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Response Conflict in Task Switching
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Abstract. Although response repetition (RR) effects vary considerably between conditions and studies, little is known about the causes.
Recently, RR costs on task-switch trials have been found to be larger for incongruent stimuli that activate both alternative responses than for
neutral ones. Here, we investigated if this modulation can be explained by an amplification of response conflict account (ARC). It assumes that
a response-shift bias that is responsible for the basic RR costs amplifies the response conflict induced by incongruent stimuli specifically on
trials where the response repeats. Consequently, RR costs are increased for incongruent stimuli. Because supporting evidence for this account
was restricted to task-shift trials, we tested if the ARC account holds also more generally, that is, on task-repetition trials. To this end, we
applied a rather common alternating-runs paradigm and presented neutral and incongruent stimuli. Results show that the congruency effect was
larger on RR trials than on RS trials. Because this relation was independent of task transition, it is consistent with the idea that, in order to
promote behavioral flexibility in task-switching contexts, a general response-shift bias is induced by inhibiting the previous response.
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When participants alternate between several tasks with
overlapping responses, a characteristic relation can be
observed between the effects of task transitions and those
of response transitions. On task-repetition trials the repeti-
tion of a response usually leads to a performance advantage
compared to a response shift (RS), whereas on task-switch
trials response repetition (RR) produces costs (Druey &
H�bner, 2008; H�bner & Druey, 2006; Kleinsorge &
Heuer, 1999; Koch, Schuch, Vu, & Proctor, 2011; Meiran,
2000a; Rogers & Monsell, 1995; Schuch & Koch, 2004).
If one considers the corresponding literature, it is obvious,
though, that the interaction between response transition and
task transition largely varies in size across studies and con-
ditions (cf. Altmann, 2011).

The origin of this variation has recently been investi-
gated by Grzyb and H�bner (2012a). In their study they
specifically examined the role of stimulus congruency by
presenting either neutral or incongruent stimuli. Whereas
neutral stimuli were associated only with the correct
response, incongruent stimuli elicited a response conflict,
because they were also associated with the wrong response
in the currently irrelevant task. It turned out that RR costs
on task-switch trials were increased for incongruent com-
pared to neutral stimuli. To explain this effect, they pro-
posed the amplification of response conflict (ARC) account.

The ARC account interprets the reported interaction
between congruency and response transition as an increase
in response conflict if the response repeats compared to
when it shifts. The account assumes that in task-switching
contexts there is a general bias toward response shifting
which facilitates RSs (cf. H�bner & Druey, 2006). Conse-
quently, on trials where the response has to be repeated,

the wrong response has an activation advantage. Accord-
ingly, on RR trials with incongruent stimuli the response-
shift bias amplifies the response conflict already elicited
by the stimulus. In contrast, on RS trials the response-shift
bias promotes the activation of the correct response which
should slightly reduce the response conflict. Together, the
larger congruency effect on RR trials and the slightly smal-
ler effect on RS trials result in more pronounced costs of
RR for incongruent stimuli. Therefore, the assumption of
a general response-shift bias in combination with the
ARC account explains the increase in RR costs found for
incongruent stimuli on task-switch trials (Grzyb & H�bner,
2012a).

Yet, because the ARC account was tested with a rather
specific sequential two-task procedure without task repeti-
tions (for details see Grzyb & H�bner, 2012a), its generality
remained open. Moreover, Grzyb and H�bner (2012a) rea-
soned that the interaction between congruency and response
transition might also be explained without assuming a gen-
eral response-shift bias – at least on task-switch trials. In the
present study, therefore, the modulation of RR effects by
congruency was examined again with an alternating-runs
paradigm (Rogers & Monsell, 1995) that also included
task-repetition trials. As will be explained later, the assump-
tion of a general response-shift bias predicts the same inter-
action between congruency and response transition when
the task repeats, that is, a larger congruency effect on RR
trials than on RS trials. In contrast, alternative explanations
predict no or a reversed relationship on task-repetition tri-
als. In the following, we outline the most prominent theo-
ries of RR effects in task switching, consider how they
can explain Grzyb and H�bner’s (2012a) results, and,
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finally, derive predictions for the present study, which are
summarized in Table 1.

How can the different theories account for the basic RR
cost on task-switch trials and what is their potential to
explain its modulation by congruency? A first class of the-
ories assumes that RR costs on task-switch trials reflect a
strategic response-shift bias. This class includes the
response-inhibition theory (e.g., H�bner & Druey, 2006;
Mar�-Beffa, Cooper, & Houghton, 2012), which assumes
a general response-shift bias that is also present on task-
repetition trials, and the hierarchical-switching theory
(Kleinsorge & Heuer, 1999), which assumes a response-
shift bias on task-switch trials only.

According to the response-inhibition theory, in contexts
where flexible switching between tasks is necessary, the
previous response is generally inhibited to prevent an erro-
neous re-execution of the same response on a different task
(Druey & H�bner, 2008; Grzyb & H�bner, 2012b; H�bner
& Druey, 2006). Such a strategy would be especially ben-
eficial when task switches are associated with response
shifts as it is presumably the case in most everyday life sit-
uations (see also Cooper & Mar�-Beffa, 2008). The hierar-
chical switching theory assumes that tasks are
hierarchically represented and that a switch at a high level
of representation (e.g., the intended judgment) propagates
downstream to subordinate levels including the response
level (Kleinsorge & Heuer, 1999). Accordingly, a switch
at any higher level leads to a response-shift bias at the
motor level (Kleinsorge, 1999). If the same response is
required again, however, a re-switch is necessary at the
response level, which produces RR costs. Obviously, theo-
ries assuming the existence of a response-shift bias on task-
switch trials are compatible with the ARC account. There-
fore, they can easily explain the data of Grzyb and H�bner
(2012a), as has been outlined before.

A second class of theories explains the RR effect by the
modulation of the strength of associations and binding pro-
cesses. Meiran (2000a, 2000b), for instance, assumed that
after a category-response (C-R) association has been used
to select a response, this association is strengthened, while
the alternative association between the same response and
the category of the irrelevant task is weakened. Conse-
quently, if the task switches, a RR means that the weakened
C-R association must be used for response selection, which
produces costs compared to RSs where an unaltered C-R
association selects the correct response. Similarly, Schuch
and Koch (2004) suggested that during response selection
the alternative C-R association is laterally inhibited and that
this inhibition persists into the next trial. Closely related to
these ideas is Altmann’s (2011) suggestion that the repeat-
ing response serves as a retrieval cue for an episodic trace
of the previous task performance. Costs arise in this case,
because the retrieved episode only partially matches the
present episode (see also, Hommel, M�sseler, Aschersle-
ben, & Prinz, 2001). However, Grzyb and H�bner
(2012a) reasoned that episodic retrieval cannot explain
the increase in RR costs for incongruent stimuli. In their
study, on trials where the response repeated the only feature
that repeated from the previous to the current episode was
the response itself irrespective of the congruency of the T
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current stimulus. Thus, the mismatch should be the same
for both stimulus types. On trials where the response
shifted, in contrast, the mean mismatch should have been
even larger for incongruent stimuli, because on one third
of these trials a nontarget item could repeat from the previ-
ous to the current episode. Together, episodic retrieval
would, if anything, predict the opposite pattern from what
Grzyb and H�bner have found. Therefore, we will not con-
sider this theory when deriving our hypothesis for the pres-
ent study.

How would the strengthening and weakening of C-R
associations alter the response conflict triggered by incon-
gruent stimuli, and how would this modulate RR costs on
task-switch trials? On such trials the response conflict
should generally be increased. The repetition of a response
means that the C-R association that has been weakened on
the previous trial is related to the now correct response.
Thus, the correct response has to be selected by a weakened
C-R association while the wrong response can be activated
by a C-R association that has not been weakened. Accord-
ingly, the response conflict is increased for incongruent
stimuli. In contrast, if the response shifts, then the C-R
association related to the now wrong response has been
strengthened on the previous trial. Therefore, the wrong
response can be activated by a strengthened C-R associa-
tion while the activation of the correct response is
unchanged. Again, this results in an increase of the
response conflict. Because an increased response conflict
is predicted irrespective of response transition, the strength-
ening theories cannot explain a modulation of RR effects
by congruency. However, with the additional assumptions
that the altering of the C-R association that is related to
the processing of the target and to the currently correct
response has a larger impact on response conflict than the
altering of the C-R association that is related to the cur-
rently wrong response, more specific predictions could be
made. Then, the larger congruency effect on RR trials could
be explained and, consequently, also the increase in RR
costs for incongruent stimuli.

These considerations show that several theories are
more or less compatible with the results of Grzyb and
H�bner (2012a). Up to now, however, the ARC account
has only been tested for task-switch trials in a specific par-
adigm. Therefore, the primary goal of the present study was
to generalize the ARC account of Grzyb and H�bner
(2012a) to a common task-switching paradigm and to
task-repetition trials. In other words, we wanted to test if
the assumption of a general response-shift bias is necessary
to explain our results. To this end, we adapted the alternat-
ing-runs paradigm of Rogers and Monsell (1995), where
participants have to switch between predictable runs of
two alternative tasks. The classification of letters as conso-
nants or vowels and the parity judgment of numerals served
as tasks. Congruency was manipulated by always present-
ing a task-relevant stimulus item together with an irrelevant
one. As in Grzyb and H�bner (2012a), we used incongruent
and neutral stimuli. For incongruent stimuli the irrelevant

item was always related to the irrelevant task and associated
with the wrong response, whereas it was not associated with
any task or response for neutral stimuli.

One might wonder why we did not include congruent
stimuli, that is, stimuli whose irrelevant item is associated
with the relevant task and the correct response. The inclu-
sion of congruent stimuli would have allowed us to sepa-
rately assess the effect of response conflict (as difference
in performance between incongruent and congruent trials)
and the effect of task priming (as difference in performance
between congruent and neutral trials). With neutral and
incongruent stimuli alone, the difference in performance
reflects the sum of both effects (e.g., Steinhauser & H�bner,
2007). However, one of our studies (Grzyb & H�bner,
2012c), in which we also applied compound stimuli of
numerals and letters, revealed that participants adapt their
processing strategy to the set of involved stimuli. For
instance, they responded faster to incongruent stimuli if,
additionally to neutral stimuli, also congruent stimuli could
occur. This was presumably an effect of perceptual discrim-
inability. Incongruent and neutral stimuli can easily be dis-
criminated. Therefore, if only these two stimulus types
occur, then it is possible to respond more carefully, that
is, slower, to conflict inducing stimuli than to neutral stim-
uli. However, if congruent stimuli, which perceptually are
rather similar to incongruent stimuli, can also occur, then
such a strategy is no longer applicable. Accordingly, Grzyb
and H�bner (2012c) concluded that responses to incongru-
ent stimuli are slowed down when congruent stimuli are
absent, relative to when they are included.

Moreover, Grzyb and H�bner (2012c) found no or a
very weak effect of response conflict (measured as incon-
gruent vs. congruent) in the latencies, but again a reliable
effect in the error rates. Thus, it seems that, when congruent
stimuli are included in the design, the effect of response
conflict induced by incongruent stimuli is moved more or
less completely to the error rates, presumably by speeding
up responses to these stimuli. This interpretation is also
consistent with the fact that the Congruency · Response
Transition interaction was no longer reliable in the latencies
in conditions including congruent stimuli. Because the
congruency effect in response times (RT) in Rogers &
Monsell’s design (1995, Experiment 1) was also very small
compared to task priming (and even nonexistent on task-
repetition trials), we assumed that similar strategic effects
might play a role in their paradigm. Therefore, when adopt-
ing Rogers & Monsell’s procedure, we decided to use only
neutral and incongruent stimuli so that we would be able to
observe the Congruency · Response Transition interaction
also in RT.1

A drawback of using incongruent and neutral stimuli is
that we do not have an exact measure of response conflict.
However, for the present objective the exact assessment of
the size of response conflict was not a prerequisite, because
we only needed to compare a response conflict condition
with a no-conflict condition to test if the interaction
between congruency and response transition is also present

1 Unfortunately, as the results show, this worked only for task-switch trials. We will return to this issue in the Discussion.
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on task-repetition trials. In the remainder of the Introduc-
tion we will elaborate that such a result would support
the existence of a general response-shift bias in task
switching.

What are the predictions of the different theories for
task-repetition trials (see Table 1)? The response-inhibition
theory assumes that – as on task-switch trials – response
inhibition induces a response-shift bias which can some-
times be observed as RR costs (e.g., Cooper & Mar�-Beffa,
2008; Mar�-Beffa et al., 2012). Typically, however, on task-
repetition trials, this bias is not observed as costs, because
other features of the previous trial repeat as well, most of
which prime the correct response. According to the
response-inhibition theory the positive effects of category
priming (cf. Pashler & Baylis, 1991) or of episodic retrieval
(Altmann, 2011; Mar�-Beffa et al., 2012) usually outweigh
the negative effects of response inhibition, resulting in the
observed RR benefits on task-repetition trials. Because a
response-shift bias is assumed also on task-repetition trials,
the ARC idea generalizes to these trials. Consequently, as
for task-switch trials, an increased congruency effect on
RR trials and a slightly decreased congruency effect on
RS trials would be expected. Yet, because there are typi-
cally RR benefits on task-repetition trials, the modulation
of the congruency effect should result in reduced RR ben-
efits for incongruent compared to neutral stimuli on these
trials. Put differently, irrespective of task transition RR
effects should be shifted toward more costs (or less bene-
fits) if the stimulus is incongruent.

Hierarchical switching, in contrast, does not assume a
response-shift bias on task-repetition trials. According to
this theory, RR benefits arise because RRs require no
switch operation whereas RSs require one switch. Because
no response-shift bias is assumed, the theory does neither
predict a modulation of the congruency effect by response
transition nor a modulation of RR benefits by congruency.

Finally, according to the strengthening theories, RR
benefits on task-repetition trials arise, because a RR means
that the strengthened C-R association can be used for
response selection again producing benefits relative to
RSs. Generally, these theories would predict a decreased
congruency effect on task-repetition trials. That is, if the
response repeats the C-R association related to the now cor-
rect response has been strengthened on the previous trial.
This decreases the response conflict elicited by incongruent
stimuli. Conversely, if the response shifts, then the C-R
association related to the now wrong response has been
weakened on the previous trials. Again, this decreases the
response conflict. However, as for task-shift trials, one
can make the additional assumptions that the altering of
the C-R associations that is related to the currently correct
response has a larger impact on response conflict than the
altering of the C-R association that is related to the cur-
rently wrong response. Then, one would expect a larger
decrease of the congruency effect on RR trials and, conse-
quently, also larger RR benefits for incongruent stimuli.

The different predictions are summarized in Table 1.
Adopting the response-inhibition theory and the ARC
account, we expected the congruency effects to be larger
on RR trials than on RS trials. This relation should be

independent of task transition. As a consequence, we
expected RR costs on task-switch trials to be larger for
incongruent stimuli than for neutral stimuli generalizing
the findings of Grzyb and H�bner (2012a). Critically, on
task-repetition trials, RR benefits should be smaller for
incongruent stimuli than for neutral ones. Such a finding
would support the existence of a general response-shift
bias.

Method

Participants

Forty students (17 male; mean age 23.5 years) of the
Universit�t Konstanz participated in the experiment. All
participants reported normal or corrected-to-normal vision
and were either paid 8 Euro per hour or fulfilled a course
requirement.

Apparatus

The stimuli were presented on a 19-inch color monitor with
a resolution of 1,280 · 1,024 pixels and a refresh rate of
60 Hz. The viewing distance was approximately 50 cm.
A PC controlled stimulus presentation and response
registration.

Stimuli

Stimuli were constructed using letters (G, K, M, R, A, E, I,
U) and numerals (2, 4, 6, 8, 3, 5, 7, 9) as stimulus items.
There were also four neutral symbols (�, &, %, ?) that were
unrelated to both tasks. Stimuli consisted of a target and a
distractor item, presented next to each other. The relative
position of target and distractor was random. Stimuli were
either neutral or incongruent, that is, the distractor was
either drawn from the neutral set or from the character
set of the currently irrelevant task (letters or numerals,
respectively), such that target and distractor were associated
with opposite responses. Stimuli were randomly drawn
from a pool of all possible item combinations which was
refilled when empty. We presented stimuli in white on a
black background in an uppercase Courier New Bold font
subtending a visual angle of approximately 1.1� width
and of 0.6� height.

Procedure

During each experimental block a quadratic frame with
four boxes was displayed. From trial to trial, stimuli were
presented in a clockwise manner at the center of one of
the boxes with the position indicating the relevant task.
Participants performed the tasks in alternating runs
(AABBAA . . .). Accordingly, after a first cycle of four
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tasks the first box was reached again. This initial box was
counterbalanced between participants. As tasks served the
categorization of numbers as ‘‘even’’ or ‘‘odd’’ and the cat-
egorization of letters as ‘‘consonants’’ or ‘‘vowel.’’ The
result of a judgment had to be indicated by pressing one
of two response buttons (left, right), which were the same
for each task. The categories ‘‘even’’ and ‘‘consonant’’ were
mapped to the left button, and the categories ‘‘odd’’ and
‘‘vowel’’ to the right button. Stimuli remained on screen
until a response was given or until 5 s elapsed. The next
trial started after 150 ms. After an incorrect response, a
short feedback tone (500 Hz, 100 ms) was presented and
the response-stimulus interval was increased to 1,000 ms.
Participants were instructed to prepare for the upcoming
tasks and to respond as fast as possible while trying to keep
accuracy above 90%.

The experiment encompassed 16 blocks of 64 trials
each. At the end of each block speed and accuracy feedback
was provided, and, if necessary, participants were rein-
structed. Before the experimental blocks, participants prac-
ticed the tasks separately in five pure blocks for each task in
which only neutral stimuli were presented. The pure blocks
consisted of 32 trials each and alternated between letter and
number task. Pure blocks and the first two experimental
blocks were not analyzed. Also, the first four trials (one
cycle) in each experimental block served as warm-up trials
and were discarded from analysis.

Design

The experiment followed a within-participant design with
task transition (task repetition, task switch), response tran-
sition (response repetition, response shift), and congruency
(neutral, incongruent) as independent variables. Mean
response times (RT) and error rates served as dependent
variables. The effects of congruency and of RR were
defined as incongruent minus neutral and response repeti-
tion minus response shift, respectively.

Results

Anticipatory responses (RT < 100 ms) and extreme outli-
ers larger than 4 standard deviations of the individual mean
of each condition were removed from the data (less than
1.3% in each condition, cf. Ulrich & Miller, 1994). We also
wanted to eliminate sequential bottom-up effects, such as
episodic retrieval (cf. Altmann, 2011; Mar�-Beffa et al.,
2012), which do not result from strengthening, response
inhibition, or hierarchical switching but nevertheless might
affect the interaction between response transition and con-
gruency. To this end, we excluded trials where a stimulus
item repeated from the previous (n � 1) to the current
(n) trial (� 20%). These exclusions included direct target
repetitions, direct distractor repetitions, repetitions of the
distractor on trial n � 1 as target on trial n, and repetitions
of the target on trial n � 1 as distractor on trial n (see also

Juvina & Taatgen, 2009; Mayr, Awh, & Laurey, 2003). As
a consequence, the amount of match or mismatch, for
instance, depends only on the repetition or switch of the
task and the response, thereby restricting any effect of epi-
sodic retrieval to the basic interaction between task transi-
tion and response transition. Finally, to make sure that we
analyzed only those trials where participants followed the
task sequence, trials preceded by an error in one (n � 1)
or two (n � 2) trials before were excluded from the analy-
sis (14.8%). These measures did not affect the overall
results – most critically, they did not qualitatively change
the interaction between response transition and congru-
ency. Results are depicted in Figure 1 and listed in Table 2.

Response Times

Mean latencies of correct responses were entered into a
three-way ANOVA with the independent variables task
transition (task repetition, task switch), response transition
(response repetition, response shift), and congruency (neu-
tral, incongruent), all realized within participants. The anal-
ysis revealed significant main effects of task transition,
F(1, 39) = 201, p < .001, and congruency, F(1, 39) =
265, p < .001, which, however, were qualified by several
interactions. First, we found the typical interaction between
task transition and response transition, F(1, 39) = 163,
p < .001. On task-repetition trials RR produced benefits
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response repetition and response shift, respectively. Error
bars indicate standard errors of the mean.
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(�51 ms), whereas they produced costs (65 ms) on task-
switch trials. Second, there was a two-way interaction
between task transition and congruency, F(1, 39) = 152,
p < .001. Task-shift costs were larger for incongruent
(322 ms) than for neutral stimuli (220 ms). Third, the inter-
action between response transition and congruency was
also significant, F(1, 39) = 9.51, p < .01. However, these
interactions were further qualified by a three-way interac-
tion between all independent variables, F(1, 39) = 7.61,
p < .01. Further analyses revealed that the Response Tran-
sition · Congruency interaction was reliable on task-shift
trials, F(1, 39) = 10.1, p < .01, but not on task-repetition
trials, F(1, 39) < 1, p > .80. This means that, if the task
shifted, the congruency effect was larger on RR trials
(187 ms) than on RS trials (151 ms). In contrast, on task-
repetition trials the congruency effect was independent of
response transition (RR 67 ms, RS 68 ms). To put it the
other way, on task-shift trials, RR costs were larger for
incongruent stimuli (83 ms) than for neutral ones
(47 ms), whereas there was no such difference in RR ben-
efits on task-repetition trials (neutral �50 ms, incongruent
�52 ms).

Error Rates

Mean error rates for responses were subjected to an
ANOVA of the same type as for the latencies. The signif-
icant main effects of task transition, F(1, 39) = 161,
p < .001, response transition, F(1, 39) = 89.0, p < .001,
and congruency, F(1, 39) = 36.4, p < .001, were qualified
by several two-way interaction. First, the Task Transi-
tion · Response Transition interaction was significant,
F(1, 39) = 115, p < .001, indicating that there were rather
small RR benefits (�0.93%) on task-repetition trials, but
substantial RR costs (8.75%) on task-shift trials. Second,
the reliable interaction between task transition and congru-
ency, F(1, 39) = 47.6, p < .001, reflects that task-shift
costs were larger for incongruent stimuli (9.21%) than for
neutral stimuli (4.82%). Third, the critical interaction
between response transition and congruency was also
significant, F(1, 39) = 11.1, p < .01. It indicates that the
congruency effect was larger on RR trials (4.24%) than
on RS trials (2.38%). In terms of RR effects, this interaction
means that RR costs were larger for incongruent stimuli

(4.85%) than for neutral ones (2.98%). The three-way inter-
action between all three variables was far from significant,
F(1, 39) < 1, p > .49. The non-significant three-way
interaction does not necessarily imply that the Response
Transition · Congruency interaction was significant on
task-repetition trials alone. However, the interaction
effect on task-repetition trials was critical to our objective.
Therefore, we tested the corresponding contrast which
was significant, F(1, 39) = 11.1, p < .01. Also on task-
repetition trials alone the congruency effect was the larger
when the response repeated (1.84%) than when the
response shifted (0.39%).

Discussion

In the present experiment we tested the generality of the
ARC account, recently proposed by Grzyb and H�bner
(2012a), explaining the modulation of RR effects in task
switching by the congruency of the actual stimulus. These
researchers observed that RR costs were larger for incon-
gruent stimuli than for neutral ones. They concluded that
a general response-shift bias present in task switching
amplifies the response conflict on trials where the response
repeats and slightly reduces response conflict on trials
where the response shifts. However, in that study a specific
sequential two-task procedure was used, and there were no
task repetitions. Thus, in the present study we applied a
common alternating-runs paradigm (Rogers & Monsell,
1995), where the tasks switched on every other trial.

Our results revealed that the interaction between con-
gruency and the transition of responses is not restricted to
task-switch trials. When the response repeated, congruency
effects were larger irrespective of task transition, at least in
the error rates. This also means that RR effects were mod-
ulated by congruency. Whereas on task-shift trials RR costs
were larger for incongruent stimuli than for neutral stimuli,
on task-repetition trials, RR benefits were reduced for
incongruent stimuli, although this latter effect was present
only in the error rates. Moreover, our results indicate that
response conflict is reduced if the response shifts. This is
supported by our finding that on task-repetition trials the
congruency effect was practically absent in error rates
(0.39%) when the response shifted.

Table 2. Mean response times and mean error rates for the different conditions

Task transition Response transition Congruency RT (ms) Mean error rates (%)

Task shift Response repetition Incongruent 969 (30) 19.0 (0.96)
Neutral 782 (22) 12.3 (0.86)

Response shift Incongruent 886 (29) 9.07 (0.60)
Neutral 735 (21) 4.70 (0.63)

Task repetition Response repetition Incongruent 580 (11) 4.70 (0.52)
Neutral 514 (8.0) 2.86 (0.40)

Response shift Incongruent 632 (13) 4.90 (0.48)
Neutral 564 (7.7) 4.51 (0.49)

Notes. RT = mean response time. The values in the parentheses give the corresponding standard error of the mean.
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Our results can easily be interpreted by the ARC
account if one assumes that there is a general response-shift
bias on task-switch and on task-repetition trials alike due to
the inhibition of the previous response. In contrast, our
results cannot be fully explained by hierarchical switching
or the strengthening theories. Whereas hierarchical switch-
ing predicts no modulation at all of RR benefits on task-rep-
etition trials by congruency,2 the strengthening theories
would assume that RR benefits should be larger for incon-
gruent stimuli. However, we found smaller RR benefits on
task-repetition trials for incongruent stimuli compared to
neutral stimuli in the error rates. Nevertheless, RR effects
in task switching seem to be a complex phenomenon that
presumably involves several processes (Grzyb & H�bner,
2012a). Thus, although the present results clearly support
the existence of a general response-shift bias in task switch-
ing, they do not falsify the existence of other mechanisms
contributing to RR effects.

Why was the decrease of RR benefits present only in
the error rates? One possible reason is that excluding con-
gruent stimuli from the design did not prevent speed-accu-
racy tradeoffs and strategic processing of incongruent
stimuli in the way we hoped. As other experiments in our
laboratory indicate, the occurrence of congruent stimuli
moves the effects of response conflict from RT to the error
rates. Consequently, evidence for ARC is also only present
in the error rates (Grzyb & H�bner, 2012c). This was the
reason for not including congruent stimuli in the present
experiment. Although our selection of stimuli had the
intended effect that the investigated interaction between
congruency and response transition was present in both
error rates and RT on task-switch trials, it failed with
respect to task-repetition trials. Accordingly, we think that
– despite the exclusion of congruent stimuli – response con-
flict had no or a minor effect on RT on task-repetition trials.
Consequently, this effect could not interact with the
response-shift bias which explains the missing interaction
in RT.

Speed-accuracy tradeoffs and similar strategies might
also be the reason why other authors did not find a reliable
interaction between congruency and the transition of
responses (Schuch & Koch, 2004). Schuch and Koch
(2004), for instance, used a different experimental paradigm
where, on every trial, participants had to switch the task
from a first to a second of two consecutively presented
stimuli. When examining the Congruency · Response
Transition interaction, the authors found inconsistent results
(Schuch & Koch, 2004, p. 577). For three experiments with
congruent and incongruent stimuli they report RR costs
separately for these stimulus types. In their Experiment 1
they found numerically larger RR costs for incongruent
stimuli in the error rates but no difference in RT, whereas
in Experiment 3B RR costs were numerically larger for
incongruent stimuli in error rates but significantly reduced
in RT. Finally, in Experiment 3B, RR costs were signifi-
cantly larger for incongruent stimuli in the error rates and
numerical larger in RT. Thus, in all three experiments

RR costs in the error rates were larger for incongruent than
for congruent stimuli, at least numerically. In RT, however,
the results were mixed. Nevertheless, Schuch and Koch’s
(2004) results are in line with other results indicating that
the Congruency · Response Transition interaction is more
stable in the error rates than in RT, presumably because
additional strategic effects mask its existence when congru-
ent stimuli are introduced in the paradigm (Grzyb &
H�bner, 2012c). Another important difference between
Schuch and Koch’s (2004) and the present study is the
sample size. Whereas Schuch and Koch had only 12 partic-
ipants in each experiment, we analyzed the data of 40
participants. Thus, not only was the statistical power of
the present study larger, but also the likelihood smaller that
individual processing strategies would dilute our results.

Taken together, our results generalize Grzyb and
H�bner’s (2012a) findings and their ARC account to a com-
mon task-switching paradigm (cf. Kiesel et al., 2010)
including task-repetition trials. Thus, at least some of the
variation of RR effects reported in the literature seems to
have been due to modulations by congruency. Moreover,
the modulation of RR effects by congruency is not only
of interest in its own, but also for model selection. Our
results clearly support the existence of a general
response-shift bias in task switching and are hard to explain
by other theories. Yet, the whole pattern of RR benefits on
task-repetition trials and that of RR costs on task-shift trials
are only explained by the interaction of several processes.
First, in task-switching contexts a general response-shift
bias is strategically implemented (Cooper & Mar�-Beffa,
2008; H�bner & Druey, 2006; Mar�-Beffa et al., 2012).
This bias is presumably realized by the inhibition of the
previous response (H�bner & Druey, 2006), which pro-
duces RR costs on task-shift trials. The inhibition amplifies
response conflicts on RR trials, which is reflected by larger
congruency effect on RR trials. Second, the repetition of
stimulus and task features (e.g., stimulus category or feature
overlap between processing episodes) produces positive
effects on performance. Accordingly, RR benefits are usu-
ally observed on task-repetition trials, because the positive
effects of, for instance, category priming (cf. Pashler &
Baylis, 1991), or episodic retrieval (Altmann, 2011;
Mar�-Beffa et al., 2012), outweigh the negative effect of
response inhibition.
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