
The Effects of Recent Practice on Task Switching

Nick Yeung and Stephen Monsell
University of Cambridge

Four experiments investigated the effect of recent selective practice on the cost of switching between 2
tasks afforded by letter–digit pairs: alphabet arithmetic and shape comparison. Experiments 1 and 2
found a greater cost associated with switching to the more recently practiced task: evidence that task-set
inertia contributes to switching costs. Experiment 3 found this effect to be limited to trials on which a
recently trained stimulus followed another such stimulus: a result problematic for all current theories of
task-set priming. Experiment 4 showed that the effect of recent practice was eliminated by active
preparation for a task switch: It appears that endogenous task-set preparation reduces the effects of
task-set inertia.

Increasingly, the instruments of cognitive psychology are being
used to probe the mechanisms by which an effective organization,
a task set, is imposed on the processing resources of the brain
(Allport, 1993; Logan, 1985; Meyer & Kieras, 1997; Monsell,
1996). An intuitively straightforward method for investigating the
control of task set is to observe the performance of participants as
they switch repeatedly between tasks. This is the rationale behind
task switching experiments (first introduced by Jersild, 1927),
which compare performance on switch trials, on which the task is
changed from the previous trial, against performance on a non-
switch trial baseline, on which the task is repeated from the
previous trial, to reveal any switch cost. The response time (RT)
difference between switch and nonswitch trials gives the time cost
of a task switch, and the associated difference in error rates is the
error cost. The switch costs typically obtained provide important
clues about the mechanisms of task-set control.

Components of the Switch Cost

According to several recent authors, switch costs comprise at
least two separable contributions, which are thought to reflect the
operation of control processes in different ways (Allport & Wylie,
1999, 2000; Kieras, Meyer, Ballas, & Lauber, 2000; Meiran, 2000;
Monsell, Yeung, & Azuma, 2000; Ruthruff, Remington, &
Johnston, 2001; Sohn & Anderson, 2001). A first contribution is
the time taken by control processes responsible for organizing the
cognitive system for the upcoming task (Kieras et al., 2000; Logan
& Gordon, 2001; Rogers & Monsell, 1995; Rubinstein, Meyer, &

Evans, 2001). That is, following a change of task, aspects of
task-specific processing may not begin until the cognitive system
is appropriately reconfigured: Response selection will be delayed
until the appropriate set of stimulus–response (S-R) rules is acti-
vated, and response production may have to wait for appropriate
effector systems to be enabled. These activation and enabling
processes take time, and their duration will contribute to the time
cost of a switch.

A second proposed contribution to the switch cost comes from
the effects of task-set priming. An important piece of evidence for
task-set priming is the surprising finding that it can be harder to
switch to an easy task than to a more difficult one. For example,
Allport, Styles, and Hsieh (1994) had participants switch between
naming the color and naming the word with Stroop stimuli. As is
well known, participants are slower to name the display color for
an incongruent stimulus (e.g., the word green in blue ink) than they
are for a congruent stimulus (e.g., green displayed in green) or a
neutral stimulus (e.g., the letter string XXXX displayed in green)—
this is the Stroop effect (Stroop, 1935). In contrast, word-naming
RTs are hardly affected by displaying the word in a conflicting
color—there is little or no reverse Stroop interference. This asym-
metry of interference suggests a much stronger tendency to name
the word than to name the color in which it is written, and this in
turn is attributable to much greater practice at reading than at color
naming (Cohen, Dunbar, & McClelland, 1990; MacLeod & Dun-
bar, 1988). Thus, when one considers the case of switching be-
tween color naming and word naming, naive intuition suggests that
it should be easier to relax into the more familiar task set of
naming the word and harder to switch to the more difficult task of
naming its color. To the contrary, Allport et al.’s surprising finding
was that the cost of switching to word naming was much larger
than the cost of switching to the weaker task of color naming. That
is, they observed an underadditive interaction between task
strength and task switching (as illustrated schematically in Fig-
ure 1, top panel).

Allport et al.’s (1994) results are difficult to explain in terms of
the duration of a control process occurring on switch trials: It
should be easier (or at least no harder) to perform control opera-
tions activating or enabling a more familiar task set than to
reconfigure for a less familiar task. That is, there should be an
overadditive interaction (or no interaction) between task strength
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and switching (Figure 1, bottom panel), contrary to the empirical
findings. Allport et al. therefore explained their result in terms of
the effects of task-set priming. When participants wish to name the
color, they reasoned, a strong top-down control bias is required to
help the weak color-naming response overcome the strong ten-
dency to name the word. This bias will involve active suppression
of the word-naming task set and/or additional activation of the
color-naming set. Allport et al. suggested that these control biases
persist over time—an effect they labeled task-set inertia (TSI)—so
that there will be persisting suppression of the word-naming task
(negative task-set priming) and/or additional facilitation of color
naming (positive priming) following a switch to the word-naming
task. This TSI will result in a large cost when participants switch
to word naming. In contrast, the dominant word-naming task does
not require a strongly imposed task set: There is little competition
from a tendency to name the color. The absence of a strong control
bias carrying over from the previous trial makes it relatively easy
to switch to color naming on the subsequent trial. Thus, the asymme-
try of switch costs is explained in terms of an asymmetry in TSI.

Varieties of Task-Set Priming

A greater cost of switching to the stronger task of a pair has now
been observed in a number of experiments (Allport & Wylie, 1999,

2000; De Jong, 1995; Meuter & Allport, 1999; Yeung & Monsell,
2003), replicating and extending Allport et al.’s (1994) findings.
There is now evidence from other sources for transient carryover
of task-set activation or inhibition. For example, Mayr and Keele
(2000) inferred the presence of persisting task-set inhibition from
their finding that it was harder to switch to a task that had just been
switched away from compared with switching to a task that had
not recently been performed (Arbuthnott & Frank, 2000; Mayr,
2002; Mayr & Keele, 2000). They suggested that switching tasks
requires the inhibition of the previous task set (backward inhibi-
tion) and that their findings indicated carryover of this inhibition
across trials. Several studies have also reported that switch costs
are increased when between-task interference is high on the trial
before a task switch. Goschke (2000) and Monsell, Sumner, and
Waters (2003) found that switch costs were greater when an
incongruent rather than a congruent stimulus was presented on the
previous trial. In an experiment by Loasby (1998, reported briefly
by Allport & Wylie, 1999), switch costs were increased when the
stimulus presented on the preswitch trial had previously been
practiced on a competing task. These findings are consistent with
the TSI hypothesis: Strong control biases will be applied when
between-task interference is high, resulting in a high level of TSI
and hence a large cost of switching away to a new task.

There is thus a range of evidence for the kind of transient
task-set priming suggested by Allport et al. (1994). More recently,
Allport and Wylie (1999, 2000; Wylie & Allport, 2000) suggested
another, more long-term mechanism for priming of task sets. They
proposed that performing a task results in the formation of asso-
ciative bindings among elements of experience such as represen-
tations of stimuli, responses, and task goals. Presentation of a
stimulus will retrieve bindings, including the associated task set,
formed on previous trials on which that stimulus was presented. If
a different task was performed on those earlier trials, the retrieved
task set will interfere with the task set currently required. To
account for the switch cost, Allport and Wylie (2000) suggested
further that this associative interference will be particularly
marked on switch trials, on which the changed task set is only
weakly established. Waszak, Hommel, and Allport (2003) have
recently provided evidence for this claim: They found that the
switch cost was greater when the switch-trial stimulus had previ-
ously been presented in the context of the other task than when the
stimulus was not primed in this way. Moreover, this priming effect
persisted over a lag of 100 intervening trials, consistent with other
long-lasting effects of a competing task having previously been
performed with the same stimuli (Allport et al., 1994; Allport &
Wylie, 2000).

Thus, existing evidence suggests that transient TSI and the
carryover of long-lived associative bindings may both contribute
to the switch cost. However, their relative contributions are un-
clear. Wylie and Allport (2000), for example, interpreted their
results as showing that “it is learned S-R associations (i.e., asso-
ciative weight changes) that persist, rather than patterns of acti-
vation and suppression [italics added]” (p. 228), suggesting that
TSI and associative interference are to be considered competing
accounts of the switch cost. More recently, however, Waszak et al.
(2003) suggested that both effects may independently contribute to
the switch cost. Gilbert and Shallice (2002) implemented both tran-
sient carryover of task-set bias and (short-lived) associative priming
in their connectionist model of task switching performance.

Figure 1. Top: Schematic illustration of the underadditive interaction
between task strength and task switching reported by Allport et al. (1994),
with a larger cost of switching to an easy (E) than to a hard (H) task.
Bottom: Schematic illustration of an overadditive interaction between task
strength and switching.
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Research Overview

The present research investigated the contribution of transient
task-set priming to task switching performance through further
exploration of the underadditive interaction between task strength
and switching first reported by Allport et al. (1994). Previous
experiments have relied on the availability of cases in which, of
two tasks afforded by a set of stimuli, one normally receives a
great deal of practice from everyday life prior to the experiment.
However, there is a limited supply of usable task pairs of this kind.
An alternative approach is to take a pair of tasks and alter their
relative task strengths within the experiment through the selective
practice of one or other of the tasks, much as MacLeod and Dunbar
(1988) used selective practice to influence the relative strength of
a color-naming and a novel shape-naming task, thus creating an
artificial Stroop effect. If selective recent practice of a task
strengthens its task set, then, following the logic of Allport et al.’s
(1994) TSI theory, one would expect a counterintuitive increase in
the cost of switching to the practiced task. Selective practice of one
task of a competing pair should tilt the balance of relative strength
in favor of the practiced task. Because of this change, a more
strongly imposed task set should be required to perform the un-
practiced task, resulting in greater task-set priming when partici-
pants switch away from this task to the practiced task. The cost of
switching to the practiced task should therefore be increased.

Our initial attempts to realize this idea were instructive. As
described briefly in Allport and Wylie (1999), Yeung (1997) had
participants switch between simple addition and subtraction tasks,
using quite short episodes of selective practice on one of the tasks
(336 trials per task), followed by short task switching blocks to
assess the effect of practice. The predicted increase in the cost of
switching to the just-practiced task was duly observed. Later
experiments used more draconian practice regimes (up to 960 trials
per task) interspersed between longer switching blocks, but these
were less successful (Yeung, 1999). On the basis of these findings,
we began to suspect that the effective variable was not the cumu-
lative amount of within-experimental practice but rather the re-
cency of that practice. This led to the technique used in the present
experiments, in which we manipulated the recency of practice of
one of two tasks while equating the amount of practice the two
tasks received over a whole experiment.

Using the method of recent selective practice, we investigated
the following three questions:

1. Can the underadditive interaction between task strength
and switching be generalized to any pair of tasks through
selective practice?

2. Does this interaction result from task-set inertia or from
associative interference?

3. Does active preparation for a task switch reduce task-set
inertia?

Question 1: Generality of the Underadditive Interaction

An underadditive interaction between task strength and switch-
ing has been demonstrated for the following pairs of tasks, for each
of which the first task mentioned is highly overlearned: word
naming (vs. color naming) in the Stroop task (Allport & Wylie,

1999, 2000; Yeung & Monsell, 2003), digit naming in the native
(vs. second) language (Meuter & Allport, 1999), digit naming (vs.
classification as odd or even; Yeung & Monsell, 2003), and
responding with a keypress on the same (vs. the opposite) side as
the imperative stimulus (De Jong, 1995). However, several excep-
tions to the rule have also been observed (Monsell et al., 2000). For
example, in a series of experiments looking at switching between
tasks differing only in the compatibility of the S-R mappings,
Azuma (1999) found either similar switch costs for the two tasks
or larger costs for the less compatible task of the pair (i.e., an
overadditive interaction). Overadditive interactions have also been
reported by Rubinstein et al. (2001) and Mayr and Kliegl (2000).
The inconsistency with which an underadditive interaction is ob-
served might be interpreted as evidence that task-set priming
contributes to switch costs only for some rather special task
pairs—perhaps those for which there is a particularly marked
inequality in preexperimental task strength (Monsell et al., 2000).

A first contribution of the present experiments was therefore to
broaden the empirical base of the effects of unequal task strength
on switching using a novel manipulation of strength: selective task
practice within the experiment. If recent practice of a task strength-
ens its task set, then, following the logic of TSI theory introduced
by Allport et al. (1994), one would expect an increase in the cost
of switching to the practiced task. Observing such an increase
would be strong evidence that the effects of task-set priming make
a consistent contribution to switch costs, one that is not limited to
certain specific task pairings. This issue is addressed in Experi-
ments 1 and 2.

Question 2: TSI Versus Associative Priming

It is presently unclear whether underadditive interactions be-
tween task strength and switching, when observed, should be
attributed to TSI, associative priming, or both: Although Allport et
al.’s (1994) TSI account of these findings has been widely ac-
cepted, Wylie and Allport (2000) have suggested that associative
interference might also produce the effect. Waszak et al. (2003)
have recently provided empirical support for this idea in experi-
ments with picture–word pairs, in which they selectively primed
particular stimuli in either a picture-naming or a word-naming
task. They found that stimulus-specific associative interference
(from prior naming of the picture) affected performance of the
stronger task (word naming) only on switch trials, when the task
set was presumably not strongly established, but did not affect
performance on nonswitch trials. As a consequence, the switch
cost for the strong task was increased. In contrast, they found that
associative interference from prior word naming affected perfor-
mance of the weaker task, picture naming, on both switch and
nonswitch trials. Thus, although performance of the weak task was
impaired by this interference, it was impaired on both switch and
nonswitch trials, and so the switch cost was small. In this way,
associative interference contributed to the asymmetrical switch
costs observed. Indeed, Waszak et al. suggested that the underad-
ditive interaction may be primarily due to associative interference.

Although not designed specifically for this purpose, our recent
practice manipulation provides a test of whether an underadditive
interaction between task strength and switching, as usually ob-
served, is attributable to TSI, as we and others have assumed
(Gilbert & Shallice, 2002; Yeung & Monsell, 2003), or to asso-
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ciative priming. As explained above, the TSI hypothesis predicts
an increased cost of switching to a recently practiced task. In
contrast, the associative interference hypothesis predicts an
overadditive interaction. This may initially seem surprising, given
that associative interference effects produced an underadditive
interaction in Waszak et al.’s (2003) study. However, that study
contrasted unprimed items with items previously encountered in
both tasks so that, for the latter items, associative interference was
present for both tasks. A different situation obtained in the present
experiments: Here, participants received practice on only one task
in the recent practice block. Hence, associative interference should
have been large when they switched to the unpracticed task,
because the stimulus presented on a switch trial had recently been
performed in the context of the competing task. In contrast, asso-
ciative interference should have been small when participants
switched to the practiced task, because the task-set bindings
formed during practice were those required to perform the upcom-
ing task—indeed, there should have been associative facilitation.
Thus, recent practice on Task A should make it easier, not harder,
to switch to that task and harder to switch to Task B—an overad-
ditive interaction. The TSI and associative interference theories
therefore make opposite predictions in our experiments—an issue
addressed in Experiments 1 and 2. In Experiment 3, we investi-
gated further properties of the observed effects, restricting selec-
tive practice to a subset of items.

Question 3: Preparation and TSI

A third issue that we address is the relationship between priming
and preparation of task sets. Providing participants with time to
prepare for a task switch typically leads to a reduction in the switch
cost, but a large residual cost is usually seen, even when substan-
tial time is available for preparation and the task switch is com-
pletely predictable (Allport et al., 1994; Rogers & Monsell, 1995).
There is evidence that the observed reduction in switch costs is
largely attributable to active preparation for the upcoming switch
rather than passive dissipation of the previous task set (Goschke,
2000; Meiran, 1996; Rogers & Monsell, 1995), although the latter
effect may contribute (Meiran, Chorev, & Sapir, 2000; Sohn &
Anderson, 2001).

A number of authors have attributed the preparatory reduction in
the switch cost to time-consuming control processes and the re-
sidual cost to the effects of task-set priming (Allport & Wylie,
1999, 2000; Goschke, 2000; Kieras et al., 2000; Logan & Gordon,
2001; Meiran, 2000; Monsell et al., 2000). It does not follow that
the preparatory control process has no effect on TSI. Indeed, one
would intuitively expect successful active preparation of a task set
to “reduce or antagonize the previous task-priming (TSI)” (Allport
& Wylie, 1999, p. 281). Accordingly, in formal models of task
switching performance that incorporate task-set priming effects,
one important effect of preparation is reduction of TSI (Gilbert &
Shallice, 2002; Yeung, 1999). Yet, if preparation reduces priming
of the previous task set, one might expect that it would also reduce
other indexes of between-task interference, such as RT differences
between congruent, neutral, and incongruent stimuli. Although
preparation has been found to reduce interference on switch trials
in some experiments (e.g., Goschke, 2000; Harvey, 1984; Meiran,
1996, Experiments 1 and 2), others have failed to find such a
reduction, in spite of a substantial reduction in switch cost with
preparation (e.g., Meiran, 1996, Experiments 4 and 5; Monsell et

al., 2003; Rogers & Monsell, 1995). It therefore remains to be
determined whether task-set priming is affected by successful
preparation for a task switch. This issue is addressed in Experiment
4, in which we examined the effect of preparation on TSI, as
indexed by the effect of recent practice on switching.

General Method
The Tasks

Two tasks were used: an alphabet arithmetic task (Logan & Klapp, 1991)
and a perceptual comparison task. For both tasks, the stimulus was a letter
and a number (e.g., H � 3), and for both tasks a spoken response was
required. In the alphabet arithmetic task, participants were required to
“add” the number to the letter. In this example, the answer is “K”—three
steps through the alphabet from H. The perceptual comparison task re-
quired a decision about whether the number and letter were the same with
respect to curvature: If both were straight (containing no curved lines) or
both were curved (containing at least one curved line), the answer was
“yes.” Otherwise, the answer was “no.” The logical exclusive-OR criterion
meant that both letter and number were always relevant to the decision.

The alphabet arithmetic task was used because much is known about the
effects of practice on this task (Klapp, Boches, Trabert, & Logan, 1991;
Logan & Klapp, 1991). When the task is novel, participants perform it
simply by counting through the alphabet, as indicated by an increase in RT
with the size of the digit addend—typically 400–500 ms per step. With
practice, there is a gradual shift from algorithm-based to memory-based
performance, with participants retrieving the answers to individual prob-
lems rather than counting through the alphabet each time (Logan, 1988).
This shift is observable as a reduction in the digit addend effect: There is
no reason for memory retrieval time to differ systematically for different
digit addends. The resulting improvement in performance is substantial.
For example, Klapp et al. (1991) observed an 800-ms reduction in mean
RT with just 41 presentations of each stimulus. The task therefore seemed
well suited to the present purposes. It was an open question whether the
comparison task was as well suited, but it too offered the logical option of
memory-based responding eventually replacing de novo comparison, with
consequent improvements in performance.

Procedure

The experiments interpolated short blocks of 32–36 practice trials on one
of the tasks with blocks in which the participant switched between both
tasks. In each experiment, there was a basic cycle of four short blocks of
trials, with the cycle repeated a number of times during the experiment:

1. Practice at one task (Task A),

2. switching between Task A and Task B,

3. practice at the other task (Task B), and

4. switching between Task A and Task B.

Thus, both tasks received equal cumulative practice through the session,
but in any switching block, one task had been more recently practiced. The
assumption was that in Block 2, Task A, having just been practiced, should
be the stronger, whereas in Block 4, the balance of relative task strength
should be tilted in favor of Task B. For half of the participants, Task A was
the alphabet arithmetic task and Task B the comparison task, and for the
other participants this assignment was reversed.

Measurement of Switch Costs

The switching blocks in Experiments 1–3 consisted of trials on which
the task alternated every second trial (Rogers & Monsell, 1995). Thus, the
sequence of trials was AABBAABB and so on. Switch costs were mea-
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sured separately for each task by comparing performance on trials on
which a change of task was required, switch trials (BA for task A, AB for
task B), with performance on otherwise identical trials for which no change
of task was required, nonswitch trials (AA and BB). A different method
was adopted for Experiment 4 (described below), but again task order was
predictable and switch costs were measured within a block.

Data Analysis

The analyses reported are of cell median correct RTs and error percent-
ages. Median RTs were used because participants tended to produce a few
very long RTs, particularly when the tasks and stimuli were novel. The
analyses of mean and median RTs did not yield materially different
outcomes. For each experiment we report, but do not discuss further,
proportions of trials excluded from analysis because the voice key trig-
gered inappropriately or because they were trials following an incorrect
triggering of the voice key or following an error trial.

Experiment 1

Method

The aim of this experiment was to investigate the basic effect of recent
practice on task switching performance. There were 16 paid participants, 7
men and 9 women, ages 18–33 years. The experiment was run in a single
session of about 1 hr. The stimuli used were the letters B and H paired with
the digits 1–4, so that each letter and digit was equally often paired with a
“yes” and a “no” response for the comparison task. All eight stimuli
appeared for both tasks throughout the experiment. Before the main ex-
periment, participants were given brief training with each stimulus for each
task. They then performed a single task switching block with the same
specifications as those in the full experiment (described below). Through-
out this training, the correct answer was provided following the partici-
pant’s response.

The main experiment consisted of a basic cycle of four blocks repeated
eight times. Both practice blocks and switching blocks consisted of 34
trials. The first two trials of a block were warm-up trials, for which the
stimuli were selected at random and the data discarded. In switching
blocks, which consisted of alternating runs of two trials of each task, each
of the eight stimuli was presented once for each task on switch and
nonswitch trials (four times in all). For half of the participants, switching
blocks began with two trials of the task just practiced. For the other 8
participants, the warm-up trials came from the other task. For practice
blocks, the 32 experimental trials were divided into quarters in which each
stimulus was presented once. Throughout the experiment, there were no
immediate repetitions of a letter–digit pair. Within these constraints, stim-
ulus order was randomized differently for each block and participant.

Participants spoke their answers into a headset microphone, triggering a
voice key interfaced to a computer. Each stimulus appeared 600 ms after
the detection of the onset of the spoken response to the previous stimulus
and disappeared again as soon as the next speech onset was detected.
Participants were instructed to respond as quickly as possible while avoid-
ing errors. The responses and the operation of the voice key were moni-
tored and recorded by the experimenter, but no feedback was given.

In task switching blocks, each stimulus was presented in one of the
quadrants defined by a central X; successive stimuli were displayed in
successive clockwise positions, as shown in Figure 2. One of the diagonals
of the X was thickened to indicate the location of the task switch. The task
to be performed was therefore cued by location on the screen, with
participants changing between tasks on every second trial as stimulus
location moved around the X during a block. The assignment of task to
quadrants in switching blocks and the location of the switch (northeast–
southwest or northwest–southeast diagonal) were counterbalanced across
participants. During the practice blocks, the stimuli were presented alone in
the center of the screen. Participants sat at a viewing distance of about 80
cm, such that a letter and digit stimulus measured approximately 1.8° wide

by 0.6° high. The central X in switching blocks was formed from the
diagonals of a square of side 6.5°, and the eccentricity of the stimulus
display locations was 2.4°.

Results and Discussion

Data for each condition were pooled over successive sequences
of eight blocks. Each eight-block quarter of the experiment thus
contained data from four practice blocks—two for each task—and
from four switching blocks. We excluded 6.4% of trials from the
analysis of practice blocks and 6.0% from task switching blocks.

Practice blocks. As shown in Figure 3, performance in suc-
cessive practice blocks improved substantially through the course
of the experiment for RTs, F(3, 42) � 30.54, MSE � 20,511, p �
.01, although not reliably so for errors, F(3, 42) � 2.29, MSE �
13.9, p � .09. Pairwise comparisons revealed a significant ( p �
.01) RT improvement for both tasks only from the first to the
second quarter, but a trend for improvement was seen throughout.
Thus, the practice manipulation was successful in improving task
performance.1 Digit addend strongly affected RTs, F(3, 42) �
29.99, MSE � 13,359, p � .01, and error rates, F(3, 42) � 4.38,
MSE � 21.3, p � .01; and (as would be expected) it had a different
effect on the two tasks: RTs, F(3, 42) � 20.81, MSE � 12,870,
p � .01, and errors, F(3, 42) � 3.40, MSE � 29.1, p � .05.
Separate analyses of variance (ANOVAs) for the two tasks re-
vealed a significant change in the effect of digit addend on RTs
across the experiment for the alphabet arithmetic task, F(9, 126) �
4.43, MSE � 9,528, p � .01, but not for the comparison task, F(9,
126) � 1.51, MSE � 2,427, p � .10.2

1 The effects of practice on the alphabet arithmetic task (a mean reduc-
tion of 213 ms after 48 presentations per item in the session), although
reliable, were smaller than in the experiment of Klapp et al. (1991, mean
reduction of over 800 ms after 41 presentations per item), and the effects
of digit addend were not abolished by practice in our experiment, unlike in
theirs. However, our participants had to cope with competing tasks.

2 It will be noticed that the addend effect for the alphabet arithmetic task
showed an unusual pattern, with responses to the �4 problems being faster
than those to the �3 problems. This pattern likely reflected greater effort
by the participants to memorize the correct answer for these, the most
difficult problems. The quite different and much smaller addend effect
evident for the comparison task perhaps reflected the fact that 1 and 3 are
unambiguously either straight or curved, whereas 2 contains both a straight
line and a curved line, and 4 contains a closed loop that may be mistaken
for a curve.

Figure 2. Example display sequence from Experiment 1, showing a trial
of alphabet arithmetic followed, after a task switch, by a trial of the
comparison task. Correct responses appear in quotation marks above the
second and fourth panels. The thickened diagonal of the X indicates the
location of the task switch.
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Task switching blocks. Figure 4 presents RTs on switch and
nonswitch trials as a function of recent practice in each quarter of
the experiment, averaged across the alphabet arithmetic and com-
parison tasks. There was a significant time cost associated with
task switching, F(1, 12) � 207.77, MSE � 25,080, p � .01, but a
slight error benefit was observed, F(1, 12) � 4.47, MSE � 18.6,
p � .06. That is, some participants made fewer errors on switch
trials than on nonswitch trials. The critical issue is the effect of
recent practice on a task on the cost of switching to that task.
Switch costs averaged 232 ms for a just-practiced task and 171 ms
for a task that had not just been practiced—the underadditive
interaction predicted by the TSI hypothesis—and this 61-ms effect
was reliable, F(1, 12) � 13.73, MSE � 8,472, p � .01. A slight
effect in the opposite direction was observed in the error cost data,
with a larger switch benefit for the recently practiced task (1.1%)
than for the task not practiced in the previous block (0.5%),
although the difference was not significant (F � 1).

The effect of recent practice on switch costs did not change
significantly across the course of the experiment for time costs,
F(3, 36) � 1.13, MSE � 6,262, p � .10, or for error costs (F �
1). However, only in the first quarter was performance faster for
the more recently practiced task on baseline, nonswitch trials.
Correspondingly, the largest effect of recent practice on time costs
of switching was observed in the first quarter, and this was
accompanied by a consistent pattern in the error rates—a smaller
switch benefit for a more recently practiced task.

Switch costs are given separately for each task in Table 1. The
comparison task was performed faster, F(1, 12) � 22.3, MSE �
106,107, p � .01, and more accurately, F(1, 12) � 3.37, MSE �
24.7, p � .09, than the alphabet arithmetic task; but it suffered
greater switch costs, reliably so for the time costs, F(1, 12) � 4.92,
MSE � 30,886, p � .05, but not for the error costs (F � 1). The
effect of recent practice did not differ reliably for the two tasks,
either for time costs or for error costs (Fs � 1). Separate ANOVAs
for the two tasks revealed significantly larger time costs when the
task was recently practiced, both for the comparison task, F(1, 12)
� 12.74, MSE � 4,144, p � .01, and for the alphabet arithmetic
task, F(1, 12) � 6.04, MSE � 10,563, p � .05.3

In summary, recent practice led to an increased RT cost of
switching to the practiced task, as predicted by the TSI hypothesis.
However, there was some sign of an effect in the opposite direction
in the error cost after the first quarter of the experiment. We
postpone consideration of the implications of the present results
until we have established the pattern more securely, and ruled out
a speed–accuracy trade-off account, with the next experiment.

Experiment 2

This experiment was designed to look only at relatively early
stages of practice of the two tasks, following the observation in
Experiment 1 that effects of recent practice on switch costs were
especially marked when the participants had had relatively little
cumulative practice on the tasks. This change in emphasis was
achieved by changing the complete stimulus set twice during the
course of the single experimental session.

Method

The paid participants were 9 men and 7 women, ages 19–36 years, after
replacing 1 participant who failed to perform the tasks adequately in the
initial training. The experiment was run in a single session of about 1 hr.
It was divided into three sequences, in each of which a different pair of
letters was used. E and P were used in one sequence, J and V in another,
and S and M in a third, but the order in which the letter pairs were used was
varied across participants. Each sequence consisted of eight blocks, two
cycles through the basic sequence of four. Before each sequence, partici-
pants were given brief training with the new pair of letters—16 trials for
each task, with each stimulus appearing twice in each task. In addition,
participants performed a single task switching block prior to the first
sequence. The correct answer was provided following the participant’s
response during training blocks only.

3 It may be expected that problems with higher digit addends should
show a larger change in switch cost following recent practice because they
show a larger RT benefit from this practice. The data showed an effect in
the predicted direction, with an effect of recent practice on switch costs of
64 ms for �1 and �2 addend problems and 82 ms for �3 and �4 addend
problems, but the difference was not reliable, F(3, 36) � 1.01, MSE �
10,681, p � .10, nor was it apparent in Experiments 2–4. But, as we
elaborate in the Discussion section of Experiment 2, changes in baseline
RT may be a poor measure of changes in task strength. That is, even if we
assumed that practice led to equal strength of memory-based responding
across addends, we would still expect a greater RT benefit of this shift for
the harder (�3 and �4) problems. Given that changes in RT are not a very
direct measure of changes in task strength, it is perhaps not surprising that
they are poor predictors of changes in switch costs.

Figure 3. Median response times (RTs) and error rates in practice blocks
of Experiment 1, showing performance with each digit addend in each
quarter of the experiment separately for the two tasks.

Figure 4. Median response times (RTs) and error rates on nonswitch
(NS) and switch (Sw) trials in Experiment 1 as a function of recent
practice.
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As in Experiment 1, data were collected from 32 trials in both practice
blocks and switching blocks. The organization of these trials was the same
as in the previous experiment, but there were now four warm-up trials in
each practice block, and between one and four such trials in switching
blocks. Because the 32 experimental trials of a switching block always
began with the alphabet arithmetic task, the number of warm-up trials
determined the starting task and whether there was one trial or two before
the first task switch. Other experimental details were the same as in
Experiment 1, except that participants were explicitly instructed to keep
error rates low—not more than two errors per block—to try to eradicate the
possible speed–accuracy trade-offs observed in the previous experiment.

Results

The following analyses excluded 4.6% of trials from practice
blocks. They excluded 5.4% of trials from task switching blocks.

Practice blocks. We used different letter–number pairs for
each of the three sequences to try to ensure large effects of
selective practice throughout the session. This manipulation was
successful. As Figure 5 shows, practice improved performance
within a sequence, from the first to the second half, for RTs, F(1,
14) � 30.07, MSE � 43,680, p � .01, but not reliably so for errors
(F � 1). The RT improvement was reliable for the alphabet

arithmetic task, F(1, 14) � 23.79, MSE � 65,883, p � .01, and for
the comparison task, F(1, 14) � 4.11, MSE � 33,057, p � .05. In
contrast, the RT improvement across the three sequences was not
reliable, F(2, 28) � 1.39, MSE � 84,435, p � .10, although the
reduction in errors was marginally significant, F(2, 28) � 3.01,
MSE � 40.3, p � .07. The interaction between item-specific
(within-sequence) practice and cumulative (across-sequence) prac-
tice was not significant, either for RTs or for error rates (Fs � 1).
Thus, the effect of practice was relatively stimulus specific (cf.
Klapp et al., 1991), and the introduction of new stimuli during the
experiment was effective in ensuring robust effects of practice
within each sequence.

Task switching blocks. Task switching performance in each
sequence is shown in Figure 6. There was a robust 192-ms time
cost associated with a task switch, F(1, 14) � 55.04, MSE �
136,324, p � .01, and a nonsignificant error cost of 0.1% (F � 1).
Recent practice led to an increased time cost of switching to the
practiced task: Switch costs averaged 223 ms for a task after it had
just been practiced and 162 ms when the alternative task was
practiced in the previous block. This 61-ms effect of recent prac-
tice was reliable, F(1, 14) � 6.46, MSE � 16,995, p � .05. An
error cost of 0.4% was observed for a recently practiced task,
compared with an error benefit of 0.2% for the unpracticed task.
This interaction, although not reliable (F � 1), was consistent in
direction with the pattern observed for the time-cost data. Hence,
the effect of recent practice in this experiment cannot be attributed
to a speed–accuracy trade-off. As in Experiment 1, the effect of
recent practice did not change significantly across the course of the
session, either for RTs (F � 1) or for error rates, F(2, 28) � 1.32,
MSE � 19.1, p � .10. Once again, however, the effects of recent
practice were especially marked at the beginning of the session.

As shown in Table 2, the switch cost was larger for the com-
parison task than for the alphabet arithmetic task for RTs, F(1,
14) � 6.60, MSE � 74,095, p � .05, but not reliably so for errors,

Table 1
Effects of Recent Practice on Switch Costs for the Two Tasks
in Experiment 1, Showing Median Response Times
(RTs; in Milliseconds) and Percentage Error Rates

Trial type and
switch cost

Alphabet arithmetic Comparison

RT % error RT % error

Just practiced alphabet arithmetic

Nonswitch 1,105 3.9 937 3.3
Switch 1,304 2.3 1,144 2.8
Switch cost 199 �1.6 207 �0.5

Just practiced comparison

Nonswitch 1,103 4.3 931 2.7
Switch 1,239 3.7 1,196 2.1
Switch cost 136 �0.6 265 �0.6

Figure 5. Median response times (RTs) and error rates in practice blocks
of Experiment 2, showing performance with each digit addend in each half
of the three sequences of the experiment separately for the two tasks.
Arith � alphabet arithmetic task; Comp � comparison task.

Figure 6. Median response times (RTs) and error rates on nonswitch
(NS) and switch (Sw) trials in Experiment 2 as a function of recent
practice.
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F(1, 14) � 1.87, MSE � 43.4, p � .10, but the effect of recent
practice on switching did not differ for the two tasks, either for
RTs or for errors (Fs � 1). Separate ANOVAs for the two tasks
revealed a significant effect of recent practice on the time cost of
switching to the comparison task, F(1, 14) � 7.24, MSE � 8,918,
p � .05, but no reliable effect for the alphabet arithmetic task, F(1,
14) � 3.04, MSE � 10,522, p � .10. However, closer inspection
of the data revealed a single anomalous participant for whom the
effect of recent practice was �203 ms, compared with the range of
�29 to 227 ms, with a mean of 79 � 72 ms for the remainder.
Analyses excluding this participant, whose performance was oth-
erwise unremarkable, revealed significant effects of recent practice
for both the comparison task, F(1, 13) � 28.82, MSE � 3,228, p �
.01, and the alphabet arithmetic task, F(1, 13) � 5.56, MSE �
8,724, p � .05. After this exclusion, the effect of recent practice on
error costs remained consistent with the RT data, but it was still not
reliable (F � 1).

Discussion

The main aim of the present experiment, to rule out a speed–
accuracy trade-off account of the RT results of Experiment 1, was
achieved. Thus, we conclude that recent practice leads to an
increased cost of switching to the practiced task. We draw two
conclusions from this result. First, an underadditive interaction
between task strength and switching is not observed only with
specific task pairings in which one of the tasks is highly over-
learned and automatic: We observed the asymmetry using an
arbitrary pair of tasks following a brief period of selective practice
at one of those tasks. We conclude that task-set priming effects
make a consistent contribution to the switch cost. Second, the
asymmetrical switch costs we observed reflect TSI rather than
associative interference. Recent practice should lead to increased
TSI when switching to the practiced task because larger control
biases are required to perform the unpracticed task. In contrast,
recent practice should result in strong stimulus–task bindings for
the practiced task, thus reducing the associative interference suf-
fered by this task. Hence, only the TSI hypothesis can explain the
observed increase in switch costs for a recently practiced task.
Nonetheless, it could be that associative interference effects were

present in our data—tending to increase the cost of switching to
the unpracticed task—but were masked by the opposing effect of
TSI. Among other things, Experiment 3 enabled us to look for
evidence of associative interference in a condition in which the
effects of TSI should be small or absent.

The effects of recent practice were apparent in each of the
experimental tasks and to a similar degree in both: The cost of
switching to the alphabet arithmetic task increased following re-
cent practice by an average of 57 ms across the two experiments;
the corresponding increase for the comparison task averaged 64
ms. It is interesting to note, given the comparable effects of recent
practice on switch costs, that the alphabet arithmetic task showed
a larger and more consistent improvement with practice than did
the comparison task. Indeed, the comparison task showed almost
no improvement with practice in the latter stages of Experiment 2,
yet there was a robust effect of this practice on subsequent task
switching performance. In a similar vein, Allport and Wylie (2000)
found that recent practice at color naming resulted in a large
reverse Stroop effect on word naming, even though color-naming
performance did not appear to benefit from this practice. It is
possible that in that experiment and in ours improvement with
practice may have been masked by the effects of boredom or
fatigue. In addition, an important effect of practice may be to
weaken competing task sets (rather than strengthening the prac-
ticed task set), which would result in a change in relative task
strength in the absence of substantial improvement in the practiced
task. Either way, the finding makes the point that RT is an
imperfect measure of task strength.

Our experimental tasks differed in another potentially interest-
ing respect. Specifically, the comparison task was performed con-
sistently faster than the alphabet arithmetic task, even for the � 1
addend problems, yet suffered much greater switch costs (241 ms,
compared with 154 ms for the alphabet arithmetic task). To the
extent that baseline RT can be taken as an index of task strength,
the findings provide further evidence of an underadditive interac-
tion in our experiments. However, as we have noted, RT is an
imperfect measure of task strength. For example, it could be that
the alphabet arithmetic task was performed more easily and effi-
ciently than the comparison task but simply involved more pro-
cessing steps. Thus, although this observation of an underadditive
interaction is suggestive, it is difficult to interpret in the absence of
more reliable measures of relative task strength (such as Stroop-
like interference), and we therefore do not consider it further.

Experiment 3

The TSI hypothesis holds that the switch cost results from
control biases applied on the preswitch trial, whereas the associa-
tive interference hypothesis holds that switch costs result from task
bindings retrieved on the switch trial itself. In the previous exper-
iments, recent practice should have created opposing effects of TSI
and associative interference: We found results consistent with the
former. In the present experiment, we extended the recent practice
method by presenting only half of the stimulus set in each practice
block. These trained stimuli were then presented in the immedi-
ately following switching block mixed with the other half of the
stimuli, which we call the transfer stimuli. As shown by Klapp et
al. (1991), and as we have seen here, the effects of practice on the
two tasks are quite stimulus specific. Thus, the difference in task

Table 2
Effects of Recent Practice on Switch Costs for the Two Tasks
in Experiment 2, Showing Median Response Times
(RTs; in Milliseconds) and Percentage Error Rates

Trial type and
switch cost

Alphabet arithmetic Comparison

RT % error RT % error

Just practiced alphabet arithmetic

Nonswitch 1,396 2.3 1,076 2.3
Switch 1,562 2.3 1,286 3.0
Switch cost 166 0.0 210 0.7

Just practiced comparison

Nonswitch 1,422 3.6 1,075 1.6
Switch 1,537 2.5 1,356 2.3
Switch cost 115 �1.1 281 0.7
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strength created by recent practice should be particularly marked
for the trained stimuli. This manipulation allowed us, first, to test
a further prediction of the TSI hypothesis and, second, to tease
apart, rather than set in opposition, the contributions of TSI and
associative interference.

We tested the prediction of the TSI hypothesis that factors that
increase the control bias required on the preswitch trial should
increase the switch cost (Allport & Wylie, 1999). In the present
context, responding to a trained stimulus in the unpracticed task
should require a strong control bias to override the just-practiced
response. TSI, and the switch cost, should therefore be large
following such stimuli. Conversely, responding to a trained stim-
ulus in the practiced task should require less control input than it
otherwise would, hence the cost of switching away to the unprac-
ticed task should be small. Thus, the TSI theory predicts that the
effects of recent practice on switch costs should be especially
marked when a trained stimulus appears on the preswitch trial. A
corollary of this prediction is that TSI should differ little for the
practiced and unpracticed tasks when a transfer stimulus appears
on the preswitch trial. Trials preceded by transfer stimuli therefore
afford us a condition in which the effects of associative interfer-
ence are unconfounded with, and unopposed by, the effects of TSI.
We can then look at performance on switch trials preceded by
transfer stimuli separately for the practiced and unpracticed tasks.
As in previous experiments, the associative interference hypothesis
predicts that switch costs should be particularly large for the
unpracticed task when trained stimuli are presented on the switch
trial (because these stimuli will have recently been practiced in a
competing task).

Method

There were 48 paid participants, 19 men and 29 women, ages 18–37
years. The experiment was run in a single session of about 45 min. It
consisted of two sequences of eight blocks. In one sequence, the letters
used were E and Q, in the other, M and U, with the order of usage balanced
across participants. The composition of each eight-block sequence was like
that in Experiment 2, except that only four stimuli appeared in each
practice block. These trained stimuli therefore appeared nine times in the
practice block, including one presentation each on a warm-up trial. All of
the stimuli were then presented in the subsequent switching block.

Table 3 illustrates the assignment of stimuli to practice blocks by
showing the stimuli used for one sequence of eight blocks for 1 participant.
Each half of the stimulus set contained each letter twice, each digit addend
once, and equal numbers of “yes” and “no” responses in the comparison
task. In the first two practice blocks of a sequence, one block for each task,

one half of the stimulus set was practiced. The other half was practiced in
the second two practice blocks. Thus, each stimulus appeared as both a
trained and a transfer stimulus in a sequence, and each stimulus was
practiced in only one block for each task. The division of the stimulus set
into trained and transfer stimuli was varied in a balanced way across
participants. All other details were as in Experiment 2.

Results

The following analyses excluded 4.0% of trials from practice
blocks. They excluded 4.4% of trials from task switching blocks.

Practice blocks. Performance in practice blocks in the two
sequences is shown in Figure 7. There was no reliable reduction in
RTs from the first sequence to the second (F � 1), but there was
a significant reduction in error rates, F(1, 46) � 5.11, MSE � 15.9,
p � .05. Each stimulus was practiced in only one block for each
task in this experiment, and the right panel of Figure 7 shows how
performance changed within those practice blocks, comparing
successive sets of eight trials and discounting the first two
warm-up trials. Practice led to a robust reduction in RTs, F(3,
138) � 27.95, MSE � 14,673, p � .01, but less consistent changes
in error rates, F(3, 138) � 4.33, MSE � 9.3, p � .01. Separate
ANOVAs were performed on the RT data for the two tasks. The
alphabet arithmetic task showed a reliable reduction in RTs within
practice blocks, F(3, 138) � 29.06, MSE � 21,074, p � .01, with
a significant linear trend, F(1, 138) � 86.75, p � .01. Improve-
ments in comparison task performance were less marked but
reliable, F(3, 138) � 4.44, MSE � 6,270, p � .01, and although
improvement was largely restricted to the final quarter of the
block, there was a significant linear trend, F(1, 138) � 5.93,
p � .05.

Task switching blocks. There was a reliable 205-ms time cost
of task switching, F(1, 46) � 168.21, MSE � 96,250, p � .01, but
a very slight error benefit of 0.1% (F � 1). Of primary interest is
how recent practice affected switch costs for the trained and
transfer stimuli. Contrary to our predictions, the effect of recent
practice on switch costs did not differ depending on whether a
trained or transfer stimulus was presented on the preswitch trial
(F � 1, for both RT and error rates). However, as illustrated in
Figure 8, this was largely due to an unexpected effect of the status
of the stimulus presented on the switch trial itself. Figure 8 shows
the effect of recent practice on task switching for each possible
type of stimulus sequence: trained–trained, trained–transfer,
transfer–trained, and transfer–transfer (where the first-named pre-
cedes the second). It is evident that switch costs were larger for a
recently practiced task only for the condition in which a trained
stimulus followed another trained stimulus (Figure 8, leftmost
panel), although the difference in switch costs between the four
conditions was only marginally reliable for the time cost data, F(1,
46) � 2.78, MSE � 63,523, p � .10, and was not significant for
the error rates (F � 1). To investigate these effects further, we
performed separate ANOVAs for trials preceded by trained and
transfer stimuli and then for each of the four conditions shown in
Figure 8.

For trials preceded by a trained stimulus, the condition for which
the TSI hypothesis predicts the greatest effect of recent practice,
we found no reliable effect of recent practice on switch costs (F �
1). However, for these trials there was a reliable interaction be-
tween recent practice, switching, and the stimulus on the current

Table 3
Example of Letter–Digit Stimuli Given to a Participant in One
Sequence of Experiment 3

Block Block type Trained stimuli Transfer stimuli

1 Alphabet arithmetic E1 E3 Q2 Q4
2 Task switching E1 E3 Q2 Q4 E2 E4 Q1 Q3
3 Comparison E1 E3 Q2 Q4
4 Task switching E1 E3 Q2 Q4 E2 E4 Q1 Q3
5 Alphabet arithmetic E2 E4 Q1 Q3
6 Task switching E2 E4 Q1 Q3 E1 E3 Q2 Q4
7 Comparison E2 E4 Q1 Q3
8 Task switching E2 E4 Q1 Q3 E1 E3 Q2 Q4
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trial, F(1, 46) � 5.68, MSE � 43,539, p � .05. The predicted
effect of recent practice was only apparent when a trained stimulus
appeared on the switch trial as well as on the preswitch trial for
RTs, F(1, 46) � 5.68, MSE � 41,071, p � .05, and for errors (F �
1). In contrast, for the trained–transfer condition, the switch cost
was somewhat larger for the unpracticed task for RTs, F(1, 46) �
1.15, MSE � 42,337, p � .25, and for errors, F(1, 46) � 1.77,
MSE � 35.3, p � .15.

As described above, effects of associative interference should be
most apparent in a transfer–trained condition: Because the previ-
ous trial involves a transfer stimulus, the effects of TSI should not
differ for the two tasks, and so the effects of associative interfer-
ence will not be masked. Specifically, when trained stimuli appear
on the switch trial itself, the unpracticed task should suffer asso-
ciative interference (from the just-practiced bindings of the other
task) and hence should show a large switch cost. In contrast, the
practiced task should, if anything, benefit from associative facili-
tation (because the task bindings just practiced are those now
required to perform the task) and hence should show a small
switch cost. However, no such effects were apparent in the data:
For the transfer–trained condition, there was no interaction be-
tween recent practice and switching, either for RTs or for errors
(Fs � 1).4

Table 4 presents results separately for the two tasks. The switch
cost was greater for the comparison task than for the alphabet
arithmetic task for RTs, F(1, 46) � 12.22, MSE � 67,009, p � .01,
but not reliably so for errors, F(1, 46) � 1.55, MSE � 32.7, p �
.10. Moreover, switch costs for the two tasks showed different
effects of recent practice across the conditions for RTs, F(1, 46) �
5.11, MSE � 71,793, p � .05, but not reliably so for error rates,
F(1, 46) � 1.86, MSE � 30.5, p � .10. This interaction seems to
have been largely due to between-task differences in the trained–
trained and transfer–transfer conditions. As can be seen in the first
column of Table 4, the effect of recent practice in the trained–
trained condition was larger for the alphabet arithmetic task than
for the comparison task. However, this difference between the
tasks was only marginally reliable, F(1, 46) � 3.69, MSE �
46,114, p � .06, and was not replicated in the trained–trained

condition of Experiment 4. Therefore, it most likely reflected noise
variability and is not discussed further. The transfer–transfer con-
dition also showed a different pattern of recent practice effects for
the two tasks for RTs, F(1, 46) � 5.41, MSE � 74,673, p � .05,
but not for error rates (F � 1). For the alphabet arithmetic task, the
time costs of switching were much greater for the recently prac-
ticed task, whereas the transfer–transfer condition for the compar-
ison task showed much greater switch costs for the unpracticed
task. The error costs for both tasks, however, were larger for the
less recently practiced task.

Discussion

A first aim of this experiment was to investigate whether the
effect of recent practice on switch costs would be affected by the
nature of the stimulus presented on the preswitch trial, as is
predicted by the TSI hypothesis. Specifically, we expected that a
greater effect of recent practice would be observed when the
preswitch stimulus had been practiced in the preceding block (i.e.,
was a trained stimulus) than when a transfer stimulus was pre-

4 In another analysis, switch trials in the trained–trained and transfer–
trained conditions were compared against the same nonswitch baseline
(nonswitch trials with trained stimuli); similarly, switch trials in the
trained–transfer and transfer–transfer conditions were analyzed against a
pooled baseline of nonswitch trials with transfer stimuli. The results of this
analysis were not materially different from those reported—evidence that
the reported results are not an artifact of the nonswitch baseline used. It is
also worthy of note, given the characterization of some effects as roughly
additive, that the analysis of mean RTs gave somewhat clearer results, with
a reliable difference in recent practice effects shown by the four conditions
(as in Figure 8), F(1, 46) � 7.97, MSE � 38,220, p � .01, that again
differed for the two tasks, F(1, 46) � 10.90, MSE � 32,908, p � .01. The
effect of recent practice on switch costs was reliable in the trained–trained
condition, F(1, 46) � 16.33, MSE � 31,394, p � .01. Recent practice had
almost no effect on switch costs in the transfer–trained condition, F(1,
46) � 0, MSE � 25,932, p � .10, or in the transfer–transfer condition, F(1,
46) � 0.40, MSE � 47,236, p � .10. Switch costs were slightly smaller for
a recently practiced task in the trained–transfer condition, but the effect
was not reliable, F(1, 46) � 2.18, MSE � 30,318, p � .10.

Figure 7. Median response times (RTs) and error rates in practice blocks
of Experiment 3. Left panel: Performance with each digit addend in each
sequence of the experiment separately for the two tasks. Right panel:
Changes in median RTs and error rates within the practice blocks.

Figure 8. Median response times (RTs) and error rates on nonswitch
(NS) and switch (Sw) trials in Experiment 3 as functions of recent practice
and whether the current and previous stimuli appeared in the preceding
practice block (trained stimuli) or not (transfer stimuli).
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sented. In fact, the effect of recent practice showed even greater
specificity and was limited to the case in which trained stimuli
appeared on both the pre- and postswitch trials. That is, observing
the underadditive interaction between switching and recency of
practice required not only that the previous stimulus had recently
been practiced but also that the stimulus presented on the present
trial had recently been practiced. This finding is not predicted by
the TSI theory as originally outlined by Allport et al. (1994), nor
is it predicted by recent models incorporating TSI effects (Gilbert
& Shallice, 2002; Yeung & Monsell, 2003): A control bias carried
over from the preswitch trial would be expected to modulate the
switch costs for transfer stimuli as much as for trained stimuli.

It may yet be possible to explain our findings in terms of the TSI
hypothesis if we take into account the manner in which tasks are
performed before and after practice. As described by Logan and
colleagues (Logan, 1988; Logan & Klapp, 1991), practice causes
a shift from algorithm-based to memory-based processing. In the
present experiment, memory-based responding would have been
more efficient and more available for recently trained stimuli.
Hence, when participants were required to perform the unpracticed
task on a trained stimulus, they may have had to suppress their
tendency to retrieve the practiced but inappropriate response from
memory. We hypothesize that TSI includes carryover of this
suppression of memory-based responding following a switch to the
practiced task. As a consequence, memory-based responding will
be disrupted on the subsequent switch trial. However, because
memory-based responses are only available for trained stimuli,
switch-trial performance will only be disturbed when trained stim-
uli appear, explaining the specificity of the recent practice effect to

the trained–trained condition. Thus, the specificity of the recent
practice effect to the trained–trained condition is explained by
process-level inertia.5 Although the idea of process-level inertia is
clearly a speculative account of our findings, it should be possible
to test this hypothesis in future research. For example, one could
have participants switch between two tasks that each have arbitrary
S-R mappings. With arbitrary mappings, the only strategy is to rely
on memory because there is no algorithm to apply. Hence, we
should not see process-level effects with such tasks because par-
ticipants would always use memory-based responding. If the
process-level inertia theory is correct, we should therefore see no
specificity of the recent practice effect to the trained–trained
condition.

This experiment also allowed us to look for evidence of asso-
ciative interference in a condition in which the tasks should have
been more nearly equated for effects of TSI: trials preceded by
transfer stimuli. Even in this condition, however, we found no
evidence of associative interference: For trials on which a trained
stimulus appeared on the switch trial, switch costs were no larger
for the unpracticed task (i.e., a task that should suffer associative
interference) than for the practiced task (i.e., a task that should
benefit from associative facilitation). Thus, it appears that asso-
ciative interference contributed little to switch costs in the present
experiment. This is surprising given the large contribution of
associative interference to the switch costs observed by Waszak et
al. (2003). It could be that the perceptual similarity between items

5 We thank Gordon Logan for suggesting process-level inertia.

Table 4
Effects of Recent Practice on Switch Costs for the Two Tasks in Experiment 3 as a Function of
Stimulus Type on the Previous and Current Trials, Showing Median Response Times
(RTs; in Milliseconds) and Percentage Error Rates

Task type and trial type/
switch cost

Trained–trained Trained–transfer Transfer–trained Transfer–transfer

RT % error RT % error RT % error RT % error

Alphabet arithmetic

Just practiced alphabet arithmetic
Nonswitch 1,318 1.6 1,621 3.4 1,326 1.5 1,640 3.3
Switch 1,558 2.0 1,744 2.4 1,544 0.2 1,822 2.1
Switch cost 240 0.4 123 �1.0 218 �1.3 182 �1.2

Just practiced comparison
Nonswitch 1,508 3.3 1,437 2.3 1,447 3.5 1,547 1.8
Switch 1,565 2.0 1,633 3.8 1,677 2.4 1,576 1.5
Switch cost 57 �1.3 196 1.5 230 �1.1 29 �0.3

Comparison

Just practiced alphabet arithmetic
Nonswitch 1,041 0.9 1,068 2.3 1,045 1.6 1,040 1.6
Switch 1,264 0.7 1,306 3.1 1,329 1.5 1,356 3.6
Switch cost 223 �0.2 238 0.8 284 �0.1 316 2.0

Just practiced comparison
Nonswitch 1,026 1.7 1,073 2.4 1,042 1.1 1,095 2.1
Switch 1,264 0.6 1,293 2.4 1,326 1.4 1,304 2.0
Switch cost 237 �1.1 220 0.0 284 0.3 209 �0.1

Note. Trained stimuli were recently practiced (presented in an immediately prior block); transfer stimuli were
not recently practiced.
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in the present study, all of which were constructed from a common
set of letters and digits, prevented the formation of item-specific
associative bindings. Alternatively, it could be that associative
interference was present on both switch and repeat trials for the
unpracticed task and hence, though present, did not contribute to
the switch cost (cf. the picture-naming condition of Waszak et al.,
2003). Further work is clearly required to understand the condi-
tions under which associative interference contributes to the switch
cost.

Experiment 4

The purpose of this experiment was to determine whether the
effect of TSI is diminished by preparation that is effective in
reducing the switch cost. That such a reduction occurs is an
assumption of some recent models of task-set priming (Gilbert &
Shallice, 2002; Yeung, 1999). But interference from the competing
task, as measured by the difference between congruent and incon-
gruent stimuli, has several times been observed not to reduce with
preparation that is effective in reducing the switch cost. Again we
used the increased switch cost for a recently practiced task as the
signature of TSI, and we tested whether preparation reduced this
effect by varying the interval between the response on one trial and
the stimulus on the next (i.e., the response–stimulus interval or
RSI).

A 600-ms RSI was used in the previous experiments. Because
previous research has shown this length of RSI to be sufficient to
allow preparation to be completed (De Jong, 1995; Rogers &
Monsell, 1995), it might be thought that the reliable effects of
recent practice observed in Experiments 1–3 provide evidence that
TSI is not eliminated by preparation. However, evidence from a
control experiment, not reported in detail here, suggested that
participants did not engage in useful preparation in Experiments
1–3. In the control experiment, we did not manipulate recent
practice but, using the same tasks, measured switch costs with
three different RSIs (600, 1,000 and 1,666 ms) in different blocks.
Table 5 presents the switch costs observed in Experiments 1–3,
compared with those observed in the 600-ms RSI condition of the
control experiment. The switch costs observed in Experiments 1–3
are strikingly similar to one another, and they are more than twice

the size of those observed in the equivalent RSI condition of the
control experiment. The participants in Experiments 1–3 appar-
ently made little effective use of the 600-ms RSI to prepare for the
upcoming task—a conclusion supported by the results to be re-
ported in the present experiment. We speculate that varying RSI in
the control study gave its participants a greater opportunity to
recognize the value of effective preparation.

The present experiment also provided an opportunity to repli-
cate and clarify the results of Experiment 3 on the contrast between
trained and transfer stimuli. In Experiment 3, it was found that the
large effect of recent practice in the trained–trained condition was
largely restricted to the alphabet arithmetic task. Similarly, the two
experimental tasks differed for the transfer–transfer condition. The
present experiment assessed the robustness of these differences
between the tasks.

Method

There were 16 paid participants, 9 women and 7 men, ages 20–42 years.
As in Experiments 1–3, participants cycled through eight-block sequences,
alternating practice at the two tasks, with switch costs measured after each
block of practice. Participants performed four such sequences, two in each
of two sessions on consecutive days. The letter pairs used were B and H,
E and Q, M and S, and O and V, and the order in which they were used was
balanced over participants.

The design of the task switching blocks was substantially changed to
allow the manipulation of RSI. They now consisted of 48 trials, made up
of 16 triplets of three trials each. A single task switch was required in each
triplet. Thus, there were four possible task orderings within a triplet, as
shown in Table 6, used equally often, yielding equal numbers of trials for
each task and trial type (switch, nonswitch). RSI was kept constant for each
triplet but varied across triplets within the switching block. The RSIs used
were 200 ms and 1,200 ms. Each triplet contained only trained stimuli or
only transfer stimuli, but stimulus type varied across triplets within a block.
This simplified design focused on two cases of interest from Experiment 3,
the case in which trained stimuli followed trained stimuli and the one in
which transfer stimuli followed transfer stimuli. The four triplet types were
presented once for each combination of RSI (200 ms or 1,200 ms) and
stimulus type (trained or transfer), thus making up the 16 triplets in the
switching block. Each stimulus was presented once for each task at each
RSI in the experimental trials (triplet positions 2 and 3) and once for each
task during warm-up trials, and there were no stimulus repetitions on
successive trials. Within these constraints, the order of stimulus presenta-
tion was randomized.

A sample display sequence from a switching block is depicted in
Figure 9. The letter–number stimuli were presented inside each of three
vertically aligned boxes, moving from top to bottom within the triplet. A
word cue was displayed above each box to indicate the task to be per-
formed for each of the three stimuli, and the RSI for the upcoming triplet
was indicated at the top of the screen. Participants pressed a key to begin
the triplet, at which point the top box turned red. Following the appropriate
RSI, the stimulus appeared inside this box. When the onset of the spoken
response was detected, the stimulus disappeared, the box returned to a
black outline, and the location of the next stimulus was indicated. At the
end of the triplet, the screen cleared and the display for the next triplet
began 500 ms later. As in previous experiments, the stimuli measured 1.8°
wide by 0.6° high at 80-cm viewing distance. The task cues were 2.5° wide
and 0.4° tall; the boxes were 2.5° wide by 0.9° tall and were separated by
a vertical gap of 0.9°. The interval cue was 6.8° wide by 0.6° tall. The
design and presentation of stimuli in practice blocks was the same as in
Experiment 3.

Table 5
Comparison of Median and Fastest Quantile (5% of Trials)
Switch Costs by Response–Stimulus Interval (RSI) in
Experiments 1–3, the Control Experiment, and Experiment 4

Experiment and RSI (ms)

Switch cost (ms)

Median Fastest quantile

Experiment 1
600 202 64

Experiment 2
600 198 60

Experiment 3
600 201 59

Control
600 93 27

Experiment 4
200 178 58

1,200 78 17
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Results

The analyses excluded the four warm-up trials at the start of
practice blocks and the first trial of each triplet in the task switch-
ing blocks. A further 6.0% of trials from practice blocks and 4.2%
of trials from task switching blocks were excluded from the
analysis.

Practice blocks. Figure 10 shows performance in practice
blocks separately for each sequence. RTs were lower in the second
session than the first, F(3, 42) � 9.95, MSE � 32,207, p � .01, but
there was little improvement in performance across the two se-
quences within each session. Error rates showed a different pat-
tern, falling within each session, F(3, 42) � 5.01, MSE � 18.0,
p � .01. Practice effects observed within a block were similar to
those observed in Experiment 3, as shown in the right panel of
Figure 10. There was an improvement in RTs, F(3, 42) � 16.14,
MSE � 7,911, p � .01, but little change in error rates (F � 1). For
the alphabet arithmetic task, performance improved within practice
blocks, F(3, 42) � 15.51, MSE � 15,425, p � .01, with a reliable
linear trend, F(1, 42) � 43.04, p � .01. However, there was no
reliable improvement in the comparison task, F(3, 42) � 2.15,
MSE � 1,830, p � .10.

Task switching blocks. Task switching incurred a 139-ms time
cost, F(1, 15) � 28.87, MSE � 170,974, p � .01, and a 1.1% error
cost, F(1, 15) � 1.81, MSE � 44.6, p � .10. With a short RSI, the
time cost averaged 191 ms, and the error cost averaged 1.4%. At
the longer RSI, a time cost of 87 ms was accompanied by a slight
error benefit of 0.3%. Thus, preparation reduced both the time
cost, F(1, 15) � 19.27, MSE � 36,340, p � .01, and error cost,
F(1, 15) � 4.90, MSE � 38.2, p � .05, of switching, but a
substantial time cost was observed at the long RSI.

Figure 11 shows cumulative distribution functions (CDFs) for
switch and nonswitch trials at the two RSIs.6 The preparatory
reduction of the switch cost observed here had the same properties
as the preparation effect observed in previous studies (De Jong,
2000; De Jong, Berendsen, & Cools, 1999; Nieuwenhuis & Mon-
sell, 2002). Performance on switch trials with a short RSI was
substantially slower than on nonswitch trials for every RT percen-
tile. In contrast, the shortest RTs for switch trials with a long RSI

were almost as short as the fastest nonswitch-trial responses,
whereas the slowest responses in this condition were nearly as
slow as the slowest responses on switch trials with the short RSI.7

The results also support our supposition that participants in Ex-
periments 1–3 attempted little preparation in the 600-ms interval
provided. As shown in Table 5, performance in the short-RSI
condition of the present experiment was comparable to perfor-
mance in Experiments 1–3, whereas performance in the long-RSI
condition was similar to that seen in the 600-ms RSI condition of
the control experiment.

Thus, the present findings are consistent with those of Experi-
ments 1–3 and also those from De Jong’s (2000; De Jong et al.,
1999) studies of the effects of preparation interval on RT distri-
butions. The critical issue, therefore, is how preparation affected
TSI. Figure 12 shows performance on switch and nonswitch trials
as functions of RSI and recency of practice, separately for trained
and transfer stimuli. Trained and transfer stimuli were never pre-
sented together in a triplet, hence they were always preceded by a
stimulus of the same type. Thus, the conditions shown correspond
to the trained–trained and transfer–transfer conditions of Experi-
ment 3. The impact of RSI on the effect of recent practice on
switch costs differed for the two stimulus types for RTs, F(1,
15) � 4.57, MSE � 16,486, p � .05, but not significantly so for

6 CDFs using 19 evenly spaced quantiles were calculated for each
participant, separately for each combination of task, RSI, and trial type
(switch, nonswitch), pooling data across sequences, stimulus types, and
recent practice conditions. They were then averaged across tasks and
participants to produce the CDFs shown in Figure 11. In another analysis,
CDFs were also calculated separately for each stimulus type and recent
practice condition, but the pattern of RSI effects in each was similar to that
shown.

7 De Jong and colleagues (De Jong, 2000; De Jong et al., 1999) have
interpreted this pattern of findings as evidence that participants can fully
prepare a task set in advance of the stimulus but fail to engage reconfigu-
ration processes on a proportion of trials. To the extent that the intention-
activation process envisioned by De Jong (2000) entails the reduction of
TSI, De Jong’s claim of probabilistic preparation is compatible with our
findings.

Table 6
Triplet Types in Experiment 4

Triplet type and task/trial type

Trial in triplet

1 2 3

A
Task Arithmetic Comparison Comparison
Trial type Warm up Comparison–Sw Comparison–NS

B
Task Comparison Arithmetic Arithmetic
Trial type Warm up Arithmetic–Sw Arithmetic–NS

C
Task Arithmetic Arithmetic Comparison
Trial type Warm up Arithmetic–NS Comparison–Sw

D
Task Comparison Comparison Arithmetic
Trial type Warm up Comparison–NS Arithmetic–Sw

Note. The first trial of each triplet was treated as a warm-up trial. The data of interest come from the second
and third trials of the triplet. Arithmetic � alphabet arithmetic; Sw � switch; NS � nonswitch.

931RECENT PRACTICE AND TASK SWITCHING



error rates, F(1, 15) � 1.94, MSE � 17.7, p � .10. To investigate
these differences further, we performed separate ANOVAs for the
trained and transfer stimuli and then for each RSI condition.

For the trained stimuli, there was a significant change in the
effect of recent practice on switch costs as a function of RSI for
RTs, F(1, 15) � 6.00, MSE � 21,549, p � .05, but not for errors
(F � 1). At the short RSI, switch costs were larger for the more
recently practiced task for RTs, F(1, 15) � 5.72, MSE � 27,486,
p � .05, but not reliably so for errors, F(1, 15) � 2.48, MSE �
24.6, p � .10. In contrast, at the long RSI, the time costs were
slightly larger for the unpracticed task (F � 1), whereas error costs
were marginally larger for a recently practiced task, F(1, 15) �
3.08, MSE � 50.8, p � .10. Thus, for trained items, the effect of
recent practice, diagnostic of task-set priming, was present at the
short RSI only.

The transfer stimuli showed no reliable change in the effect of
recent practice for the RT data (F � 1), but there was a significant
effect on the error-cost data, F(1, 15) � 5.48, MSE � 24.6, p �
.05. The time cost of switching between transfer stimuli was little
affected by recency of practice at either RSI (Fs � 1). A larger
error cost was observed for the unpracticed task at the short RSI,
F(1, 15) � 7.46, MSE � 36.1, p � .05, but the difference was
abolished with preparation (F � 1). Thus, for transfer stimuli,
switch costs were, if anything, larger for the unpracticed task, but
this difference was observed at the short RSI only.

The effects observed did not differ reliably across the two
sessions of the experiment, nor did they differ as a function of the
position within a triplet at which the switch occurred. The results
of an analysis of mean RTs did not differ materially from those of
the analysis of the median data.

Figure 9. Example display sequence from a task switching block of Experiment 4. Letter–number stimuli were
presented inside each of three vertically aligned boxes, moving from top to bottom within the triplet. A word cue
above each box indicated the task (alphabet arithmetic or comparison) to be performed for each of the three
stimuli, and the response–stimulus interval (RSI) for the upcoming triplet was indicated at the top of the screen
(long � 1,200 ms). Left panel: Participants pressed a key to begin the triplet, at which point the top box turned
red (represented by gray tone). Middle panel: Following the appropriate RSI, the stimulus appeared inside this
box. Right panel: When the onset of the spoken response was detected, the stimulus disappeared, the box
returned to a black outline, and the location of the next stimulus was indicated.

Figure 10. Median response times (RTs) and error rates in practice blocks of Experiment 4. Left panel:
Performance with each digit addend in each of the four sequences of the experiment (two sequences per session)
separately for the two tasks. Right panel: Changes in median RTs and error rates within the practice blocks.
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Contrast between experimental tasks. The present data al-
lowed us to investigate further some of the differences between the
alphabet arithmetic and comparison tasks observed in the previous
experiments. Once again, the comparison task was performed with
greater speed, F(1, 15) � 88.99, MSE � 239,460, p � .01, and
slightly greater accuracy, F(1, 15) � 1.14, MSE � 30.1, p � .10,
than the alphabet arithmetic task; but it suffered greater time costs,
F(1, 15) � 7.60, MSE � 78,625, p � .05, and error costs, F(1,
15) � 6.34, MSE � 67.6, p � .05. Preparation reduced the switch
costs more for the comparison task for time costs, F(1, 15) �
22.21, MSE � 19,823, p � .01, and marginally so for error costs,
F(1, 15) � 3.94, MSE � 53.0, p � .07.

The results of Experiment 3 showed some important differences
in the effect of recent practice for the two tasks. The relevant
comparisons for the present experiment are given in Table 7.
Performance at the short RSI showed the same pattern of results as
in Experiment 3, with a large effect of recent practice on trained
stimuli but roughly additive effects of recent practice and task
switching for transfer stimuli. As shown in the first column of
Table 7, the effect of recent practice on switch costs was of similar
magnitude for the two tasks for trained stimuli, amounting to 110
ms for the alphabet arithmetic task and 88 ms for the comparison
task, a nonsignificant difference (F � 1). The effect of recent
practice on error costs was also larger for the alphabet arithmetic
task but, again, not reliably so, F(1, 15) � 1.50, MSE � 26.0, p �
.10. Thus, in contrast to the results of Experiment 3, the effects of
recent practice for trained stimuli were similar for the two tasks.

For the transfer stimuli at short RSIs, a very similar pattern to
that observed in Experiment 3 was evident. The comparison task
showed larger switch costs for the unpracticed task, whereas
switch costs for the alphabet arithmetic task were greater for a
more recently practiced task. This resulted in a marginally reliable
interaction between the task and the effect of recent practice on
switch costs, F(1, 15) � 3.26, MSE � 22,943, p � .09. Once
again, however, the error cost data showed the same pattern for the
two tasks (F � 1), with both showing larger switch costs for the
less recently practiced task. Because of the inconsistency of results
across tasks and across RT and error measures, it is difficult to
draw any strong conclusions concerning the finding of greater
switch costs for the less recently practiced task with transfer

stimuli. Nonetheless, it would appear to be a robust effect, and its
explanation warrants attention in future research.

Discussion

The primary aim of this experiment was to characterize the
influence of preparation on TSI, as indexed by the effect of recent
practice on switch costs. The increased cost of switching to a
recently practiced task was clearly reduced, and in the case of RT
eliminated, by increasing the RSI from 200 to 1,200 ms. Moreover,
analysis of RT distributions suggested that participants in Exper-
iments 1–3 were not taking advantage of the opportunity afforded
by the 600-ms interval to prepare for a change of task, so that the
effect of recent practice on switch costs in those experiments
cannot be interpreted as the effect on the residual component of the
switch cost. We conclude that TSI—as indexed by an increased
cost of switching to a recently practiced task—is observed primar-
ily under conditions of unprepared switching and diminishes with
active preparation for a switch.

We might speculate as to the mechanism by which TSI is
reduced as the time available for preparation is increased. One
possibility is that it decays spontaneously. However, this hypoth-
esis cannot explain the variable effects of RSI seen in the present
experiments. Passive decay predicts similar effects in Experiments
1–3—where the interval was constant at 600 ms—and in the
600-ms RSI condition of the control experiment. Hence, it would
appear that the reduction of TSI that we have detected was brought
about by active endogenous preparation for a task switch. We do
not claim, however, that this is the only source of the reduction in
switch costs with preparation. Rather, we suggest that reduced
carryover will be one important consequence of the task-set re-
configuration processes previously invoked to explain the effects
of preparation on switch costs (Goschke, 2000; Kieras et al., 2000;
Meiran, 2000; Monsell et al., 2000).

General Discussion

The present research addressed three issues concerning the
effects of task-set priming on task switching performance. Our
conclusions with regard to these issues are as follows:

Figure 11. Cumulative distribution functions for switch and nonswitch
trials of Experiment 4, shown separately for the short (200 ms) and long
(1,200 ms) response–stimulus intervals. RT � response time.

Figure 12. Median response times (RTs) and error rates in task switching
blocks of Experiment 4 as functions of recent practice, stimulus type, and
response–stimulus interval (short � 200 ms; long � 1,200 ms). NS �
nonswitch; Sw � switch.
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1. Effects of task-set priming, as indexed by the greater cost
of switching to the stronger task (underadditive interac-
tion), can be demonstrated by selective recent practice
with any pair of tasks afforded by the same stimuli.

2. Task-set inertia (carryover of task-set activation or inhi-
bition from the previous trial) provides a better account
of the underadditive interaction than retrieval of a com-
peting task set associated with the stimulus. However,
that the underadditive interaction is dependent on the
recent history of not only the previous but also the
present stimulus is not predicted by a simple TSI theory.

3. TSI is reduced with endogenous preparation for an up-
coming switch; its effects are not limited to the residual
cost. Indeed, there was little sign of TSI after preparation
in the present study.

In what follows, we elaborate the implications of each of these
conclusions for current theories of task-set control in task
switching.

Question 1: Generality of the Underadditive Interaction

Selective recent practice is a useful manipulation for investigat-
ing the effects of effective relative task strength on task switching
performance. It has the advantage that it can be applied to any pair
of tasks, so that investigation is not limited to sets of tasks that
happen to differ radically in preexperimental practice in all par-
ticipants but which may also differ in other unwanted ways. Using
this method, our primary finding was of an increased cost of

switching to a recently practiced task. This effect of recent practice
was observed across four experiments and was equally apparent
for two quite different experimental tasks. Taken with comparable
findings using other experimental tasks (Yeung, 1997, cited in
Allport & Wylie, 1999), the effect of recent practice on switching
would seem robust and generalizable. We conclude that the un-
deradditive interaction between task strength and switching is not
limited to specific task pairings in which one of the tasks is highly
overlearned (cf. Monsell et al., 2000) but may be observed with
any arbitrary pair of tasks. This finding is consistent with theories
that grant task-set priming an important role in accounting for
switch costs (e.g., Gilbert & Shallice, 2002; Meiran, 2000; Sohn &
Anderson, 2001; Yeung & Monsell, 2003) and present a challenge
to theories that presently model task switching performance with-
out incorporating any task-set priming effects (Kieras et al., 2000;
Logan & Gordon, 2001; Rubinstein et al., 2001).

Question 2: TSI Versus Associative Interference

Two proposed mechanisms of task-set priming, TSI and asso-
ciative interference, make different predictions about the effects of
recent selective practice on just one of the tasks. The TSI hypoth-
esis predicts that switch costs should be large for the recently
practiced task, because strong control biases will be applied when
the weaker, unpracticed task is performed, making it hard to switch
away from this task. In contrast, the associative interference hy-
pothesis predicts that switch costs should be small when switching
to the recently practiced task, because the stimulus–task bindings
formed during practice are those required to perform the upcoming
task. Our results were consistent with the former prediction. More-

Table 7
Effects of Recent Practice on Switch Costs for the Two Tasks in Experiment 4 as Functions of
Stimulus Type and Response–Stimulus Interval, Showing Median Response Times
(in Milliseconds) and Percentage Error Rates (in Parentheses)

Task type and trial type/switch cost

Trained Transfer

200 ms 1,200 ms 200 ms 1,200 ms

Alphabet arithmetic

Just practiced alphabet arithmetic
Nonswitch 1,028 (1.2) 1,067 (2.0) 1,244 (5.5) 1,267 (3.1)
Switch 1,188 (1.6) 1,146 (2.3) 1,387 (3.5) 1,331 (2.7)
Switch cost 160 (0.4) 79 (0.3) 143 (�2.0) 64 (�0.4)

Just practiced comparison
Nonswitch 1,192 (6.6) 1,123 (4.3) 1,184 (2.7) 1,206 (2.7)
Switch 1,242 (3.5) 1,282 (2.0) 1,237 (4.3) 1,221 (2.3)
Switch cost 50 (�3.1) 159 (�2.3) 53 (1.6) 15 (�0.4)

Comparison

Just practiced alphabet arithmetic
Nonswitch 821 (1.6) 830 (2.7) 833 (0.0) 826 (2.3)
Switch 1,056 (3.1) 888 (1.2) 1,140 (7.8) 935 (2.3)
Switch cost 235 (1.5) 58 (�1.5) 307 (7.8) 109 (0.0)

Just practiced comparison
Nonswitch 835 (0.8) 811 (2.0) 833 (2.7) 826 (2.7)
Switch 1,158 (2.7) 893 (3.9) 1,093 (5.9) 950 (2.7)
Switch cost 323 (1.9) 82 (1.9) 260 (3.2) 124 (0.0)

Note. Trained stimuli were recently practiced (presented in an immediately prior block); transfer stimuli were
not recently practiced.
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over, we found no evidence of associative interference in a con-
dition in which unequal TSI resulting from recent practice should
have been minimized (the trials of Experiment 3 preceded by a
stimulus that had not been recently practiced). Hence, although
associative priming effects undoubtedly occur under some condi-
tions (Waszak et al., 2003), our findings suggest that the under-
additive interaction of switch costs must be attributed to the effects
of TSI, contrary to the claims of Wylie and Allport (2000) but
consistent with models of Gilbert and Shallice (2002) and Yeung
and Monsell (2003).

Given that the increased cost of switching to a recently practiced
task cannot be explained in terms of associative interference, nor
in terms of the duration of time-consuming control processes, it
appears to be a diagnostic marker of the presence of TSI. In
Experiment 3, we exploited this idea to investigate further prop-
erties of TSI, presenting only half of the available stimuli in each
practice block. Contrary to our expectation, the increased cost of
switching to the practiced task was apparent only when a recently
practiced stimulus (a “trained” item) was presented on both pre-
and postswitch trials. In its present form, the TSI hypothesis
predicts that the underadditive interaction should be contingent on
recent experience with the previous stimulus (as it was), but it
cannot easily explain why it should also be contingent on recent
experience with the present stimulus. To explain this finding, we
speculate that TSI may affect specific processes within a task set.
Participants may suppress their tendency to retrieve practiced but
inappropriate responses from memory when performing a less
recently practiced task, and this suppression of memory-based
responding may be carried over to the next trial (TSI). Thus,
performance following a switch to the practiced task will be
disrupted but only when a trained stimuli appears on the switch
trial (because only for these stimuli are memory-based responses
available). An issue for future research is the extent to which
process-level inertia of this kind contributes to task switching
performance with task pairings other than the one used here.

Question 3: Preparation and TSI

Several authors have proposed that switch costs can be parti-
tioned into a component that can be eliminated by adequate prep-
aration prior to the stimulus and a component that cannot (the
residual cost). The residual cost has been seen as the surprising
observation and persistent TSI as an attractive explanation for it
(e.g., Allport & Wylie, 1999, 2000; Goschke, 2000; Monsell et al.,
2000). However, the results of Experiment 4 showed that our
diagnostic index of TSI—the increased cost of switching to a
recently practiced task—was largely eliminated by preparation
that, although effective, reduced the RT cost of a switch by only
about a half. We infer that TSI does not contribute solely to the
residual cost but may instead be reduced with endogenous prepa-
ration for the upcoming task. This conclusion is consistent with
some recent accounts of task switching performance that model
TSI effects (Gilbert & Shallice, 2002; Yeung & Monsell, 2003). It
remains to be determined whether active preparation can ever
completely eliminate the effects of TSI—in our data, a small effect
was apparent in the error data even at the long RSI—and to what
extent TSI may reduce through passive dissipation.

Our results have interesting implications with regard to the
findings of Mayr and Keele (2000; see also Arbuthnott & Frank,

2000; Mayr, 2002) regarding backward inhibition of a switched-
from task set. Mayr and Keele (2000) found backward inhibition to
be little affected by effective task-set preparation, suggesting that
it contributes to the residual cost. Thus, although the concept of
persisting backward inhibition of a task set appears related to TSI,
it is distinguishable on both conceptual and empirical grounds: TSI
reflects control biases applied when one task set must be per-
formed in the face of competition from another, and it is reduced
by effective preparation for an upcoming task switch. Mayr and
Keele’s (2000) backward inhibition reflects a bias applied after a
task is performed so as to reduce the tendency to repeat this task,
and it is largely unaffected by preparation.8

Finally, at a purely empirical level, the observation that car-
ryover of task set diminishes with effective preparation may begin
to reconcile previous findings concerning the effects of task
strength on task switching. As described in the introduction, al-
though many experiments have found greater switch costs for the
stronger task of a pair (Allport et al., 1994; Allport & Wylie, 1999,
2000; De Jong, 1995; Meuter & Allport, 1999), this pattern has not
been universally observed (Azuma, 1999). However, Azuma’s
experiments assessed performance using only relatively long prep-
aration intervals, whereas of the former series of experiments, only
Allport and Wylie’s (1999, 2000) experiments did so. If we hy-
pothesize that preparation was effective in Azuma’s studies but not
in those of Allport and Wylie (1999, 2000), it is consistent with our
finding in Experiment 4 that Azuma’s should have detected no
evidence of TSI. However, without explicit manipulation of prep-
aration interval, it is of course impossible to be sure that this was
the case. Thus, we conclude with a methodological warning:
Several researchers, including ourselves, have run experiments
with a single, longish preparation interval on the assumption that
participants will use it to prepare for an upcoming task change
when they are warned that one is due and that we are therefore
studying the “residual” component of switch costs. However, the
contrast between the results of Experiments 1–3 and Experiment 4
shows that it is difficult to gauge the preparatory state of the
participants if preparation interval is not varied. Hence, to be sure
that participants are making use of a long preparation interval for
task-set preparation, one must show that the switch cost reduces
with an increase in the preparation interval.

8 The concept of backward inhibition may explain the finding, reported
by Goschke (2000), that switch costs are increased when an incongruent
stimulus appears on the preswitch trial and that preparation does not
diminish this effect. Backward inhibition should be larger when an incon-
gruent stimulus is presented because there is a greater need to inhibit the
previous, now-irrelevant task set. This increase in backward inhibition
would result in an increased cost of switching following an incongruent
stimulus, as Goschke (2000) observed. Crucially, as noted above, Mayr and
Keele (2000) found that backward inhibition is unaffected by preparation.
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