always repeated, here this is
only the case for one stimulus (e.g., when color is the categorization-
relevant dimension, switching from the “red 1” to the “green 1”). It is
though always the irrelevant dimension with respect to categorization
that repeats. In the following, this condition will be denoted “SrS”, the
first letter indicating repetition (R) or switch (S) of the relevant stimulus
dimension, the second letter repetition (r) or switch (s) of the irrelevant
stimulus dimension, and the last letter repetition (R) or switch (S) of the
response. For the other stimulus requiring a response switch (e.g. when
switching from the “red 1” to the “green 2”) there is now a switch of
both stimulus dimensions, thus creating a complete switch condition
(“SsS” hereafter). To remain consistent within the experiment regarding
the designation of the conditions, complete repetitions are denoted “RrR”
in the following, and concurrent stimulus switches + response repeti-
tions are denoted “RsR”. Fig. 4 illustrates each of these conditions with



A) Color relevant dimension

B) Value relevant dimension

Fig. 4. SR-mappings for the two possible categorization-relevant stimulus dimensions (color, panel A; digit value, panel B) and repetition conditions from trial n − 1 to trial n.
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one concrete example, once for a situation in which color is the
classification-relevant dimension (panel A) and once for a situation in
which digit-value is the relevant dimension (panel B).

As mentioned in Section 1, Pashler and Baylis (1991) as well as
Campbell and Proctor (1993) already showed that categorizability is
crucial in determining whether costs or benefits are observed in condi-
tions in which the actual target stimulus switches but the response re-
peats. Thus, using categorizable mappings in the current experiment
should reverse the costs for pure response repetitions (RsR) relative to
complete switches (SsS) observed in the previous experiments into
benefits in the first place. If at the same time expectancies are related
to the sequence of target stimuli rather than to the sequence of re-
sponses, as the results of the first two experiments indicate, then the
RTs for stimulus switches + response repetitions (RsR) should show a
specific pattern relative to the complete switches (SsS) and the com-
plete repetitions (RrR), respectively: With respect to the complete
switches (SsS) they should produce a (more or less) constant benefit
across RSIs (i.e., an additive effect) given that in both conditions the
actual target stimulus switches. The effect though should be positive
because of the categorizablemappings.With respect to the complete rep-
etitions (RrR), theRsR-condition shouldproducedecreasing costswith in-
creasing RSI because evenwith categorizablemappings the RrR-condition
is still always faster than the RsR-condition (e.g., Bertelson, 1965;
Campbell & Proctor, 1993). Moreover, if there was an RSI-dependent
stimulus-switch bias, faster RTs are to be expected with longer
than with shorter RSIs if the stimulus indeed switches (i.e. in the
RsR-condition). If, however, the target stimulus actually repeats
(i.e. in the RrR-condition), RTs should increase with increasing RSI.

According to the priming and inhibition account, the stimulus
categories (e.g. “red” or “green” if color can be used for stimulus catego-
rization as in the example above) were supposed to be themajor deter-
minant in producing the response-repetition benefits in task-repetition
trials of mixed-task blocks (cf. Hübner & Druey, 2006). Furthermore,
given that usually with categorizable mappings the additional benefits
of repeating the exact stimulus are rather small (e.g., Bertelson, 1965),
complete repetitions (RrR) should produce only a small but at the
same time almost constant benefit relative to the RsR-condition across
the RSIs (i.e., an additive effect). More important, though, the benefits
for the RsR-condition relative to the SsS-condition should decrease
with increasing RSI, because the main source for the beneficial effects
is residual stimulus-category activation, and from the results in the pre-
vious experiments one could conclude that this activation decreases
with increasing RSI. Thus, whereas the RrR- and the RsR-conditions
are expected to produce increasing RTs with increasing RSI, the RTs in



R
T

 (
m

s)

400

450

500
Repetition
condition

RrR
RsR
SrS
SsS

28 M.D. Druey / Acta Psychologica 145 (2014) 21–32
the SsS-condition should rather decrease with increasing RSIs as in the
previous experiments.

Summarizing, according to the expectancy-account, if the expectan-
cies were related to the stimulus sequence, the RsR-condition should
show an additive effect across the RSIs relative to the SsS-condition.
According to the priming and inhibition account, though, the RsR-
condition should rather reveal an additive effect across RSIs relative to
the RrR-condition. Notice that according to both accounts it is not per-
fectly clear what to expect for the SrS-condition relative to the SsS
condition (i.e. benefits or costs), besides that it should show an additive
effect across RSIs.

4.1. Method

4.1.1. Subjects
Thirty-six new students (26 female, 10 male) participated in this

experiment according to the same criteria as in the first two experi-
ments. Their mean age was 24.81 years (SD = 4.69 years).

4.1.2. Apparatus, stimuli, and procedure
The apparatus and the stimuli were the same as in the previous

experiments. Regarding the procedure, the RSIs were blocked again as
in the second experiment. All other procedural variables remained un-
changed. Themain change in the current experiment relative to the pre-
vious ones concerned the mappings of the stimuli to the responses: For
12 participants the stimuli were mapped to the responses according to
their color (i.e. red vs. green; 6 participants each for the two possible
mappings of these colors to the left and right response keys, respective-
ly). For the remaining 24 participants, the stimuli were mapped to the
responses according to their digit value (i.e. “1” vs. “2”; 12 participants
each for the two possible mappings of these values to the left and
right response keys, respectively).2

4.2. Results

As in the previous experiments, all trials in which the participants
made an error and all trials following an error were excluded from
the analysis of the mean RTs (4.1% of all trials). Data trimming was
also performed as in the previous experiments by removing the
fastest and the slowest 2% of responses separately for each condition.
The remaining data were analyzed by means of 4 (repetition condi-
tion: RrR, RsR, SrS, and SsS) by 3 (RSI: 300, 1500, and 3000 ms) re-
peated measures ANOVAs separately for the RTs and the error rates
(ERs).

4.2.1. RTs
The analysis of the response times revealed significant main effects

of condition, F(3, 105) = 19.16, p b .001, ηp2 = .35, and of RSI,
F(2, 70) = 9.89, p b .001, ηp2 = .22. Whereas the participants
2 This imbalance in the design originally served the purpose of assessing the effects of
SNARC (spatial numerical association of response codes; e.g., Dehaene, Bossini, & Giraux,
1993) compatibility (i.e., neutral with a color-to-response mapping, compatible with “1”
mapped to a left and “2”mapped to a right response, incompatiblewith the reversed com-
patiblemapping) on the stimulus- and response-repetition effects. This wasmotivated by
previous findings showing that in tasks with a high degree of visual–spatial overlap be-
tween the stimuli and the responses, compatible SR-mappings resulted in smaller imme-
diate complete (i.e. stimulus + response) repetition benefits than incompatible
mappings (e.g., Soetens, 1998). However, given that in the present experiment a) neither
in the RTs nor in the ERs there was a reliable compatibility effect, and b) the only interac-
tion between compatibility and repetition condition that actually reached significance (in
the RTs) in essence can be reduced to a theoretically not very informative difference re-
garding the repetition effects in color vs. digit-value classification (irrespective of whether
the digit mapping was compatible or incompatible), I decided to skip this aspect as it only
distracts from the main aim of the current study. Notice, though, that this additional ma-
nipulation also explains the higher number of participants in this experiment relative to
the previous experiments.
responded fastest in the RrR-condition (393 ms), they were slowest in
the SrS-condition (415 ms). The other two conditions were in between
(RsR = 402 ms; SsS = 407 ms). All differences were significant in
paired post-hoc t-tests, all t(35) N 3.5, all p b .01, with the exception
of the difference between the RsR and the SsS condition, t(35) = 1.49,
p = .144. Regarding the RSI, RTs were not significantly different be-
tween the 300 ms and the 1500 ms RSI (400 ms and 395 ms, respec-
tively), t(35) = 1.24, p = .225, but reliably slower at the 3000 ms RSI
(417 ms) than at the other two RSIs, both t(35) N 2.5, both p b .05.
However, the main effects of condition and RSI were qualified by a sig-
nificant interaction, F(6, 210) = 5.59, p b .001, ηp2 = .14. As is obvious
from Fig. 5, this interaction is mainly due to the fact that both response-
repetition conditions (i.e. RrR and RsR) produced almost linearly in-
creasing RTs with increasing RSI, whereas the response-switch condi-
tions (i.e. SrS and SsS) show a U-shaped pattern across RSIs.

Two further analyses were calculated to determine the specific
effects of the RsR-condition relative to the RrR- and the SsS-condition:
A repeated measures ANOVA considering the RsR- and the RrR-
repetition conditions and the RSI revealed significant main effects of
repetition condition, F(1,35) = 50.14, p b .001, ηp2 = .59, and of RSI,
F(2,70) = 13.17, p b .001, ηp2 = .27, reflecting that participants
responded faster in the RrR than in the RsR condition, and at shorter
RSIs than at longer ones. Most important, though, the interaction
between the twowas not significant, F(2,70) b 1. In the ANOVA consid-
ering the RsR- and the SsS-repetition condition, the main effect of RSI
was significant, F(2,70) = 8.37, p = .001,ηp2 = .19, relecting again in-
creasing RTs with increasing RSI. However, the pattern for the two con-
ditions across RSIs looked different as indicated by the significant
interaction between repetition condition and RSI, F(2,70) = 11.42,
p b .001, ηp2 = .25. The main effect of repetition condition failed to
reach significance, F(1,35) = 2.23, p = .14. Post-hoc t-test though
showed that there was a reliable response-repetition benefit at the RSI
of 300 ms, t(35) = 4.74, p b .001, whereas the effects at the RSIs of
1500 ms and 3000 ms were not significant, both t(35) b 1.
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4.2.2. ERs
The analysis of the error rates revealed only a significant main effect

of RSI, F(2, 70) = 3.19, p b .05, ηp2 = .08, and a significant interaction
of condition and RSI, F(6, 210) = 2.24, p b .05, ηp2 = .06. As Fig. 4
shows, the ERs were slightly higher at the 1500 ms RSI (2.48%) than
at the 300 ms and the 3000 ms RSI (1.89% and 1.83%, respectively). Oth-
erwise, the pattern of the respective repetition effects by and largemir-
rors that in the RTs. The main effect of condition was marginally
significant, F(3, 99) = 2.22, p = .091, ηp2 = .06, reflecting slightly
higher ERs for the two partial repetition conditions (RsR = 2.39%;
SrS = 2.34%) compared to the complete repetition (RrR = 1.87%) and
the complete switch conditions (SsS = 1.67%).

4.3. Discussion

Two aspects of the current experiment are relevant: First, in line
with previous results (e.g., Campbell & Proctor, 1993) the RsR-
condition indeed produces a benefit relative to the SsS-condition, but
only at the shortest RSI. Second, directly related to the first aspect and
most important, this benefit decreases (essentially to no effect) with in-
creasing RSI whereas the difference between the RsR-condition and the
RrR-condition is constant across RSIs (i.e. there is an additive effect of
the two response-repetition conditions across RSIs). This clearly speaks
against the assumption that stimulus-specific expectancies are respon-
sible for the decreasing benefits for complete repetitions relative to
complete switches in the present and in the previous experiments. If
stimulus-specific expectancies would have been responsible for the
decreasing benefits, then the benefits for the complete repetition condi-
tion relative to the stimulus switch + response repetition (RsR) condi-
tion should also have decreased with increasing RSI in the present
experiment, because in the RsR condition, consistent with an eventual
expectancy-bias towards stimulus switches, the actual target stimulus
does not repeat. Thus, this pattern of effects rules out an expectancy-
account for the immediate stimulus and response repetition effects in
the current and in several previous studies (e.g., Campbell & Proctor,
1993; Pashler & Baylis, 1991; Smith, 1968).

At the same time, the current results are well in line with an inter-
pretation in terms of priming and inhibition: With categorizable map-
pings, the benefits for pure response repetitions (RsR) are due to
stimulus-category priming (e.g. the categories “red” and “green” in
case of a color-to-response mapping), because these categories never-
theless repeat (cf. Hübner & Druey, 2008). The additional additive ben-
efit for complete repetitions then simply reflects additional stimulus-
specific priming (cf. Ells & Gotts, 1977).

5. General discussion

Themain aimof the present studywas to disentangle an expectancy-
based explanation from an inhibition-based explanation for the immedi-
ate response-repetition effects in choice-RT tasks with non-categorizable
(Experiments 1 and 2) and categorizable (Experiment 3) mappings.
Together the results of all three experiments clearly show that an
expectancy-based explanation building on the assumption that partici-
pants overestimate the frequency of response switches relative to
response repetitions in a random sequence, thus rather preparing for a
response switch than for a response repetition, cannot account for the
observed effects. In contrast, the assumption that responses are generally
inhibited after they had been selected and executed is perfectly in line
with the observed effects.

Generally, there were clear response-repetition costs with non-
categorizable stimuli already at the shortest RSI in both Experiments 1
and 2. According to the expectancy account, benefits – or at least consid-
erably smaller costs than at the long RSIs – should have been present in
this condition, because sequence-related expectancies require some
minimum time to manifest in performance (e.g., Soetens, 1998;
Sommer et al., 1999). In previous studies, in which tasks have been
used that showed a high degree of visual–spatial overlap between the
stimuli and the responses, 500 ms have been reported as the critical
amount of time that at least is required for sequence-specific expectan-
cies to emerge (e.g., Vervaeck & Boer, 1980). Soetens (1998) already
speculated, though, that with more abstract stimuli and tasks and a
lower degree of overlap between stimuli and responses, more time
might be required given that Pashler and Baylis (1991) as well as
Campbell and Proctor (1993) did not find any modulation of the repeti-
tion effects with arbitrary SR-mappings and an RSI of 1 s. Here, an even
wider spaced set of RSIs and a considerably smaller stimulus set were
used, but still there was no modulation of the response-repetition costs
even after 3 s and with considerable practice. Rather, the response-
repetition effect was almost completely additive relative to complete
switches. This is not what one would expect if response-related expec-
tancies gradually affected performance with increasing RSIs.

If responses are generally inhibited, though, response repetition
costs should already be present even at short RSIs given that in previous
studies they were even found for the second task in each trial of a com-
bined task-switch and dual-task paradigm (Hübner & Druey, 2006;
Schuch & Koch, 2004). The only effect of RSI that one could expect
would be a decrease of the response-repetition costs with increasing
RSI, because inhibition might decay (e.g., Houghton & Tipper, 1994;
Juvina & Taatgen, 2009; but see Duncan & Lewandowsky, 2005, for an
opposing view). However, no such decrease in the costs for pure re-
sponse repetitionswaspresent. This could either indicate that inhibition
indeed remains constant across RSIs or that the comparison condition
(i.e. the double-switch condition) is also not constant, showing a similar
course across RSIs as the pure response-repetition condition. As can be
seen from Figs. 2 and 3, the latter was indeed the case. This might hint
at decreasing residual stimulus activationwith increasing time between
two trials. Decaying stimulus activation should not only result in
increasing RTs for complete repetitions, but also in decreasing RTs for
double switches because less interference is produced in this condition
by the previously relevant stimulus. As a consequence the difference be-
tween the double-switch and the pure response-repetition condition
should remain constant across RSIs.

In light of the findings of the first two experiments, one could be
tempted to conclude that the expectancies are probably stimulus-
sequence specific rather than response-sequence specific. Although this
would definitively rule out any previously suggested explanation of the
costs for immediate pure response repetitions in terms of expectancies
(e.g., Soetens, 1998), such an assumption would at least preserve the ex-
pectancy account for explaining the decreasing immediate stimulus + -

response repetition benefits with increasing RSI. However, from this
assumption one would also derive clear predictions regarding the effects
for concurrent stimulus switches + response repetitions relative to com-
plete switches and complete repetitions across RSIs with categorizable
mappings: If expectancies were stimulus-specific, then the benefits for
concurrent stimulus switches + response repetitions should reveal an
additive effect relative to complete switches across RSIs because in both
conditions the actual target stimulus switches, which would be in line
with the expectancy-induced switch-bias. At the same time, the benefits
for complete repetitions relative to complete switches should decrease
with increasing RSI. However, as the results of Experiment 3 showed,
thiswas also not the case. Rather, the benefits for concurrent stimulus + -

response switches showed an additive effect relative to the complete rep-
etitions across RSIs,which iswell in linewith thepredictions derived from
the priming and inhibition account: According to this account, the bene-
fits for concurrent stimulus switches + response repetitions with
categorizable mappings are due to the simultaneous repetition of the rel-
evant stimulus category, which counteracts and reverses the negative in-
hibition effects (Hübner & Druey, 2006). The benefits produced by
stimulus category priming alone, though, should still be a bit smaller
than the benefits produced by priming of the exact stimulus representa-
tion plus priming of the stimulus category. As the results of the third ex-
periment show, the latter was indeed the case, meaning that again
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there is no evidence for the assumption that sequential expectancies –
this time regarding the actual stimulus sequence – account for the pure
response-repetition effects in choice-RT tasks with abstract stimuli
and low SR-overlap.

One last possibility to save the expectancy account would be to
assume that participants rather generate expectations regarding the
sequence of classification-relevant stimulus features than regarding
the actual stimulus sequence. However, given that there were no com-
mon stimulus categories in the first two experiments of the present
study, category-specific expectancy explanations do not make sense
when considering the results of these experiments. Hence, in short,
there is not much evidence for an expectancy-based explanation of
the immediate (pure) response-repetition effects in choice-RT tasks as
put forward in previous studies (e.g., Notebaert & Soetens, 2003;
Soetens, 1998). The priming and inhibition account suggested in recent
studies on immediate response-repetition effects in task switching
(e.g., Hübner & Druey, 2006), though, seems to provide a reasonable
framework for explaining the current results.

5.1. Alternative explanations

As mentioned in Section 1, in the task-switch literature several fur-
ther accounts have been proposed to explain the response-repetition ef-
fects in task switching. Although all of these accounts failed to explain
one or the other result from studies modulating the basic task-
sequence by response-sequence interaction (e.g. previous-trial congru-
ency effects, Druey & Hübner, 2008) or are not in line with the electro-
physiological evidence regarding response preparedness (Steinhauser
et al., 2009), it might still be worth considering them here shortly
with respect to the present results.

The first interesting candidate in this respect is the reconfiguration
account as proposed by Kleinsorge (1999). One important proposition
within this framework is that tasks are organized hierarchically. With
respect to the explanation of the response-repetition effects the crucial
assumption is that if on a superordinate level (e.g., the task-set level) a
switch appears, this generalizes downwards to all subordinate levels
(e.g., the response level), producing costswhenever a switch at the sub-
ordinate level was not necessary and has to be undone. In other words,
participants generate expectations as to what switches and what not,
however not only based on the previous sequence of events but rather
also within each trial for each representational level in relation to the
superordinate level(s). Moreover, Kleinsorge (1999) explicitly stated
that not only task switches induce such generalizing switch effects,
but also switches of relevant physical features (e.g., the stimuli in the
present Experiments 1 and 2) or switches of the relevant stimulus cate-
gory (Experiment 3). Thus, from these suggestions the basic pattern of
the present results makes perfectly sense. Also in his data the pattern
of response-repetition effects across RSIs (150 ms vs. 750 ms) clearly
speaks against an interpretation in terms of sequential response-
specific expectations. Thus, from this perspective, the present results
are not only in line with the reconfiguration-assumption of Kleinsorge
(1999), but also corroborate with his conclusions regarding the effects
of response-sequence specific expectancies – however within a stan-
dard choice-RT task paradigm for which the expectancy-account was
actually developed instead of a task-switch paradigm.

However, despite this fit of the reconfiguration-account with the
present data, it at the same timehas problemsdealingwith some results
from task-switch studies (e.g., the previous-trial congruency effect,
Druey & Hübner, 2008; the LRP-shift in task repetition trials, M.
Steinhauser et al., 2009; the pure stimulus-category repetition effects
in task-repetition and task-switch trials, Druey, in press). These issues
in my view render the reconfiguration account less preferable com-
pared to the priming and inhibition account.

Two further groups of alternative explanations have their roots in
the assumption of learning processes regarding the association/binding
of stimuli and responses (“association-learning accounts”, e.g., Brown,
Reynolds, & Braver, 2007; Meiran, 2000; Schuch & Koch, 2004), and of
the retrieval of such learned representations (“episodic retrieval ac-
count”, Altmann, 2011; “feature integration/event coding account”,
e.g., Hommel, Müsseler, Aschersleben, & Prinz, 2001; Hommel, 1998,
2004). The common idea behind these accounts is that within each
trial the stimulus features, classification categories and responses/
response effects are associated or boundwithin a unitary representation
(e.g., “event file”, Hommel, 1998). Regarding the learning accounts, the
assumption is that if the same response is required again with the same
stimulus and/or classification category, response selection proceeds
along a strengthened pathway. However, during learning of that path-
way in the previous episode, the association of this response with the
other according stimuli or classification categories was weakened, and
this explains why pure response repetitions produce costs (relative to
response switches). According to the retrieval and the feature integra-
tion accounts, any repeated feature of a previous episode serves as a
retrieval cue. If the binding of this feature (e.g. the response) with the
other features matches the current trial (i.e. in complete repetition tri-
als), responding is predicted to be quite fast. If it mismatches though
(as for instance in pure response repetition trials), unbinding and
rebinding are required, which slows down responding.

If applied to the conditions of the first two experiments with non-
categorizable mappings, all of these accounts would thus predict costs
for pure response repetitions relative to complete repetitions and com-
plete switches. However, complete switches did not exist in these ex-
periments (see Footnote 1). Rather, also in the stimulus + response
switch trials (−S−R), one of the two stimulus features actually repeat-
ed. As a consequence, at least the retrieval and the feature-integration
models would predict similar costs for pure response repetitions and
stimulus + response switches, because in both of these conditions
one feature (i.e. either the stimulus color or value in the−S−R condi-
tion; the response in the −S + R condition) of the episode/event
repeats and two features switch. However, the costs (relative to com-
plete repetitions) were reliably larger in the −S + R condition than
in the −S −R condition. And also with respect to Experiment 3, the
learning- and retrieval-based accounts fail to predict the observed pat-
tern of repetition effects: Both partial repetition conditions (i.e. RsR
and SrS) should produce costs relative to complete switches according
to these accounts. Furthermore, when compared with each other,
these costs should be almost equal and, even more important, they
should be additive across RSIs. As can be seen from Fig. 5, neither
were there costs for the RsR-condition relative to the SsS-condition,
nor were the effects for the two partial repetition conditions additive
across RSIs. Thus, the results of the third experiment also clearly chal-
lenge models relying only on learning mechanisms and/or episodic
retrieval when considering response-repetition effects.

Regarding the feature-integration account, though, one possible so-
lution to the different effects for the two partial repetition conditions
in all three experiments could lie in a recently suggested higher
weighting of relevant features compared to irrelevant features (e.g.,
Memelink & Hommel, 2012). However, besides that this adds additional
complexity to the framework, the exact implementation of this
weighting with respect to the current task remains elusive.

Thus, summarizing, whereas the priming and inhibition aswell as the
reconfiguration account both seem equally apt to explain the present
data, the latter has several problems with previous evidence regarding
the repetition effects observed in task-switch studies, which renders it a
less plausible alternative. The association-learning as well as the
episodic-retrieval and feature-integration accounts, though, already pre-
dict different patterns of effects for the current experiments. Given that
these frameworks additionally face similar problems as the reconfigura-
tion account regarding several aspects of the repetition effects in task
switching, one can conclude that the priming and inhibition account pro-
vides the most encompassing and at the same time parsimonious expla-
nation for the response-repetition effects in several different task
contexts.
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5.2. Conclusions

In sum, the present results provide clear evidence that sequential
expectations are not responsible for the immediate response-repetition
costs observed in some previous studies with uncategorizable SR-
mappings (e.g., Campbell & Proctor, 1993; Marczinski et al., 2003;
Mondor et al., 2003; Pashler & Baylis, 1991; Smith, 1968). Moreover,
the present data add to previous evidence that even with respect to
combined stimulus and response repetitions with categorizable
SR-mappings sequential expectancies are eventually not the best
explanation (e.g., Soetens & Notebaert, 2005) – no matter whether
these expectations are directed to the sequence of stimuli or responses.
This, however, does not mean that such expectations do not exist at all.
Rather their effects seem to manifest primarily when considering
higher-order sequences extending across more than two trials (Jentzsch
& Sommer, 2002a, e.g., 2002b; Kirby, 1976; Soetens, 1998; Soetens
et al., 1985; Sommer et al., 1998, 1999). Although one might consider
this as a paradox, given that such expectancies then still must affect indi-
vidual trials, this might simply be an issue of averaging out the higher-
order effects when considering the immediate first-order repetition
effects. Thus, whereas low-level priming and inhibition mechanisms
(cf. Hübner & Druey, 2006) can be viewed as themain factors responsible
for the repetition effects observed in immediate trial transitions, biased
expectancies regarding the sequence of stimuli and/or responses might
come into play when considering longer runs of trial-by-trial transitions.
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