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Abstract

Response repetitions aid performance when a task repeats but impair performance when a task switches. Although this
interaction is robust, theoretical accounts remain controversial. Here, we used an un-cued, predictable task-switching para-
digm with univalent targets to explore whether a simple bias to switch the response when the task switches can explain the
interaction. In Experiment 1A (n = 40), we replicated the basic interaction in a two-choice task. In Experiment 1B (n =
60), we observed the same interaction in a three-choice task, wherein a bias to switch the response when the task switches
cannot prime a specific alternative response because both remaining response alternatives are equally likely. Exploratory
comparisons revealed a larger interaction between task repetition and response repetition in the three-choice task than in the
two-choice task for mean response time (RT) and the opposite pattern for mean error rate (ER). Critically, in the three-choice
task, response-repetition costs in task switches were significant in both RT and ER. Since a bias to switch the response can-
not prime a specific response alternative in a three-choice task, we conclude that such a bias cannot account for response-
repetition costs in task-switch trials.

Keywords Cognitive and attentional control - Repetition effects - Task switching or executive control

Introduction

Cognitive control enables flexible action control in
rapidly changing contexts. Researchers often inves-
tigate such control by asking participants to switch
between two or more tasks. Performance is consist-
ently worse in task switches than in task repetitions,
which has been termed a “switch cost” (for reviews, see
Kiesel et al., 2010; Koch et al., 2018b; Koch & Kiesel,
2022; Monsell, 2003).

Another robust finding is that task switching mod-
ulates the effects of repeating a previous response
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on performance. For example, Rogers and Monsell
(1995) introduced a two-choice paradigm in which
a letter and a digit appeared simultaneously on the
computer screen. Here, participants alternated pre-
dictably between digit classification (odd or even)
and letter classification (consonant or vowel) in an
AABB task sequence using two response keys that are
shared between the two tasks. The authors found that
repeating the response from one trial to the next aided
performance if the task repeated, but impaired perfor-
mance if the task switched. This crossover interaction
is very robust (see Gade et al., 2014, for a review).
It appears in predictable tasks (Kleinsorge, 1999),
explicitly cued tasks (Meiran, 2000), with auditory
stimuli (Quinlan, 1999; Seibold et al., 2019), with
manual responses within a hand versus across hands
(Koch et al., 2011), and even across different effec-
tors (i.e., manual vs. vocal; Schuch & Koch, 2004).
Yet, there is no consensus about the underlying mech-
anisms. As we describe next, there are three main
accounts for this crossover interaction.
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Three accounts of response-repetition
effects in task switching

The inhibition account assumes a bias to prevent
unwanted response perseveration when tasks change
quickly. Here, an inhibitory mechanism targets the just-
executed response when the task switches to prevent
a response repetition. Response inhibition also occurs
when the task repeats. Yet, because response repetitions
are associated with repetitions of the stimulus category
(or the stimulus itself), inhibition is overshadowed by
strong, positive category priming. Thus, response repeti-
tions produce a net benefit to performance when the task
repeats (Druey, 2014; Druey & Hiibner, 2008; Hiibner &
Druey, 2006; see Gade et al., 2014).

The associative interference account assumes an asso-
ciation between the current task and the current response
that aids performance when both repeat but impairs per-
formance when one repeats and the other changes. Spe-
cifically, while repeating both the task and the response
facilitates the correct response, repeating one (e.g., the
task) while switching the other (e.g., the response) creates
associative interference (Meiran, 2000; Rogers & Monsell,
1995). One variant of this account assumes that responses
are coded in terms of their task-specific “meaning” (e.g.,
“left key means consonant”), so that the meaning of the
motor response needs to be recoded in a task switch, which
produces recoding costs (see Schacherer & Hazeltine,
2022; Schuch & Koch, 2004).

Another version of this account refers to the influence
of feature binding on performance. Here, the task and
the response are treated as independent features bound
together in an event file (Schuch & Koch, 2004). Repeat-
ing the task triggers the retrieval of the previous response,
which aids performance when the response repeats but
impairs performance when the response switches. The
latter “partial repetition cost” (Hommel, 1998; Hommel
et al., 2001) occurs because repeating the previous task
(e.g., classify digits) triggers the retrieval of the previ-
ous response (e.g., left keypress), which conflicts with the
current response (e.g., right keypress). This conflict takes
time to resolve, as it is necessary to overcome the previous
task-response association to associate the previous task
with a new response (see Altmann, 2011; Kandalowski
et al., 2020; Koch et al., 2018a; Schuch & Koch, 2004,
2006, 2010; see Frings et al., 2020, for a recent review of
feature binding in action control). In contrast, selecting a
response in trials with complete feature mismatch (i.e., a
response switch in a task-switch trial) is not hampered by
additional retrieval conflict.

Finally, the bias to switch responses account posits
that participants acquire a heuristic bias to switch the

@ Springer

response whenever the situation changes (e.g., Fletcher &
Rabbitt, 1978), resulting in a response-repetition cost if
the stimulus repeats (see also Williams, 1966, Experiment
4). Kleinsorge (1999) demonstrated such a cost in a vari-
ant of the alternating runs procedure developed by Rogers
and Monsell (1995). In his Experiments 2 and 3, partici-
pants responded to letters or symbols with two response
keys. Repeating the stimulus set resulted in a substantial
response-repetition benefit, while switching the stimulus
set abolished this response-repetition benefit in reaction
time (RT) and reversed it in error rates.

Kleinsorge and Heuer (1999) observed similar effects in
a more complex study. These authors employed a numerical
and a spatial judgment task but combined this with a stimu-
lus-response mapping manipulation (compatible vs. incom-
patible) that changed independently. In this study, repeating
the mapping was beneficial only when the judgment task
repeated. Furthermore, repeating the response was beneficial
only when both the response mapping and the judgment task
repeated. To explain this complex data pattern, the authors
proposed a hierarchical control account, in which a switch at
a higher level of the control structure automatically propa-
gates downstream to lower levels. According to this account,
any change to the task (i.e., classification, response mapping,
etc.) at a higher hierarchical level engenders a bias to switch
the response at lower hierarchical levels. This account imple-
ments the bias to switch responses account of response-rep-
etition costs into a model of task control that is applicable
to situations requiring frequent and flexible task switching.

Although these three accounts differ strongly in terms of
the underlying theoretical assumptions, they make similar
predictions. Consequently, it has proven difficult to adju-
dicate among them. Moreover, the proposed mechanisms
are not necessarily mutually exclusive (e.g., Koch et al.,
2018a). Hence, explaining the pattern of response-repetition
costs and benefits in task switching remains a theoretical
challenge.

A potentially informative variable: The
number of response alternatives

Almost all task-switching studies on response-repetition
effects have used two tasks and two response options (with
few exceptions; see, e.g., Kikumoto & Mayr, 2020). Under
these conditions with binary response choice, it is easy to
see how a strategic bias to switch the response when the
task or stimulus switches could facilitate a response switch
— leading to response-repetition costs — because there is only
one response alternative. In this scenario, the three accounts
above make clear predictions, and they can all explain the
crossover interaction between task repetition and response
repetition. Therefore, in the present study, we examined
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response-repetition effects in task switching with more than
two response alternatives. We did this to compare the pattern
of response-repetition effects with two response alternatives
to that with three response alternatives. Although all three
accounts predict that the response-repetition benefit in task
repeat trials will be unaffected by the number of response
alternatives, one of the three accounts appears to make a
different prediction to the other two with respect to response-
repetition costs in task-switch trials.

What does each account predict with respect to response-
repetition costs in task-switch trials in a three-choice task?
The inhibition account predicts that switching tasks will
continue to engender inhibition of the just-executed response
leading to significant response-repetition costs. The asso-
ciative account described in terms of feature binding pre-
dicts that repeating a response while switching tasks will
continue to engender partial repetition costs due to associa-
tive interference, creating retrieval conflict and leading to
significant response-repetition costs. In contrast, the bias to
switch responses account predicts that switching tasks will
no longer engender response-repetition costs. The reason is
that switching tasks does not cue a specific response alter-
native in a three-choice task wherein there are two possible
response alternatives, rather than just one.

The present study

In light of the considerations above, we investigated whether
response-repetition costs in task-switch trials appear in a
two-choice task but vanish in a three-choice task. We rea-
soned that observing such an outcome would be consistent
with the bias to switch responses account but less consistent
with the two other accounts. In contrast, not observing this
outcome would be consistent with the other two accounts but
harder to reconcile with the bias to switch account.

To isolate the influence of the number of response alter-
natives on response-repetition effects in task switching, we
reduced the complexity of typical task-switching paradigms
in two ways. First, rather than using bivalent stimuli — such
as the simultaneous presentation of a letter and a digit in
Rogers and Monsell’s (1995) study — we used univalent
stimuli that are associated with only a single task. Second,
as in Rogers and Monsell (1995), we used a predictable,
alternating-runs task sequence that does not require present-
ing an explicit task cue prior to each target.

We chose not to use bivalent stimuli because they create
congruency effects. Because bivalent stimuli are associated
with both tasks, processing them can lead to the activation
of one response (congruent stimuli) or two responses (incon-
gruent stimuli). This introduces unnecessary complexity for
two reasons. First, response-repetition costs are especially
large when the previous trial is congruent (e.g., Grzyb &

Hiibner, 2013). Grzyb and Hiibner (2013) suggested that
congruent trials produce particularly strong response acti-
vation, which increases the risk of response perseveration
and thereby increases inhibition targeted against the just-
executed response. Second, congruency effects on the previ-
ous trial affect the size of congruency effects in the current
trial (i.e., the congruency sequence effect; see Egner, 2007,
for a review; see also Weissman et al., 2016), which might
complicate the interpretation of response-repetition effects.
For these reasons, we chose to employ univalent stimuli,
thereby completely avoiding the issue of congruency.
Although switch costs are smaller for univalent stimuli than
for bivalent stimuli, response-repetition benefits have still
been reported for task-repeat trials while response-repetition
costs in task-switch trials remained significant (at least in
error rates; see Rogers & Monsell, 1995; Experiment 4).
Consequently, we expected a robust interaction between task
repetition and response repetition in a two-choice task even
for univalent stimuli (see also Kleinsorge, 1999).

Given that we decided to use univalent stimuli, it was
not necessary to use explicit task cues. Independent of this
consideration, however, we did not deem it desirable to
use such cues. Our reasoning was that the cue itself can be
viewed as a perceptual feature of the experimental trial that
can repeat or switch, which may produce priming effects
independent of repeating or switching the task (Altmann,
2011; Schneider & Logan, 2005). For example, Schneider
and Logan (2005) reported that when using two cues for
each task, the response repetition benefit in RT vanished
when the alternate cue signaled the same task (i.e., a task
repetition). While this might be consistent with an account
wherein any stimulus change engenders a bias to switch the
response, we deemed it useful to avoid the complexity of
introducing perceptual cue repetitions and perceptual cue
switches by simply omitting cues. Yet, to induce strong
task representations, we still presented the tasks in a AABB
sequence (alternating runs), so that task switches and repeti-
tions were fully predictable.

Finally, to avoid carry-over effects, we examined the influ-
ence of the number of response alternatives on response-
repetition effects in a between-subjects design. We report
the data from our online two-choice and three-choice tasks
as Experiment 1A and Experiment 1B, respectively, but we
designed these tasks to allow direct comparisons.

Experiment 1A (two-choice task)

Experiment 1A (two-choice task) was meant to demonstrate
the basic interaction between task repetition and response
repetition in an online setting. We used a set of four digits
([2, 3], [8, 9]) for a digit classification task (small vs. large
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numerical magnitude) and a set of four letters ([E, U], [K,
Q) for a letter classification task (vowel vs. consonant).

Method

Participants The experiment was conducted online dur-
ing the period from December 2020 to January 2021 using
Gorilla for hosting the experiment (Anwyl-Irvine et al.,
2020). We recruited participants from the participant pool
of the psychology program at RWTH Aachen University
and via word of mouth. Participants had to be within an age
range of 18-35 years. However, we did not collect demo-
graphic or gender information. Psychology students received
partial course credit for participation. Data were collected
from 42 participants, but data from two participants were
excluded due to excessively long response times, resulting
in a final sample of N = 40. A post hoc power analysis using
GPower 3.1 (Faul et al., 2007) with alpha = 0.05 (two-tailed)
yielded a power of .87 to detect a medium effect size (d, =
0.5).

Stimuli and task The experiment was programmed with
PsychoPy2 and hosted using Gorilla experiment builder
(Anwyl-Irvine et al., 2020). We used the digits 2, 3, 8, and
9 and the letters E, U, K, and Q. We created visual stimuli
that we thought would be easy to perceive, but we could
not standardize the presentation size due to the unknown
sizes and resolutions of the participants’ computer screens
in this online experiment. We assumed that small varia-
tions in stimulus size would not have a systematic effect on
performance.

We instructed participants to press the B and M keys on
their computer keyboard with the ring and index fingers of
their right hand (leaving out the middle finger, which was
relevant in Experiment 1B, see below). The digit classifica-
tion task was a small (2 & 3) versus large (8 & 9) numeri-
cal magnitude classification mapped to the B and M keys,
respectively. The letter classification task was a vowel (E &
U) versus consonant (K & Q) letter classification mapped to
the B and M keys, respectively.

Procedure We presented the tasks such that each pair of
digit trials followed a pair of letter trials (and vice versa) in
an AABB task sequence. We divided the stimuli for each
task into two subsets that appeared in alternating trials. For
example, in consecutive digit task trials, we presented a
stimulus from the digit subset 2 & 8 followed by a stimulus
from the digit subset 3 & 9 (we drew stimuli randomly from
within each set). We did this to ensure that (1) no direct
stimulus repetitions occurred in consecutive trials and (2)
response switches and response repetitions occurred equally
often. We created four different versions of the subsets

@ Springer

Table 1 Four possible combinations of stimulus subsets (Experiment
1A)

Alternating digit sets Alternating letter sets

{2/ 8} & {3/9}
{2/ 8} & {3/9)
(2/9} & {3/8)
{2/9} & {3/8}

{E/K} & {U/Q}
{E/Q} & {U/K}
{E/K} & {U/Q}
{E/Q} & {U/K}

above, so that every combination could occur across par-
ticipants in a counterbalanced way (Table 1 shows the list
of possible subsets and the resulting possible combinations).

Across participants, we counterbalanced whether a block
of trials started with the letter task or the digit task. We also
equated the number of response switches and response repeti-
tions within blocks. In this procedure, it was possible for task-
switch trials that a stimulus could re-occur as a lag3 repetition.
As described below, we removed such trials, theoretically 25%
of the task-switch trials, from data analyses to avoid such lag3
repetitions (which would represent direct target repetition with
this task and if one disregarded the two intervening trials
with the other task). This procedure also introduces a slight
stimulus frequency imbalance between task-repeat and task-
switch trials. For task-repeat trials, there are only two stimulus
options because we draw stimuli from only a single subset.
For task-switch trials, however, there are again four stimulus
options because we draw stimuli from either of two subsets.
This imbalance may favour task repetitions slightly (due to a
lower number of stimulus alternatives). However, this is likely
not critical for the consideration of response-repetition effects,
because we equated the frequencies of response repetitions
and response switches in task-switch and task-repeat trials
(see Altmann, 2011, for a discussion).

The experiment started with a short practice block of 16
trials, in which each possible stimulus appeared twice. Sub-
sequently, eight blocks of 64 trials appeared. The response-
stimulus interval (RSI) was 500 ms. If a response was incor-
rect, error feedback (a red cross) was presented for 200 ms,
extending the RSI to 700 ms. If a response was correct, no
feedback was given. The experiment took approximately 15
min.

Design The independent variables were task transition
(switch vs. repeat) and response transition (switch vs.
repeat). We analysed the predicted response-repetition
effects in task switches and repetitions using one-tailed
paired t-tests. The dependent variables were RT and error
rates.
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Results

For the analyses of RTs and error rates, we removed the
practice block, the first trial in each block, and trials after
errors. In task-switch trials, we removed possible stimulus
repetitions relative to the last trial with the same task (i.e.,
trial n-3). For RT analyses, we also excluded error trials.
We filtered the remaining trials for outliers, defined as
(a) RTs below 100 ms, (b) RTs > two standard deviations
(SD) above the condition mean RT, and (c) RTs < two
SD below the condition mean (altogether 4.1%). Figure 1
shows the RT (left panel) and error rate (right panel) as a
function of task transition and response transition.

For RTs, we ran a 2 X 2 repeated-measures analysis of
variance (ANOVA) with the independent variables task
transition (task switch vs. task repetition) and response
transition (response switch vs. response repetition). We
observed a significant main effect of task transition (F(1,
39) =90.016, p < .001, np2 =.698) and of response transi-
tion (F(1, 39) = 32.738, p < .001, np2 = .456). On average,
mean RT was 35 ms shorter for task repetitions than for
task switches (540 ms vs. 575 ms) and 31 ms shorter for
response repetitions than for response switches (542 ms vs.
573 ms). Importantly, the expected interaction was signifi-
cant (F(1,39) =118.130, p < .001, npz =.752). There was
a 64-ms response-repetition benefit in task-repeat trials
(t(39) =8.777, p < .001, d, = 1.388), but a non-significant,
3-ms response-repetition cost in task-switch trials (#(39) =
-0.575, p < .568, d, = 0.091).

For error rates, the effects of task transition (F(1, 39) =
0.730, p = .398, np2 = .018) and response transition were
not significant (F(1, 39) = 2.191, p = .147, nP2 = .053).
However, the predicted interaction was significant (F(1,
39) = 44.358, p < .001, np2 = .532). There was a 3.9%

=== Response Repetition

750 4 == Response Switch

700 +
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Reaction Time (ms)

500 -

450 T \
Task Repetition Task Switch

response-repetition benefit in task-repeat trials (#(39) =
5.746, p < .001, d, = 0.909) and a 2.7% response-repe-
tition cost in task-switch trials (#(39) = -4.566, p < .001,
d, =0.722).

Discussion

We obtained the expected two-way interaction pattern in
RTs and error rates (Kleinsorge, 1999; Rogers & Monsell,
1995). Specifically, we observed a robust response-repetition
benefit in task-repeat trials and a response-repetition cost
in task-switch trials (even though it was significant only in
error rate). This set the stage for determining whether the
number of response alternatives alters response-repetition
costs in task-switch trials. Hence, in Experiment 1B, we
increased the number of response alternatives from two to
three.

Experiment 1B (three-choice task)

As we described in the Introduction, the three main accounts
of the task repetition by response repetition interaction make
similar predictions for task-repeat trials in a three-choice
task but make different predictions for task-switch trials. For
task-repeat trials, these accounts predict that the response-
repetition benefit will be largely unaffected by number of
response alternatives. For task-switch trials, however, the
bias to switch responses account predicts diminished or even
eliminated response-repetition costs while the other accounts
continue to predict robust response-repetition costs.

== Response Repetition
- === Response Switch

-

Error Rate (%)
O =~ N W hHh OO N O O
.

Task Repetition Task Switch

Fig. 1 Mean reaction time (in ms; left panel) and error rate (in %; right Panel) in Experiment 1A (two response alternatives). Error bars repre-

sent standard errors
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Method

Participants We conducted Experiment 1B in April of
2021 as an online experiment hosted via Gorilla (just like
Experiment 1A). The participants were recruited via Prolific
(https://www.prolific.co/). The prerequisite to participate in
the experiment was to be within an age range of 18-35 years.
However, we did not collect demographic or gender informa-
tion. Sixty-four participants were tested, but data from four
participants were excluded from the analysis due to very
high error rates (> 15%). This resulted in a sample of 60
participants. A (post hoc) power analysis using GPower 3.1
(Faul et al., 2007) with alpha = 0.05 yielded a power of 0.97
with an expected effect size of d, = 0.5 and N = 60.

Stimuli, tasks, procedure, and design Experiment 1B was
similar to Experiment 1A except that for each task, we
included two additional stimuli to create the third stimulus

Table 2 Sixteen possible combinations of stimulus subsets (Experi-
ment 1B)

Alternating digit sets Alternating symbol sets

(2/5/8} & {3/6/9)
{2/5/8} & {3/6/9}
(2/5/8} & {3/6/9)
(2/5/8} & {3/6/9)
{2/ 6/8} & {3/5/9}
(2/6/8} & {3/5/9)
(2/6/8} & {3/5/9)
{2/ 6/8} & {3/5/9)}
(2/5/9} & {3/ 6/8)
(2/5/9} & {3/6/8)
{2/5/9} & {3/ 6/ 8}
(2/5/9} & {3/6/8)
(2/6/9} & {3/5/8)
{2/6/9} & {3/5/8)}
(2/6/9} & {3/5/8)
(2/6/9} & {3/5/8)

(B/K/ 7} & {U/ QI %)
{(E/ Q/ 7} & {U/ K/ %}
(B/K/ %} & {U/ Q/ 7}
(E/Q/ %} & {U/ K/ ?}
{E/K/?} & {U/ Q/ %)}
{(E/Q/ 7} & {U/ K/ %)
(B/ K/ %} & {U/ Q/ 7}
{E/Q/ %)} & {U/ K/ 7}
(B/K/ 7} & {U/ QI %)
{(E/Q/ 7} & {U/ K/ %}
{E/K/ %) & {U/Q/ 7}
(B/Q/ %} & {U/ K/ ?}
(B/K/ 7} & {U/ QI %}
{(E/Q/?} & (U/K/ %}
(B/K/ %} & {U/Q/ 7}
{(E/Q/ %} & {U/ K/ ?}

== Response Switch
=={J==Response Repetition

Task Repetition Task Switch

category and thus a third response option. For the digit
task, we added two digits of medium magnitude (5 or 6)
that required a response with the right middle finger. For
the letter task, we added two non-alphabetical symbols (?
and %) that required a response with the right middle fin-
ger. The two tasks still alternated in runs of two (i.e., in
an AABB sequence), as in Experiment 1A, and we again
formed different stimulus subsets for subsequent trials of
the same task. However, we created alternating subsets with
three stimuli (e.g., [2& 5 & 8]and [3& 6 & 9] or [E& K &
7] and [U & Q & %)), rather than just two, thus also reduc-
ing the probability of a response repetition from p = 0.5
to p = 0.33. This procedure resulted in 16 subsets for each
task that included all possible stimulus-response combina-
tions (Table 2). The 16 subsets for each task, together with
whether a block started with the letter task or the digit task,
resulted in 32 different counterbalancing versions.

The experiment started with a short practice block of 24
trials, in which each possible stimulus was presented twice.
Subsequently, eight blocks of 72 trials (compared to 64 trials
in Experiment 1A) were completed. The experiment took
approximately 20 min.

Results

We prepared the data for analysis as in Experiment 1A (e.g.,
we defined outliers as in Experiment 1A: altogether, 3.4%).
Figure 2 shows mean RT and mean error rate as a function
of task transition and response transition.

For RTs, the ANOVA showed a significant main effect
of task transition (F(1, 59) = 171.019, p < .001, np2 =.743)
and of response transition (F(1, 59) = 40.105, p < .001,
np2 = .405). On average, mean RT was 59 ms shorter on
task-repeat trials than on task-switch trials (658 ms vs.
717 ms), and mean RT was 30 ms shorter on response-
repeat trials than on response-switch trials (672 ms vs.

== Response Switch
=={J==Response Repetition

-

?‘E

Error Rate (%)
O =_2NWHAOON®O©O

Task Repetition Task Switch

Fig.2 Mean reaction time (in ms; left panel) and error rate (in %; right panel) in Experiment 1B. Error bars indicate standard errors
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702 ms). Critically, the interaction was significant (F(1,
59) = 126.381, p < .001, np2 = .682). There was a signifi-
cant 74-ms response-repetition benefit in task-repeat trials
(t(59) =9.987, p < .001, d, = 1.289) and a significant 13-ms
response-repetition cost in task-switch trials (#(59) = -2.862,
p =.006,d, = 0.369).

For error rates, there was a main effect of task transition
(F(1, 59) = 8.796, p = .004, np2 = .130), showing fewer
errors in task-repeat trials than in task-switch trials (4.5%
vs. 5.3%), but no main effect of response transition (F(1,
59) = 0.275, p = .602, np2 = .005). Critically, the inter-
action between task transition and response transition was
significant (F(1, 59) = 8.420, p = .005, npz =.125). There
was a 0.95% response-repetition benefit in task-repeat trials
(#(59) = 2.163, p = .035,d, = 0.279), and a 0.6% response-
repetition cost in task-switch trials (#(59) = -1.726, p < .045
(one-tailed), d, = 0.223).

Discussion

As in Experiment 1A, we found the interaction between task
transition and response transition. Critically, response-rep-
etition costs remained significant in task-switch trials in the
error rates and were actually significant in the RTs (unlike in
Experiment 1A). As explained earlier, this outcome favors
the inhibition and associative interference accounts of the
task transition by response transition interaction over the
bias to switch responses account.

Broadly, the data from Experiment 1B are very similar
to those from Experiment 1A. That is, we observed a pro-
nounced cost-benefit pattern primarily in mean error rates,
whereas the RT data showed a strong response-repetition
benefit in task-repeat trials but only a small response-rep-
etition cost in task-switch trials. While the pattern of RT
data looks very similar across experiments, the interaction
pattern in the error rates seems to be somewhat flattened
in Experiment 1B relative to Experiment 1A. Therefore,
to compare the data sets more formally, we ran additional
between-experiment ANOVAs.

Across-experiment comparisons

The interaction in RT was slightly less pronounced in the
two-choice task in Experiment 1A than in the three-choice
task in Experiment 1B (see Fig. 3). In the two-choice task,
there was a 64-ms response-repetition benefit in task-repeat
trials and a 3-ms response-repetition cost in task-switch tri-
als (i.e., an interaction contrast of 67 ms). In the three-choice
task, however, there was a 74-ms response-repetition benefit

Experiment 1A Experiment 1B

100 7
90 A
80 1 O Task Repetition T
(738 | W Task Switch
50 A
40 1
30
20 1
10 1

0 ;

-10
-20 1
-30
-40 -

-

Fig.3 Response-repetition effects in reaction time (in ms) as a func-
tion of task transition and number of response alternatives (Experi-
ment 1A vs. Experiment 1B). Mean values are shown; error bars are
standard errors

Response-Repetition Benefit (in ms)

in task-repeat trials and a 13-ms response-repetition cost in
task-switch trials (an interaction contrast of 87 ms).

An across-experiment ANOVA showed the expected main
effect of experiment, indicating that overall RT was 130 ms
longer in Experiment 1B than in Experiment 1A (687 ms vs.
557 ms; F(1,98) =41.867, p < .001, np2 =.299). This shows
the general influence of the number of response alternatives
(3 vs. 2) on response selection (see the General discussion).
Here, we focus on effects that interacted with the experi-
ment factor to avoid redundancy with the analyses presented
earlier.

In particular, experiment interacted with task transition,
indicating larger task-switch costs in the three-choice task
than in the two-choice task (59 ms vs. 35 ms; F(1, 98) =
14.689, p < .001, np2 = .130). The interaction of experi-
ment with response transition was not significant (F(1, 98)
= 0.001, p = .970, np2 = .000). Yet, even though the three-
way interaction was not significant, there was a trend toward
a more pronounced task transition X response transition
interaction effect in the three-choice task than in the two-
choice task (87 ms vs. 67 ms; F(1, 98) = 3.566, p = .062,
n,” =.035).

Before attempting to speculate about the potential impli-
cations of this trend, it is important to note that the error
rates showed the opposite pattern (Fig. 4). That is, in the
error rates the two-way interaction was numerically larger
in the two-choice task (3.9% response-repetition benefit in
task-repeat trials plus 2.7% response-repetition cost in task-
switch trials) than in the three-choice task (0.95% response-
repetition benefits in task-repeat trials plus 0.6% response-
repetition cost in task-switch trials). Correspondingly, the
between-experiment ANOVA, while not showing a general
difference in error rates across Experiments 1A and 1B
(5.0% vs. 4.9%; F(1, 98) = 0.054, p = .817, np2 =.001),
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Fig.4 Response-repetition effects in error rate (in %) as a function of
task transition and number of response alternatives (Experiment 1A
vs. Experiment 1B)

revealed a significant three-way interaction (F(1, 98) =
23.153,p < .001, np2 =.191). Hence, opposing the pattern of
the three-way interaction in the RTs, the interaction between
task transition and response repetition in the error rates was
significantly smaller in the three-choice (vs. two-choice)
task. The two-way interactions between (a) experiment and
task transition and (b) experiment and response transition
were not significant (F's < 1.2, ps > .28).

In summary, the three-way interaction in RT tended to
be larger in the three-choice (vs. two-choice) task while
the opposite pattern appeared in error rates. This outcome
does not reveal a consistent effect of the number of response
alternatives (two vs. three) on the interaction pattern. Criti-
cally, the main finding of Experiment 1B is the signifi-
cant response-repetition costs in task-switch trials, which
appeared in both RTs and error rates. As we explained ear-
lier, the bias to switch responses account does not predict
this effect while the other accounts do.

General discussion

We examined the influence of the number of response
alternatives on response-repetition effects in task switch-
ing. In line with the literature (for reviews, see, e.g., Gade
et al., 2014; Koch et al., 2018b), we replicated the basic
interaction between task repetition and response repetition
in the two-choice task of Experiment 1A. Specifically, we
observed a response-repetition benefit in task-repeat trials
but a response-repetition cost in task-switch trials. Con-
sistent with prior findings from tasks involving univalent
stimuli, the response-repetition cost was more robust in error
rate than in RT (Kleinsorge, 1999; Rogers & Monsell, 1995,
Experiment 4). Critically, we also observed a response-
repetition cost in the three-choice task of Experiment 1B.

@ Springer

This outcome appears to favor the response inhibition and
associative interference accounts over the bias to switch
responses account.

Influence of the number of response alternatives

The primary effect of increasing the number of response
alternatives was an increase of RT with more alternatives.
This increase of RT is consistent with the venerable Hick-
Hyman law (Hick, 1952; Hyman, 1953) relating RT to the
amount of information to be processed (see Proctor & Sch-
neider, 2018, for a historical review). This effect is likely
due to two, probably related, processes. First, with more
response alternatives there is more associative interference
during response retrieval, slowing down response selection
(Schneider & Anderson, 2011). Second, more responses may
increase the probability that an incorrect response alternative
reaches the selection threshold, so that the response decision
criterion needs to be adjusted to reach acceptable accuracy
(Usher et al., 2002). In our study, we found almost identical
overall accuracy in the two- and three-choice tasks (error
rates of 5.0% vs. 4.9%, respectively). This suggests that the
response criterion was more cautious in the three-choice task
than in the two-choice task, resulting in prolonged response
selection times and, therefore, increased RT in the three-
choice task relative to the two-choice task.

Given the effectiveness of the number-of-response-
alternatives manipulation on overall RT, it is notable that
this manipulation exerted opposite effects on the pattern of
response-repetition effects in RT and error rates. Specifi-
cally, while we observed a slightly more pronounced interac-
tion of response transition and task transition in the RT data
of the three-choice task relative to the two-choice task, we
observed the opposite in the error rate data. As described
above, an adjustment of the response criterion probably
led participants to respond more cautiously in the three-
choice task. This would drive some of the variance out of
the error rates and into RT, thereby accentuating RT effects
that would otherwise have been spread more equally across
RT and error rate. For the error rate data, this would reduce
both (a) the response-repetition cost in task switches and
(b) the response-repetition benefit in task repetitions, just as
we observed. The net effect would be a flattened interaction
pattern in the error rates and an accentuated pattern of inter-
action in the RTs, which is what we found. Previous studies
have already used more than two response alternatives in
task switching (e.g., Kikumoto & Mayr, 2020), but they did
not assess the influence of this variable directly. Based on
the present findings, we conclude that, overall, varying the
number of response alternatives has no consistent effect on
the interaction pattern of task switching and response repeti-
tion when the RT and error rate data are considered jointly.
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Response-repetition costs in task-switch trials

As described in the Introduction, the three main accounts of
the task transition X response transition interaction make dis-
tinct predictions regarding response-repetition costs in task
switches. The bias to switch responses account assumes that
a task switch biases the system toward a response switch. In
a two-choice task, this facilitates the single response alter-
native and thereby leads to a response-repetition cost. In a
three-or-more-choice task, however, a task switch cannot
facilitate a specific alternative response. Consequently, there
is no reason to predict response-repetition costs as with two
alternatives. Our data rule out a strong interpretation of this
account. We observed significant response-repetition costs in
the task-switch trials of the three-choice task in Experiment
1B in both RT and error rates.

One might, however, entertain an alternative view of the
bias to switch responses account. Here, participants ran-
domly prepare one of the two alternative response options
when the task switches. This strategy predicts a response-
switch benefit in about half the trials due to preparing the
correct response and a response-switch cost in the other half
of trials due to preparing the incorrect response. Thus, on
average, this strategy should neither facilitate nor hinder
performance when the response switches in task-switch tri-
als. However, as response repetitions in task-switch trials
are always relatively unprepared, the net effect could still
be a small response-repetition cost, which is about half
the size as when there are two response alternatives (i.e.,
as in Experiment 1A). Critically, using such a strategy in
task-switch trials should produce a bimodal RT distribution
when the response switches, which consists of relatively fast,
“correctly prepared” response switches and relatively slow,
“incorrectly prepared” response switches. Consequently,
one would expect greater RT variability in task-switch trials
when the response (a) switches versus (b) repeats. Explora-
tory analyses, however, revealed that this was not the case
(M =710 ms, SD = 99.97 ms for response switches and M
=723 ms, SD = 100.92 ms for response repetitions, respec-
tively). These findings weigh against the alternative view of
the bias to switch responses account.

Finally, one might entertain a second alternative view of
the bias to switch responses account wherein a task switch
biases participants to prepare both alternative responses
(Kleinsorge et al., 2001). As we explained in the Introduc-
tion, an influential variant of this view posits that tasks are
organized hierarchically, such that changing a task-relevant
feature at a higher level of the hierarchy (e.g., the task set, the
color of the stimulus, etc.) facilitates a response alternation
at lower levels (Kleinsorge, 1999). Such a parallel response
preparation is possible with the current setup because the

response keys are operated with different fingers. To prevent
such a preparation, and thereby test this account of our find-
ings, one could employ a task wherein responding to each of
several stimuli always requires moving the same finger (e.g.,
the right index finger) from a home key to a stimulus-specific
key. In such a task, it is not possible to prepare more than
one finger response at a time, because participants can use
only one finger to respond. Yet, while we cannot exclude this
interpretation of the response-repetition costs in our three-
choice task, prior results weigh against it. Specifically, while
alternating between different task-relevant stimulus features
(e.g., different colors) is associated with robust response-
repetition costs in two-choice tasks, such costs are reduced
or eliminated in three-or-more-choice tasks (e.g., Fletcher
& Rabbitt, 1978; Weissman et al., 2023). Such costs should
not be reduced, however, if changing a task-relevant feature
at a higher level of the hierarchy biases participants to pre-
pare both alternative responses. Thus, these findings weigh
against this alternative view.

In the context of their “generalized switching account,”
Kleinsorge and Heuer (1999) also discussed strategic
response biases. These authors examined the generaliza-
tion of this account to “three-valued task dimensions”
(Kleinsorge et al., 2001). They manipulated the number of
judgment tasks, response mappings, and responses as well
as the respective transition levels of these three variables.
In their Experiment 1, with two alternatives, they found
that switches at higher levels (e.g., task switches) biased
the system toward switches at lower levels (e.g., response
switches). However, in their Experiment 2 with three alter-
natives, switches at higher levels influenced switches at
the lower level of the response mapping in a more additive
(less interactive) manner, as predicted by their generalized
switching account. Yet, when focusing on the repeated
response mapping conditions, which are more similar to
our experimental conditions, they still found a complete
crossover interaction for task switching and response rep-
etition in the error rates (just as we did) and a similar but
less pronounced interaction pattern for the RTs (i.e., the
response-repetition costs in task switches seemed to be
very small at best). Given the complexity of Kleinsorge
et al.’s (2001) experimental design and the relatively small
sample size they employed (n = 12), their findings may not
be conclusive. However, the present study, which employs
a simpler experimental design and provides relatively high
statistical power, appears to confirm their findings. More
specifically, our findings support the view that varying the
number of response alternatives has no consistent influ-
ence on response-repetition effects in task switching. This
outcome is not easy to reconcile with the bias to switch
responses account.
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Potential relevance to other research on sequential
action control

Studies of task switching investigate the abstract representa-
tions on which action control is based (such as stimulus cat-
egory instead of the specific stimulus identity). Given this
aim, it is important to note that response-switch biases sig-
naled by stimulus change may play a role in simpler action
control paradigms (Fletcher & Rabbitt, 1978) including those
used to examine the binding and retrieval approach (Frings
et al., 2020). For example, the number of response alternatives
influences the pattern of repetition effects in choice RT tasks
(e.g., Akcay & Hazeltine, 2007; see Hazeltine et al., 2022).
Moreover, in recent work using the “partial repetition cost”
paradigm (Hommel, 1998; see also Huffman et al., 2020), we
observed an attenuated pattern of partial repetition costs when
increasing the number of alternatives from two to four (see
Weissman et al., 2023). Thus, although changing an abstract
task set may not be sufficient for a response-switch bias heu-
ristic to operate, such a heuristic might still be relevant when
a concrete stimulus feature changes or repeats. Future work
could detail the specific predictions of the extant theoretical
accounts and examine whether these differ with respect to
the level of abstractness to which the corresponding control
processes refer. Moreover, while the present data seem to be
generally consistent with feature binding and response inhi-
bition accounts, these accounts do not seem to make strong
assumptions about how the response criterion is adjusted as a
function of the number of alternatives, leaving room for future
theoretical development.

Conclusion

The present findings show that varying the number of
response alternatives exerts a moderate influence at best
on response-repetition effects in task switching. This out-
come appears more consistent with the response inhibition
and feature binding accounts of such response-repetition
effects than with the bias to switch responses account.
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