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Stimulus-Category and Response-Repetition Effects in Task Switching: An

Evaluation of Four Explanations

Michel D. Druey
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In many task-switch studies, task sequence and response sequence interact: Response repetitions produce
benefits when the task repeats but produce costs when the task switches. Four different theoretical
frameworks have been proposed to explain these effects: a reconfiguration-based account, association-
learning models, an episodic-retrieval account, and a priming and inhibition account. The main goal in
the present study was to test the unique prediction of the priming and inhibition account that stimulus
categories remain active from one trial to the next, thus counteracting the negative effects of response
inhibition in task-repetition trials. As testing this prediction required a somewhat untypical task-switch
design, a second aim in the present study consisted in evaluating the generality of the alternative models.
In the present experiments the task-switch paradigm was modified to include trials in which pure
stimulus-category repetitions could occur. Across 3 experiments, benefits were observed for stimulus-
category repetitions in task-switch trials, a prediction that conforms only to the priming and inhibition
account and the reconfiguration account. However, the benefits in task-repetition trials were consistently
smaller than the benefits in task-switch trials. This effect is in line only with the predictions from the
priming and inhibition account. Thus, the current results support the notion of stimulus-category priming
and response inhibition as the 2 mechanisms causing the opposite response-repetition effects in task-
repetition and task-switch trials.

Keywords: sequential effects, reconfiguration, association learning, episodic retrieval, priming and
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inhibition

One central issue in cognitive psychology concerns the mech-
anisms of action control. The flexibility with which people adapt
their behavior to rapidly changing contexts, while at the same time
keeping track of their goals, is one of the most fundamental topics.
In recent years, the task-switch paradigm, in which participants
shift between two or more tasks, has frequently been applied to
investigate such processes of flexible behavioral adaptation (see,
e.g., Kiesel et al., 2010; Monsell, 2003, for overviews).

One finding that received special consideration in this context is
the somewhat surprising fact that response repetitions produce
opposing effects in task-repetition and task-switch trials (e.g.,
Mayr & Kliegl, 2003; Meiran, Chorev, & Sapir, 2000; Quinlan,
1999; Rogers & Monsell, 1995): Whereas response time (RT) and
error rate (ER) benefits arise in task-repetition trials, costs are
often observed in task-switch trials (see Altmann, 2011, for an
overview). This basic interaction pattern is robust against a number
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of variations. It is, for instance, not bound to an exact (i.e.,
physical) repetition of the same response. Rather, the repetition of
a salient feature (cf. Campbell & Proctor, 1993) of the response in
subsequent trials is sufficient to produce these effects (e.g., Hiibner
& Druey, 2008; Schuch & Koch, 2004). Moreover, even if the
previous response has not been executed but only prepared to some
degree, the same pattern of effects has been observed (Hiibner &
Druey, 2006; Schuch & Koch, 2010). And also, in situations with
more than two response alternatives, response repetitions result in
benefits in task-repetition trials and produce costs in task-switch
trials (Mayr & Bryck, 2005). Several authors therefore considered
response-repetition effects as relevant for a better understanding of
the mechanisms that guide goal-directed behavior in constantly
changing environments (e.g., Rogers & Monsell, 1995).

Four different explanations, which are detailed below, have so
far been offered to account for this interaction of task sequence and
response sequence. In the present study, these theoretical frame-
works will be evaluated with respect to the effects of stimulus-
category repetitions (i.e., repetitions of the task-relevant classifi-
cation categories as, for instance, odd or even if digits are to be
categorized according to their parity) in task-repetition and task-
switch conditions. The standard task-switch paradigm has to be
modified in some respect to test this effect. So far, these effects
were unobservable when the standard paradigms were used, be-
cause in task-repetition trials they were confounded with a repe-
tition of the response (category). In task-switch trials, in turn,
stimulus-category repetitions never occurred, because switching
the task implied switching the relevant set of stimulus categories.
I return to this issue after introducing the four main frameworks.
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Theoretical Frameworks

The four main theoretical frameworks suggested to account for
the response-repetition effects in task-switch conditions are (a) a
reconfiguration account (e.g., Kleinsorge & Heuer, 1999), (b)
association-learning models (e.g., Brown, Reynolds, & Braver,
2007; Meiran, 2000), (c) an episodic-retrieval account (Altmann,
2011), and (d) a priming and inhibition account (e.g., Hiibner &
Druey, 2006).

According to the reconfiguration account, the interaction of task
and response sequence is due to a task-switch-specific mechanism.
Whereas the response-repetition benefits in task-repetition trials
simply reflect repetition priming, the costs for response repetitions
in task-switch trials arise due to an additional reconfiguration
mechanism. According to Kleinsorge (1999; Kleinsorge & Heuer,
1999), tasks are structured hierarchically, with task sets as the most
superordinate and responses as the most subordinate task features.
Switching any task feature produces generalizing effects on all
subordinate features. If the task switches, task-set reconfiguration
is required. Via a generalizing switch signal, this reconfiguration
automatically affects all subordinate task features, including the
responses. In other words, switching the task implies preparing a
different response than the one just executed. This results in costs
for repeating the response of the preceding trial, because executing
that response requires an additional step of reconfiguration to
switch back to that response.

One critical aspect in this theoretical framework considers
the different levels in the hierarchy of a task: In this conception,
the judgment types are on top of the task hierarchy, directly
under the general task set, which represents the currently relevant
task space. The mappings (Kleinsorge & Heuer, 1999) and/or the
stimulus dimensions (Kleinsorge, 2004) are intermediate, and the
responses represent the lowest level within this hierarchy. As a
consequence, switching the mapping, for instance, is conceived of
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as a subtask switch. Such a subtask switch takes place below the
hierarchically higher judgment level, thus affecting only the even
lower response level and not the judgment level. This feature of the
reconfiguration account is crucial with respect to the present study,
as is detailed below.

With regard to the association-learning accounts, several ver-
sions have been proposed. One idea shared by several of these
frameworks is based on the assumption of gradual shifts of asso-
ciation strengths between stimulus and response (categories) from
one trial to the next (e.g., Brown et al., 2007). Consider, for
instance, the case of the Rogers and Monsell (1995) paradigm (see
Figure 1A for an illustration), in which participants classified
digit-letter pairs according to either the parity of the digit or the
type (i.e., consonant or vowel) of the letter. If on a given trial the
relevant stimulus is 3A and the relevant task is parity, the associ-
ation between the relevant stimulus category (i.e., “odd”) and its
according response (e.g., pushing right button) is strengthened. At
the same time, the association between that response and the
according stimulus category of the other, currently irrelevant task
(e.g., “vowel”) is weakened (see Figure 1B for an illustration).
Given these shifts in association strengths, the response-repetition
effects in task switching are explained as follows: If both the
task and the response repeat, this necessarily implies a repetition of
the relevant stimulus category. Consequently, response selection
proceeds along a strengthened pathway, which produces better
performance compared to when the alternative response had to
be selected (cf. Pashler & Baylis, 1991). If, however, the task
switches, selection of the same response as on the previous trial
has to proceed along a weakened pathway. This produces perfor-
mance costs relative to a situation where the alternative response
had to be selected (e.g., Brown et al., 2007; Rogers & Monsell,
1995).

B
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press left button
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A: Schematic depiction of the tasks (i.e., parity judgment of the digits and type judgment of

the letters) applied in the study of Rogers and Monsell (1995). Notice that, as depicted, the tasks differed in their
use of stimulus combinations and application of an alternating-runs paradigm versus a cuing paradigm. The
left-to-right path marked by black boxes illustrates one exemplar trial. B: Schematic depiction of the categorical
structure of the tasks from panel A, highlighting the overlap of the response categories between the two tasks
and the assumed strengthening (thick line) and weakening (thin dashed line) of associations between stimulus
and response categories after a trial of the type depicted in panel A. cons = consonant; vow = vowel.
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Notice, however, that with respect to the exact implementations
of how such strengthening and weakening proceeds, different
assumptions have been made in different theories. As a conse-
quence, slightly different predictions arise from the different
frameworks regarding the manipulations realized in the present
study. I return to this issue in the next section.

According to the episodic-retrieval account (Altmann, 2011),
all task features—for example, the task cue, the task set, the
stimulus (category), and the response (category)—serve as re-
trieval cues for previous episodes in which these features have
been encountered. This theoretical conception, similar to several of
the association-learning frameworks (e.g., Meiran, 2000; Meiran,
Kessler, & Adi-Japha, 2008; Schuch & Koch, 2004), is closely
related to the feature-integration/event-file coding framework in-
troduced by Hommel and colleagues (e.g., Hommel, 1998, 2009;
Hommel, Miisseler, Aschersleben, & Prinz, 2001). According to
Hommel, stimulus, response, and action-effect features encoun-
tered together in a processing episode are bound, thus forming an
event file. Whenever at least one feature of a previous episode
repeats, the previous event file is retrieved. Such retrieval is
helpful (i.e., increases performance) in case all features of the
previous episode repeat during the current episode. However, if
only some and not all features of the previous episode repeat,
performance decreases considerably. The reason for this decrease
is that the bindings between the repeating and the nonrepeating
features have to be released, and new bindings have to be estab-
lished. Both of these processes take some time, thus resulting in
slower responses.

In the framework of Altmann (2011) these processes are imple-
mented in a simple mathematical way: Any feature switch in the
current context relative to the retrieved episode is considered a
mismatch, whereas any feature repetition is considered a match.
The matching features are then evaluated pairwise in relation to the
other features, producing a positive effect whenever the other
feature also matches and a negative effect whenever the other
feature mismatches. The sum of the positive and negative effects
in each condition then determines whether net performance ben-
efits or costs occur relative to the other conditions. Considering the
respective response-repetition effects in task-repetition and task-
switch trials from this perspective yields clear predictions:' First,
repeating the task and the response necessarily implies a repetition
also of the task cue and the stimulus category. Hence, there are
four matching features resulting in six positive effects from all
their pairwise combinations, and one mismatching feature (the
actual stimulus, see Footnote 1) resulting in four negative effects
from the pairwise comparison of all four matching features with
the mismatching one. Hence, this results in a net effect of +2 (sum
of six positive and four negative effects). If the task repeats but the
response switches, this implies a repetition of the task cue but
necessarily also a switch of the stimulus category. Thus, in this
case, there are two matching features (cue and task) producing one
positive effect, and three mismatching features (stimulus, stimulus
category, response) producing six negative effects (i.e., the two
matching features each compared to the three mismatching fea-
tures). In sum, a net effect of —5 arises, which, compared with the
net effect of +2 in the task- and response-repetition condition,
formally describes the response-repetition benefit in task-
repetition trials.

If the task switches, a switch of the task cue and of the relevant
stimulus category is always included. If the response switches also,
there is no repetition at all; hence, no retrieval of the previous
episode takes place. Consequently, neither positive nor negative
effects arise, resulting in a net effect of 0. If the response repeats,
though, the previous episode is retrieved. In that case there is one
matching feature. This, however, produces no positive effect, as
there is no second matching feature for a pairwise comparison that
could produce such an effect. At the same time there are four
mismatching features (task, cue, stimulus, and stimulus category),
resulting in four negative effects when compared to the one match-
ing feature. Consequently, there is a net effect of —4 in this
condition. Compared with the net effect of zero in the complete
switch condition, this formally describes the response-repetition
costs in task-switch trials. Notice that the net-effect values result-
ing from the respective comparisons cannot simply be translated
into RTs, as this would mean that switching the response in
task-repetition trials produces even slower responses than repeat-
ing the response in task switch trials—an effect that is usually not
observed.

The implementation of this model in terms of matching and
mismatching features between episodes (i.e., trials) allows clear
predictions regarding the current study and the assessment of the
effects of pure stimulus-category repetitions. I return to this aspect
when introducing the current study.

Finally, according to the priming and inhibition account, re-
sponse (categories) are generally inhibited after they have been
activated (Hiibner & Druey, 2006; see also Smith, 1968). In
several task contexts and models, such a mechanism has been
proposed to prevent the system from becoming “locked in a
positive feedback cycle of perseveration” (Baddeley, Emslie,
Kolodny, & Duncan, 1998, p. 846; see also Arbuthnott, 1996;
Houghton & Tipper, 1994; Juvina & Taatgen, 2009). This explains
the costs for response repetitions in task-switch trials. The benefits
for response repetitions in task-repetition trials are due to the
concurrent repetition of the relevant stimulus category, which, in
standard task-switch designs, is perfectly confounded with re-
sponse repetition. Because it is assumed that the stimulus catego-
ries remain active after they have been selected in the preceding
trial, the categorization of a stimulus from the same category in the
next trial is facilitated. This priming benefit overcompensates the
negative effect of response inhibition (e.g., Hiibner & Druey,
2006). Thus, according to the priming and inhibition model, the
interaction between task and response sequence is a consequence
of the balancing of stimulus-category priming and response-
category inhibition.

In the present study, a focus will be on the stimulus-category
priming assumption of this theoretical framework, as it has not yet
been tested directly. Given the assumption that stimulus-category
priming is responsible for response-repetition benefits in task-
repetition trials, one would expect that exclusively repeating the

! Because exact stimulus repetitions usually are excluded (either by
design or post hoc in the analyses), the following illustration is restricted
to stimulus switches; hence, there is always at least one mismatching
feature. Furthermore, only situations with a 1:1 mapping of cues to tasks
are considered. Situations in which more than one type of cue is used to
indicate an upcoming task (e.g., Logan & Bundesen, 2003; Mayr & Kliegl,
2003) are not further discussed here.
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previously relevant stimulus category should result in a positive
effect relative to a stimulus category switch. Moreover, such a
positive effect should be present not only in task-repetition con-
ditions. In fact, it should even be larger in task-switch than in
task-repetition trials, because in task-repetition trials it goes along
with a response repetition that, due to response inhibition, should
dampen the positive effect.

The Present Study

The core idea for the present experiments is to test the pure
effects of repeating the relevant stimulus category (e.g., “odd” if
the task is to classify digits according to their parity and 3 was the
target stimulus). In most of the previous studies, task switching
was operationalized as switching between different classification
rules (e.g., parity and magnitude when categorizing digits; cf.
Kiesel et al., 2010, for an overview). As switching the classifica-
tion rule involves switching the features according to which the
stimuli have to be categorized, switching the classification rules
(or judgment types) involves switching between different sets of
stimulus categories (e.g., odd/even vs. less/greater than 5). As a
consequence, pure stimulus-category repetitions could never occur
under such conditions: On the one hand, in task-repetition trials,
stimulus-category repetitions are perfectly confounded with re-
sponse repetitions (see Figure 1). On the other hand, in task-switch
trials, stimulus-category repetitions simply cannot occur, because
different tasks require classifying the stimuli according to different
features. As a consequence, if one wants to investigate pure
stimulus-category repetition effects under task-switch conditions,
separable tasks relying on the same type of judgment (i.e., the
same set of stimulus categories) are required. This requirement in
part breaks with a long-standing tradition in task-switch research.

The question therefore is whether it is possible to define two
different tasks relying on the same type of judgment. In my view,
judgment (i.e., stimulus-category set) switching is not a necessary
prerequisite for task switching. Just imagine the following two
conditions to illustrate what the consequences of such a reduction
would be: In the standard task-switch condition (as depicted in
Figure 1A), the tasks are defined according to two different judg-
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ment types (e.g., judging digits according to parity and magni-
tude). In this case, the same stimuli, the same response categories,
and the same physical responses are usually relevant for both tasks.
Only the set of relevant stimulus categories (e.g., “odd” and “even”
for the parity judgment and “less” and “greater” for the magnitude
judgment) and the stimulus-category-to-response (category) map-
pings differ between the two tasks.

In the modified task-switch condition, two different sets of
stimuli are used. However, they have to be categorized according
to only one set of stimulus categories (e.g., shapes and symbols
according to “angular” and “round”; see Figure 2A for an illus-
tration). Depending on the stimulus set, separate sets of response
categories and, consequently, physical responses are relevant. Ob-
viously, such a situation also implies separable sets of mappings.
Moreover, the mapping structure is essentially the same in both
conditions, albeit upside-down in the second relative to the stan-
dard task-switch condition (see Figures 2B and 1B in comparison).
Interestingly, in the modified condition, four out of the five task
components differ between the two tasks, whereas in the standard
condition only two components differ. In my view it would thus be
hard to argue that the two tasks are the same in the modified
task-switch condition but are different in the standard task-switch
condition.

Now additionally consider some of the definitions as to what
constitutes separable tasks with respect to these two situations.
Vandierendonck, Liefooghe, and Verbruggen (2010), for instance,
on the basis of suggestions by Logan and Gordon (2001), defined
task set as “a collection of control settings or task parameters that
program the system to perform processes such as stimulus identi-
fication, response selection, and response execution” (p. 601). It is
obvious that different control settings and task parameters are
required in both of the above scenarios for the respective tasks.
Furthermore, in several conceptions, the role of the stimulus (cat-
egory) to response (category) mappings is highlighted with regard
to what constitutes separable tasks. Often, these mappings are
defined as condition-action rules (e.g., “if ... then ...” rules;
Rubinstein, Meyer, & Evans, 2001; Sohn & Anderson, 2001),

B
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press blue button
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press lower button

Schematic depiction of the tasks (A; shape and symbol tasks) and the categorical task structure (B)

realized in Experiment 1. When one compares the current panel B to panel B of Figure 1, the reversed design
in the task structure concerning the mappings of stimulus categories to responses becomes obvious: In
Experiment 1 the stimulus categories overlapped between tasks, whereas the response categories were separate
(i.e., separate response sets for the two tasks). In standard task-switch experiments the response (categories)
usually overlap, whereas the stimulus categories are separate for the two tasks (i.e., separate sets of stimulus

categories).
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which are grouped/chunked and can then be retrieved if one or the
other task is required (e.g., Mayr & Kliegl, 2000; Oberauer, 2009).

Evidence regarding the relevance of chunking has been pro-
vided by Dreisbach, Goschke, and Haider (2007), for instance. In
their study, participants learned different mappings of stimuli to
responses. One group of participants received no further informa-
tion before this learning phase, whereas another group of partici-
pants was informed about some hidden features according to
which these SR mappings can be chunked into two groups, thus
forming two tasks. When the two groups were compared with
respect to the costs of switching the task (which was an artificial
separation regarding the first group, as none of the participants
noticed the hidden features and grouped the mappings accord-
ingly), the participants who only learned the mappings and re-
ceived no prior task information showed no switch costs. Those
participants who were informed about the two underlying tasks
showed reliable switch costs. This result clearly indicates that
participants use (prior) information referring to differential task
aspects in order to group the mappings and thus create “task
chunks” from these mappings. Notice, though, that Dreisbach et al.
(2007) defined different tasks according to different sets of clas-
sification (i.e., stimulus) categories, as in most of the previous
task-switch studies. Thus, only by analogy, their conclusions also
hold for the tasks applied in the present study.

Philipp and Koch (2005) took a different approach: In their
study, different tasks were characterized by different response
modalities while stimulus categorization (i.e., the judgment type)
remained constant. When three different response modalities (ver-
bal, hand, and foot responses) were used, they observed so-called
n-2 repetition costs for response modality repetitions across three
subsequent trials. Usually, n-2 repetition costs are taken as evi-
dence for task inhibition. Therefore, Philipp and Koch concluded
that different tasks can also be defined according to separate
response modalities, creating separate response sets and, conse-
quently, separate sets of mappings.

From these results as well as from the definitions provided, it is
clear that two tasks can be created by requiring classification of the
stimuli according to the same features but use of different response
sets and, hence, different sets of stimulus—response mappings. The
separation of the two tasks can even be increased by introducing
the different SR mappings under separate task labels (i.e., cues).

Therefore, in the present study (Experiments 1 and 2), a task
setup like the one in Figure 2A was used: Participants performed
two different tasks, the shape task and the symbol task. In the
shape task, cued by the word FORM, they had to decide whether
geometric shapes were angular or round by pressing a blue or a
green button, respectively, on a touch screen. In the symbol task,
cued by the word SYMBOL, they had to decide whether math
symbols were angular or round by pressing an upper or lower
button, respectively, on a touch screen. The two tasks clearly differ
with regard to cues, stimuli, response set, and SR mapping. How-
ever, in both tasks the stimuli had to be classified according to the
same features. Thus, the tasks share the same stimulus categories:
“angular” and “round.”

From the priming and inhibition account one would predict
benefits for repeating the previously relevant stimulus category
(e.g., “angular”) from one trial to the next, irrespective of whether
or not the task repeats. Moreover, these benefits should even be
larger in task-switch than in task-repetition trials. In the latter

condition they are counteracted by the simultaneous repetition of
the previously relevant response, which is subject to inhibition.

According to the reconfiguration account (Kleinsorge, 1999;
Kleinsorge & Heuer, 1999), the task design used in the first two
experiments induces (sub-)task switches: Whereas the judgment
type (i.e., contour categorization, the highest level in task hierar-
chy) remains constant, the mappings of the stimulus categories to
responses switch depending on the cue and the relevant stimulus
set, thus creating two different tasks. Because the mappings are
hierarchically below the judgment (and thus the stimulus catego-
ries), and because a generalizing switch signal affects only the task
features below the one currently switched, repeating or switching
the mapping should not have any consequences for repeating or
switching the stimulus categories. Because a just selected stimulus
category remains active from one trial to the next, repeating the
relevant stimulus category should produce benefits due to repeti-
tion priming irrespective of whether the task (i.e., the mapping)
repeats or switches.

With regard to the relative sizes of these stimulus-category
repetition benefits in the two types of task transitions, the predic-
tions of the reconfiguration account are less clear. In task-
repetition trials, the benefits should be quite large because there is
an additional response-repetition benefit due to response priming.
The situation in task-switch trials, though, is a bit more compli-
cated: In task-switch trials as implemented here, the SR-mapping
switches. Due to the generalizing switch signal, this produces a
switch away from the just executed response to the alternative
response(s). In standard task-switch designs there is usually only
one response alternative, because one binary response set is used
for both tasks. As mentioned, this explains the response-repetition
costs in task-switch trials of such tasks. However, in the task
design applied in the current study, (at least) two binary response
sets are used. Each of these response sets is specifically bound to
one task. As a consequence, any top-down preparation of a re-
sponse switch can produce only some unspecific effect (or even
none). As a consequence, the stimulus-category repetition benefits
in task-switch trials should mainly be due to stimulus-category
priming; eventually, there should be a small additional benefit due
to unspecific response preparation. In sum, this results in the
prediction that the stimulus-category repetition benefits in task-
repetition trials should be larger than in task-switch trials accord-
ing to this account. Thus, the predictions are opposite to the
predictions one would derive from the priming and inhibition
account.

According to the association-learning models, repeating the
relevant stimulus category in the tasks applied in the present study
should reveal effects similar to those of repeating the response in
standard task-switch experiments, because the associative structure
is simply reversed (compare panel B in Figures 1 and 2). As a
consequence, stimulus-category repetitions in task-repetition trials
should produce benefits relative to stimulus-category switches. At
the same time they should produce costs in task-switch trials. This
is exactly what one would expect from those models assigning
equal weights to all associations (e.g., Brown et al., 2007).

However, in some other models, the association learning is
biased: According to these accounts, the responses are interpreted
(and consequently represented) in terms of the currently relevant
stimulus features (e.g., Meiran, 2000; Meiran et al., 2008; Schuch
& Koch, 2004; “common coding”, cf. Hommel et al., 2001). Thus,
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the strengthening and weakening of associations strongly depends
on the ambiguity of the response meaning (e.g., press left button
meaning “even” in the context of the parity task and “less than 5”
in the context of the magnitude task). The question is what could
be expected from these accounts if they are applied to conditions
in which separate response sets but common stimulus categories
are used for the different tasks, as in the present study (see Figure
2). In the case of task repetitions, the prediction is straightforward:
The association between a just executed response and its according
stimulus category is strengthened. However, because no second
stimulus category is associated with this response (i.e., the re-
sponses are univalent), no association weakening takes place. As a
consequence, stimulus-category repetitions in task-repetition trials
should still produce benefits according to these accounts with the
current modified tasks. At the same time, in task-switch trials, no
effect should arise for pure stimulus-category repetitions. The
reason for this expectation is that the previously relevant and thus
strengthened SR association is not repeated in the case of a task
switch. Consequently, no repetition benefits (but also no costs) are
expected for pure stimulus-category repetitions in task-switch tri-
als according to these accounts.?

Finally, given the close relation with the feature-integration/
event-coding account (Hommel et al., 2001), the predictions de-
riving from the episodic-retrieval account (Altmann, 2011) are
straightforward: If the task repeats, stimulus-category repetitions
should result in benefits relative to stimulus-category switches for
exactly the same reasons that response repetitions produce benefits
relative to response switches in task-repetition trials of standard
task-switch experiments. In task-switch trials, stimulus-category
repetitions should result in costs relative to stimulus-category
switches. Note that this prediction does not depend on how tasks
are defined: Whenever one feature from a previous episode is
repeated, this feature acts as a retrieval cue for the previous
episode. If the other features differ, though, unbinding and rebind-
ing is necessary. This results in costs relative to conditions in
which all features switch or repeat. Hommel (2004) referred to
these findings as “partial-repetition costs.”

Thus, in summary, whereas from the priming and inhibition
account and from the reconfiguration account one would expect
benefits for pure stimulus-category repetitions in task-repetition as
well as in task-switch trials, such benefits should be present only
in the task-repetition trials according to the association-learning
accounts and the episodic-retrieval account. If the task switches,
though, stimulus-category repetitions, similarly to response repe-
titions, should result in no effect or even in costs according to these
latter frameworks (see Table 1 for a summary of the predictions of
the respective accounts).

Experiment 1

In this experiment participants performed two tasks requiring
the judgment of either geometric shapes (Task 1) or mathematical
symbols (Task 2) according to angular or round. In each task, these
two classification (i.e., stimulus) categories were mapped to a
different pair of responses. This approach allows the investigation
of the effects of pure stimulus-category repetitions in task-switch
trials. As detailed in the introduction, benefits should arise accord-
ing to the priming and inhibition account as well as to the recon-
figuration account under this condition. However, according to the

Table 1

Predictions of the Four Different Theoretical Frameworks
Regarding Benefits (1) or Costs (| ) for Stimulus-Category
Repetitions in Task-Repetition and Task-Switch Trials

Task Task
Framework repetition  switch
Reconfiguration (e.g., Kleinsorge, 1999) () 1
Association-learning
Unbiased (e.g., Brown et al., 2007) 1 !
Response-biased (e.g., Meiran, 2000) 1 —
Episodic retrieval/feature integration
(e.g., Altmann, 2011; Hommel et al., 2001) ) !
Priming and inhibition
(e.g., Hiibner & Druey, 2006) 1 T

Note. The number of arrows in a condition indicates the expected size of
the respective repetition effect relative to the size of the repetition effect in
the other task-sequence condition (i.e., the “effect-size” indicator is mean-
ingful only when comparing within each line, not when comparing between
lines). A dash indicates no effect.

association-learning and episodic-retrieval accounts, no effect or
even costs are expected in this condition. In case stimulus-category
repetition benefits are indeed observed in both task-repetition and
task-switch trials, the relative size of the effects might distinguish
between the priming and inhibition and the reconfiguration ac-
counts: According to the priming and inhibition account, the
benefits should be larger in task-switch than in task-repetition
trials. From the reconfiguration account, the opposite prediction
would be derived.

Method

Participants. Twenty-one students (17 female, 4 male) at the
University of Zurich participated in the experiment either to fulfill
course requirements or in exchange for 15 CHF per hour. Their age
ranged from 18 to 29 years (mean age = 22.05), and all reported
normal or corrected-to-normal vision. Twenty participants were
right-handed and one participant was left-handed by self-report.

Apparatus, tasks and stimuli. Participants were tested indi-
vidually in a small testing room. Stimulus presentation and re-
sponse recording were controlled by an IBM-compatible PC. The
stimuli were presented on a 19-in. touch-sensitive color monitor
(Elo ET 1915 L) with a resolution of 1,280 X 1,024 pixels and a
refresh rate of 60 Hz. The screen was located centrally on a desk
in front of the participants, with a slope of about 56 degrees, and

2 Notice that some recent studies indicated extensions of the association-
learning framework of Meiran (2000; Meiran et al., 2008) by including
activated long-term memory codes as mediators in response selection
(Meiran & Kessler, 2008). What I considered here as stimulus categories
are the type of codes that, via residual activation, have been shown to be
essential in explaining task-rule congruency effects in task switching. It is
thus obvious that Meiran and colleagues also assume that stimulus cate-
gories (if the type of task allows extracting such categories) remain primed
from one trial to the next. Including these assumptions indeed changes the
predictions one would derive from the association-learning frameworks of
Meiran (2000; Meiran et al., 2008) regarding the effects of pure stimulus-
category repetitions in task-switch trials. At the same time, though, it is
unclear whether an accordingly extended model would then still be able to
reproduce the interaction of task sequence and response sequence in
standard task-switch paradigms.
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a viewing distance of about 50 cm. The experiment was pro-
grammed in C using the Tscope-library functions (Stevens, Lammer-
tyn, Verbruggen, & Vandierendonck, 2006; http://users.ugent
.be/~masteven/tscope/) on an Ubuntu 8.04 linux platform.

The black background screen was divided into two sections by
a horizontal white line separating the bottom third from the top two
thirds (see Figure 3). The top section was used for stimulus
presentation, and the response buttons for the two tasks were
displayed in the bottom section. The response buttons were four
squares of about 2° visual angle in width and height each. They
were arranged in pairs of two according to the two tasks. Two
horizontally arranged buttons on the left bottom of the screen
represented the green and blue responses. They were colored green
and blue, respectively, and the color-to-position mapping ran-
domly varied from trial to trial so that participants had to rely on
the button color for response selection (see Lehle, Cohen, Sangals,
Sommer, & Stiirmer, 2011, for a similar procedure in implement-
ing a color-Simon task). The other two buttons represented the up
and down responses, respectively. They were arranged vertically
on the bottom right side of the screen, and both were colored
white. Participants were instructed to use the index fingers of their
left and right hands for pressing the colored horizontal and the
white vertical response buttons, respectively. Between the two
buttons of each pair, a cross indicated where participants should
rest their fingers during the response—stimulus interval (RSI).

Both tasks required contour judgments (angular vs. round) of
geometric shapes and mathematical symbols, respectively. For
each task, a set of four stimuli was used, two angular and two
round, which was then mapped to one response. For the shape task,
a yellow-outlined triangle, diamond, circle, and ellipse served as
stimuli; for the symbol task, =, \/, =, and % in white were used
(see Figure 2A for an illustration). Depending on the actual object,
stimulus size ranged from 1.20° to 1.53° visual angle in width and
from 0.93° to 1.86° visual angle in height. The mappings of
stimulus categories to responses were as follows: For the shape

Stimulus
FORM

EI =

task, “angular” was mapped to the blue button and “round” was
mapped to the green button; for the symbol task, “angular” was
mapped to the upper button and “round” was mapped to the bottom
button. The stimuli were presented in two horizontally arranged
square frames in the middle of the top two-thirds of the touch-
screen (see Figure 3). Each frame subtended a visual angle of
about 3° in width and height, and the distance was about 0.3°
visual angle. Centered above these frames, one of the two possible
task cues (FORM for the shape task, in yellow ink, and SYMBOL
for the symbol task, in white ink) was presented on every trial.
There were always two stimuli, one relevant (i.e., belonging to the
stimulus set of the cued task) and one irrelevant (i.e., belonging to
the stimulus set of the other task), and the relevant stimulus could
appear at either of the two positions. This procedure was applied
to generate overall bivalent stimuli (cf. Rogers & Monsell, 1995),
because bivalent stimuli have been used in most of the standard
task-switch experiments. All combinations of stimuli and presen-
tation positions were used twice within each block of trials, thus
resulting in a total of 64 trials per block. Each participant per-
formed 12 blocks of trials, the first of which was considered as
practice and was not included in the analyses. The whole experi-
ment was conducted in one session of approximately 60 minutes
duration.

Procedure and timing of trial events. Each trial consisted of
the following sequence of events (see Figure 3): First, the task cue
appeared on top of the stimulus presentation boxes. After 500 ms,
the stimuli were presented simultaneously within the boxes, and
the horizontally arranged response buttons on the left bottom of the
screen were colored blue and green, respectively. Both the cue and
the stimuli remained on the screen until participants responded.
After they responded, the cue and the stimuli were removed, and
the left-bottom response boxes were colored in white. If a wrong
response had been given, acoustic error feedback (a beep of 800
Hz for 200 ms) was provided. The interval between response and
next cue (RCI) was 1,500 ms.

SYMBOL

SYMBOL

[y

Figure 3. Presentation setup and trial timing in Experiment 1. The upper part of the screen is used for stimulus
presentation; the bottom part contains four different touch-sensitive response buttons. Depicted are two
subsequent trials realizing one of the four conditions (i.e., task switch, stimulus-category repetition).
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Task order was determined completely at random, resulting in
50% task-repetition trials and 50% task-switch trials on average.

Results

For the analyses of the RTs, the first trial of each block (because
it could not be classified as a repetition or a switch) as well as all
error trials and all trials following an error were excluded (5.78%
of all trials). Furthermore, the remaining RT data were trimmed to
eliminate outliers by removing 1% of the fastest and 1% of the
slowest trials separately for each condition.

Data were analyzed by separate 2 (task sequence: repetition vs.
switch) by 2 (stimulus-category sequence: repetition vs. switch)
repeated measures analyses of variance (ANOVAs) for RTs and
ERs, respectively. For the reported results, exact repetitions of the
relevant stimulus were excluded, as this is the case also in most
studies investigating response-repetition effects. However, an ad-
ditional analysis showed that the pattern changed only minimally
if stimulus repetitions were included. The mean RTs and ERs for
each condition are given in Table 2.

RTs. The ANOVA revealed a significant main effect of task
sequence, F(1, 20) = 4.87, p < .05, partial 1> = .196, reflecting
task-switch costs of 25 ms. Furthermore, the main effect of
stimulus-category sequence reached significance, F(1, 20) =
24.97, p < .001, partial 1> = .555. Stimulus-category repetitions
produced reliably faster responses than stimulus-category
switches. The two-way interaction between task sequence and
stimulus-category sequence did not reach significance, F(1, 20) =
1.82, p = .193.

ERs. The ANOVA revealed only a significant main effect of
task sequence, F(I, 20) = 8.43, p < .01, partial n*> = .297,
indicating task-switch costs of 0.79%. The main effect of stimulus-
category sequence, F(1, 20) < 1, as well as the interaction of task
and stimulus-category sequence, F(1, 20) = 2.37, p = .14, did not
reach significance.

Discussion

With regard to the main aim of investigating the effects of
stimulus-category repetitions in task-repetition and task-switch
trials, the result is clear: There were reliable benefits for stimulus-
category repetitions in task-repetition trials and, even more impor-
tant, in task-switch trials (see Figure 4, left panel). Thus, this result
confirms one of the central assumptions of the priming and inhi-
bition framework.

With regard to the alternative accounts, the finding of stimulus-
category repetition benefits in task-repetition and task-switch trials

Table 2
Response Times and Error Rates (Standard Deviations in
Parentheses) for Each Condition of Experiment 1

Stimulus category

Task Repetition Switch
Repetition 878 ms (188 ms) 900 ms (169 ms)
1.22% (1.38%) 1.83% (3.00%)
Switch 895 ms (209 ms) 933 ms (215 ms)

2.17% (3.16%) 2.46% (3.33%)

is also in line with the reconfiguration idea of Kleinsorge (1999;
Kleinsorge & Heuer, 1999). According to this theory, stimulus-
category repetition benefits in both task-repetition and task-switch
trials are to be expected because task switching in the present
experiment takes place at the level of the mappings, which are
subordinate to the level of the judgment and, thus, to the level of
stimulus categories. As a consequence, the generalizing switch
signal triggered by a switch of the task does not affect the stimulus
category level, as it only proceeds downward (i.e., toward the
response level).

From the perspective of the association-learning models (e.g.,
Brown et al.,, 2007) as well as the episodic-retrieval account
(Altmann, 2011), the current results are challenging. If one accepts
the basic principle in these accounts according to which concur-
rently occurring features are associated or bound with each other,
whereas the associations between these features and currently not
relevant ones are at the same time weakened (or the bindings
released), costs rather than benefits for stimulus-category repeti-
tions should have been present in task-switch trials (“partial-
repetition costs”; cf. Hommel, 2004).

Applying the model of Altmann (2011) exactly predicts such an
effect: In task-switch trials, in which the stimulus category repeats,
the task cue, the SR mapping, and the response switch along with
the exact stimulus. Thus, there is only one matching task feature
between the two processing episodes, which in the pairwise com-
parisons with the other task features produces no positive effect
(because no other feature matches) but four negative effects. Thus,
there is a net repetition effect of —4. If, however, even the stimulus
category switches, there is no matching feature at all, triggering
retrieval of the previous episode. Hence, there are neither positive
nor negative effects from any pairwise feature comparisons, re-
sulting in a net repetition effect of 0. It is thus obvious that pure
stimulus-category repetitions necessarily result in costs according
to this theory if all other task features switch.

Two aspects of the present experiment deserve additional
consideration. First, the stimulus-category repetition benefits
are almost equal in task-switch and task-repetition trials. Given
that in task-repetition trials stimulus-category repetitions also
involve response repetitions with the current tasks, this result is
somewhat surprising from the perspective of the priming and
inhibition account: Under the assumption that responses are
inhibited, the benefits should have been smaller in task-
repetition trials than in task-switch trials. Although there is a
tendency toward such an effect in both the RTs and the ERs, the
interactions nevertheless failed to reach significance. One pos-
sible reason for this finding is that the responses for the two
tasks were not overlapping in the present experiment. This
presumably reduced the amount of response-specific interfer-
ence relative to the standard task-switch experiments, in which
overlapping response sets are usually applied. Consequently,
less inhibition could have been necessary to prevent the acci-
dental reexecution (i.e., perseveration) of the previous response
(see Hiibner & Druey, 2006, for a similar argument regarding
the effects of stimulus valence).

The finding of equal stimulus-category repetition benefits in
task-repetition and task-switch trials, however, is also not what one
would expect from the reconfiguration account. Rather, larger
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Figure 4. Pure stimulus-category and response-repetition effects (RTs only) in the task switch trials of
Experiment 1 (left panel), Experiment 2 (middle panel), and Experiment 3 (right panel). Error bars represent 95%
within-subject confidence intervals (Loftus & Masson, 1994; Morey, 2008). RT = response time.

repetition benefits were to be expected in task-repetition than in
task-switch trials.?

In short, the overall finding of stimulus-category repetition
benefits irrespective of task sequence is in line with the priming
and inhibition and the reconfiguration accounts but not with the
association-learning and the episodic-retrieval accounts. The rela-
tive sizes of the effects in task-repetition and task-switch trials,
though, did not help in separating the first two accounts, as they
were almost equal in task-repetition and task-switch trials. There-
fore, additional evidence is required regarding this aim.

Second, the present experiment does not allow a direct compar-
ison of the effects of pure stimulus-category repetitions with the
effects of pure response repetitions. However, such a comparison
within one set of tasks might be helpful in evaluating the impact of
the suggested theoretical frameworks. In order to provide such a
direct comparison, and furthermore to create a condition that
enables a more incisive test between the priming-inhibition and the
reconfiguration account, I conducted a second experiment in which
both of these aims could be covered.

Experiment 2

In the second experiment, participants had to switch randomly
between four different tasks (i.e., shape, symbol, color, and posi-
tion judgments). Two of the tasks required manual responses, and
two required verbal responses (see Figure 5).

The design combines the basic task structure applied in most
task-switch studies (cf. Figure 1) with the modified task structure
applied in Experiment 1 (cf. Figure 2). Whereas the two tasks from
Experiment 1 (shape and symbol) shared their stimulus categories
and used different response sets, the two new tasks (color and

position) used different sets of stimulus categories but shared a
response set: In the color task, participants had to respond by
saying “angular” in response to a blue stimulus and saying “round”
in response to a green stimulus. In the position task, participants
had to respond by saying “angular” if one or two asterisks were in
the upper position of a field separated by a horizontal line and by
saying “round” if the asterisk(s) were in the bottom position of the
field (see Figure 5 for an illustration of all four tasks and the
resulting task structure for the respective two pairs of tasks; i.e.,
shape/symbol and color/position).

As shown in this depiction, the stimulus categories of the shape
and the symbol task (i.e., “angular” and “round”) overlapped with
the response categories of the color and the position task. Further-

3 One could argue that this assumption holds only for the symbol task
and not for the shape task, where there is an additional random category-
to-position assignment. A change in this assignment—which reflects a
superordinate task feature—might generalize to the level of response
position and, consequently, could counteract the stimulus-category repeti-
tion benefits in task-repetition trials. Although this is indeed true for those
trials in which the category-to-position assignment switches from the
previous trial (which is the case in 50% of the trials), the opposite should
be true in those trials in which the category-to-position mapping remains
constant (due to the additional color-category repetition benefit). Given
that the spatial positions of the response colors were not recorded, the
effect of the random category-to-position assignment can only be tested
indirectly by including task (shape vs. symbol) as an additional factor in the
analyses. Neither in the RTs nor in the ERs, however, were the stimulus-
category repetition effects differentially affected by task, as indicated by
the nonsignificant two-way interactions between task and stimulus-
category sequence, Fs(1,20) < 1, ps > .45. Also, the three-way interac-
tions among task, stimulus-category sequence, and task sequence were not
significant, Fs(1,20) < 1, p > .53.
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Figure 5. A: The four tasks and stimuli (cues are German labels of the tasks) of Experiment 2, together with
the respective relevant stimulus and response categories as well as the to-be-executed responses. B: Schematic
depiction of the categorical task structure for the two pairs of task (i.e., shape and symbol, upper part; color and
position, bottom part). The modified procedure to assess stimulus-category repetitions is implemented by means
of the shape and symbol tasks, which overlap regarding the stimulus categories. The standard procedure to assess
response (category) repetition effects is implemented by means of the color and position tasks, which overlap
regarding the response categories. Notice that between the two pairs of tasks, the stimulus categories always

overlap with the response categories and vice versa.

more, the stimulus categories of the color task (i.e., “blue” and
“green”) overlapped with the response categories of the shape task,
and the stimulus categories of the position task (i.e., “up” and
“down”) overlapped with the response categories of the symbol
task. The reason for introducing such overlap was to tie the four
tasks together. If indeed overlap-induced interference is crucial in
determining the strength of response inhibition, this inhibition
should be stronger in the present experiment than in the previous
one. As a consequence, smaller benefits for concurrent stimulus-
category and response repetitions in task-repetition trials should
arise in the current experiment than in Experiment 1 with the same
tasks. Notice, however, that this overlap also establishes several
additional trial-to-trial transition conditions (e.g., repeating the
previously relevant stimulus category as response category in
the present trial and vice versa) that are not of primary interest in
the present investigation. For reasons of comparability between
experiments, I focus here on separate analyses for the shape and
symbol tasks on the one hand (to evaluate the interaction of task
sequence and stimulus-category sequence) and the color and
position tasks on the other hand (to evaluate the interaction of task
sequence and response sequence). A full depiction and analysis of
all possible trial-to-trial transition conditions is provided in the
Appendix.

The predictions regarding the two pairs of tasks are as follows:
For the transitions between the color and the position tasks (im-
plementing the standard task-switch procedure), benefits are ex-
pected for response repetitions (which imply stimulus-category
repetitions) in task-repetition trials and costs are expected for pure
response repetitions in task-switch trials. This prediction is made

by all four theoretical frameworks. For the transitions between
the shape and the symbol tasks (implementing the modified pro-
cedure as in Experiment 1), benefits for stimulus-category repeti-
tions (which imply response repetitions) are again expected in
task-repetition trials according to all four accounts. In task-switch
trials, however, there should be no effect or even costs for pure
stimulus-category repetitions according to the association-learning
and the episodic-retrieval accounts, and there should be benefits
according to the priming and inhibition account and the reconfigu-
ration account (see Table 1).

Regarding the relative size of the stimulus-category repetition
benefits in task-repetition and task-switch trials, smaller benefits in
task-repetition than in task-switch trials are expected according to
the priming and inhibition account, whereas the opposite pattern is
to be expected according to the reconfiguration account.

Method

Participants. Twenty-four new students (21 female, 3 male)
at the University of Zurich participated in the experiment under the
same conditions as in Experiment 1. Their age ranged from 19 to
36 years (mean age = 24.7), and all reported normal or corrected-
to-normal vision and no impairment in color vision. Twenty-two
participants reported being right-handed, and two participants re-
ported being left-handed.

Apparatus, tasks, and stimuli. The apparatus used for testing
was the same as in the previous experiment.

Two additional classification rules were introduced: a color
judgment and a position judgment. For the color judgment, Xs
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printed in light blue, dark blue, light green, and dark green were
used as stimuli, and a color classification (blue/green) was re-
quired. For the position task, one or two asterisks above or below
a short, centered horizontal line were presented, and the position of
the asterisks relative to the line (up/down) had to be indicated (see
Figure 5). Depending on the actual object, stimulus size of the new
stimuli ranged from 1.26° to 1.40° visual angle in width and from
0.63° to 1.40° visual angle in height at a viewing distance of
approximately 50 cm.

The mappings of the stimulus categories to the responses for the
color and the position task were as follows: “blue” and “up” were
mapped to the verbal response “eckig” (angular), and “green” and
“down” were mapped to the verbal response “rund” (round),
respectively. These vocal responses were recorded via a voice key
connected to the parallel port of the PC. This allowed millisecond
timing precision for each response. Response coding was done
online by the experimenter, who sat outside the testing room and
heard the participants’ responses via earphones. For each of the
two possible vocal responses the experimenter pressed an accord-
ing key (i.e., left- and right-pointing arrow keys for angular and
round, respectively) on a standard QWERTZ keyboard.

In this experiment, the stimuli were presented in three horizon-
tally arranged square frames in the middle of the top two-thirds of
the touchscreen. In all other aspects the screen looked the same as
in the first experiment (see Figure 3). One of four possible task
cues appeared centered above these frames in each trial. For the
shape and the symbol tasks, the cues were the same as before. For
the color and the position task, FARBE (i.e., German word for
color) in yellow ink and POSITION in white ink were used to
indicate the respective tasks. In each trial three stimuli were
presented, one relevant (i.e., belonging to the stimulus set of the
cued task) and two irrelevant (i.e., belonging to the stimulus sets of
two of the other tasks). Again, the relevant stimulus could appear
at any of the three positions. The individual stimuli were combined
according to the following rules: First, each of the three stimuli
belonged to a different task (e.g., a shape, a symbol, and a color
stimulus). Second, the amount of interference produced by the
irrelevant stimuli was kept constant in every trial. In particular,
one irrelevant stimulus always came from the other task of the
same pair as the task to be carried out, such that it either afforded
the same set of stimulus categories (i.e., when shape was the
relevant task, one irrelevant stimulus came from the symbol task,
and vice versa) or afforded the same set of response categories
(i.e., when color was the relevant task, one irrelevant stimulus
came from the position task, and vice versa). The other irrelevant
stimulus always came from the other task pair than the relevant
stimulus, thereby creating overlap between the stimulus and re-
sponse categories of the two according tasks.* Third, the three
stimuli (selected according to the first and second rule) and the
three presentation positions (left, middle, right) were combined in
every possible way. This resulted in a total of 1,536 different
combinations, which, for every participant, were randomly as-
signed to 16 blocks of 96 trials each.

Procedure. The experiment was conducted in two sessions,
each of which lasted approximately 75 minutes. In the first session,
participants performed seven blocks. Due to the high complexity
of the design, they were informed in advance that the first four
blocks of this session served as practice only and would not further
be analyzed. On the second session, participants performed the

remaining nine blocks. Again, the first block was considered as
practice and not included in the analyses.

The timing of trial events remained the same as in Experiment
1. Task order was determined completely at random, resulting in
25% task-repetition trials and 75% task-switch trials on average.

Results

For the analyses of the RTs, the first trial of each block as well
as all error trials and all trials following an error were again
excluded (4.98% of all trials). Furthermore, the remaining RT data
were trimmed to eliminate outliers by removing 3% of the fastest
and 3% of the slowest trials in each condition. The reason for the
slightly stronger trimming than in Experiment 1 was that noise
responses in the tasks that required verbal responses should be
eliminated.

The resulting RT and ER data were then analyzed separately for
the shape and symbol tasks (replicating Experiment 1) and for the
color and position tasks (replicating previous studies). Notice that
within each of these comparisons, task-repetition and task-switch
trials were equally frequent, because only those n-1 to n trial-
sequences in which both tasks were from the same task pair (i.e.,
either shape and symbol or color and position) were considered.

For each pair of tasks, data were analyzed by separate 2 (task
sequence: repetition vs. switch) by 2 (stimulus-category/response
sequence: repetition vs. switch) repeated measures ANOVAs for
RTs and the ERs, respectively.

Shape and symbol tasks.

RTs. The analysis of the response times revealed a significant
main effect of task sequence, F(1, 23) = 27.07, p < .001, partial
m? = .54, reflecting faster RTs in task-repetition than in task-
switch trials (927 ms vs. 1,018 ms). Furthermore, the interaction of
task sequence and stimulus-category sequence was significant,
F(1,23) = 11.24, p < .01, partial > = .33. As shown in Table 3 and
Figure 3 (middle panel, B), stimulus category repetitions produced
a significant benefit of 47 ms in task-switch trials, #(23) = 3.71,
p < .01, whereas nonsignificant costs of 31 ms were observed in
task-repetition trials, #(23) = 1.35, p = .189. The main effect of
stimulus-category sequence was not significant, F(1, 23) < 1.

ERs. The analysis of the error rates revealed no significant
effects, all Fs(1,23) < 2, ps > .20. However, as shown in Table 3,
the trends were in the same direction as the RT effects.

Color and position tasks.

RTs. The analysis of the response times revealed a reliable
main effect of task sequence, F(1, 23) = 58.20, p < .001, partial

m? = .72, again indicating significantly faster RTs in task-

*This second restriction is actually responsible for the fact that only
three and not four stimuli were presented on each trial. Otherwise, the
compatibility relations would have been unbalanced and unequal between
trials. Compatibility relation here furthermore highlights that there was
overlap between the respective stimulus and response category sets but not
necessarily an exact match of the relevant category.

5 When I used the same procedure for outlier exclusion as in the previous
(and the following) experiment, the basic pattern of effects as well as the
(non-)significance of the effects were not changed. However, data inspec-
tion showed that, primarily in the two verbal tasks, premature responses as
defined by RTs < 100 ms remained in the data when excluding only 1%
of the fastest and slowest responses. Therefore, a slightly stricter exclusion
criterion was chosen in the present experiment than in the other experi-
ments.
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Table 3

Response Times and Error Rates (Standard Deviations in Parentheses) for Each Condition of Experiment 2

Color/position tasks

Shape/symbol tasks

Response Stimulus category
Task Repetition Switch Repetition Switch
Repetition 777 ms (117 ms) 776 ms (115 ms) 943 ms (194 ms) 912 ms (165 ms)
1.29% (1.58%) 1.16% (1.35%) 1.72% (2.94%) 1.28% (2.90%)
Switch 955 ms (177 ms) 923 ms (168 ms) 994 ms (222 ms) 1,041 ms (229 ms)

2.62% (3.16%)

1.85% (2.10%)

1.74% (2.77%) 2.13% (2.56%)

repetition than in task-switch trials (777 ms vs. 939 ms, respec-
tively). The interaction of task sequence and response sequence
was marginally significant, F(1,23) = 4.10, p = .055, partial n* =
.15. Whereas response repetitions produced reliable costs of 32 ms
in task-switch trials, #(23) = 2.82, p < .05 (see Figure 3, middle
panel, A), nonsignificant costs of 1 ms were present in task-
repetition trials, #(23) = .05, p = .96. The main effect of response
sequence was not significant, F(1, 23) = 2.51, p = .126.

ERs. The analysis of the error rates revealed only a significant
main effect of task sequence, F(1, 23) = 5.55, p < .05, partial 1> =
.19. Participants made more errors in task-switch trials than in task-
repetition trials (2.24% vs. 1.22%, respectively). All other effects
were not significant, F5(1,23) < 1.5, ps > .260. Again, as depicted in
Table 3, the results in the ERs perfectly mirror the RT results.

Discussion

In line with the predictions of the priming and inhibition account
and the reconfiguration account, but contrary to the predictions of
the association-learning and the episodic-retrieval models, pure
stimulus-category repetitions produced benefits in task-switch tri-
als (see Figure 3, middle panel, B). At the same time, in line with
all four accounts, pure response repetitions produced costs in
task-switch trials (see Figure 3, middle panel, A), thus replicating
the findings of several previous studies (e.g., Meiran et al., 2000;
Schuch & Koch, 2004).

With regard to the stimulus-category repetition effects, a further
prediction of the priming and inhibition account was confirmed by
Experiment 2: On task-repetition trials, the priming benefit from
repeating the stimulus category was offset and even slightly reversed
by response inhibition. This pattern, which differs from the one
observed in the first experiment, is difficult to bring in line with all
other accounts. Especially interesting in this respect is the reconfigu-
ration account, as this is the only account besides priming and inhi-
bition that at least predicted the observed benefits for stimulus-
category repetitions in task-switch trials. In task-repetition trials, the
mapping of the previous trial repeats; thus, there is no switch signal at
all generalizing downwards. Consequently, the concurrent repetition
of the relevant stimulus category and the response should result in
considerable benefits due to simultaneous stimulus category and re-
sponse priming. However, in the present experiment, the benefit of the
concurrent repetition of the relevant stimulus-category and response
in task-repetition trials not only was smaller than the benefit arising
from pure stimulus-category repetition in task-switch trials but was
even slightly reversed. This result is not in line with the predictions
one would derive from the reconfiguration account.® Therefore, the
stimulus-category repetition effects from the present experiment also

call into question the reconfiguration mechanism as the major deter-
minant of the patterns of stimulus-category and response repetition
effects in task-switch experiments.

The question that remains is why the benefits for concurrent
stimulus-category and response repetitions in task-repetition trials
were eliminated in both pairs of tasks (i.e., shape and symbol as
well as color and position). On a descriptive level, given that the
individual effects for pure stimulus-category repetitions (as mea-
sured in the task-switch trials of the shape and symbol tasks) and
for pure response repetitions (as measured in task-switch trials of
the color and position tasks) were of about the same size (i.e., 41
ms for stimulus-category repetitions and —32 ms for response
repetitions), this result seems reasonable.

According to the priming and inhibition account, these two
effects reflect stimulus-category priming and response inhibition.
These counteract each other in case of a task repetition, because in
this condition stimulus-category repetitions and response repeti-
tions go hand in hand. Such an explanation, though, is uninforma-
tive as to whether strong inhibition, weak priming, or even some
other mechanism was responsible for the elimination of the ben-
efits for concurrent stimulus-category and response repetitions in
the current experiment. As mentioned in the Discussion of Exper-
iment 1, one explanation could be the increased inhibition strength
due to the considerably higher categorical overlap between the
tasks in the present experiment relative to the first one. Creating a
high degree of categorical overlap presumably increased interfer-
ence, which then calls for stronger response inhibition in order to
prevent the accidental reexecution (i.e., perseveration) of the pre-
vious response (Hiibner & Druey, 2006).

An alternative explanation focuses on a different mechanism
than priming or inhibition and is based on a recent integrative
model proposed by Oberauer, Souza, Druey, and Gade (2013).
According to this framework, reduced strengthening of the stim-
ulus category—-response associations in the current experiment rel-

¢ As in the first experiment, in additional analyses for the RTs and ERs
of the shape and symbol tasks, task (shape vs. symbol) was included as a
further factor to exclude that the random stimulus category-to-response
position assignment in the shape task specifically affected the stimulus-
category repetition effects (see also Footnote 3). Again, the analyses
revealed neither significant two-way interactions between task and
stimulus-category sequence, Fs(1,23) < 2, ps > .18, nor significant three-
way interactions among task, stimulus-category sequence, and task se-
quence, Fs(1,23) < 2, ps > .29.
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ative to the previous one could be responsible. I consider this
explanation in more detail in the General Discussion.”

Experiment 3

Although the evidence of the first two experiments clearly
supports the priming and inhibition hypothesis, one might never-
theless object that they are too different from the standard task-
switch designs to provide relevant evidence regarding the alterna-
tive explanations. Therefore, in the present experiment, I used an
experimental setup more similar to the standard procedure. Partic-
ipants carried out parity and position judgments on digits, switch-
ing between “odd” versus “even” and “inner” versus “outer” (on
an imaginary number line). Each of these stimulus categories was
mapped to two responses that belonged to separate nonoverlapping
response sets. Which response set was relevant in a given trial was
determined by the color of the initial task cue. For instance, if the
to-be-performed task required judging a digit according to its
parity, “even” and “odd” were mapped to left and right response
buttons, respectively, operated with the index finger of the left
hand in case the cue was blue. In case the cue was green, the
“even” and “odd” judgments required pressing an upper or lower
response button, respectively, operated with the index finger of the
right hand (see Figure 6A). Thus, there were two types of switches
resulting in four different tasks: Switches of the judgment and
switches of the response set. The latter is required because only
with response-set switches the effects of pure stimulus-category
repetitions can be observed (e.g., odd requiring a “right” response
on trial n-1, and odd requiring a “lower” response on trial n). This
means that, as in the first two experiments, pure stimulus-category
repetitions can occur only if the actual judgment repeats, because
any change of the judgment necessarily implies a change of the
relevant set of stimulus categories.

The predictions for stimulus-category repetition effects derived
from the four theoretical frameworks are exactly as in the previous
experiments (see Table 1): According to the priming and inhibition
account and the reconfiguration account, stimulus-category repe-
titions should result in benefits in task (i.e., response set) switch
trials. According to the association-learning and the episodic-
retrieval accounts, however, either no effect or even costs are
expected for stimulus-category repetitions in task-switch trials.
With regard to the effects of response repetitions, benefits are
expected in task (i.e., judgment) repetition trials and costs are
expected in task-switch trials.

Besides replicating the effects of the first and the second exper-
iment with a different set of tasks, the present experiment aimed at
a clarification regarding the different effects for concurrent
stimulus-category and response repetitions in the previous exper-
iments. In the present experiment, categorical overlap was consid-
erably reduced relative to the second experiment, while at the same
time overlapping response sets were still used for two of the four
tasks. As in Experiment 1, though, there was no overlap across the
stimulus and response categories of the involved tasks in the
present experiment: whereas “odd,” “even,” “inner,” and “outer”
served as stimulus categories, “left,” right,” “up,” and “down”
served as response categories. In the previous experiment, “blue,”
“green,” “up,” “down,” “angular,” and “round” served as stimulus
and response categories in different tasks. Together, these two
aspects might be informative as to which factor is responsible for

2 <

the elimination of the benefits for concurrent stimulus-category
and response repetitions in the previous experiment.

Method

Participants. Twenty-four new students (18 female, 6 male)
at the University of Zurich participated in the experiment accord-
ing to the same conditions as in the previous experiments. Their
age ranged from 18 to 35 years (mean age = 24.2), and all reported
normal or corrected-to-normal vision and no impairment in color
vision. Of the participants, 22 were right-handed and two were
left-handed by self-report.

Apparatus, tasks, and stimuli. Participants were tested indi-
vidually in a small testing room. Stimulus presentation and re-
sponse recording were controlled by an IBM-compatible PC. The
stimuli were presented on a 19-in. color monitor (DELL 1905FP)
with a resolution of 1,280 X 1,024 pixels and a refresh rate of 60
Hz. The screen was located centrally on a desk in front of the
participants at a viewing distance of about 50 cm. The experiment
was programmed in C using the Tscope-library functions (Stevens
et al., 2006) on a Windows 7 platform.

The digits 1 to 4 and 6 to 9 served as stimuli and were presented
individually in white on a black background in the center of the
screen using ARIAL 48-point bold font. Participants judged these
digits either according to their parity (i.e., odd or even digit) or
according to their position on an imaginary number line (i.e., inner
or outer digit; with 1, 2, 8, and 9 representing outer digits, and 3,
4, 6, and 7 representing inner digits). As cues for these judgment
types, either g/u or u/g was used for the parity task (which of the
two types a given participant experienced depended on the map-
ping of the categories to the responses; see below) and either i/a or
a/i was used for the position task.

For each judgment type, two different mappings affording sep-
arate response sets were used: Half of the participants had to press
a left response button to indicate “even” and a right button to
indicate “odd” in case the cue (g/u in this case) was blue. In case
the cue was green, these participants had to press an upper button
in case the digit was even and a lower button in case the digit was
odd. For the position judgment, these participants had to press a
left button to indicate an inner position of the digit and a right
button to indicate an outer position of the digit if the cue (i/a in this
case) was green. In case the cue was blue, these participants had to
press an upper button to indicate an inner digit and a lower button
to indicate an outer digit. For the other half of the participants, all
of these assignments (i.e., the mapping of the cue type—cue color
combination to response set, and the mapping of the stimulus
categories to the responses within each response set) as well as the
letter order in the cue were reversed. Figure 6 shows the respective
mappings and cues used for the first group of participants. The

7 At least in principle there would be a third alternative for the different
effects for concurrent stimulus category and response repetitions of the
current and the previous experiment: the ratio of task repetitions to task
switches (1:1 in the first experiment, 1:3 in the current experiment). From
previous studies, though, it seems improbable that this plays any relevant
role. Mayr and Bryck (2005), for instance, also used four different tasks in
their study. As a consequence, the ratio of task repetitions to task switches
was the same as in the current experiment. Still, though, they observed
reliable benefits for concurrent stimulus category and response repetitions
in task-repetition trials.
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press left button
press right button
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Figure 6. Mapping condition for one of the two groups of participants in Experiment 3. For the other group
of participants, all assignments are simply reversed (i.e., the assignment of the cuetype—cuecolor combination
to the response set for both judgment types and the stimulus category-to-response assignment along with the
letter order in the cues). A: Depiction of the four task conditions and stimuli, together with the relevant stimulus
and response categories and the to-be-executed responses. B: Schematic depiction of the categorical task
structure for the four tasks. Here, the two parts to assess stimulus-category repetition effects on the one hand and
response-repetition effects on the other hand are completely integrated: Response-set switches without judgment
switches allow the assessment of stimulus-category repetition versus switch effects. Judgment (i.e., stimulus-
category set) switches without switches of the relevant response set allow the assessment of response-repetition
effects. g/u denotes the parity task; i/a denotes the position (i.e., inner—outer) task.

responses had to be executed on a standard QWERTZ keyboard.
The Y and the X keys served as left and right response keys,
respectively, and had to be operated by the index finger of the left
hand. The arrow-up and arrow-down keys served as upper and
lower response keys and had to be operated by the index finger of
the right hand.

All combinations of stimuli, cue types (indicating the judg-
ment), and cue colors (indicating the relevant response set) possi-
ble within each group of participants were used twice within each
block of trials, thus resulting in a total of 64 trials per block. Each
participant performed 17 blocks of trials, the first of which was
considered as practice and was not included in the analyses. The
experiment was conducted in one session of approximately 60
minutes duration.

Procedure and timing of trial events. Each trial consisted of
the following sequence of events (see Figure 7): First, the task cue
appeared about 2.5° visual angle above the center of the screen.
After 500 ms, the target stimulus (i.e., one of the digits) was
presented at the center of the screen. Both the cue and the target
remained on the screen until participants responded or until four
seconds elapsed. After responding (or after the four seconds wait-
ing for a response), the cue and the target were removed. As in the
previous experiments, acoustic error feedback was provided in
case of an erroneous response. After an RCI of 2,000 ms, the next
trial started with the presentation of a new cue.

Judgment and response-set order were determined indepen-
dently and at random, resulting in 25% task-repetition trials (in
which the judgment type and the response set repeated) and 75%
task-switch trials (in which the judgment, the response set, or both
switched).® Because judgment sequence and response-set sequence
were independent from one another, two different kinds of task

switches were possible in the current experiment. In the following
I always state explicitly which kind of task switch is being con-
sidered.

Results

For the analyses of the RTs, the first trial of each block as well
as all error trials and all trials following an error were again
excluded (6.94% of all trials). Furthermore, the remaining RT data
were trimmed as in Experiment 1 (i.e., removing 1% of the fastest
and slowest RTs).

RT and ER data were analyzed in three main steps’: First, the
effects of stimulus category repetitions were analyzed in judgment
repetition trials by means of 2 (response-set sequence: repetition
vs. switch) by 2 (stimulus-category sequence: repetition vs.
switch) repeated measures ANOVAs (see Table 4). In a second
step, the interaction of judgment sequence and response sequence
in those trials, in which the response set remained constant, was
analyzed in 2 (judgment sequence: repetition vs. switch) by 2
(response sequence: repetition vs. switch) repeated measures
ANOV As. Finally, the effects of judgment sequence and response-
set sequence were analyzed in 2 (judgment sequence: repetition vs.
switch) X 2 (response-set sequence: repetition vs. switch) repeated

8 Of relevance with respect to the definition of a task in the present study
(see the introduction), the mapping repeated in the 25% task-repetition
trials but switched in the remaining 75% of the task-switch trials.

? Notice that overall ANOVAs including all factors at the same time are
not possible because not all factorial combinations of the full design could
be established experimentally (i.e., stimulus-category repetitions are not
possible if the judgment switches; response repetitions are not possible if
the response set switches).
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2000 ms

Cue

|

Figure 7. Presentation setup and trial timing in Experiment 3. Depicted is
a complete (i.e., judgment, response-set, stimulus-category, and response)
switch transition. Y, X, 7, and | denote the response keys used for the
tasks in this experiment. g/u denotes the parity task; i/a denotes the position
(i.e., inner—outer) task.

measures ANOVAs including only those trials in which the rele-
vant stimulus category and response switched.

Step 1: Response-set sequence and stimulus-category
sequence.

RTs. In this analysis, only judgment repetition trials were
considered. There was a significant main effect of response-set
sequence, F(1, 23) = 72.89, p < .001, partial 5> = .760. Repeat-
ing the relevant response-set produced faster RTs than switching
the response-set (767 ms vs. 945 ms, respectively). Moreover, the
main effect of stimulus-category sequence was significant, F(1,
23) = 13.39, p < .01, partial 1> = .368, reflecting that stimulus-
category repetitions produced overall benefits of 41 ms relative to
stimulus-category switches. The interaction of response-set se-
quence and stimulus-category sequence was not significant, F(1,
23) < 1.

ERs. The analysis of the error rates revealed only a significant
interaction of response-set sequence and stimulus-category sequence,
F(1,23) = 6.19, p < .05, partial n*> = .212. This interaction reflects
costs for stimulus-category repetitions relative to stimulus-category
switches in response-set repetition trials and benefits in response-set
switch trials. Individually, though, both of these effects failed to reach

Table 4

significance, #(23) = 1.71, p = .10, for the costs; #(23) = 1.11,p =
.28, for the benefits. The main effects of response-set sequence, F(1,
23) = 1.65, p = 211, and of stimulus-category sequence, F(1, 23) <
1, were also not significant.

Step 2: Judgment sequence and response sequence.

RTs. In this analysis, only response-set repetition trials were
considered. The analysis revealed a significant main effect of judg-
ment sequence, F(1, 23) = 113.86, p < .001, partial n* = .832. The
main effect of response sequence was not significant, F(1, 23) < 1,
but there was a significant interaction of judgment and response
sequence, F(1, 23) = 544, p < .05, partial n> = .191. Response
repetitions produced significant benefits of 35 ms in judgment-
repetition trials, #(23) = 2.22, p < .05, and nonsignificant costs of 26
ms in judgment-switch trials, #23) = 1.56, p = .133.

ERs. 1In the error rates, only the main effect of judgment
sequence reached significance, F(1, 23) = 28.37, p < .001, partial
nz = .552. The main effect of response sequence, F(1, 23) = 1.17,
p = .291, as well as the interaction of judgment and response
sequence, F(1, 23) = 1.74, p = .201, failed to reach significance.

Step 3: Judgment sequence and response-set sequence
effects.

RTs. In this analysis only those trials in which the relevant
stimulus category and the response both switch are considered. Not
surprisingly, given the previous analyses, the main effects of judg-
ment sequence, F(1, 23) = 114.67, p < .001, partial n* = .833, and
response-set sequence, F(1,23) = 35.33, p < .001, partial n* = .606,
were again significant. Participants responded faster in judgment-
repetition trials (877 ms) than in judgment-switch trials (1,089 ms).
They also responded faster in response-set repetition trials (928 ms)
than in response-set switch trials (1,038 ms). Finally, the interaction
between judgment sequence and response-set sequence was also
significant, F(1, 23) = 44.55, p < .001, partial n> = .659, reflecting
an underadditive effect: Whereas response-set repetitions produced
significant benefits if the judgment repeated, #(23) = 8.50, p < .001,
response-set repetitions produced small and unreliable costs in case
the judgment switched, #23) = 1.70, p = .104.

ERs. In the error rates, both the main effect of judgment
sequence, F(1, 23) = 26.97, p < .001, partial nz = .540, and the
main effect of response-set sequence, F(1, 23) = 8.54, p < .01,
partial 1> = .271, reached significance. Judgment switches re-
sulted in costs of 2.52% relative to judgment repetitions, and

Response Times and Error Rates (Standard Deviations in Parentheses) for All Realized Conditions of Experiment 3

Judgment repetition

Judgment switch

Response set

Response set Response set Response set

Stimulus category Response repetition switch repetition switch
Repetition Repetition 749 ms (133 ms)™°
2.56% (2.35%)™"
Switch 922 ms (231 ms)*
2.33% (2.85%)*
Switch Repetition 1,133 ms (275 ms)°®
5.22% (4.04%)"
Switch 785 ms (157 ms)*>< 968 ms (230 ms)™* 1,107 ms (283 ms)>© 1,071 ms (231 ms)©

1.74% (1.45%)™><

2.81% (2.43%)™¢ 5.53% (4.21%)"¢ 4.05% (2.95%)°

# Indicates means to assess stimulus-category repetition effects in judgment-repetition trials.
¢ Indicates means to assess the interplay of judgment sequence and response-set sequence (stimulus-category + response-

response-set repetition trials.
switch trials only).

" Indicates means to assess response-repetition effects in
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response-set switches produced costs of 1.28% relative to
response-set repetitions. The interaction of judgment sequence
and response-set sequence was not significant, F(1, 23) < 1.

Discussion

Four results of the present experiment are especially important
with regard to the aims of the current study: First, in line with the
predictions of the priming and inhibition account and the recon-
figuration account, stimulus-category repetitions produced bene-
fits in response-set (i.e., task) repetition trials and, even more
important, in response-set switch trials. The latter benefits in
particular are not in line with the association-learning frameworks
and the episodic-retrieval account, from which either no effect or
even costs would have been expected.

Second, as predicted by the priming and inhibition account, the
benefits for stimulus-category repetitions were smaller in
response-set repetition trials than in response-set switch trials. As
in the first experiment, this effect was numerically present only in
the RT data, but it was significant in the ER data, thus replicating
the findings of Experiment 2. This consistent finding of smaller
stimulus-category repetition benefits in response-set repetition tri-
als than in response-set switch trials is not compatible with the
reconfiguration account, from which the opposite result would
have been expected.

Third, when compared to the results of the first and second
experiments, the pattern of concurrent stimulus-category and
response-repetition effects in response-set repetition trials is in
between. This means that the amount of categorical overlap plays
a central role in determining the size of the respective repetition
effects. At the same time, factors in addition to the categorical
overlap between the different tasks seems to affect the respective
stimulus-category + response-repetition effects. Using the same
response sets for different types of judgments might also be
crucial. I return to this issue in the General Discussion.

Fourth, as in most previous task-switch studies, response repe-
titions produced benefits in judgment-repetition trials and costs in
judgment-switch trials, which is in line with all four accounts.
However, the response-repetition costs in the present experiment
were not significant, which is in line with several previous findings
(see Altmann, 2011, for an overview). Comparison of this effect
with the one from Experiment 2 can be taken as evidence for
reduced inhibition strength with low(er) categorical overlap. In
other words, the more response-related interference arises between
different tasks, the more strongly the just-executed response is
inhibited to prevent its accidental repetition (cf. Hiibner & Druey,
20006).

One further interesting finding of the present experiment con-
cerns the underadditive interaction of judgment sequence and
response-set sequence: Repeating the response set produces reli-
able benefits if the judgment type also repeats. If the judgment
switches, however, whether the response set switches or repeats
has no effect. These results clearly show that judgment and
response-set switches can take place in parallel; thus, switching the
response set does not depend on judgment switching. This is
interesting from the perspective of the working memory (WM)
model suggested by Oberauer (2009). According to this model,
judgment and response-set selection are assumed to take place in
the capacity-limited part of procedural WM (i.e., in the bridge).

However, if judgment and response set represent different hierar-
chical levels of task sets that can be selected independently of one
another, as one would assume according to the hierarchical model
of Kleinsorge (2004; Kleinsorge & Heuer, 1999), these selection
mechanisms cannot both take place within one and the same
capacity-limited WM subsystem, as this should produce additive
effects. How could this discrepancy be resolved? One possibility
consists in the assumption that judgment selection and response-
set selection are not as independent as the underadditive interac-
tion would suggest. Rather, similar to what Kleinsorge (2004;
Kleinsorge & Heuer, 1999) suggested, the factorial combination
of two judgments and two response sets might result in four
separable tasks defined according to their respective sets of map-
pings. As a consequence, switching one or switching two elements
is essentially irrelevant with respect to the incurred switch-costs.
With the additional assumption that judgment switches have a
higher impact on switch costs than do response-set switches (e.g.,
because judgments are hierarchically superordinate to the response
sets and in judgment-switch trials, not only the mapping but also
the relevant set of stimulus categories has to be switched), this
would explain the observed pattern of effects, leaving task selec-
tion entirely within the bridge of procedural WM.

General Discussion

The present experiments provide clear evidence for one of the
central assumption of the priming and inhibition account (e.g.,
Hiibner & Druey, 2006); namely, that stimulus categories remain
active after they had been selected: There are benefits for stimulus-
category repetitions relative to stimulus-category switches not only
in task-repetition trials but also in task-switch trials.

In order to investigate the effects of pure stimulus-category
repetitions (i.e., stimulus-category repetitions unconfounded by the
concurrent repetition of the response), I modified the standard
task-switch paradigm by designing different tasks relying on over-
lapping stimulus categories (e.g., “angular” and “round” for shape
and symbol tasks in Experiments 1 and 2) and separate response
sets (cf. Philipp & Koch, 2005). For each task, the overlapping
stimulus categories between the two tasks were mapped to differ-
ent responses. To some degree, this simply mirrors the standard
structure of stimulus-category to response assignments (cf. Figures
1B and 2B). Critically, though, both approaches result in nonover-
lapping sets of mappings that could be chunked accordingly, thus
incurring separable tasks. From this perspective, what has to be
switched is equivalent in the standard and the modified procedure
suggested here. Therefore, although the standard procedure is
swapped in the current experiments, the results of these experi-
ments are nevertheless informative regarding the competing theo-
ries that have been proposed to explain the basic task by response
sequence interaction (i.e., reconfiguration, association learning,
and episodic retrieval).

From the perspective of the reconfiguration account (Klein-
sorge, 1999; Kleinsorge & Heuer, 1999), reversing the standard
assignment has the consequence that the task-switching manipu-
lation takes place at a lower level of the supposed task hierarchy:
Whereas task switches usually go along with switches of the
relevant judgment (i.e., the relevant set of stimulus categories), in
the modified procedure suggested here they go along with switches
of the relevant response set. As a consequence, the judgment level
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should be unaffected by switching the response set, as the gener-
alizing switch signal only proceeds downward. Because stimulus-
category repetition effects are assumed to emerge at the (superor-
dinate) level of the judgment, they should be unaffected by
response-set repetitions and switches. Because any selected repre-
sentation is supposed to remain active from one trial to the next,
repeating this representation should result in benefits. From this
perspective, finding stimulus-category repetition benefits in task-
repetition as well as in task-switch trials (as implemented here) is
well in line with this account. At the same time, these benefits
should add to the assumed benefits of repeating the response in
task-repetition trials. As a consequence, from the reconfiguration
account one would expect larger benefits for stimulus-category (+
response) repetitions in task-repetition trials than for pure
stimulus-category repetitions in task-switch trials—a prediction
that does not match with the current data.

The observed pattern of stimulus-category repetition effects is
perfectly in line with the predictions of the priming and inhibition
account: Because in the task-repetition condition stimulus-
category repetitions and response repetitions are confounded, two
opposing forces—positive stimulus-category priming and negative
response inhibition—drive the overall effect. As a consequence,
the stimulus-category repetition benefits should be smaller in
task-repetition than in task-switch trials, given that in this latter
condition there is only the effect of positive stimulus-category
priming.

According to the association-learning models (e.g., Brown et al.,
2007; Meiran, 2000; Schuch & Koch, 2004), costs rather than
benefits were to be expected for stimulus-category repetitions in
task-switch trials. This is definitively the case for the unbiased
association-learning models assuming association weakening as
the major source for the response-repetition costs in task-switch
trials (e.g., Brown et al., 2007; Rogers & Monsell, 1995). In
exactly the same way as these latter costs are brought about, costs
for pure stimulus-category repetitions would arise in task-switch
trials.

With regard to the response-biased association-learning frame-
works (Meiran, 2000; Meiran et al., 2008; Schuch & Koch, 2004),
neither benefits nor costs should arise for pure stimulus-category
repetitions in task-switch trials, because there is no weakening of
competing associations if each response is associated with only
one stimulus category. Repeating the previously relevant stimulus
category in task-switch trials of the modified task-switch proce-
dure goes along with a switch of the to-be-selected response,
which keeps its meaning throughout the experiment. Because this
same logic also holds for the alternative stimulus category,
whether the stimulus category repeats or switches is irrelevant
regarding performance—a conclusion not supported by results of
the present study. Notice, though, that Meiran and Kessler (2008)
in their study on the task-rule congruency effects provided evi-
dence for (residual) activation of abstract codes of the type termed
stimulus categories in the current context in activated long-term
memory. Including such long-term memory priming of stimulus-
categories in the existing models would definitively change the
predictions derived for pure stimulus-category repetitions as as-
sessed in the current study—albeit at the price of increasing the
complexity of the original model. Moreover, whether the resulting
model would then still predict the usual response-repetition costs

observed in the task-switch trials of standard task-switch designs
remains to be shown.

With regard to the episodic-retrieval account (Altmann, 2011),
repeating the previously relevant stimulus category should result in
reliable costs relative to stimulus-category switches in task-switch
trials. This also holds according to the closely related feature-
integration/event-file model of Hommel and colleagues (Hommel,
2004, 2007; Hommel et al., 2001). According to this framework,
partial repetitions should generally result in costs, because the
bindings of a repeating feature with other nonrepeating features
established in a previous processing episode have to be released
and new bindings have to be established. Because these processes
require time, costs are expected in such conditions relative to
conditions in which either all features of an episode repeat or all
features of an episode switch.

Altmann (2011) implemented these mechanisms formally in his
account. According to his model, the sum of the positive effects
resulting from bindings between repeating (i.e., matching) features
and the negative effects resulting from the necessary unbinding of
repeating and nonrepeating features determines the repetition ef-
fects. If only one feature of the previous episode repeats (e.g., the
stimulus category) whereas all other features switch (e.g., the cue,
the task, the response), this necessarily results in costs, as there are
no positive but several negative effects determining the overall net
effect.

Thus, in short, the finding of stimulus-category repetition ben-
efits in task-switch trials is difficult to bring in line with the central
assumptions of association-learning and episodic-retrieval expla-
nations. Although this result is in line with the predictions one
could derive from the reconfiguration account, the overall pattern
of smaller stimulus-category repetition benefits in task-repetition
than in task-switch trials is not. Rather, the opposite pattern is
predicted from this framework. The overall pattern of stimulus-
category repetition effects is, however, well in line with the pre-
dictions of the priming and inhibition account. Thus, this account
provides a solid framework to integrate different findings from
different types of task-switch paradigms.

Notice that the present data also blend in nicely with the results
of an older study by Ells and Gotts (1977). In their experiments,
participants performed a combined Sternberg-type memory-search
and choice-RT task: Participants had to respond to target digits
only if they belonged to a predefined memory set. The target digits
were presented randomly on one out of two or three (depending on
the experiment) screens on each trial, and the required response to
each digit depended on which screen they appeared. For instance,
a given target digit could require participants to move a switch to
the left, if it appeared on the left screen, and to move the switch to
the right, if it appeared on the right screen, in case it was a member
of the predefined memory set. With these tasks, Ells and Gotts
found reliable benefits for pure stimulus-type (i.e., item) repeti-
tions and reliable costs or no effects for pure response category
repetitions in two experiments, thus almost perfectly mirroring the
results of the present study.

When Is There a Stimulus-Category Repetition Benefit
in Task-Repetition Trials?

Across the three experiments in this study there was a consistent
stimulus-category repetition benefit in task-switch trials. At the
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same time, the stimulus-category repetition benefit in task-
repetition trials tended to be smaller and was observed less con-
sistently across experiments and across dependent variables (RT
and ER). This finding mirrors previous observations in the litera-
ture: Although benefits usually arise under this condition, this is
not consistently the case. In several studies, costs have also been
observed for concurrent stimulus-category and response repeti-
tions in task-repetition trials (e.g., Cooper & Mari-Beffa, 2008;
Druey & Hiibner, 2008; Steinhauser & Hiibner, 2006).

Here I discuss some possible moderating variables that influ-
ence whether a stimulus-category repetition benefit is observed in
task-repetition trials. In general, in task-repetition trials, stimulus-
category repetitions necessarily go along with response repetitions.
According to the priming and inhibition account, the net benefit or
cost of this combination depends on the balance of stimulus-
category priming and response-category inhibition. As a conse-
quence, if the net effect shifts from benefits toward costs, this can
either be due to weaker priming or stronger inhibition. As the
priming effects were rather consistent in size across the three
experiments (see Figure 4), inhibition strength seems the more
plausible candidate regarding shifts of this balance. Indeed, from
several previous studies there is good evidence that the strength of
response inhibition can be influenced by different factors. The
most prominent of these factors is previous-trial congruency
(PTC; e.g., Altmann, 2011; Druey & Hiibner, 2008; Grzyb &
Hiibner, 2012): If in trial n-1 a congruent stimulus (i.e., a stimulus
affording the same response according to both tasks) has been
presented, the response-repetition costs in task-switch trials are
increased, and the response-repetition benefits in task-repetition
trials are decreased relative to a situation in which an incongruent
stimulus was presented in the preceding trial.

According to the priming and inhibition account, the PTC-effect
is explained quite naturally by assuming that congruent stimuli
produce stronger response activation than do incongruent stimuli.
Consequently, the difference in response activation between the
currently required and the alternative response is larger in congru-
ent trials than in incongruent trials. The larger this difference,
though, the more inhibition is needed to prevent perseveration in
the next trial. This explains the shift toward increased response-
repetition costs in task-switch trials and reduced response-
repetition benefits in task-repetition trials (e.g., Druey & Hiibner,
2008; Grzyb & Hiibner, 2012).

A similar result has been obtained in a recent study, in which
spatial response discriminability (SRD) was manipulated (Koch,
Schuch, Vu, & Proctor, 2011): If the response keys are close to
each other, SRD is low and, consequently, response selection
should be difficult. If the response keys are far from each other,
SRD is high and, consequently, response selection is easy. On the
basis of the assumption that the strength of response inhibition
depends on the risk of accidental response re-executions, Koch et
al. (2011) concluded that SRD should produce similar effects as
PTC: There should be a shift of the response-repetition effects
toward (increased) costs in task-repetition as well as in task-switch
trials with high SRD when compared to trials with low SRD.
Indeed, this was exactly what they observed.

Another factor that has been proposed to affect the strength of
response inhibition under task-switch conditions is time pressure.
In the study of Steinhauser and Hiibner (2006), introducing a
response deadline also increased the risk of perseveration, because,

in order to be fast, participants had to lower their response crite-
rion. As this would result in frequent accidental response repeti-
tions due to even small residual response activation, rather strict
response inhibition is required under such conditions. However,
such strict response inhibition should also abolish the benefits
resulting from stimulus-category priming in task-repetition trials,
and this is exactly what happened.

All of these results clearly indicate that, according to the prim-
ing and inhibition account, the finding of benefits or costs for
response repetitions on task-repetition trials is largely a matter of
balancing the strength of stimulus-category priming and of re-
sponse inhibition. Inhibition strength, though, is affected by sev-
eral factors. A common aspect regarding these factors is whether
they increase the risk of accidental response repetitions. In the
second experiment, two factors might be considered with respect
to an increase of this risk: the amount of interference created by the
overlap between stimulus and response categories and the overlap
of the response set for two of the four tasks.

With regard to the amount of interference created by the high
degree of categorical overlap in Experiment 2, one important
feature in this experiment concerned the fact that the same cate-
gories served as stimulus categories in one task and as response
categories in another task. Imagine, for instance, the situation
where in trial n-1 one had to say “angular” in response to a blue X.
The risk of reselecting this response again in the present trial
would be quite high in case an angular shape or symbol appears as
a stimulus in the present trial (irrespective of whether or not this
stimulus is relevant). Because such situations appear frequently,
given the design of the experiment, it seems reasonable that just
selected responses are inhibited rather strongly in order to avoid
their accidental immediate reselection. Notice, though, that it is not
interference per se that increases the strength of response inhibi-
tion, as this would not be in line with the PTC and SRD effects just
described. Rather, only interference increasing the risk of perse-
veration also increases the strength of response inhibition (see
Hiibner & Druey, 2006, for a similar argument regarding the
effects of stimulus valence on the response-repetition effects).

As the studies on the PTC and the SRD effects show, the risk of
accidental response repetitions is already considerably increased
by using overlapping response sets for the different tasks. For one
pair of tasks (i.e., the color and position tasks), this was imple-
mented in Experiment 2 of the current study. Together with the
categorical overlap this might have triggered enough inhibition to
eliminate the effects of stimulus category priming.

An alternative explanation for the different effects of concurrent
stimulus-category and response repetitions in task-repetition trials
across the experiments of the present study goes beyond the basic
priming and inhibition assumptions by including association learn-
ing: In a recent study, Oberauer et al. (2013) developed a model in
which the priming and inhibition account was integrated with the
strengthening part of the association-learning models. From that
perspective, the finding of (almost) equal stimulus-category repe-
tition benefits in task-repetition and task-switch trials of Experi-
ment 1 is reasonable: In the task-repetition trials, there is always a
simultaneous repetition of the (primed) stimulus category together
with the (inhibited) response and the (strengthened) association
between the two. Hence, there are two positive effects and one
negative effect. In the task switch trials, if the stimulus category
repeats, there is neither a concurrent repetition of the (inhibited)
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response nor a concurrent repetition of the (strengthened) stimulus
category—response association. Consequently, there is only one
positive effect.

Explaining the absent benefit for concurrent stimulus-category
and response repetitions in the task-repetition trials of the second
experiment then requires an additional assumption: In light of the
high complexity of the mappings and the large categorical overlap
between the four tasks, setting up stable bindings between specific
stimulus and response categories is not very useful for optimal
performance. In other words, the strengthening of bindings in such
a context might be weaker than in the simpler task context of
Experiment 1. Consequently, the benefits resulting from the rep-
etition of such bindings should also be considerably smaller,
eventually even resulting in negative effects if response inhibition
is strong enough to counteract both priming and learning.

It is important to note that these two accounts (i.e., differences
in inhibition strength vs. additional association learning) are not
mutually exclusive. It might well be that context factors affect both
inhibition strength and associative learning. The most parsimoni-
ous explanation, however, is to assume that the increased inhibi-
tion strength in the second relative to the first (and partly also the
third) experiment is responsible for the different stimulus
category + response-repetition effects. This explanation relies on
nothing but the priming and inhibition account as suggested in
previous studies (e.g., Druey & Hiibner, 2008; Hiibner & Druey,
2006), thereby demonstrating that this account is sufficient to
explain the whole pattern of results in the present study.

Conclusions

The results of the present study support the predictions of the
priming and inhibition account for the interaction of task and
response sequence in typical task-switch experiments. At the same
time, they are difficult to reconcile with the alternative accounts,
albeit for different reasons. Whereas the reconfiguration account is
compatible with the general finding of stimulus-category repetition
benefits in task-switch trials, this effect is difficult to explain
within the association-learning and the episodic-retrieval models.
When considering the details of the stimulus-category repetition
effects across task-repetition and task-switch trials, even the re-
configuration account runs into difficulties, as it would predict
smaller benefits in task-switch than in task-repetition trials. The
opposite was actually observed. The interplay of positive stimulus-
category priming and negative response inhibition provides a
simple and reasonable theoretical explanation for these effects,
thus proving its usefulness also in experimental designs that
slightly differ from the standard task-switch procedures.

References

Altmann, E. M. (2011). Testing probability matching and episodic retrieval

accounts of response repetition effects in task switching. Journal of

Experimental Psychology: Learning, Memory, and Cognition, 37, 935—
951. doi:10.1037/20022931

Arbuthnott, K. D. (1996). To repeat or not to repeat: Repetition facilitation
and inhibition in sequential retrieval. Journal of Experimental Psychol-
ogy: General, 125, 261-283. doi:10.1037/0096-3445.125.3.261

Baddeley, A., Emslie, H., Kolodny, J., & Duncan, J. (1998). Random
generation and the executive control of working memory. Quarterly
Journal of Experimental Psychology: Human Experimental Psychology,
51(A), 819-852.

Brown, J. W., Reynolds, J. R., & Braver, T. S. (2007). A computational
model of fractionated conflict-control mechanisms in task-switching.
Cognitive Psychology, 55, 37-85. doi:10.1016/j.cogpsych.2006.09.005

Campbell, K. C., & Proctor, R. W. (1993). Repetition effects with catego-
rizable stimulus and response sets. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 19, 1345-1362. doi:10.1037/0278-
7393.19.6.1345

Cooper, S., & Mari-Beffa, P. (2008). The role of response repetition in task
switching. Journal of Experimental Psychology: Human Perception and
Performance, 34, 1198—-1211. doi:10.1037/0096-1523.34.5.1198

Dreisbach, G., Goschke, T., & Haider, H. (2007). The role of task rules and
stimulus—response mappings in the task switching paradigm. Psycholog-
ical Research, 71, 383-392. doi:10.1007/s00426-005-0041-3

Druey, M. D., & Hiibner, R. (2008). Response inhibition under task
switching: Its strength depends on the amount of task-irrelevant response
activation. Psychological Research, 72, 515-527. doi:10.1007/s00426-
007-0127-1

Ells, J. G., & Gotts, G. H. (1977). Serial reaction time as a function of the
nature of repeated events. Journal of Experimental Psychology: Human
Perception and Performance, 3, 234-242. doi:10.1037/0096-1523.3.2
234

Grzyb, K. R., & Hiibner, R. (2012). Response-repetition costs in task
switching: How they are modulated by previous-trial response-category
activation. Acta Psychologica, 139, 97-103. doi:10.1016/j.actpsy.2011
.10.006

Hommel, B. (1998). Event files: Evidence for automatic integration of
stimulus—response episodes. Visual Cognition, 5, 183-216. doi:10.1080/
713756773

Hommel, B. (2004). Event files: Feature binding in and across perception
and action. Trends in Cognitive Sciences, 8, 494-500. doi:10.1016/].tics
.2004.08.007

Hommel, B. (2007). Feature integration across perception and action:
Event files affect response choice. Psychological Research, 71, 42—63.
doi:10.1007/s00426-005-0035-1

Hommel, B. (2009). Action control according to TEC (theory of event
coding). Psychological Research, 73, 512-526. doi:10.1007/s00426-
009-0234-2

Hommel, B., Miisseler, J., Aschersleben, G., & Prinz, W. (2001). The
theory of event coding (TEC): A framework for perception and action
planning. Behavioral and Brain Sciences, 24, 849—-878. doi:10.1017/
S0140525X01000103

Houghton, G., & Tipper, S. P. (1994). A model of inhibitory mechanisms
in selective attention. In D. Dagenbach & T. H. Carr (Eds.), Inhibitory
processes in attention, memory, and language (pp. 53—112). San Diego,
CA: Academic Press.

Hiibner, R., & Druey, M. D. (2006). Response execution, selection, or
activation: What is sufficient for response-related repetition effects
under task shifting? Psychological Research, 70, 245-261. doi:10.1007/
500426-005-0219-8

Hiibner, R., & Druey, M. D. (2008). Multiple response codes play specific
roles in response selection and inhibition under task switching. Psycho-
logical Research, 72, 415-424. doi:10.1007/s00426-007-0118-2

Juvina, 1., & Taatgen, N. A. (2009). A repetition-suppression account of
between-trial effects in a modified Stroop paradigm. Acta Psychologica,
131, 72-84. doi:10.1016/j.actpsy.2009.03.002

Kiesel, A., Steinhauser, M., Wendt, M., Falkenstein, M., Jost, K., Philipp,
A. M., & Koch, I. (2010). Control and interference in task switching—a
review. Psychological Bulletin, 136, 849—874. doi:10.1037/a0019842

Kleinsorge, T. (1999). Response repetition benefits and costs. Acta Psy-
chologica, 103, 295-310. doi:10.1016/S0001-6918(99)00047-5

Kleinsorge, T. (2004). Hierarchical switching with two types of judgment
and two stimulus dimensions. Experimental Psychology, 51, 145-149.
doi:10.1027/1618-3169.51.2.145


http://dx.doi.org/10.1037/a0022931
http://dx.doi.org/10.1037/0096-3445.125.3.261
http://dx.doi.org/10.1016/j.cogpsych.2006.09.005
http://dx.doi.org/10.1037/0278-7393.19.6.1345
http://dx.doi.org/10.1037/0278-7393.19.6.1345
http://dx.doi.org/10.1037/0096-1523.34.5.1198
http://dx.doi.org/10.1007/s00426-005-0041-3
http://dx.doi.org/10.1007/s00426-007-0127-1
http://dx.doi.org/10.1007/s00426-007-0127-1
http://dx.doi.org/10.1037/0096-1523.3.2.234
http://dx.doi.org/10.1037/0096-1523.3.2.234
http://dx.doi.org/10.1016/j.actpsy.2011.10.006
http://dx.doi.org/10.1016/j.actpsy.2011.10.006
http://dx.doi.org/10.1080/713756773
http://dx.doi.org/10.1080/713756773
http://dx.doi.org/10.1016/j.tics.2004.08.007
http://dx.doi.org/10.1016/j.tics.2004.08.007
http://dx.doi.org/10.1007/s00426-005-0035-1
http://dx.doi.org/10.1007/s00426-009-0234-2
http://dx.doi.org/10.1007/s00426-009-0234-2
http://dx.doi.org/10.1017/S0140525X01000103
http://dx.doi.org/10.1017/S0140525X01000103
http://dx.doi.org/10.1007/s00426-005-0219-8
http://dx.doi.org/10.1007/s00426-005-0219-8
http://dx.doi.org/10.1007/s00426-007-0118-2
http://dx.doi.org/10.1016/j.actpsy.2009.03.002
http://dx.doi.org/10.1037/a0019842
http://dx.doi.org/10.1016/S0001-6918%2899%2900047-5
http://dx.doi.org/10.1027/1618-3169.51.2.145

publishers.

is not to be disseminated broadly.

ghted by the American Psychological Association or one of its allied

This document is copyri
This article is intended solely for the personal use of the individual user anc

144 DRUEY

Kleinsorge, T., & Heuer, H. (1999). Hierarchical switching in a multi-
dimensional task space. Psychological Research, 62, 300-312. doi:
10.1007/s004260050060

Koch, I., Schuch, S., Vu, K.-P. L., & Proctor, R. W. (2011). Response-
repetition effects in task switching—Dissociating effects of anatomical
and spatial response discriminability. Acta Psychologica, 136, 399—404.
doi:10.1016/j.actpsy.2011.01.006

Lehle, C., Cohen, A., Sangals, J., Sommer, W., & Stiirmer, B. (2011).
Differential dynamics of spatial and non-spatial stimulus—response com-
patibility effects: A dual task LRP study. Acta Psychologica, 136,
42-51. doi:10.1016/j.actpsy.2010.09.013

Loftus, G. R., & Masson, M. E. J. (1994). Using confidence intervals in
within-subject designs. Psychonomic Bulletin & Review, 1, 476—490.
doi:10.3758/BF03210951

Logan, G. D., & Bundesen, C. (2003). Clever homunculus: Is there an
endogenous act of control in the explicit task-cuing procedure? Journal
of Experimental Psychology: Human Perception and Performance, 29,
575-599. doi:10.1037/0096-1523.29.3.575

Logan, G. D., & Gordon, R. D. (2001). Executive control of visual
attention in dual-task situations. Psychological Review, 108, 393—434.
doi:10.1037/0033-295X.108.2.393

Mayr, U., & Bryck, R. L. (2005). Sticky rules: Integration between abstract
rules and specific actions. Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition, 31, 337-350. doi:10.1037/0278-7393.31.2
337

Mayr, U., & Kliegl, R. (2000). Task-set switching and long-term memory
retrieval. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 26, 1124-1140. doi:10.1037/0278-7393.26.5.1124

Mayr, U., & Kliegl, R. (2003). Differential effects of cue changes and task
changes on task-set selection costs. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition, 29, 362-372. doi:10.1037/0278-
7393.29.3.362

Meiran, N. (2000). Modeling cognitive control in task-switching. Psycho-
logical Research, 63, 234-249. doi:10.1007/s004269900004

Meiran, N., Chorev, Z., & Sapir, A. (2000). Component processes in task
switching. Cognitive Psychology, 41, 211-253. doi:10.1006/cogp.2000
.0736

Meiran, N., & Kessler, Y. (2008). The task rule congruency effect in task
switching reflects activated long-term memory. Journal of Experimental
Psychology: Human Perception and Performance, 34, 137-157. doi:
10.1037/0096-1523.34.1.137

Meiran, N., Kessler, Y., & Adi-Japha, E. (2008). Control by action repre-
sentation and input selection (CARIS): A theoretical framework for task
switching. Psychological Research, 72, 473-500. doi:10.1007/s00426-
008-0136-8

Monsell, S. (2003). Task switching. Trends in Cognitive Sciences, 7,
134-140. doi:10.1016/S1364-6613(03)00028-7

Morey, R. D. (2008). Confidence intervals from normalized data: A cor-
rection to Cousineau (2005). Tutorials in Quantitative Methods for
Psychology, 4, 61-64.

Oberauer, K. (2009). Design for a working memory. In Brian Ross (Ed.),
The psychology of learning and motivation (Vol. 51, pp. 45-100).
Waltham, MA: Academic Press. Retrieved from http://www
.sciencedirect.com/science/article/pii/S007974210951002X

Oberauer, K., Souza, A. S., Druey, M. D., & Gade, M. (2013). Analogous
mechanisms of selection and updating in declarative and procedural
working memory: Experiments and a computational model. Cognitive
Psychology, 66, 157-211. doi:10.1016/j.cogpsych.2012.11.001

Pashler, H., & Baylis, G. (1991). Procedural learning: 2. Intertrial repeti-
tion effects in speeded-choice tasks. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition, 17, 33—48. doi:10.1037/0278-
7393.17.1.33

Philipp, A. M., & Koch, I. (2005). Switching of response modalities.
Quarterly Journal of Experimental Psychology: Human Experimental
Psychology, 58(A), 1325-1338. doi:10.1080/02724980443000656

Quinlan, P. T. (1999). Sequential effects in auditory choice reaction time
tasks. Psychonomic Bulletin & Review, 6, 297-303. doi:10.3758/
BF03212333

Rogers, R. D., & Monsell, S. (1995). Costs of a predictable switch between
simple cognitive tasks. Journal of Experimental Psychology: General,
124, 207-231. doi:10.1037/0096-3445.124.2.207

Rubinstein, J. S., Meyer, D. E., & Evans, J. E. (2001). Executive control of
cognitive processes in task switching. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 27, 763-797. doi:10.1037/
0096-1523.27.4.763

Schuch, S., & Koch, I. (2004). The costs of changing the representation of
action: Response repetition and response—response compatibility in dual
tasks. Journal of Experimental Psychology: Human Perception and
Performance, 30, 566-582. doi:10.1037/0096-1523.30.3.566

Schuch, S., & Koch, 1. (2010). Response-repetition effects in task switch-
ing with and without response execution. Acta Psychologica, 135, 302—
309. doi:10.1016/j.actpsy.2010.07.016

Smith, M. C. (1968). Repetition effect and short-term memory. Journal of
Experimental Psychology, 77, 435—439. doi:10.1037/h0021293

Sohn, M.-H., & Anderson, J. R. (2001). Task preparation and task repeti-
tion: Two-component model of task switching. Journal of Experimental
Psychology: General, 130, 764-778. doi:10.1037/0096-3445.130.4.764

Steinhauser, M., & Hiibner, R. (2006). Response-based strengthening in
task shifting: Evidence from shift effects produced by errors. Journal of
Experimental Psychology: Human Perception and Performance, 32,
517-534. doi:10.1037/0096-1523.32.3.517

Stevens, M., Lammertyn, J., Verbruggen, F., & Vandierendonck, A.
(2006). Tscope: A C library for programming cognitive experiments on
the MS windows platform. Behavior Research Methods, 38, 280-286.
doi:10.3758/BF03192779

Vandierendonck, A., Liefooghe, B., & Verbruggen, F. (2010). Task switch-
ing: Interplay of reconfiguration and interference control. Psychological
Bulletin, 136, 601-626. doi:10.1037/a0019791


http://dx.doi.org/10.1007/s004260050060
http://dx.doi.org/10.1007/s004260050060
http://dx.doi.org/10.1016/j.actpsy.2011.01.006
http://dx.doi.org/10.1016/j.actpsy.2010.09.013
http://dx.doi.org/10.3758/BF03210951
http://dx.doi.org/10.1037/0096-1523.29.3.575
http://dx.doi.org/10.1037/0033-295X.108.2.393
http://dx.doi.org/10.1037/0278-7393.31.2.337
http://dx.doi.org/10.1037/0278-7393.31.2.337
http://dx.doi.org/10.1037/0278-7393.26.5.1124
http://dx.doi.org/10.1037/0278-7393.29.3.362
http://dx.doi.org/10.1037/0278-7393.29.3.362
http://dx.doi.org/10.1007/s004269900004
http://dx.doi.org/10.1006/cogp.2000.0736
http://dx.doi.org/10.1006/cogp.2000.0736
http://dx.doi.org/10.1037/0096-1523.34.1.137
http://dx.doi.org/10.1037/0096-1523.34.1.137
http://dx.doi.org/10.1007/s00426-008-0136-8
http://dx.doi.org/10.1007/s00426-008-0136-8
http://dx.doi.org/10.1016/S1364-6613%2803%2900028-7
http://www.sciencedirect.com/science/article/pii/S007974210951002X
http://www.sciencedirect.com/science/article/pii/S007974210951002X
http://dx.doi.org/10.1016/j.cogpsych.2012.11.001
http://dx.doi.org/10.1037/0278-7393.17.1.33
http://dx.doi.org/10.1037/0278-7393.17.1.33
http://dx.doi.org/10.1080/02724980443000656
http://dx.doi.org/10.3758/BF03212333
http://dx.doi.org/10.3758/BF03212333
http://dx.doi.org/10.1037/0096-3445.124.2.207
http://dx.doi.org/10.1037/0096-1523.27.4.763
http://dx.doi.org/10.1037/0096-1523.27.4.763
http://dx.doi.org/10.1037/0096-1523.30.3.566
http://dx.doi.org/10.1016/j.actpsy.2010.07.016
http://dx.doi.org/10.1037/h0021293
http://dx.doi.org/10.1037/0096-3445.130.4.764
http://dx.doi.org/10.1037/0096-1523.32.3.517
http://dx.doi.org/10.3758/BF03192779
http://dx.doi.org/10.1037/a0019791

n or one of its allied publishers.

0

B
2
2
8
=}

°

S
S
%

[aW)
8
3

<
Q
>

e}

=
2

o

This document is copyri

is not to be disseminated broadly.

This article is intended solely for the personal use of the individual user

CATEGORY REPETITION EFFECTS IN TASK SWITCHING 145

Appendix

Full Analysis of the Data of Experiment 2

In the following, all the category transitions that were possible
in Experiment 2 (see Table A1 for an overview) are described. For
those conditions that have been omitted in the main text, the
individual effects are reported.

First, in task-repetition trials, the relevant set of stimulus and
response categories necessarily repeats from one trial to the next.
Consequently, as in previous task switch studies and in Experiment
1, stimulus category and response repetitions are confounded.

Second, in task switch trials there are five types of transition,
which differ with regard to the overlap between the relevant
stimulus categories and the relevant response categories of two
successive trials: First, the relevant stimulus categories in one trial
(e.g., angular/round) also serve as the relevant stimulus categories
in the next trial, and there is no repetition regarding the relevant
response categories (e.g., blue/green — up/down) and no overlap
between stimulus and response categories (SC-SC condition). This
type of transition is realized when switching from the shape to the
symbol task or vice versa, and it allows the assessment of pure
stimulus category repetition effects. Second, the relevant stimulus
categories in one trial (e.g., angular/round) serve as the relevant

Table Al
Possible Task Sequences and Category Transitions (Trial n-1 to
Trial n) in Experiment 2

Task sequence

(Task n-1-Task n)

Category transition conditions

SC-RC RC-SC

SC-SC RC-RC

Shape-Shape X X
Shape—Symbol X

Shape—Color
Shape—Position
Symbol-Symbol
Symbol-Shape
Symbol-Color
Symbol-Position
Color-Color X X
Color-Shape X
Color-Symbol

Color—Position X
Position—Position X X
Position—Shape X
Position—-Symbol X X
Position—Color X

el
ol el
>

ol

Note. For each task combination there is either a repetition or a switch of
at least one category type. Boldface indicates task repetition sequences
with double category transitions (i.e., relevant sets of stimulus and response
categories repeat); italics indicates task switch sequences with crossed
category transitions (i.e., previously relevant set of stimulus categories
repeats as relevant set of response categories and vice versa). X = category
transition condition(s) realized with this particular task sequence; SC =
relevant stimulus-category set; RC = relevant response-category set.

response categories in the next trial. No further overlap exists,
though, between the relevant stimulus categories or the relevant
response categories between the two trials (SC-RC condition).
Such a transition occurs when switching from the shape to the
position task or when switching from the symbol to the color task.
Third, the relevant response categories in one trial (e.g., blue/
green) serve as the relevant stimulus categories in the next trial.
Again, as in the second condition, there is no further categorical
overlap between the two trials (RC-SC condition; when switching
from the color to the symbol task or when switching from the
position to the shape task). Fourth, the relevant response categories
in one trial also serve as the relevant response categories in the
next trial, and there is no repetition regarding the relevant stimulus
categories and no overlap between stimulus and response catego-
ries between two adjacent trials (RC-RC condition; when switch-
ing from the color to the position task or vice versa). This condi-
tion allows the assessment of pure response-repetition effects, as in
previous standard task switch experiments. Fifth, the relevant
stimulus categories in one trial serve as the relevant response
categories in the next trial, and at the same time the relevant
response categories from the first trial serve as the relevant stim-
ulus categories in the next trial (SC-RC + RC-SC condition). As
in the previous conditions, there was no further overlap between
the relevant stimulus and response categories of the two subse-
quent tasks. This condition is realized, for instance, when switch-
ing from the shape to the color task.

Whenever there is overlap in the categories used in two succes-
sive trials, one can ask whether the category actually selected on
these trials is the same or different. Thus, within each of the six
transition conditions just mentioned, the currently to-be-selected
stimulus and/or response category could either repeat or switch
from the previous trial. For instance, in the SC-SC-condition, when
switching from the shape to the symbol task, either the stimuli
could both be categorized as being angular (e.g., a triangle fol-
lowed by a root symbol), thus representing a repetition of the
to-be-selected stimulus category, or they could be categorized
differently (e.g., a circle, which is round, followed by a root
symbol, which is angular), thus representing a switch of the
to-be-selected stimulus category within the same set of stimulus
categories relevant for both tasks.

In a first step of analysis the effects of task sequence (repetition
vs. switch) were analyzed across all tasks, hence including also
those task-switch trials that have not been considered in the main
analyses reported in the Results section of Experiment 2. Separate
t tests for the RTs and ERs revealed reliable task switch costs,
#(23) = 7.34, p < .001, for the RTs; #23) = 3.47, p < .01, for the
ERs. Mean RTs for task repetition and task switch were 851 ms
and 973 ms, respectively, and the ERs were 1.33% for task
repetitions and 2.18% for task switches.

(Appendix continues)
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Figure Al

Response times (RTs) and error rates (ERs) of Experiment 2 for all category transition conditions (see text

for details). The first five conditions are possible only in task-switch trials, and the last condition is possible only in
task-repetition trials. Error bars represent 95% within-subject confidence intervals (Loftus & Masson, 1994; Morey, 2008).
SC-SC = repetition of the relevant stimulus-category set across trials; SC-RC = repetition of relevant stimulus-category set
as the relevant response-category set across trials; RC-SC = repetition of relevant response-category set as the relevant
stimulus-category set across trials; RC-RC = repetition of relevant response-category set across trials; SC-RC + RC-SC =
crossed concurrent repetition of relevant stimulus-category set as the relevant response-category set, and vice versa, across
trials; SC-SC + RC-RC = concurrent repetition of relevant stimulus-category set and the relevant response-category set

across trials.

In a second step the individual categorical repetition effects for
all six category transition conditions (i.e., one from the task-
repetition trials, five from the task switch trials, as depicted above)
were analyzed. In the one condition from the task-repetition trials
(i.e., SC-SC + RC-RC), the overall analyses of the combined
stimulus category and response repetition versus switch revealed
neither a significant effect in the RTs, #(23) < 1, p > .60, nor one
in the ERs, #(23) < 1, p > .35.

With regard to the five transition conditions from the task switch
trials, only those that have not already been reported in the main
results section are considered here (i.e., SC-RC, RC-SC, and
SC-RC + RC-SC). For the SC-RC condition, in which the relevant
stimulus categories from the previous trial serve as the relevant
response categories in the present trial, there was a reliable RT
benefit if the to-be-selected category repeated relative to when it
switched, #(23) = 2.43, p < .05 (955 ms vs. 981 ms, respectively).
In the ERs, although the effect was nominally reversed, this
difference was not significant, #23) < 1.1, p > .28 (2.39% for
category repetitions, 1.86% for category switches).

In the RC-SC condition, in which the previously relevant response
categories serve as the relevant stimulus categories in the present trial,
repeating the to-be-selected category produced slight but not signifi-
cant costs in the RTs, #23) < 1.4, p > .18, and slight but again not
significant benefits in the ERs, #23) < 1, p > .61. Mean RTs were
1,013 ms for category repetitions and 992 ms for category switches.
For the ERs the respective values were 2.37% and 2.68%.

Finally, with respect to the combined crossed SC-RC + RC-SC
condition, in which the relevant stimulus categories of the previous

trial serve as the relevant response categories in the present trial and,
concurrently, the previously relevant response categories serve as the
currently relevant stimulus categories, crossed category repetitions
produced a significant effect neither in the RTs, #23) < 1, p > 42,
nor in the ERs, #(23) < 1, p > .64, relative to category switches. Mean
RTs were 987 ms for category repetitions and 977 ms for switches.
The respective ERs were 2.14% and 1.98%. The result in this last
condition also corroborates the conclusion that the priming and the
inhibition effect for stimulus categories and responses, respectively,
were approximately equal in size in this second experiment.

All of these effects are depicted in Figure Al, along with the
repetition effects that have already been reported in the main results
section.

Interestingly, the results of these additional analyses indicate
that the priming and inhibition effects are not fully restricted to
repeating a category together with its functional role as a stimulus
or response category. Rather, the respective positive and negative
effects seem to generalize across representational levels at least to
some degree, which can be viewed as indicating that they represent
robust low-level processing mechanisms. However, no definite
conclusions can be drawn from these data, as the ERs always tend
in the direction opposite to the RTs.
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