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Advance task preparation reduces task error rate
in the cuing task-switching paradigm

NACHSHON MEIRAN and ALEX DAICHMAN
Ben-Gurion University of the Negev, Beer-Sheva, Israel

Advance preparation reduces RT task-switching cost, which is thought to be evidence of preparatory
control in the cuing task-switching paradigm. In the present study, we emphasize errors in relation to
response speed. In two experiments, we show that (1) task switching increased the rate at which the
currently irrelevant task was erroneously executed (“task errors”) and (2) advance task preparation
reduced the task error rate to that seen in nonswitch trials. The implications of the results to the hy-
pothesis concerning task-specific preparation are discussed.

Consider the following set of instructions, typically
used in task-switching experiments:

In this experiment, you are asked to perform two tasks
[a description of the tasks and of how they are cued fol-
lows]. Please respond as quickly as you can without making
errors.

In task-switching experiments, such an emphasis on
high accuracy is critical because errors most often seem to
reflect executions of the wrong task. Moreover, it is criti-
cal that participants execute the correct task in trial n — 1
in order to ensure the correct classification of trial n (the
one being analyzed) as involving or not involving a task
switch (see Meiran, 1996, Experiments 2 and 3). Assume,
for example, a condition in which the required task in
trial n — 1 was letter classification, whereas the errone-
ously performed alternative task was color classification.
An error in this context would reverse the status of trial n.
If trial # involved color, for example, its status would be
changed from “switch” (letter — color) to “nonswitch”
(color — color). Therefore, a high rate of successful task
execution is a prerequisite of obtaining a sufficiently large
number of analyzable trials.

The emphasis on a low error rate, coupled with the fact
that feedback is usually provided for errors but not for
slow responses, probably leads participants to pay atten-
tion to accuracy rather than response speed. Given the fact
that the tasks themselves are often extremely easy, errors
probably result from task switching. Hence, it is reason-
able to assume that the most critical aspect of successful
task control in such paradigms is correct task choice. In
the present study, we examine these assumptions.
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In spite of the facts that (1) the task-switching paradigm
is usually used to study task-control processes and (2) as
we have just argued, the most critical aspect of control in
this paradigm is response quality and not response time
(RT), nearly all previous works have treated accuracy as
secondary to RT. Because of the aforementioned consid-
erations, in the present experiments we concentrated on
response quality and treated RT as a secondary measure.
We believe that this work is relevant to two major theoreti-
cal issues in the field, which are outlined below.

Theoretical Issues

Research on the task-switching paradigm (Allport,
Styles, & Hsieh, 1994; Jersild, 1927; Rogers & Monsell,
1995; see Monsell & Driver, 2000) uncovers a variety of
robust effects, but the effect that has probably received the
most attention in recent literature is task-switching cost. (It
should also be mentioned that, although it might be more
accurate and theoretically neutral to use the term switch-
ing effect—see Ruthruff, Remington, & Johnson, 2001—
we have in this case adhered to the traditional term.) The
definition of task-switching cost varies somewhat among
studies. Nonetheless, a commonly used definition is the
difference in performance between trials involving a task
switch (switch trials) and trials involving a task repeti-
tion (nonswitch trials), both taken from a block of trials
in which task switching takes place (mixed-tasks block).
Fagot (1994; see also Los, 1996, 1999) suggested a useful
scheme in which, in addition to the above-mentioned con-
trast (switch vs. nonswitch, or switching cost), there was a
mixed-list cost contrast between nonswitch trials and trials
taken from a block involving one task only (but see Kray
& Lindenberger, 2000, for a different definition). Switch-
ing cost reflects dynamic, trial-to-trial effects, whereas
mixed-list cost reflects a more ongoing state of readiness
for multiple tasks (see, e.g., Braver, Reynolds, & Donald-
son, 2003).

In the short history of task-switching research, a pen-
dulum swings between two seemingly opposing positions
regarding the interpretation of task-switching cost. One
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position is that task-switching cost reflects the duration
of online control processes. The opposing view is that
the cost reflects priming and other processes that do not
directly reflect online control processing. Two specific
priming hypotheses were most influential. The first, re-
garding task-set inertia, was formulated by Allport et al.
(1994). According to this hypothesis, the task set adopted
in the preceding trial is subject to inertia, so that the sys-
tem takes longer to settle on a unique response choice
when the next trial begins. A second variant of the priming
hypothesis—the stimulus—task binding hypothesis—was
suggested by Allport and Wylie (2000), was implemented
in a simulation model by Gilbert and Shallice (2002), and
received considerable empirical support from Waszak,
Hommel, and Allport (2003). The stimulus—task binding
hypothesis suggests that the task set becomes associated
with the specific stimuli in response to which the task
was executed. In later encounters with these stimuli, the
wrong task set tends to be retrieved, which results in a
performance interference.

Allport et al. (1994), who argued that task-switching
cost does not reflect online control processing, based their
conclusion mainly on three pieces of evidence. First, the
presumable amount of required task preparation did not
affect the size of the task-switching cost in the predicted
direction (in their study, switching cost and mixed-list
cost were not separated). For example, switching two task
aspects (e.g., the relevant stimulus dimension and the re-
sponse criteria) produced a cost as large as that involved
in switching only one task aspect. Second, it was the diffi-
culty of the task in trial n — 1 rather than the difficulty of
that in trial » that affected switching cost in trial #n. Both
of these pieces of evidence have been contested in subse-
quent articles. Specifically, Hiibner, Futterer, and Stein-
hauser (2001) showed that switching cost increased with
the amount of required preparation. Rubinstein, Meyer,
and Evans (2001) showed that switching cost increased
with the complexity of the task to which the participant
switched (see Yeung & Monsell, 2003Db, for a possible res-
olution of this controversy). The third piece of evidence
used by Allport et al. is central to the present article. It
concerned the influence of advance task preparation on
the size of the task-switching cost. Specifically, in their
fifth experiment Allport et al. examined the role of ad-
vance task preparation by letting participants perform
pairs of trials that involved either a task switch or a task
repetition, although in both cases the nature of the trial
was known in advance. In addition, they varied the inter-
trial interval. Presumably, because the task sequence was
known in advance, the participants could make use of it
and prepare for the task switch. The authors found only a
moderate reduction in switching cost in the long intertrial
intervals and attributed it to the passive dissipation of the
task set adopted in trial » — 1 rather than to limited ad-
vance preparation in trial #.

The latter conclusion was contested by Rogers and
Monsell (1995) and by Meiran (1996). Rogers and Mon-
sell varied the intertrial interval in a manner similar to
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that of Allport et al. (1994). Critically, they showed that
whether or not advance preparation reduced switching
cost depended on the blocking of the preparatory interval.
This indicates that the reduction of switching cost was due
to strategic factors. Meiran (1996) used the cuing version
of the task-switching paradigm (de Jong, 1995; Shaffer,
1965), which is based on a randomly determined task se-
quence and the presentation of a task cue at the begin-
ning of each trial. This allowed task-set forgetting time,
which refers to the interval between the last response and
the new target stimulus (related to Allport et al.’s, 1994,
hypothesis) to be disentangled from set preparation time.
Set preparation time was manipulated by varying the
interval between the task cue in trial » and the target in
trial n (cue—target interval, or CTI) while keeping set for-
getting time (the interval between the n — 1 response and
target stimulus 7) constant. The results indicated a sharp
reduction in the task-switching cost due to increasing task
preparation time, even when the preparation interval was
embedded within a constant set forgetting time.

On the basis of this overadditive interaction between
switching and preparation time, reconfiguration theories
(see, e.g., Mayr & Kliegl, 2000; Meiran, 1996, 2000a;
Rogers & Monsell, 1995) assume the existence of switch-
specific preparation, or reconfiguration. Nonetheless, these
theories typically also assume some form of priming—that
is, they assume that the system has a memory for the pre-
ceding trial. For example, Rogers and Monsell (1995)
used a railroad metaphor for reconfiguration, according
to which the role of control is analogous to that of the
signalman who heaves the heavy lever that is used to oper-
ate the switch between railroad tracks so that the next train
will run onto a different line. This metaphor assumes that
switching would not be required if the task repeats be-
cause the line remains unchanged. In other words, the
system “remembers” its state from the preceding trial. Al-
though this assumption concerning system memory was
not articulated in terms of priming, it reflects some form
of priming nonetheless. Similarly, Meiran (2000a) explic-
itly assumed that the system retains its reconfiguration
from one trial to the next.

Although many alternative hypotheses were ruled out,
we would argue that the overadditive interaction between
switching and preparation time can still be interpreted in
terms of general, nonspecific preparation rather than as
reflecting task-switch—specific preparation. This expla-
nation is based on a third variant of the priming theory,
which, to our knowledge, has not yet been discussed in the
literature (but see Ruge et al., 2005, and Yeung & Mon-
sell, 2003a, for similar ideas). According to our priming
hypothesis, participants who perform in the cuing version
of the task-switching paradigm make a task decision on
each trial. The reason is that, in this paradigm, the task
sequence is not known to the participants in advance.
Therefore, a task decision needs to be made even in non-
switch trials. Because task decision takes place in every
trial, its duration or difficulty does not affect the switch-
versus-nonswitch comparison—that is, it does not affect
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switching cost. Switching cost results, according to our
new priming hypothesis, from the fact that the task exe-
cuted in nonswitch trials has been more recently practiced
or primed. According to this hypothesis, the reduction in
switching cost due to preparation is not task specific (as
reconfiguration theories assume) but general in nature.
This nonspecific preparation affects switch trials more
strongly than nonswitch trials because the switch condi-
tion is less practiced, more fragile, and therefore more
sensitive to top-down assistance.

The notion that task decision takes place in every trial
is supported by studies using the cuing task-switching
paradigm in which variables relevant to task decision
were manipulated. These variables typically produce RT
effects that are additive with that of task switching, indi-
cating that the locus of the effects is in a process common
to switch and nonswitch trials. For example, in three stud-
ies it was found that if there is a repetitive task sequence
that is unknown to the participants, performance improves
relative to performance in conditions with an unpracticed
task order. Importantly, this learning effect is statistically
the same for switch and nonswitch trials (Gotler, Mei-
ran, & Tzelgov, 2003; Heuer, Schmidtke, & Kleinsorge,
2001; Koch, 2001). Similarly, in other studies explicit
task expectancies were manipulated and their effects were
found to be additive with that of switching (Dreisbach,
Haider, & Kluwe, 2002; Ruthruff et al., 2001; Sohn &
Carlson, 2000). Finally, the number of tasks from which
to choose affects RT only when little advance prepara-
tion is provided, but the effect is statistically equivalent
in switch and nonswitch trials (Meiran, Hommel, Bibi,
& Lev, 2002).

The assumption that nonswitch-specific preparation
affects switch trials more than nonswitch trials has some
support as well. Specifically, although previous compari-
sons between general preparation and task-specific prepa-
ration have shown the independence of the two (Meiran,
Chorev, & Sapir, 2000), the generality of this conclusion
may be questioned. First, these authors examined only
two forms of general preparation—target onset expec-
tancy and phasic alertness—yet other forms of nonswitch-
specific preparation are conceivable. Second, in Meiran,
Chorev, and Sapir’s study there was a trend, albeit a non-
significant one, toward a smaller switching cost in condi-
tions with higher alertness. In a series of follow-up exper-
iments, Meiran and Chorev (2005) have shown this small
effect to be significant. The fact that the effect was small
could be attributed to the weak manipulation of alertness
that results from presenting an uninformative stimulus.
Kofman, Meiran, Greenberg, Balas, and Cohen (in press)
compared performance of students studying in a highly
competitive program. The students were tested either dur-
ing a relatively relaxed period (in the first part of the se-
mester) or during a relatively stressful period (before final
exams). These authors found that the preexam period was
characterized by increased sympathetic arousal, measured
in terms of indices derived from heart rate variability. In-

terestingly, this higher level of arousal was accompanied
by much greater speeding than that was associated with
alertness, as measured in Meiran and Chorev’s study. Ac-
cordingly, the effect of the increased sympathetic arousal
on reducing switching cost was at least twice as large as
the effect observed by Meiran and Chorev. Finally, Dreis-
bach et al. (2002) also argued for differential effects of
nonspecific preparation on switch trials, but for a different
reason. According to these authors, participants maintain
expectancy for task repetitions. Therefore, task repetitions
do not enjoy the additional beneficial effects of general
readiness, whereas switch trials do.

Note that our new priming hypothesis acknowledges
the role of top-down influences and preparation effects
but denies the task-switch specificity of these effects, in
contrast with reconfiguration theories. This new prim-
ing hypothesis would predict that switch trials would be
associated with generally poor performance, seen in an
increased error rate and lengthened RT. In contrast, the
task-set inertial hypothesis of Allport et al. (1994), the
stimulus-task binding hypothesis of Allport and Wylie
(2000) and Waszak et al. (2003), and several reconfigu-
ration theories (see, e.g., Rogers & Monsell, 1995; see
Mayr & Kliegl, 2000; Meiran, 2000a) would predict that
switching should result in a tendency to repeat the task
from the previous trial.

Reconfiguration theories further emphasize task-specific
preparation, which counteracts the perseverative tendency
to reapply a task set (see especially Yeung & Monsell,
2003a). In order to support such reconfiguration theories,
it would be desirable to observe, directly, whether prepa-
ration affects perseveration tendencies, rather than to infer
this from RTs and general error rates. As we explained
above, general error rates and RTs do not help distinguish
between our new priming hypothesis and reconfiguration
theories. What differentiates them from each other is the
effect of preparation on specific errors. Observation of
perseverative tendencies requires the examination of error
types, especially those that result from the execution of
the wrong task.

Goals and Empirical Focus

According to reconfiguration theories, advance prepa-
ration plays a role in overcoming or counteracting perse-
verative tendencies such as the tendency to perform the
wrong task because the system retains its previous con-
figuration. In contrast, our new priming hypothesis pre-
dicts that neither task switching nor readiness time would
affect perseveration rates. The critical piece of evidence
therefore concerns these perseverations, or task errors. An
example of a task error in this paradigm (see Figure 1) is
executing the right-left task instead of the required up—
down task. Note that the emphasis is not on long-term
habits, as it is in the Stroop effect (Stroop, 1935) and the
Simon effect (Simon & Small, 1969), for example, but
on recently primed tendencies (see especially Hommel,
2000; Marble & Proctor, 2000).



TASK ERRORS AND ADVANCE PREPARATION

Frame for
Fixation
4
Instructional Time ‘ ) or
Cue
+
Target—stimulus ©
9 ¢ © ) ¢ >
or
« i ¢ ]
© ©

Univalent Response Setup

A

T
N

1 "ji-l

Bivalent Response Setup

Ve

Fixg
Figure 1. The spatial cuing task-switching paradigm with both
of the response setups (univalent and bivalent).

The Present Study

In two previous studies (Meiran, Gotler, & Perlman,
2001; Meiran, Levine, Meiran, & Henik, 2000), we used
univalent response setups (see Figure 1) in which each
task was associated with a separate set of responses, mak-
ing it possible to determine the nature of the errors being
committed. The results indicated that task switching led to
an increase of the rate of correct applications of the wrong
task rule. Although these results support our claims, the
relevant analyses were always secondary to the main RT
analyses because of the very low error rate in these experi-
ments, reflecting the emphasis on accurate responses. This
error rate was so low that it forced collapsing over CTI in
Meiran, Levine, et al.’s study of schizophrenia patients.
Because of this fact, only the effect of task switching on
task errors was demonstrated. In the study by Meiran
et al. (2001) on the normally aged, there was a sufficient
number of errors to demonstrate that CTI prolongation
reduced task error rate.
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In the present study, we strongly encouraged the young,
healthy adults who participated to react quickly in order
to commit a relatively high number of errors. We were not
interested in error rate per se. Instead, we concentrated on
the types of errors the participants committed. Specifi-
cally, we employed the following model as our heuristic in
analyzing error types (see Figure 2). It was assumed that
processing in the task-switching paradigm involves two
contingent choices (in the sense discussed by Biederman,
1972). The first choice involves the task. Fagot (1994)
called a similar process “task decision,” and Rubinstein
et al. (2001) as well as Sohn and Anderson (2001) called
it “goal setting.” In the present work, we could not distin-
guish between goal setting and the consequent reconfigu-
ration of the system according to the requirements of this
task (but see the General Discussion). The choice of a task
is based, to a large extent, on the information provided by
the task cue. The second choice is between the two pos-
sible responses within the chosen task and is based on the
information provided by the target stimulus. Because the
model involves contingent information processing, prepa-
ration for a particular task precedes response selection
both logically and temporally. This assumption accords
with the majority of contemporary theories of task switch-
ing (e.g., Mayr & Kliegl, 2000; Meiran, 2000a, 2000b;
Meiran, Chorev, & Sapir, 2000; Rogers & Monsell, 1995;
Rubinstein et al., 2001).

Two experiments are reported. Experiment 1 involved
a univalent response setup (Figure 1) in which the re-
sponses of the two tasks were separated. Experiment 2
involved both a univalent response setup and a bivalent
setup (Figure 1) in which the same responses were used
in both tasks. These setups were used in separate experi-
mental sessions. The use of a bivalent response setup was
essential for showing that participants prepare for a task
rather than merely preparing a responding hand or finger.

The major change relative to previous studies from our
lab (i.e., Meiran et al., 2001, and Meiran, Levine, et al.
2000), other than the speeded instructions, was how we de-
fined task errors. In the previous works, task error was de-
fined as the correct execution of the wrong task. This defi-
nition is problematic from the present perspective because
it combines the task-selection level with the response-
selection level. Specifically, because of our greater inter-
est in task choice, errors in which the correct task was
chosen but the correct response within that task was not
should be qualified as correct task choices. For this rea-
son, the definition of task errors was changed to reflect the
execution of the wrong task regardless of whether this was
an accurate or an inaccurate application of the task rule.
An example will help clarify this distinction. Assume a
trial requiring a right—left decision and a target stimulus
in the upper left corner (Figure 2). The correct response
in this trial should be “left” because the instructed task
is right-left. However, participants may erroneously re-
spond “right,” “up,” or “down.” In our previous articles,
we regarded only an “up” response as a task error because
“up” would have been a correct response had the required
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Figure 2. Definition of the primary parameters for the univalent re-

sponse setup.

task been up—down rather than right-left. However, in
the present article, the responses “up” and “down” quali-
fied as task errors. Accordingly, our primary dependent
variable (7') was the rate at which the correct task was
executed. In this example, it would have been (N, ., +
NRIGHT)/(NLEFT + NRIGIIT + NUP + NDOWN)’ Where N repre_
sents the number of trials involving a given response. The
rate at which the wrong task was executed (task error rate)
is therefore 1 — T. Note that in the model we used, choos-
ing one task came at the expense of choosing the other
task. In order to capture the difference between responses
within a given task rule (e.g., between “up” and “down”),
we specified two additional parameters. One was the con-
ditional probability of correctly executing the relevant task
(R), had this task been selected. In the example discussed
here (and presented in Figure 2), R equaled N, .. /(N ..r +
Nygir)- The other variable was the conditional probabil-
ity of correctly executing the irrelevant task (/), had that
task been erroneously selected. In the present example,
I was computed as N,/(N,, T N,own)- Accordingly, the
task error rate, as defined in our previous studies, equals
(1-T)XI

Once the dependent variables are clearly defined, we
can derive predictions from the two main hypotheses that
we initially contrasted. According to the two dominant
priming theories (Allport et al., 1994; Allport & Wylie,
2000) as well as reconfiguration theories (see, e.g., Rog-
ers & Monsell, 1995), task switching should result in an
increased rate of task errors—that is, lower 7. Reconfigu-
ration theories also emphasize the increase in 7 in switch
trials as a result of advance preparation. In contrast, our
new priming hypothesis predicts that task switching
would not affect 7, because task decisions take place in
every trial. The new hypothesis may be consistent with an
effect of preparation on 7, because the task decision pre-

sumably begins as soon as the task cue is presented and,
in conditions with short CTI, the presentation of the target
may interfere with task decision. The hypothesis makes
an interesting prediction concerning R and /. Because the
hypothesis assumes that the more recently practiced task
is executed with greater efficiency, R should be greater in
nonswitch trials, but 7 should be greater in switch trials,
in which executing the wrong task means executing a task
that was more recently practiced.

EXPERIMENT 1
Method

Participants. Twelve 1st-year Ben-Gurion University students
took part in this experiment in return for course credit. All the par-
ticipants reported that they had normal or corrected-to-normal vi-
sion and did not suffer from any learning disabilities.

Stimuli and Apparatus. All testing was performed using an IBM
clone controlled by software written in MEL (Schneider, 1988). Re-
sponses were collected with a standard keyboard, and the claimed
accuracy in RT recording is to the nearest 1 msec. The stimuli were
drawn in white on a black background using the graphic symbols in
the extended ASCII code and included a 2 X 2 grid, presented at the
screen center, that subtended a visual angle of approximately 3.4° X
2.9° (values were calculated assuming an observation distance of
60 cm). The target stimulus was the smiling face character (ASCII
Code 1), which subtended approximately 0.3° X 0.5°. The arrow-
heads (ASCII Codes 16, 17, 30, and 31) subtended approximately
0.3° X 0.3°and were positioned 0.7° from the end of the grid (visual
angles were computed assuming a 60-cm viewing distance).

Procedure. The experiment consisted of a single 50-min session.
It began with a warm-up block (15 trials) followed by a short block
of 40 trials that was used to calculate the initial mean RT, which was
subsequently used to prompt participants to respond faster. The main
experiment consisted of four blocks of 128 trials. In these blocks,
every response slower than the mean + 30 msec was followed by a
warning of “RESPOND FASTER!” presented on a red background. The
constant response—cue interval was 1,100 msec, and the cue—target
interval varied randomly (100, 300, 500, or 2,500 msec).
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Results

As a rule, we do not discuss effects that are qualified
by higher order interactions unless the specific effect is of
particular relevance. Alpha level was .05 in all the com-
parisons.

Standard analyses. The present standard analysis is
not the most central to this study, but it is presented at the
beginning of this section in order to show that encourag-
ing speed did not dramatically alter the standard pattern of
RT results. The mean RT and proportion of errors (PE) ac-
cording to CTI and task switch are presented in Figure 3.

In the present analysis, we excluded four observations
with RTs greater than 3 sec (.006 of all correct RTs). In-
terestingly, despite the instructions to speed up responses,
the usual pattern of RT results was obtained. There were
significant main effects for CTI [F(3,33) = 60.14, MS, =
1,891.26] and task switch [F(1,11) = 14.40, MS, =
1,980.51]. Critically, the two variables interacted sig-
nificantly [F(3,33) = 29.51, MS, = 374.11], showing a
reduction in switching cost in the long CTIs. In a par-
allel analysis of PE, there were significant main effects
for CTI [F(3,33) = 22.80, MS, = 0.002] and task switch
[F(1,11) = 21.00, MS, = 0.0046], as well as a significant
interaction between the two variables [F(3,33) = 18.47,
MS, = 0.0012]. Note that in the longest CTI, the RT and
PE task-switching effects were numerically slightly re-
versed, showing faster and more accurate switch rather
than nonswitch responses. These results are very similar
to Meiran’s (2000b; see also Brass et al., 2003), showing
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Figure 3. Mean response time (RT, in milliseconds) and propor-
tion of errors (PE) as a function of cue—target interval and task
switch in Experiment 1. The .95 confidence intervals are based on
the MS, of the triple interaction.
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no “residual” switching cost in this paradigm when uni-
valent response setups are being used.

Core analyses. We computed the three parameters de-
fined in Figure 2 as described above. The mean parameter
values according to CTI and task switch are given in Fig-
ure 4. The rate of executions of the wrong task, or perse-
verative errors, is represented by 1 — 7. The database had
12 (participant) X 4 (CTI) X 2 (switch) values, for a total
of 96. Only 22 of these values (23%) indicated zero task
errors. Moreover, all the participants showed task errors
in some conditions, and all of them showed task errors in
the condition most likely to result in such errors: switch
coupled with shortest CTL.

The T and R values, computed separately for each par-
ticipant, were submitted to two-way ANOVAs according
to CTI and task switch. For 7, there were significant main
effects of CTI [F(3,33) = 18.73, MS, = 0.001] and task
switch [F(1,11) = 19.78, MS, = 0.0017] as well as a sig-
nificant interaction between the two variables [F(3,33) =
14.07, MS, = 0.0009]. For R, the two main effects were
significant [for CTI, F(3,33) = 15.29, MS, = 0.0007; for
task switch, F(1,11) = 15.16, MS, = 0.0016]. The inter-
action between task switch and CTI was also significant
[F(3,33) = 7.26, MS, = 0.0005]. Because not all the par-
ticipants committed task errors in every condition, it was
impossible to conduct a similar analysis on /. We therefore
conducted an analysis on the frequency table collapsed
over participants. The analyses indicated that / was sig-
nificantly affected by switching [continuity corrected
x2(1) = 7.21]. As our new priming hypothesis predicts,
I'was greater in switch trials (.89) than in nonswitch trials
(.76). However, as can be seen in Figure 4, this was true
for CTI = 100 and 600 msec only. The effect of CTI on /
was nonsignificant [}2(3) = 5.26 and 6.45 for switch and
nonswitch trials, respectively].

Discussion

We observed that in nonswitch trials the chance of
incorrectly executing the wrong task (1 — 7') was only
.02-.03. Task switching increased this rate to .13, a value
roughly four to six times greater. Most importantly, ad-
vance preparation restored the .02 level in 7. This restora-
tion was gradual and unfolded over time. Because we ana-
lyzed proportions, unfolding over time could mean either
a gradual change in every trial or a gradual change in the
probability that the task would be reconfigured in a given
trial, with reconfiguration having an all-or-none quality.
The present experiments, however, were not designed to
help decide between these two optional interpretations. In
this experiment, restoration was found to be nearly com-
plete only when the CTI was sufficiently long (600 msec).
The rate at which the T switching cost was affected by
CTI was very similar to that at which the RT switching
cost was so affected. This observation suggests that the
reduction of RT switching cost mirrors advance prepara-
tion, although perhaps not as closely as the reduction of 7
switching cost. One possible explanation for this coupling
is that participants slow down under conditions in which
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Figure 4. Model parameters as a function of cue—target interval
and task switch in Experiment 1. The .95 confidence intervals are
based on the MS, of the two-way interaction.

they are likely to err (see Hillstrom & Logan, 1997, and
Logan, 1994, for discussions of this control strategy). We
also observed a similar pattern in the R switching cost,
but we will defer a discussion of this aspect until after the
entire empirical picture has been presented.

EXPERIMENT 2

The design of Experiment 1 does not permit us to rule
out the possibility that the effects of advance task prepa-
ration reflected an effector (i.e., hand or finger) prepa-
ration (in the sense discussed by Rosenbaum, 1980, for
example). The main goal of Experiment 2 was to study
how task switching and advance task preparation affect
T estimates when the two tasks share the same overt re-
sponses. Such a demonstration would imply that advance
task preparation affects the implementation of the task
at the cognitive “task rule” level rather than merely at an
effector level. This was achieved by using a bivalent re-
sponse setup in which the same set of two response keys
served in both tasks (Figure 1).

The problem with studying bivalent response setups
is that it is impossible to directly observe T as in the uni-
valent response setup used in Experiment 1. Therefore,
T must be estimated using an explicit processing model.
To this end, we employed the processing model presented
in Figure 2 but applied it to a bivalent response setup.
We capitalized on the fact that half of the trials were task
congruent (Figure 5A) and half were task incongruent
(Figure 5B; see Sudevan & Taylor, 1987). Loosely speak-
ing, congruent trials are those in which a correct response
could be generated by applying the wrong task rule. In
Figure 5, a target in the upper left corner would receive the
same correct response regardless of whether the right-left
rule or the up—down rule is applied. In contrast, correct
responses in incongruent trials depend on applying the
correct task rule. Figure 5 tells the more complete story.
Specifically, in congruent trials the correct response (the
upper left key in Figure SA) may be generated either by
correctly applying the correct task rule or by correctly
applying the incorrect task rule (a fact captured by our
loose definition). Errors in these trials are generated by an
incorrect application of either rule. In incongruent trials,
the correct response (the lower right key in Figure 5B) may
reflect the correct application of the correct rule or the in-
correct application of the incorrect rule. Errors are gener-
ated by incorrect application of the right rule or by correct
application of the wrong rule. The equations that repre-
sent these relations are presented in Table 1. The present
model is a multinomial processing tree (MPT; Batchelder
& Riefer, 1999; Riefer & Batchelder, 1988; see also Lind-
say & Jacoby, 1994, and the related criticism by Hillstrom
& Logan, 1997, which led us to adopt the MPT).

MPTs are used to estimate the fit of a model to a set
of data as well as to estimate the process parameters. The
data set consists of the number and proportion of trials
falling into each response category. In the present case,
there were four response categories for each CTI X task
switch combination. These include correct and incorrect
trials in the congruent and the incongruent conditions. The
model parameters can be used to predict the proportion of
trials falling into each of these response categories. This
is done by multiplying the probability values along each
path. In some cases, a trial may fall into a given response
category for different reasons; each reason is represented
as a separate path in the model. For example, a correct
congruent response may be generated either by the correct
application of the correct rule (P = T X R) or by the cor-
rect application of the incorrect rule [P = (1 — T) X I].
Thus, according to the model, the probability of making
a correct congruent response is given by the sum of the
probabilities above: Expected P(correct|congruent) = 7' X
R+(1-T)XL

Model estimation is based on comparing the model
predictions, as specified above, to the actual numbers in
the data set. Specifically, one estimates the likelihood of
obtaining the given data given that the model parameters
represent population values (see Myung, 2003). To es-
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Figure 5. Processing tree model for (5A) the congruent trials
and (5B) the incongruent trials in the bivalent response setup.

timate this likelihood, one needs an explicit probability
density function; in this case, the multinomial distribu-
tion is used. One then uses search algorithms (we used
those in Excel Solver), which are intended to maximize
the aforementioned likelihood by changing the model
parameters. Finally, one derives a model fit statistic, G2,
which is distributed approximately similarly to y2. The

1279

degrees of freedom for the test are based on the number of
independent pieces of data information (or informations)
minus the number of estimated parameters. For example,
for each condition there are two proportions—P(correct)
and P(incorrect)—but they represent one information
only because P(correct) = 1 — P(incorrect).

This G2 statistic tests the significance of the lack of fit
of the model. If the lack of fit is significant, the devia-
tion between the model-based expectancies and the data
cannot be attributed to sample fluctuations, meaning that
the model is inaccurate. Models can also be compared
statistically, yielding a G2 statistic for the difference in
fit between the models. This, however, can be done only
with nested models, in which the parameters of one model
consist of a subset of the parameters of the other. In effect,
the model comparison procedure is used to test whether
or not the addition of a group of new parameters improves
the fit significantly.

Another important issue to consider is that the analy-
sis presented in Figure 5 assumes that the congruency
variable applies only at the task-rule level. However, one
could argue that the analysis misses the fact that, in the
spatial task-switching paradigm, this variable may reflect
a Simon-like effect (Simon & Small, 1969). Specifically,
the classic Simon effect refers to the fact that, in a non-
spatial task, the compatibility of the response position
with the irrelevant spatial position of the target stimulus
affects performance, showing faster response for spa-
tially compatible targets. In the present paradigm, if the
required task is, for example, up—down, the target position
on the irrelevant horizontal dimension may affect perfor-
mance (see especially Nicoletti & Umilta, 1984, 1985,
and, more recently, Hommel, 1996; Vu & Proctor, 2001,
2002). Nonetheless, the present approach is defensible on
the basis of the results of a recent paper by Meiran (2005),
who compared two response setups. One was the standard
setup presented in Figure 1, in which the position of the
response key is compatible with that of the target along
the relevant dimension (e.g., an upper key indicating UP).
The other response setup had a reversed mapping (e.g.,
the upper key indicating DowN). This mapping reversal
manipulation reverses the potential Simon-like effect but
keeps the potential rule-congruency effect intact. The RT
results displayed nearly perfect additivity of mapping
reversal and rule congruency, indicating no Simon-like
influence on the rule congruency effect.

It should be pointed out that even if we find the pre-
dicted trend in the bivalent response setup, the results
of Experiment 1 do not necessarily reflect task prepara-

Table 1
Equations Derived From the Model Presented in Figure 5
Condition Definition Equation
El P(correct|congruent) TXR+(1—-T)XI
E2 P(incorrect|congruent) TX(1—-R+(A-T)yx{1-1)

P(correct|incongruent)
P(incorrect|incongruent)

TXR+(1-T)yx(1—-1)
TX(—Ry+(1—-T)xI




1280 MEIRAN AND DAICHMAN

Table 2
Mean Response Times (RTs, in Milliseconds) and Proportions of Errors (PEs)
According to Condition in Experiment 2

Response Setup

Univalent Bivalent
Switch Nonswitch Cost Switch Nonswitch Cost

Condition CTI (msec) RT PE RT PE RT PE RT PE RT PE RT PE
Unspeeded 100 656 .10 577 .04 79 .06 707 .07 604 .01 103 .06
600 517 .01 523 .02 -6 —01 544 .03 527 .02 17 .01

2,500 503 .04 500 .01 3 .03 552 .04 533 .02 19 .02

Speeded 100 609 .13 540 .03 69 10 587 .09 531 .04 56 .05
600 470 .04 471 02 -1 02 492 .06 481 .04 11 .02

2,500 474 .02 471 .03 3 —.01 496 .06 481 .04 15 .02

tion as opposed to hand preparation. It is conceivable
that the participants in Experiment 1 used hand prepara-
tion whereas those in the present experiment used rule
preparation. In order to address the latter possibility, the
participants performed in both a univalent and a bivalent
response setup, which made it possible to compare the
results of the two setups within the same group of par-
ticipants. A similar pattern of results would suggest (but
not prove) that the same type of preparation was used in
both setups. In addition, in Experiment 2 we improved the
reliability of the results by increasing the number of par-
ticipants and the number of trials per condition. This was
achieved by using three CTIs instead of four (so that there
are more observations in each CTI condition) and by run-
ning participants in four sessions, with two sessions per
condition (univalent vs. bivalent responses) rather than
one session, as was the case in Experiment 1.

METHOD

Participants

Twenty undergraduate students took part in this experiment; they
had attributes similar to those who participated in Experiment 1.
The participants were assigned to four counterbalancing schemes
according to their order of entry into the experiment. The schemes
were based on the combination of two testing orders (bivalent—
univalent—univalent-bivalent vs. univalent-bivalent—bivalent—
univalent) and, in the bivalent condition only, two response key com-
binations (upper left and lower right vs. upper right and lower left).

Stimuli and Procedure

These were the same as in Experiment 1 except that there were
four identical sessions instead of just one, and three CT1Is (100, 600,
and 2,500 msec) instead of four.

RESULTS

Standard Analyses

Although in Experiment 1 we encouraged the partici-
pants to speed up their responses at the expense of ac-
curacy, the design of that experiment prohibited us from
concluding (1) whether or not the manipulation had an
effect and (2) whether or not it modulated the effects of
interest. To this end, we capitalized on the multisession
structure of the present experiment and used the second
block (in which speeding messages were not yet displayed)

of Sessions 2—4. This block was excluded from Session 1
in order to roughly equate the speeded (S) and unspeeded
(US) conditions for practice effects. Viewed from this
perspective, the order of conditions being analyzed was
S1-US2-S2-US3-S3-US4-S4 (the digits 1-4 represent
the sessions). The results were analyzed in an ANOVA
with the independent variables of condition (speeded vs.
unspeeded), response valence (univalent vs. bivalent),
CTI (100 vs. 600 vs. 2,500 msec), and task switch (switch
vs. nonswitch). Mean RT and PE according to condition
are presented in Table 2.

Response time. Not surprisingly, there was a main ef-
fect of condition, with speeded responses being 53 msec
faster (509 msec) than unspeeded responses [562 msec;
F(1,19) = 17.79, MS, = 19,164.03]. The usual main ef-
fects, including those of CTI [F(2,38) = 85.23, MS, =
6,177.51] and task switch [F(1,19) = 23.89, MS, =
4,720.44], were significant, and so was their interaction
[F(2,38) = 28.93, MS, = 2,231.57]. This interaction was
not significantly affected by condition, as can be seen in
the nonsignificant triple interaction of condition, CTI, and
task switch [F(2,38) = 1.82, MS, = 1,406.72, p > .15].
The CTI X task switch interaction was also unaffected by
response valence, as is indicated by a nonsignificant triple
interaction of the three variables (/' < 1; see Figure 6). Fi-
nally, the combination of response valence and condition
also did not modulate the task switch X CTI interaction,
as can be seen in a nonsignificant quadruple interaction
of the four variables (F < 1).

Response valence and task switch produced a mar-
ginally significant interaction in the predicted direc-
tion [F(1,19) = 4.19, MS, = 814.36, p = .055]. That is,
switching cost was larger when the response setup was
bivalent (563 vs. 526 msec, or 37 msec) than when it was
univalent (538 vs. 513 msec, or 25 msec; see Figure 6A).
This is the same result reported by Meiran (2000b; see
Brass et al., 2003).

Condition produced a triple interaction with response
valence and CTI [F(2,38) = 4.15, MS, = 1,831.31; see
Figure 7], which qualified as a lower order interaction be-
tween conditionand CTI[F(2,38) = 4.82, MS, = 1,684.85].
In addition, there was a marginal interaction between con-
dition and task switch [F(1,19) = 4.19, MS, = 814.36,p =
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Figure 6. Mean response time (RT) and proportion of errors (PE) as
a function of cue—target interval (CTI) and task switch in Experiment 2.
The .95 confidence intervals are based on the S, of the nonsignificant

triple interaction.

.055]. The marginal interaction reflects smaller switching
cost under speeded conditions (25 msec) than under un-
speeded conditions (36 msec). This result is similar to that
of de Jong (2000), who observed smaller switching costs
among the relatively fast responses. We are unsure, how-
ever, if the latter interaction is real because, aside from
being marginally significant, it was also accompanied by
a numerical (but nonsignificant, ' < 1) trend toward a
speed—accuracy trade-off. Specifically, the speeded con-
dition produced a larger switching cost in PE (.04) in
comparison with the unspeeded condition (.03).
Proportion of errors. First, PE rate was significantly
higher in speeded conditions (.05) than in unspeeded con-
ditions [.03; F(1,19) = 11.12, MS, = 0.0193]. Coupled
with the RT effect, the results indicate that speeding in-
structions led to a moderate increase in error rate coupled
with faster responses. Additional significant main effects
included those of CTI [F(2,38) = 11.00, MS, = 0.0055]
and task switch [£(1,19) = 40.82, MS, = 0.0028], respec-
tively. In addition, there were two significant two-way in-
teractions. One, which tended in the same direction as the
RT effect, was between CTI and task switch [F(2,38) =
11.22, MS, = 0.0033]; the other was between response
valence and CTI [F(2,38) = 4.77, MS, = 0.0040]. The
univalent response setup produced a PE that was .02
greater than that in the bivalent setup. However, this trend
was reversed for the two long CTlIs (an effect of .02).

Core Analyses

Univalent responses. For 7, there were significant
main effects of CTI [F(2,38) = 28.75, MS, = 0.0008]
and task switch [F(1,19) = 47.24, MS, = 0.0003]. This
was also true for R [for CTI, F(2,38) = 13.84, MS, =
0.0003; for task switch, F(1,19) = 20.75, MS, = 0.0003].
Critically, the interaction between task switch and CTI
was significant for 7 [F(2,38) = 34.10, MS, = 0.0004]
and for R [F(2,38) = 17.39, MS, = 0.0002]. As in Ex-
periment 1, / was analyzed on the aggregated data. The
switching effect was nonsignificant [continuity-adjusted
x2(1) = 2.53]. The raw trend indicated that / was greater
(.84) in nonswitch trials than in switch trials (.83), but the
pattern was noisy. The CTI effect was examined on the
data collapsed over switching. This test too was nonsig-
nificant [x2(2) = 4.31]. In this experiment as well, all the
participants showed task errors in some conditions and all
of them showed it in the switch-short CTI condition. Of
the 120 values in the data set [3 (CTI) X 2 (task switch) X
20 (participant)], only 24 had a T of 1; that is, they had no
task errors (see Figure 8 for descriptive statistics).

Bivalent responses. The results were analyzed using
Riefer and Batchelder’s (1988) multinomial processing
tree analyses. We used the equations in Table 1 and Excel
Solver software to maximize the likelihood ratio and to
obtain G2 tests of the model’s lack of fit. The GZ is distrib-
uted approximately as y2 with degrees of freedom equal-
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Figure 7. Mean response time (RT) and proportion of errors (PE) as a
function of condition (speeded vs. unspeeded), cue—target interval (CTI),
and response valence in Experiment 2. The .95 confidence intervals are
based on the MS| of the triple interaction.

ing the number of informations minus the number of free
parameters. In the present case, only the proportions of
correct trials are considered as informations because the
proportions of errors are given by 1 — P(correct).

The raw data consisted of the response counts in the
large table of raw results formed by crossing participant,
CTI, switch, congruency, and response correctness (cor-
rect vs. incorrect). (In order to make estimation possible,
we replaced the 71 zero counts, out of 480 matrix entries,
with the negligible value .000001). We first tried our
Model 1 (henceforth, MDM-1). MDM-1 included only
three free parameters: 7, R, and /. This means that the
model assumed that 7, R, and / were the same for all CTIs
and all participants and for both the switch and nonswitch
conditions. Unsurprisingly, MDM-1 produced an unsatis-
factory fit, with a significant deviation between model and
data [G%(237) = 1,217.52]. In the second stage, we tried
Model 2 (MDM-2), which included R, 7, and two separate
T parameters, one for switch and one for nonswitch. In that
respect, MDM-2 was like MDM-1 except that the former
loosened the constraint on an equal number of task errors
(1 — T') in the switch and nonswitch conditions. Although
the fit of MDM-2 [G2(236) = 1,061.33] was unsatisfac-
tory, the improvement in fit relative to MDM-1 [G%(1) =
156.19] was clearly significant. This comparison between
MDM-2 and MDM-1 indicates that switching affected the
rate of task errors (1 — 7') significantly.

Next, we tried Model 3 (MDM-3), which included R,
I, and four different 7 parameters: one for nonswitch and
one for each of the three CTIs within the switch condi-
tion. MDM-3 assumes that task switch affects 7 and that
CTI affects T'as well, but only in switch trials. This model
produced an unsatisfactory fit, with significant deviation
between model and data [G2(234) = 820.17]. The im-
provement relative to MDM-2 was significant, however
[G2(1) = 241.17]. Thus, we can conclude that CTI sig-
nificantly affected 7 in switch trials. Because MDM-3
produced an unsatisfactory fit, we tried to improve it by
adding three free parameters in Model 4 (MDM-4). These
included a specific R value for each CTI in the switch
condition and one R value representing all the CTIs in
the nonswitch condition. In other words, MDM-4 as-
sumed that task switch and CTI affected R as well as T,
in contrast to MDM-3, which assumed that CTI and task
switch affected only 7. MDM-4 had a significant lack of
fit [G2(234) = 815.63]—that is, in the improved fit rela-
tive to MDM-3, G%(3) = 4.54, which was not significant.
In other words, switch and CTI did not significantly af-
fect R. We therefore tried MDM-5, which was the same as
MDM-3 except that it allowed for individual differences
in the parameter values. This individually fitted model
produced satisfactory fit in all the participants [G2(6) =
0.00-9.72, p > .1, at the individual level, and G2(120) =
35.87, n.s., at the group level]. The improvement in
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Figure 8. Model parameters as a function of cue—target interval
and task switch in the univalent response setup of Experiment 2.
The .95 confidence intervals are based on the MS, of the two-way
interaction.

MDM-5 relative to MDM-3 was significant [G(114) =
784.30 at the group level]. This final model comparison
indicates that all the participants processed the task in
the same way, as far as we could tell, but that there were
significant individual differences in the probabilities of
correctly choosing the task and correctly executing the
relevant and irrelevant rules.

Finally, we examined whether the parameter estimates,
based on the aggregated (across-participants) MDM-3,
were similar to the mean of the values estimated for each
participant (MDM-5). This was true for five of the six
parameters in the model, in all of which the aggregated
value fell within the .95 confidence interval. (For all but
one of the comparisons of the aggregated MDM-3 esti-
mates with the mean individual estimates from MDM-5,
t < .7.) The only exception was R, for which the mean
individual parameter was .995 as opposed to .999 in the
aggregated model [#(19) = 3.39, SE = 0.0015]. Because
this difference was tiny, albeit significant, we present the
aggregated parameters of MDM-3. Figure 9 depicts the
switch and CTI effects on 7 in the bivalent (MDM-3) re-
sponse setups. As can be seen, the 7 values in the bivalent
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response setup were very similar to those in the univalent
response setup. In both cases, advance preparation elimi-
nated the switch effect on 7, with switch still producing
a slight effect in the intermediate CTI. The only substan-
tial difference between the two sets of values consists of
a higher rate of task errors (lower 7T') in the bivalent re-
sponse setup than in the univalent response setup. This
result is not surprising, given the fact that the sharing of
responses in the bivalent response setup probably contrib-
utes to task confusion.

Discussion

The present results replicate and extend those of Ex-
periment 1. First, we can conclude that encouraging par-
ticipants to increase their speed worked in the predicted
direction, although the effect was very moderate. Perhaps
the participants were already in a mindset of trying to
work faster when we measured them under ostensibly
unspeeded conditions. Still, the error rate was not very
high, showing that they tried to maintain a high level of
accuracy—evidence that they still applied cognitive con-
trol in the sense discussed above. In addition, the speeded
condition produced effects that were generally similar to
those in the unspeeded condition. This fact allows us to
proceed to our main points.

Most importantly, we showed that in the bivalent re-
sponse setup the presence of task switching roughly dou-
bled the task error rate in switch trials with short CTIs
(1 = T'=.19) in comparison with the error rate in non-
switch trials (.09). Moreover, advance task preparation
reduced the task error rate in the switch condition to about
one sixth (.03) of its value given short CTIs. This effect is
similar to that obtained in the univalent response setup, in
which advance preparation reduced the task error rate in
switch trials from .09 to .01 (in comparison with .01—.02
in nonswitch trials). Despite this similarity between the
response setups, advance preparation affected only R in
the univalent response setup.

It may be added that the fact that MDM-5 fit the data
well provides moderate support for its underlying as-
sumption. Although a successful fit does not prove the

.00t © Switch R =.999
® Nonswitch 1=.899
.95 )
S gl ® e u
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Figure 9. MDM-3 maximum likelihood estimates for the bi-
valent response setup in Experiment 2. Model comparisons in-
dicated that, in the bivalent setup, R and I were unaffected by
switching and cue—target interval.
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model to be correct, it at least supports it and demon-
strates its plausibility. Additional support for the model
comes from studies such as that of Biederman (1972),
who presented participants with stimuli varying in three
dimensions: color, size and tilt. In the critical condition,
which he called “contingent” and which would today be
termed fask switching, one of the stimulus dimensions
served as a task cue indicating which of the remaining
dimensions was relevant. This condition was compared
to a lower and an upper baseline condition. In the lower
baseline (i.e., filtering) condition, participants were re-
quired to judge along two dimensions while ignoring ir-
relevant variation along a third dimension. This condition
is similar to the contingent condition in requiring that only
two dimensions be taken into account. The upper baseline
(i.e., condensation) condition required judgments based
on the combination of all three dimensions. Biederman’s
results indicated that RT in the contingent condition was
between RT in the two baseline conditions (see also Keele
& Rafal, 2000, Experiment 1).

The assumption that participants do not have a flat
representation of the task but, rather, a hierarchical rep-
resentation in which response selection is nested in its
respective task (see Kleinsorge & Heuer, 1999; Zelazo
& Frye, 1997) is also supported by studies showing that
participants can learn the task sequence in the cuing task-
switching paradigm (Gotler et al., 2003; Heuer et al.,
2001; Koch, 2001) despite the fact that neither the stimuli
nor the responses obey a predetermined order.

GENERAL DISCUSSION

In the present experiments, we emphasized errors as
the critical outcome of control processing in speeded task
switching. Specifically, we concentrated on 7, which is the
probability of executing the relevant task as opposed to er-
roneously executing the irrelevant task (1 — 77). Our novel
results indicate that 7 (1) was affected by task switching,
in that it was smaller in switch trials, and (2) increased
with advance preparation in switch trials. In addition,
we replicated previous findings concerning the increase
of RT in switch trials and its reduction in switching cost
due to advance task preparation, which was partial with
bivalent response setup (indicating residual cost) and
complete with univalent response setups (indicating no
residual cost). The implications of these findings will be
discussed in the remainder of the General Discussion.

Task-Specific Versus Task-Unspecific
Preparation

In the introduction, we suggested a new priming hy-
pothesis that was both plausible and able to account for
the interactive effect of switching and preparation on RT.
According to this hypothesis, in the cuing paradigm task
decision takes place in every trial and therefore does not
affect the RT or PE switching cost. The performance dif-
ference between switch and nonswitch trials is explained
by the fact that switch trials are associated with the per-

formance of a less recently practiced task. This hypothesis
predicts that task switching would not affect 7, because
task decisions take place in every trial. Switching is more
likely to affect R and /. The new hypothesis may be con-
sistent with a general and nonswitch-specific effect of
preparation on 7, because the task decision presumably
begins as soon as the task cue is presented. Therefore, in
conditions with short CTIs, the presentation of the target
may interfere with that decision.

The present results do not support these predictions.
Moreover, the interesting prediction of the new priming
hypothesis concerning reversed effects of task switching
on R and / was also not supported by the data. Instead, the
results clearly support the predictions of the two dominant
priming theories (Allport et al., 1994; Allport & Wylie,
2000) and several reconfiguration theories (e.g., Rog-
ers & Monsell, 1995). All these theories predict that task
switching should result in an increased rate of task errors
and, hence, lower T. The results also support a unique pre-
diction of reconfiguration theories concerning an increase
in 7 in switch trials as a result of advance preparation.

How to Interpret 7'?

Various theories in the literature have addressed two
forms of task readiness: task decision and reconfigura-
tion—that is, implementing the proper configuration
(Fagot, 1994; Rubinstein et al., 2001; Sohn & Anderson,
2001; Waszak et al., 2003). Our heuristic model, presented
in Figures 2 and 5, represents both task decision and task
readiness with a single parameter, 7, and therefore does
not seem to be able to discriminate between these pro-
cesses. However, on the basis of results from other stud-
ies, we would argue that 7' represents actual task readiness
and not task decision. This claim is specific to the random
cuing version of the task-switching paradigm, in which
participants seem to be required to make a task decision
in every trial. Therefore, task decision does not contribute
to the switching effect. Evidence of this comes from stud-
ies in which implicit task expectancy (Gotler et al., 2003;
Heuer et al., 2001; Koch, 2001), explicit task expectancy
(Dreisbach et al., 2002; Ruthruff et al., 2001; Sohn &
Carlson, 2000), and number of task alternatives (Meiran
et al., 2002), among others factors, are manipulated. All
these effects were shown to be additive with the effect
of task switching on RT (see Rubin & Meiran, in press,
for direct support). Because T was affected by switching
whereas task decision was not, 7 must reflect actual task
readiness.

We therefore suggest the following account of the re-
sults. The effects on 7" can be explained by assuming that,
first, the system configuration remains in place (at least
partly) after task execution. Second, reconfiguration takes
place only after task decision has been accomplished.
Moreover, the probability of successful task decision in-
creases with CTI (see, e.g., Logan & Bundesen, 2003, for
an elegant mathematical formulation of similar increases
in process completion probabilities), which implies, in
turn, that the probability of successful reconfiguration
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also increases. This implies that in some trials the target
may be processed before reconfiguration. In nonswitch
trials, this would result in execution of the correct task.
However, in switch trials, such premature processing
would result in a task error. Because increasing task prep-
aration time improves the chances for reconfiguration, it
also reduces the chances that target information will be
processed according to the wrong rule. It is significant
that this account makes it clear that task decision without
a consequent reconfiguration would not suffice. It seems
vital to assume that, for task errors to occur, the system
must be configured according to the wrong task rule.

Effects on R and 7

We suggest two possible (but post hoc) accounts for
the effects on R . Briefly, we found that, for R, the interac-
tion between switching and preparation was similar to that
found for 7 when a univalent response setup was used.
With a bivalent response setup, R was very high and was
affected neither by switch nor by preparation. One hy-
pothesis is that the system’s configuration improves incre-
mentally (see, e.g., Meiran, 2000a, for a possible mecha-
nism). This means that the system is more optimally tuned
to make a correct response selection in nonswitch trials,
which explains the effect of switching. Moreover, once
the task has been chosen, there is top-down biasing of the
response selection process, which improves the function-
ing of the process (see, e.g., Waszak et al., 2003; Yeung &
Monsell, 2003a, 2003b). This assumption explains why
an increase in CTI resulted in an increase in R in switch
trials. Finally, all of the above must take place at a very
peripheral motor level, because when task preparation
could not involve readying an effector (the bivalent re-
sponse setup), no effects of switching or preparation were
observed on R.

Another hypothesis is that the task switch was imple-
mented, at least partly, by the operation of the logical rule
of inversion, and that this rule operated indiscriminately,
affecting the response level. In other words, switching the
task resulted in inverting the correctly chosen response.
Similar indiscriminate applications of logical operations
were described by Duncan (1977, 1978). He studied con-
ditions involving multiple stimuli and multiple responses,
so that in some cases the stimulus—response (S—R) rule
was that of identity (“respond in the same position as the
stimulus”) and in others the rule required the applica-
tion of the “opposite” transformation on stimulus loca-
tion (“respond in the mirror position relative to that of the
stimulus”). Duncan found that a relatively frequent error
type reflected the application of the incorrect S—R trans-
formation rule. Another example is given in Kleinsorge
and Heuer’s (1999) theory of task switching, which as-
sumes that when the tasks are arranged in a logical hierar-
chy, “switch” signals propagate uncontrollably downward
in the task hierarchy. In the present case, the task rule can
be assumed to be at the top of the hierarchical representa-
tion and the response to be at the bottom. Accordingly, a
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task switch resulted in a tendency to switch the responses.
Again, this generalized switch must operate at the level
of the hands and fingers, because R was unaffected by
switching in the bivalent response setup. In other words,
a signal to switch hands (and hence tasks) resulted in a
tendency to reverse the responding finger.

Because T'was quite high, the rate of task errors (1 — 7)
was not, yielding noisy estimates of /. We can only say
that, at least in the bivalent setups, the effect of switching
on / was significant and tended in the same direction as R.
This result cannot be explained by incremental reconfigu-
ration, which would predict the reverse pattern. Specifi-
cally, the system is better reconfigured for the irrelevant
task in switch trials than in nonswitch trials, which should
result in more accurate executions of this irrelevant task.
However, an uncontrollable application of a switch sig-
nal could have produced such an effect. In this case, the
switch signal failed to reverse the task but succeeded in
reversing the response.

The Residual Switching Cost

In the present experiments, we replicated the usual RT
and PE residual task-switching costs. That is, switching
cost was not abolished by preparation in the bivalent re-
sponse setup but was abolished when the response setup
was univalent (Brass et al., 2003; Meiran, 2000b; see
Mayr, 2001). A surprising finding concerned the com-
plete elimination of the 7 switching cost by preparation
even in the bivalent response setup.

We suggest that, from the present perspective, the RT
residual cost does not necessarily reflect control failure.
Instead, it reflects the fact that sufficient control was ap-
plied to reach the behavioral goal, which was to respond
according to the instructed task. More control was simply
unnecessary and possibly too costly to implement. In other
words, we agree with Allport and his colleagues (Allport
et al., 1994; Allport & Wylie, 2000; Waszak et al., 2003)
that the residual task-switching cost should be interpreted
as a priming effect.

Implications for Other Theories

In this section, we discuss the implications of the pres-
ent results for two additional theories. According to Dreis-
bach et al. (2002), participants do not use task-specific
preparation (reconfiguration) but rather expectancy, which
is a general form of preparation. Dreisbach et al. explain
the overadditive interaction between switching and prepa-
ration time as reflecting the fact that participants expect
task repetitions more than they expect task switches. This
hypothesis could easily explain the overadditive interac-
tion between switching and preparation time that we ob-
served on PE and RT. However, the theory also makes the
prediction that such overadditive interaction would also
be observed in R, because expectancy should facilitate
correct response selection. Although this is what we ob-
served when univalent response setups were employed,
there was no evidence of switch or CTI effects on R in the
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bivalent response setup. We place more faith in the lat-
ter result because in the bivalent setup one can be certain
only that task preparation was performed on a cognitive
level rather than on the level of the responding hand or
finger. We should add that Dreisbach et al.’s hypothesis
predicts that the overadditive interaction on RT between
switching and preparation time should be ubiquitous as
long as switch expectancy is unchanged. This predic-
tion is inconsistent with several findings in the literature
which show that the presence of an overadditive interac-
tion between switching and preparation time depends on
reconfiguration demands or feasibility, and may even be
completely absent in some cases (Mayr & Kliegl, 2000;
Meiran, 2000b; Meiran & Marciano, 2002).

Another relevant theory is Logan and Bundesen’s
(2003). According to these authors, the cuing task-switching
paradigm does not involve task switching. The effects of
switching are explained by the switching or repetition of
the task cue. The reduction in the switching effect with
increased preparation time is expected because of the sav-
ings in task-cue processing time due to the opportunity
to process it in advance. Our conceptual framework, pre-
sented in Figures 2 and 5, may be interpreted in terms of
Logan and Bundesen’s theory as reflecting the processing
of the first presented element (the task cue) and that of
the second presented element (the target stimulus), rather
than task decision and response selection, respectively.
However, there is one critical feature of the results that
is somewhat inconsistent with that interpretation. Spe-
cifically, according to the new interpretation, 7 reflects
the probability of correctly classifying the task cue, and
R and I represent the probability of correctly classifying
the target stimulus. If this is accurate, there is every rea-
son to expect 7 to be greater than R and /, because the
former represents a two-choice classification for which
more processing time was allowed (CTI + RT) whereas
the latter represent four-choice classifications with less
processing time (RT). In contrast to this expectation, we
observed that 7" was generally lower than R, especially in
the bivalent response setup. Moreover, the fact that the
R-versus-T difference increased in the bivalent condition
is to be expected when one assumes that task switch-
ing takes place, because bivalency influences task con-
fusability. Another feature of the results that Logan and
Bundesen’s theory seems to have difficulty handling lies
in the effects of switching and preparation on R, which
we observed in the univalent response setups. We could
come up with explanations based only on the assumption
that switching takes place. In fact, we do not see how one
could explain this bivalency disadvantage in 7 and the
effects on R without the assumption of task switching. Of
course, this could be due to our lack of imagination.

The present results are consistent with both versions of
the priming hypothesis suggested by Allport and his col-
leagues and therefore cannot be used distinguish between
them. According to the first hypothesis—that of task-set
inertia (Allport et al., 1994)—the switching effect on 7'

could be due to the fact that the system’s configuration
remained in place after task execution. In switch trials,
this means that the configuration occasionally failed to
change on time, which resulted in the execution of the
wrong task. Alternatively, because only four target stimuli
were used, the results could also indicate the unintentional
and counterproductive retrieval of the wrong task set by
the target stimulus, due to stimulus—task binding (Allport
& Wylie, 2000; Waszak et al., 2003).

In conclusion, the present work concentrated on task
errors. Our findings indicate that task switching increased
the task error rate, whereas advance preparation elimi-
nated this switching effect. The results allowed us to rule
out a new variant of the priming hypothesis that could
have explained RT and general PE. Because this hypoth-
esis was ruled out, the present results provide further
support of the hypothesis concerning priming, which is
counteracted by advance reconfiguration.
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