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The distribution of visual attention over natural envi-
ronments has both spatial and temporal components. At-
tention helps us to identify objects against a background,
as well as to follow these objects as they enter into events
with causes and effects that unfold over time. Much re-
search has shown that the distribution of spatial attention
is determined by both endogenous processes (internal
strategies related to task goals or instructions) and ex-
ogenous processes (reactions to external stimulus prop-
erties, such as contrast, motion, or sudden onsets; Briand
& Klein, 1987; Juola, Koshino, & Warner, 1995; Müller
& Rabbitt, 1989; Posner, 1980; Wolfe, 1994). Similarly,
when a series of events is experienced, either through

rapid changes, such as those that occur in sporting events,
or through a succession of eye movements and fixations,
some events appear to be selected for further processing
to the relative exclusion of others, again due to the oper-
ation of both endogenous and exogenous processes (e.g.,
Norman & Shallice, 1986).

In the laboratory, the temporal distribution of visual
attention has been studied most intensively using proce-
dures such as visual masking and the rapid serial visual
presentation (RSVP) technique. In these procedures, two
or more individual stimuli are presented to a single central
locus on a display. If they occur in close succession (e.g.,
with a stimulus onset asynchrony [SOA] of less than
about 60 msec), backward masking by visual integration
or interruption processes can result in poor recognition
of earlier items (e.g., Breitmeyer, 1984; Turvey, 1973).
Slightly slower rates (e.g., an SOA of about 100 msec)
ensure recognition of most items, but if the series con-
tains more than about five items, memory consolidation
and detailed report is possible for only a few of them. In
order to study the temporal distribution of visual atten-
tion, RSVP tasks commonly define one or more items in
a series as targets, by differentiating them in some way
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In two experiments, we examined the effects of task and location switching on the accuracy of re-
porting target characters in an attentional blink (AB) paradigm. Single-character streams were presented
at a rate of 100 msec per character in Experiment 1, and successive pairs of characters on either side of
fixation were presented in Experiment 2. On each trial, two targets appeared that were either white let-
ters or black digits embedded in a stream of black letter distractors, and they were separated by between
zero and five items in the stream (lags 1–6). Experiment 1 showed that report of the first target was least
accurate if it immediately preceded the second target and if the two targets were either both letters or
both digits (task repetition cost). Report of the second target was least accurate if one or two distrac-
tors intervened between the two targets (the U-shaped AB lag effect) and if one target was a letter and
the other a digit (task switch cost). Experiment 2 added location uncertainty as a factor and showed sim-
ilar effects as Experiment 1, with one exception. Lag 1 sparing (the preserved accuracy in reporting the
second of two targets if the second immediately follows the first) was completely eliminated when the
task required attention switching across locations. Two-way additive effects were found between task
switching and location switching in the AB paradigm. These results suggests separate loci for their at-
tentional effects. It is likely that the AB deficit is due mainly to central memory limitations, whereas
location-switching costs occur at early visual levels. Task-switching costs occur at an intermediate visual
level, since the present task switch involved encoding differences without changes in stimulus–response
mapping rules (i.e., the task was character identification for both letters and digits).
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from the distractors, and the accuracy of the target report
is the dependent measure. Although there is some evi-
dence that identification of the first target (T1) can be
negatively affected by the presence of a second target
(T2) that immediately follows it (e.g., Broadbent &
Broadbent, 1987), the more interesting finding is called
an attentional blink (AB; Raymond, Shapiro, & Arnell,
1992), in which the identification of one target nega-
tively affects the report of later-occurring targets, par-
ticularly if one or two intervening distractors occur be-
tween the two targets.

Some evidence has been provided that there are at
least two sources of deficits in sequential search tasks—
one being the AB and the other being a task-switching
cost if the two successive targets differ in some way (e.g.,
Allport & Hsieh, 2001; Chun & Potter, 2001; Potter,
Chun, Banks, & Muckenhoupt, 1998). Most studies of
the AB have used two different types of targets, such as
a white letter embedded in a stream of black letters, fol-
lowed by a specific black letter probe, such as an X (Ray-
mond et al., 1992). It has been pointed out that different
target definitions require different task set configura-
tions (e.g., Allport & Hsieh, 2001; Rogers & Monsell,
1995), and the need to reconfigure the search parameters
can result in some processing loss until the reconfigura-
tion is complete. Rogers and Monsell have identified
both labile and asymptotic costs associated with switch-
ing tasks in a simple character classification task. They
further demonstrated that such costs can be reduced if
the specific task on any trial is precued in some way so
that the task set can be configured in advance. However,
even simple changes in task requirements can produce
costs that are not resolved despite what would appear to
be adequate opportunity for reconfiguration (e.g., Ar-
rington & Logan, 2004; Monsell, Sumner, & Waters,
2003; Nieuwenhuis & Monsell, 2002). Task-switching
costs are, therefore, a ubiquitous component in many
dual-task environments (Arnell, 2001).

It is clear that task set reconfiguration cannot be the
only explanation of the AB phenomenon, since a pro-
cessing deficit occurs even if the two targets are defined
in the same way (Broadbent & Broadbent, 1987; Juola,
Duvuru, & Peterson, 2000; Potter et al., 1998). Further-
more, the AB effect often shows a characteristic called
lag 1 sparing (Potter et al., 1998; Visser, Bischof, &
Di Lollo, 1999), in which T2 is identified more accu-
rately if it immediately follows T1 than if the lag be-
tween the two targets is increased. Any task-switching
costs should be strongest at lag 1 and should dissipate
over time (Rogers & Monsell, 1995). Lag 1 sparing pre-
sumably results from the opening and closing of an at-
tentional gate (e.g., Sperling & Weichselgartner, 1995)
or from selection for detailed processing of items that
meet a target’s definition (Chun & Potter, 1995; Shapiro
& Raymond, 1994). If this gate or selective filter is com-
paratively sluggish in its response time, relative to the
rate of RSVP presentation, both the target and the item
following the target can be selected for detailed processing

and memory consolidation. When the following item is
also a target, it is likely to be processed to a deeper level
as well and, thus, be available for later report. However,
if T2 occurs after one or two intervening distractors, pro-
cesses tied up with identifying and consolidating mem-
ory for T1 are often unavailable for T2, resulting in its
loss from memory as it is overwritten by successive items.
This type of central-processing bottleneck has been iden-
tified as a major source of the AB effect (e.g., Jolicœur,
Dell’Acqua, & Crebolder, 2001).

Visser et al. (1999) have identified potential causes of
the lag 1 sparing phenomenon. They examined differ-
ences between definitions of T1 and T2 in a large corpus
of AB studies and found that the second of two succes-
sive targets is reported most accurately if the two targets
share the same physical and categorical dimensions. If
the target-defining features are the same for both targets,
this similarity increases the probability that they will be
encoded into the same attentional episode. Even single-
dimensional shifts in target identification tasks produce
relatively little loss in identifying the second of two suc-
cessive targets. However, if the attentional shift between
tasks involves several dimensions or the single dimen-
sion of location, T2 is identif ied relatively poorly at
short lags, especially at lag 1. Chun and Potter (2001)
suggested that the observed amount of lag 1 sparing in
an AB task is a sensitive index of task similarity in iden-
tifying the two targets (see also, Enns, Visser, Kawahara,
& Di Lollo, 2001).

The present set of experiments was designed to gain
insight into causes of processing deficits associated with
reporting successive events in a rapidly presented stream
of visual items. In the first experiment, either two suc-
cessive targets were defined in the same way (both tar-
gets were either white letters or black digits against a
background stream of black letters), or they belonged to
different categories (a white letter followed by a black
digit, or vice versa within the stream of black letters).
Although this single categorical switch should produce
some costs relative to the nonswitch conditions, we ex-
pected to obtain lag 1 sparing in both conditions (con-
sistent with the conclusions of Visser et al., 1999). It is
of some interest to compare trials in which target type is
blocked versus randomized, since blocked conditions for
target category switch trials might allow for preconfigura-
tion of the attentional set required for target identification,
whereas randomized trials would not allow any such pre-
configuration. Although the AB effect has been con-
founded with task-switching effects in many studies, this
effect has been eliminated in others without quantifying
the effects of including or eliminating the confounding.
Experiment 1 provides one of the first direct compar-
isons of AB effects with and without task-switching
costs within a single study. Although Kawahara, Zuvic,
Enns, and Di Lollo (2003, Experiment 5) recently re-
ported just such a comparison, their manipulation of task
switches was between subjects for prepared participants,
whereas the task switches in the present Experiment 1
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were unpredictable (in half of the conditions) and were
always manipulated within subjects for highly practiced
participants. The present design should provide a more
powerful basis for evaluating the contribution of task
switching to the deficits observable in the AB task.

Experiment 2 included spatial position as an addi-
tional variable, with the expectation that lag 1 sparing
should not be observed over a shift in position between
two successive targets (e.g., Peterson & Juola, 2000;
Visser et al., 1999). Again, it is of interest to compare
trials in which target location is blocked versus random-
ized in order to test for any location expectation or con-
figuration effects. Experiment 2 is apparently the first
direct comparison of the relative effects of task- and
location-switching within the AB paradigm. Again, both
variables were manipulated within subjects for highly
practiced participants, and location switches were pre-
dictable in half of the conditions and unpredictable in the
others. Theoretical explanations of the AB should be able
to account for both task- and location-switching effects,
in order to determine the relative nature and possible loci
of these different causes of temporal-processing deficits
in visual attention.

EXPERIMENT 1

Method
Participants. The participants were 4 male and 4 female volun-

teers ranging in age from 21 to 53 years, recruited from among stu-
dents, faculty, and visitors at the Universidad Autónoma de Madrid.
All had normal or corrected-to-normal vision.

Materials. All the stimuli were presented on a Nokia 17-in. color
monitor controlled by a desktop computer. They consisted of 8 cap-
ital letters and 8 digits making up the set {Q, W, E, R, T, Y, U, P, 2,
3, 4, 5, 6, 7, 8, 9}. At a viewing distance of about 60 cm, each char-
acter subtended 0.5º or less in horizontal and vertical extension.
Each stimulus list consisted of a sequence of 14 individual items
preceded and followed by a central fixation asterisk. Each list began
and ended with the # symbol (positions 1 and 14) and included the
symbols % and & in positions 2 and 3, 2 and 13, or 12 and 13, ran-
domly from trial to trial. The other 10 positions included characters
from the critical set, which included 10 letters, 9 letters and 1 nu-
meral, or 8 letters and 2 numerals. When a numeral appeared, it was
defined as a target—that is, one of the items to be reported. Simi-
larly, on other trials, 0, 1, or 2 letters were defined as targets by
showing them in white against a gray screen, as opposed to the
black color used for all the numerals and the distractor letters. Each
list always included two targets—2 white letters (LL), a white let-
ter followed by a black numeral (LN), a black numeral followed by
a white letter (NL), or two black numerals (NN). On NN trials, all
8 letters in the critical set were used once each as distractors. On the
other three types of trials, 1 or 2 of the early letters in the series
were repeated later, after all the letters had been presented once, but
the target item(s) was never repeated.

The lag between the two targets was varied between zero and five
intervening items (called lags 1–6). A set of Latin squares was used
to construct 32 different stimulus series at each combination of tar-
get type (LL, LN, NL, and NN) and lag (6), to create a total of 768
different trial stimulus lists.

Procedure. Each participant viewed each stimulus list at least
two times, once in a blocked target type condition, in which, for
four different 192-trial blocks, each of the four target types was held
constant, and once in a mixed target type condition, in which all

four target types were shown equally often in a random order in four
different 192-trial blocks. A session consisted of two blocks, one
with target type blocked and one with mixed target types, each pre-
ceded by a series of 48 practice trials selected from among the ex-
perimental stimuli used in the following block. All the participants
completed four sessions, usually run on separate days, made up of
eight blocks, for a total of 384 practice trials and 1,536 experimen-
tal trials. Thus, all the variables—blocked versus mixed target types
(2), target type (4), and lag (6)—were manipulated within subjects,
with 32 replications per participant in each cell of the design.

Each session was run in a semidarkened room. The procedure
was identical for the two 48-trial practice blocks and the two ex-
perimental blocks in each session. One of the blocks in each session
was in the blocked target type condition, and in the other one the
target types were mixed. The order in which the participants were
run in the two block types was counterbalanced both within and be-
tween sessions.

Each trial began with the presentation of an asterisk in the mid-
dle of the screen. This was a signal for the participant to begin the
series, when ready, by pressing the space bar on the computer key-
board. After a 500-msec delay, the asterisk was replaced by the first
item in the series (always the symbol #) and the 10 critical charac-
ters embedded between noncharacter symbols. The items were pre-
sented for 100 msec each, with no intervening time intervals. T1
was always located in position 3, 4, or 5, and T2 followed it with a
lag of 1–6 (0–5 intervening items). The trial ended with the pre-
sentation of a sequential pair of questions (in Spanish, with English
translations reported here) appearing in block letters on the screen.
The first question was, “What was the name of the first white let-
ter?” on trial type LL, “What was the name of the white letter?” on
trial type LN, “What was the name of the black digit?” on trial type
NL, and “What was the name of the first black digit?” on trial type
NN. Similarly, the second question was “What was the name of the
second white letter?” on trial type LL, “What was the name of the
black digit?” on trial type LN, “What was the name of the white let-
ter?” on trial type NL, and “What was the name of the second black
digit?” on trial type NN. Each question disappeared when one of the
critical items was pressed on the keyboard. After the second re-
sponse, the asterisk reappeared to signal readiness for the next trial.

The participants were instructed to respond on all trials, even if
they had to guess, and no feedback was provided. After the last pair
of questions in each practice and experimental trial block, instruc-
tions appeared that informed the participant about what type of
block would appear next or that signaled the end of a session. The
participants were told that they could take rest breaks whenever
they wanted. Each of the four sessions lasted about 45 min, includ-
ing two practice blocks and two experimental trial blocks per ses-
sion (480 total trials per session).

Results
The relevant data are discussed in two parts. These in-

clude the mean numbers of T1s correctly reported (out of
32) for each participant in each cell of the block type
(blocked vs. mixed target types) by target type (LL, LN,
NL, or NN) by lag (1–6) design. The proportions correct
on T2 items were then conditionalized on correct T1 re-
port. These data are discussed in turn.

First-target data. The mean numbers of correctly re-
ported characters for each condition of the design for T1
only are shown in Figure 1. Here, the data are shown sep-
arately for blocked and mixed trial type conditions (see
also Table 1). The data were analyzed using a 2 (block
type) � 4 (target type) � 6 (lag) within-subjects analy-
sis of variance (ANOVA). In general, digits were re-



1306 JUOLA, BOTELLA, AND PALACIOS

ported more accurately than letter targets [92% vs. 67%;
target type main effect, F(3,21) � 12.41, p � .001], and
report of T1 was affected only slightly (about 2% in most
conditions) by the blocked/mixed factor, except in the
LL condition, in which performance was about 13%
higher on blocked trials [F(1,7) � 19.50, p � .003, for
the main effect, and F(3,21) � 6.92, p � .002, for the
block type � target type interaction]. Lag also interacted
with target type, primarily due to the large difference in
accuracy between lags 1 and 2 for the identical target
type conditions [LL and NN; F(5,35) � 44.81, p � .001,
for the main effect of lag, and F(15,105) � 10.76, p �
.001, for the interaction of lag and target type].

Second-target data. The mean conditionalized pro-
portions of correctly reported characters in each condition
for T2 are shown in Figure 2, and the same data, collapsed

across lag, are presented in Table 1. These data are the pro-
portions of trials on which T2 was correctly identified,
conditionalized on a correct response for T1 (T2|T1) for
blocked and mixed trial type conditions. The data were
analyzed using a 2 (T1 type: L or N) � 2 (T2 type) � 2
(blocked vs. mixed trial types) � 6 (lag) ANOVA. In
general, the conditionalized report of T2 was affected
only slightly by the blocked/mixed factor. When T1 was
a letter, T2 was reported about 10% more accurately in the
blocked condition, but the blocked advantage was only
about 3% higher when a digit occurred first [F(1,7) �
32.59, p � .001, for the main effect, and F(1,7) � 7.84,
p � .027, for the block type � T1 type interaction].

The lag effect was significant [F(5,35) � 19.61, p �
.001], reflecting the U-shaped functions in the condi-
tionalized T2 report data. When T1 was correctly re-

Figure 1. Mean number of correctly reported first targets (T1s) that were
letters (left panels) or numbers (right panels), followed by second targets (T2s)
that were letters (top panels) or numbers (bottom panels) for blocked versus
mixed target types, plotted as a function of T1–T2 lag (Experiment 1).

Table 1
Mean Percentages of First Targets (T1s) and Conditionalized Second Targets (T2s)

Reported in Each Condition in Experiment 1, Collapsed Across Lag

Condition

LL LN NL NN

Blocked Mixed Blocked Mixed Blocked Mixed Blocked Mixed

T1 71.2 58.5 64.3 61.0 95.5 94.3 90.3 87.8
T2|T1 71.0 60.5 86.8 76.5 57.3 55.3 92.7 88.8

Note—L, letter; N, number.
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ported, report of T2 was usually correct as well, if there
were no intervening items between T1 and T2 (lag 1). As
lag increased, performance fell in all conditions, reach-
ing the lowest levels at lag 2 or 3 before returning to
about the level of performance at lag 1 by lags 4–6. This
is the lag 1 sparing phenomenon commonly found in the
AB literature, at least for tasks involving no, or only a
simple, switch between tasks defining T1 and T2 (e.g.,
Visser et al., 1999).

Performance was higher overall for T2 if it was a digit
(86%) than if it was a letter (61%) [F(1,7) � 14.97, p �
.006]. However, all of the main effects entered into a sig-
nificant blocked/mixed � T1 type � T2 type � lag inter-
action [F(5,35) � 3.56, p � .01]. This interaction was
probably due to the relatively flat lag effects in the LN
condition for blocked targets and in the NN condition for
blocked and mixed targets, because of ceiling effects in
these conditions, in which T2 was a digit.

Finally, the T2|T1 data show significant switching
costs due to a change in target category. When the data
are collapsed across lag, performance was lower for digit
targets that were preceded by letters (LN trials, 81.6%)
than for digits preceded by digits (NN trials, 90.8%).
Similarly, letter targets were reported more accurately if
they were preceded by letters (LL trials, 65.8%) than if

they were preceded by digits [NL trials, 56.3%; T1 type �
T2 type interaction, F(1,7) � 54.47, p � .001]. The cost
of switching from one target category to the other was
slightly greater than 9% overall for both types of targets,
indicating symmetrical costs of switching between dig-
its and letters. When the data were combined across tar-
get types, all the participants showed a target category
switch cost of between 4% and 14% [t(7) � 6.78, p �
.001]. One would expect that if the difference in results
between same character targets (NN and LL trials) and
different character trials (NL and LN trials) were actu-
ally due to the costs of switching target category, these
switching costs should be larger at short lags (Rogers &
Monsell, 1995, Experiment 3). Indeed the mean T2|T1
differences between same character targets and different
character targets was 20% at lag 1, 14% at lag 2, and
about 5% at lags 3–6 (see Figure 3).

Somewhat surprisingly, there were no differences in
target category switch costs between the mixed and the
blocked target type conditions. It might have been expected
that a predictable category switch would have led to
strategic preconfigurations of the target filters, resulting
in an immediate or delayed reduction of task-switching
costs in the blocked target type condition (e.g., Arrington
& Logan, 2004; Meiran, 2000). However, the overall

Figure 2. Mean proportions of correct second-target (T2) responses condi-
tionalized on correct first-target (T1) responses for T2s that were letters (top
panels) or numbers (bottom panels) following T1s that were letters (left pan-
els) or numbers (right panels) for blocked versus mixed target types plotted as
a function of T1–T2 lag (Experiment 1).
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switch costs were about 9% in both the blocked and the
mixed trial type conditions, and there were no differ-
ences in accuracy rates between conditions across lag.

Discussion
The T2|T1 data replicate many similar experiments in

showing a U-shaped AB function (see Visser et al., 1999,
for a review). That is, T2 was well reported if it occurred
at lag 1, and performance dropped off at lag 2 and, some-
times, lag 3, only to recover to about the level of lag 1 at
the longer lags. Thus, the data showed the lag 1 sparing
phenomenon, although the magnitude of lag 1 sparing
was less for trials with target category switches (letter
followed by digit, or vice versa) than for trials with two
targets from the same category (both letters or both nu-
merals; see Figure 3). Thus, the cost of a category shift
reduced performance on T2 report, especially at short
T1–T2 lags, but the general characteristics of the AB ef-
fect remain.

In Visser et al.’s (1999) terms, a simple shift in target
category might delay T2 processing, but it is generally
insufficient to prevent a successive T1–T2 pair from
being incorporated into the same attentional episode and
being encoded together to a deeper level that allows mem-
ory consolidation and retention for later report. Longer
lags reduce, but do not eliminate, task-switching effects,
replicating both the transient and the asymptotic nature
of the task-switching costs found by Rogers and Mon-
sell (1995). In Kawahara et al.’s (2003) model, task shifts
are proposed to act much the same as increases in T1-

processing difficulty (e.g., Visser & Bischof, 2000). That
is, the task-shifting cost adds a delay in addition to the
delay caused by T1 processing, and while T2 processing
is thus delayed, it is more vulnerable to masking from
subsequent items.

Blocking target types had a consistent effect on the
conditional report of T2 when T1 was a letter, but the ef-
fect was smaller and inconsistent when T1 was a numeral.
Apparently, because numeral targets were more easily
detected than letter targets, preparation for a digit yielded
little gain in T1 processing when the target type was known
in advance. Preparation for a letter, however, facilitated
T1 processing and resulted in higher levels of T2 perfor-
mance, since resources could then be more quickly re-
leased from dealing with T1. Seiffert and Di Lollo (1997)
reported a similar effect of T1-processing difficulty on
the size of the AB. The advantage for numeral over letter
targets in Experiment 1 could be due to any of several
factors, including greater likelihood of confusion of letter
targets with the distractor letters and differences in target-
defining and response features for the two types of tar-
gets. Similar results were found in the following experi-
ments, so we will postpone a more thorough analysis of
target type effects to the General Discussion section.

The T1 report data replicate similar findings by Broad-
bent and Broadbent (1987), who found that report accu-
racy for T1 was lower if T2 followed immediately than if
there were one or more intervening items between T1
and T2. They attributed this effect to a type of horserace
between recognition processes for successive targets, in

Figure 3. Mean proportions of correct second-target (T2) responses
conditionalized on correct first-target (T1) responses for targets from
the same category (LL and NN trials) versus targets from different cat-
egories (LN and NL trials) plotted as a function of T1–T2 lag (Experi-
ment 1).
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which the first one processed tends to suppress process-
ing of the other. Thus, a low T1 report at lag 1 could be
due to interference between similar recognition pro-
cesses, especially when the two targets are of the same
type (LL or NN). Alternatively, it could be the case (as
Weichselgartner & Sperling, 1987, have argued) that
both targets are recognized but order information is often
lost, so that sometimes they are reported in the correct
order and sometimes their order is reversed (see also
Chun & Potter, 1995, for a similar result). Unfortunately,
responses were coded only as being correct or incorrect
in Experiment 1, so such a post hoc analysis of the data
could not be made. Experiment 1A was designed, there-
fore, to collect evidence for these two explanations for
the relatively poor performance for T1 at lag 1 in the LL
and NN conditions by replicating parts of Experiment 1
while recording the responses made on each trial. These
could then be compared with the stimulus list for that
trial, in order to determine whether errors were reversals
or intrusions.

EXPERIMENT 1A

Experiment 1A was a partial replication of Experiment 1
that was designed primarily to determine whether order
reversal errors could have been a major cause of reduced
accuracy for T1 reports at short lags in Experiment 1.

Method
Seven of the 8 participants from Experiment 1 participated in Ex-

periment 1A, and 1 new (male) participant was selected from the
same pool. (The participant with the lowest overall accuracy rate in
Experiment 1 was replaced, having achieved 63% correct on T2|T1,
as opposed to over 75% for the other 7 participants.) The conditions
were exactly the same, except that only LL and NN trials in the
blocked target type condition were run and the participants viewed
192 trials in each condition, plus practice trials, in each of two sep-
arate sessions.

Results
Table 2 shows the data for all conditions run in Ex-

periment 1A. The first row for the T1 report data are un-
corrected and show a pattern similar to that observed in
comparable conditions in Experiment 1. The 7% improve-
ment in overall performance, relative to Experiment 1,
was probably due to a practice effect plus the replace-

ment of the least accurate participant in Experiment 1,
and it was largely confined to the LL condition, since the
data in the NN condition are closer to ceiling. The data
show the same relative deficits in reporting T1 in the
lag 1 condition and reporting T2|T1 in the lag 2 condi-
tion on NN trials and at lags 2 and 3 for LL trials as those
found in Experiment 1. However, a relatively large pro-
portion of these errors could be identified as reversals;
that is, both targets were correctly reported, but in the
wrong order. When the data were corrected for reversal
errors, as is shown in the rows marked with an * in Table 2,
a somewhat different picture emerged.

Of the 256 trials overall at lag 1 in condition LL, 54 of
them resulted in errors on both T1 and T2, and 19 of
these (35%) were due to reversal errors. Similarly, in the
NN condition, the participants made 67 errors on both
T1 and T2, but 57 of these (85%) were reversal errors.
By treating reversal errors as correct responses, the dif-
ference between error rates at lags 1 and 2 diminished
for the T1 report data in the LL condition, from 23% in
the raw data to 16% in the corrected data, but this dif-
ference remained significant [t(7) � 4.30, p � .001]. In
the NN condition, the lag 1–lag 2 difference in T1 error
rates diminished from 22% in the raw data to 5% in the
corrected data, and the latter difference was not signifi-
cantly different from zero [t(7) � 1.06, p � .05].

In the conditionalized T2 report data, the correction
for reversal errors produced little other than a slight in-
crease in performance at the shorter lags. In the LL con-
dition, the difference between percentages of correct re-
sponses at lags 1 and 2 were 22.8% for the raw data and
22.1% for the corrected data, and these respective dif-
ferences were 10.3% and 10.2% for the NN condition.
There were no important changes in either T1 or condi-
tionalized T2 report data due to correction for reversal
errors after lag 2.

Discussion
A significant number of reversal errors explains al-

most all of the lag 1 deficit data for NN trials, but not for
LL trials. That is, besides being easier to recognize and
report, two successive digits seem to produce less pro-
cessing interference than do two successive letter targets.
Even when corrected for reversal errors, there remains a
significant deficit for reporting the first of two target let-

Table 2
Mean Percentages of First Targets (T1s) and Conditionalized Second Targets (T2s) 

Reported in Each Condition in Experiment 1A

Condition

LL NN

Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6 Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6

T1 63.3 86.7 88.7 89.1 85.9 87.9 71.1 93.4 93.0 97.3 95.3 94.9
T1* 70.7 87.1 88.7 89.1 85.9 87.9 93.4 98.0 94.1 97.7 95.7 94.9
T2|T1 86.8 64.0 71.6 85.2 87.2 93.0 97.9 87.6 95.2 95.2 94.9 96.6
T2|T1* 90.0 67.9 71.6 85.2 87.2 93.0 98.4 88.2 95.3 95.2 94.9 96.6

Note—The first row in each condition shows the raw data, and the second row (*) shows the data corrected by in-
cluding reversal errors as correct responses. L, letter; N, number.



1310 JUOLA, BOTELLA, AND PALACIOS

ters when they are successive, as opposed to when there
are one or more intervening distractor letters. This defi-
cit is probably due to some inhibitory mechanism, such as
that suggested by Broadbent and Broadbent (1987), in
which competing letter responses produce interference so
that the first one processed to the level of report can sup-
press report of the second one. Although similar pro-
cesses might be at work for numeral targets, the lag 1 def-
icit corrected for reversal errors is not significant, and the
greater ease of recognizing and reporting digit targets in
the present task apparently relieves responses from much
of the destructive interference affecting letter targets. Un-
doubtedly, some of this interference is due to the fact that
all the distractors were letters. Other researchers have
shown that target report accuracy in the AB paradigm de-
creases with the relative confusability of the target and
the distractor items, an effect that would favor report of
the numeral targets in the present experiments (Chun &
Potter, 1995; Isaak, Shapiro, & Martin, 1999).

EXPERIMENT 2

The original AB research (Raymond et al., 1992) used
two different types of items for T1 (to be identified) and
the following probe (to be detected). Therefore, it is
likely that both a task-switching cost and a loss due to
AB affected detection of T2 (probe item). Eliminating a
task switch removes this cost but leaves the AB effect
largely intact (Arnell, 2001). Location switches between
the two items to be reported produce a different result,
however. If the two targets are located at different posi-
tions, the lag 1 sparing phenomenon generally is greatly
reduced (Shih, 2000) or disappears completely (Peterson
& Juola, 2000), although performance at later lags shows
a processing deficit followed by recovery that is consistent
with similar conditions in the typical AB task. In Exper-
iment 2, task switches and location switches were com-
bined in some conditions in order to determine whether
the different effects of the two types of switches extend
beyond the lag 1 sparing phenomenon to more general
aspects of the AB.

Method
Participants. The participants were 8 volunteers recruited from

among students, faculty, and visitors at the Universidad Autónoma
de Madrid. They were 6 males and 2 females ranging in age from
21 to 53 years. All had normal or corrected-to-normal vision, and
6 of the 8 had participated previously in Experiments 1 and/or 1A.

Materials. The stimulus materials and apparatus were the same
as in the previous experiments. The only difference was in the po-
sition of the character streams. In Experiment 2, a pair of streams
was presented, on either side of a fixation point (� sign). The view-
ing distance was not precisely controlled, but from a typical sitting
position, the two streams were between 1º and 2º of visual angle
apart (the center-to-center distance between characters was about
1.6º from a typical viewing distance of 60 cm). Each stream was
identical to the ones shown in Experiment 1, but care was taken to
make sure that no distractor letter was repeated within two succes-
sive positions on either side, and target items were never repeated
within a trial. As in Experiment 1, the T1–T2 lag was varied between

zero and five intervening items, either within the same stream or
between the two streams. Only the mixed trial type condition from
Experiment 1 was run (to simplify the design and to avoid some
problems of ceiling effects observed in Experiment 1), so all target
type pairs (LL, LN, NL, and NN) occurred randomly, but with equal
probability, within sessions. The locations of the targets were con-
trolled in two conditions, however. In mixed location blocks, the
target could occur on either side, so that left–left, left–right, right–left,
and right–right target locations were equally likely. In the blocked
location conditions, only the left–right or the right–left target loca-
tion pairings were used in separate blocks, so the participants al-
ways knew on which side to expect T1 and they knew to expect T2
on the opposite side. The left–left and right–right conditions were
not included in the blocked location trials, since this would have re-
duced the conditions to a replication of Experiment 1, with an ir-
relevant stream to one side. The combinations of target type (4) and
lag (6) were replicated 32 times with different stimulus lists to cre-
ate a total of 768 different trial stimuli.

Procedure. Each participant viewed each stimulus no more than
once in the experimental trials, and some of them were randomly
selected for use on practice trials. Different halves of the stimuli
were selected for each participant for the blocked and the mixed lo-
cation conditions. In the blocked location condition, target type
(LL, LN, NL, and NN) was determined randomly for each trial for
two 192-trial blocks, but the target locations were held constant. In
one of these blocks, T1 was always on the left side, and T2 was al-
ways on the right side. These sides were reversed in the other block
in the blocked location condition. In the mixed location condition,
all the stimuli and all four target types were shown equally often in
a random order in four different 192-trial blocks. In each of these
four blocks, the locations of T1 and T2 were independent, so that
they could both appear on the same side (left or right) or each could
appear on either side, in either order. The experiment always began
with a mixed location block, followed by one of the blocked loca-
tion blocks, then two mixed location blocks, the other blocked lo-
cation block, and finally the last mixed location block. These six
blocks consisted of 48 practice trials, with materials randomly se-
lected from the experimental stimulus lists, followed by 192 exper-
imental trials. All other details of the procedure were the same as
those in Experiments 1 and 1A.

Results
The relevant data will be discussed in two parts. First,

the mean proportions of correct reports of T1 were found
for each participant in each cell of the block type (blocked
location vs. mixed location) � T1 type (L or N) � loca-
tion (left or right) � lag (1–6) design. The proportions
correct on the T2 item were then conditionalized on cor-
rect T1 report. These data will be discussed in turn.

First-target data. The mean proportions of correctly
reported characters for each condition of the design for
T1 only are shown in Figure 4. Here, the data are pre-
sented separately for the blocked and the mixed location
conditions for letter and digit targets presented on either
side of the fixation point. In general, digits (92%) were
reported more accurately than letter targets [79%; target
type main effect, F(1,7) � 10.08, p � .016], left-side tar-
gets were reported more accurately than those on the right
[88% vs. 82%; location main effect, F(1,7) � 12.26, p �
.010], and the blocked location condition resulted in a
higher proportion of correct responses than the mixed lo-
cation condition [90% vs. 80%; blocking main effect,
F(1,7) � 62.70, p � .001]. The lag effect was also sig-
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nificant [F(5,35) � 6.26, p � .001]. Most of the lag ef-
fect was due to the poor performance at lag 1. Further-
more, the lag 1 deficit for T1 report was greatest for LL
and NN trials in the mixed location condition when the
two targets were presented on the same side of the fixa-
tion point (see Table 3).

Significant interactions included target type � blocked/
mixed location � target location and target type �
blocked/mixed location � lag [F(1,7) � 13.26, p �
.008, and F(5,35) � 4.57, p � .003, respectively].

As in Experiment 1, the percentage of correct T1 re-
ports increased less from lag 1 to lag 2 for mixed target
types [LN and NL trials, P(T1 correct) � .81 and .86 for
lags 1 and 2, respectively] than for same target type tri-
als [LL and NN trials, P(T1 correct) � .69 and .82, for
lags 1 and 2, respectively]. The lag data are presented for
particular conditions in Table 3. Here, the difference in
T1 reports for lags 1 and 2 can be compared for LL and
NN trials in the blocked and the mixed location condi-
tions for trials with both targets on the left or on the right
(top half of Table 3) or when both targets were presented
to the same side or to different sides (bottom half of
Table 3).

The data in Table 3 clearly show that the largest dif-
ference in T1 report accuracy between lag 1 and lag 2
occurred when LL and NN targets were presented to the

same side of the display. These are exactly the conditions
in which it would be most likely that the order of two tar-
gets that had been correctly identified would be con-
fused. Therefore, as in Experiment 1A, an analysis was
made of the data corrected for order reversal errors in re-
porting T1 and T2 in Experiment 2. When reversal errors
were counted as correct responses, the large deficits
found in T1 report at lag 1 largely, but not completely,
disappeared. The corrected data are shown in Table 4.
The lag effect remains significant [F(5,35) � 2.78, p �
.032], but now it enters into no significant interactions.
The interaction that remains, however, shows that the
participants clearly were biased to attend to the left stream
in the mixed location condition. That is, when T1 oc-
curred on the left, overall performance was 91% correct
in the blocked location condition and 88% in the mixed
location condition. When T1 occurred on the right, the
blocked and the mixed location conditions showed mean
correct responses of 89% and 76%, respectively. In other
words, performance was about as good (3% difference)
for left-side targets as for right-side ones when the loca-
tion of T1 was known. However, when T1 could occur on
either side with equal probability, there was a 13% ad-
vantage for left-side targets.

Second-target data. The mean proportions of cor-
rectly reported characters in each condition of the design

Figure 4. Mean number of correctly reported first targets that were letters
or numbers presented in the left or the right rapid serial visual presentation
stream for conditions in which the position of the first target (T1) was blocked
versus randomly located to the left or to the right (Experiment 2).
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for T2 only are shown in Figure 5. The figure plots the
proportions of trials on which T2 was correctly identified,
conditionalized on a correct response for T1 (T2|T1) for
blocked and mixed location conditions, and within the
mixed location condition, whether the two targets ap-
peared on the same or different sides of the f ixation
point. The data were analyzed using a T1 target type �
T2 target type � location condition (blocked same sides,
mixed same sides, and mixed different sides) � lag (1–6)
ANOVA. One of the main results was a lag � location
condition interaction [F(10,70) � 9.35, p � .001]. In gen-
eral, targets presented to the same side resulted in lag 1
sparing, whereas lag 1 sparing was eliminated in the dif-
ferent-side conditions, even when the sides were blocked
and the participants knew on which sides the two targets
would appear. Despite lag 1 sparing, the lag functions
also appear to be flatter in the same-side condition than
in the other two conditions, with the data generally re-
flecting higher levels of report accuracy at short lags in
the mixed location, same-side condition, but accuracy be-
comes lower than that in the two different-side conditions
at longer lags.

A second main result is the interaction of T1 target
type with T2 target type, showing an advantage for NN
and LL trials over NL and LN trials [the task-switching
cost; F(1,7) � 23.84, p � .002]. T1 and T2 types also in-
teracted with lag [F(5,35) � 6.32, p � .001], indicating
that, as in Experiment 1, the task-switching cost de-
creased with lag. The mean T2|T1 differences between
same-character targets and different-character targets
were 11% at lag 1, 10% at lag 2, and about 2% at lags
3–6.

Finally, a significant main effect for location [F(2,14) �
12.7, p � .001] showed that performance collapsed across
lags was highest in the blocked location condition (81%
correct on T2|T1), as compared with mean report accu-
racies of 77% in the mixed location, same-side condition
and 74% in the mixed location, different-side condition.
The effects of T1 and T2 type on T2 report accuracy
[F(1,7) � 4.00, p � .086, and F(1,7) � 10.53, p � .014,
respectively] reflect the overall levels of performance for
the four target types (LL, 73%; NL, 69%; LN, 82%; NN,
88%). These data demonstrate an advantage for digits
(14%) and the cost of task switching (5%).

As in Experiment 1, the T2|T1 data show significant
switching costs due to a change in target category. In Ex-
periment 2, we first corrected the data for reversal errors
to provide a more sensitive test for switching costs, since
the data for nonswitched targets (NN and LL trials) were
artificially lowered by reversal errors (although the cor-
rection factor resulted in a much smaller difference in
the T2 data than in the T1 results). A final analysis was
performed on the data corrected for reversal errors, in
order to test for the effects of location switching and task
switching. The data were classified into a lag (6) � lo-
cation (3) � T2 type (2) � task switch (2) ANOVA de-
sign. Although the effects of both location [F(2,14) �
12.8, p � .001] and task switch versus no task switch
[F(1,7) � 23.8, p � .002] were significant, they did not
enter into any significant interactions with each other,
suggesting that task and location switching have additive
effects on attentional processes. In order to confirm this
apparent additivity of costs, we examined the data at
lag 1 (when both task-switching and location-switching
costs were at their maximum) in the mixed location con-
ditions only, since in these trials, there was complete un-
certainty about both task and location for T2. We found

Table 3
Mean Percentage of T1 Targets Correctly Reported for Lags of

1 and 2 Between T1 and T2 for Selected Conditions of
Experiment 2

Condition

LL Trials, T1 Left Side LL Trials, T1 Right Side

Location Lag 1 Lag 2 Lag 1 Lag 2

Blocked 82.0 78.9 80.5 78.9
Mixed 62.6 84.0 51.6 69.5

NN Trials, T1 Left Side NN Trials, T1 Right Side

Lag 1 Lag 2 Lag 1 Lag 2

Blocked 97.7 99.2 86.7 98.4
Mixed 73.8 87.9 52.7 71.9

LL Trials, Same Side LL Trials, Different Sides

Lag 1 Lag 2 Lag 1 Lag 2

Blocked – – 81.3 78.9
Mixed 38.3 74.2 75.8 79.3

NN Trials, Same Side NN Trials, Different Sides

Lag 1 Lag 2 Lag 1 Lag 2

Blocked – – 92.2 98.8
Mixed 54.7 80.5 71.9 79.3

Table 4
Mean Percentages of First Targets Correctly Reported (Corrected for Reversal Errors) 

for the (Uncorrected) Data Shown in Figure 4 (Experiment 2)

Left Side Right Side

Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6 Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6

Numbers

Blocked location 97 98 99 97 99 98 93 99 99 98 98 97
Mixed location 95 96 95 96 94 93 75 78 82 84 84 82

Letters

Blocked location 82 84 85 84 86 87 78 80 80 82 78 83
Mixed location 82 84 84 80 80 81 73 76 70 77 72 77
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that the mean task-switching cost was 14%, the mean
location-switching cost was 23%, and the cost of switch-
ing both task and location was 37%.

Discussion
The T1 data largely replicated the results of Experi-

ments 1 and 1A, except that reversal errors were less
common if the two targets occurred on opposite sides of
the fixation point, as would be expected. The T2 data
showed similar task-switching costs as in Experiment 1,
and when the data were corrected for reversal errors,
they simply added to the costs of a location switch be-
tween T1 and T2. Location switching by itself eliminated
the lag 1 sparing phenomenon, as would be expected on
the basis of Visser et al.’s (1999) review of the AB liter-
ature. Furthermore, the AB effect was largely the same
on both sides of the fixation point after the first lag, in-
dicating that location-switching effects were largely lim-
ited to lag 1 (a result also found by Peterson & Juola,
2000).

It is interesting to note that the elimination of lag 1
sparing was found even when the participants knew on
which side of the display each target would appear. Ap-
parently, preparation for location was as ineffective as
preparation for target type in dealing with switching
costs. It could well be that the attentional cost necessary
for preparing a reconfiguration of the set for target type

or location in the present tasks negated any gain likely to
be had from a successful preparation. Nieuwenhuis and
Monsell (2002) have reported other instances in which
participants were apparently unable to prepare them-
selves in a relatively short time to avoid the costs of a
simple task switch.

The lag effects showed another interesting trend in the
comparison of same- and different-side targets in the
mixed location condition. When the participants had no
idea about the locations of T1 and T2, the conditional re-
port of T2 was higher if it occurred on the same side as
T1 for short lags (1–3). However, for longer lags (4–6),
performance was actually better if the two targets ap-
peared on opposite sides. This result is reminiscent of
the inhibition-of-return phenomenon (Posner & Cohen,
1984), in which an uninformative peripheral cue leads to
an immediate advantage in processing a target at its loca-
tion. However, after a delay of a few hundred milliseconds,
performance decreased and was replaced by an advan-
tage at other possible target locations. Even if attention
was distributed fairly evenly over the two streams in the
mixed location condition, the appearance of a target in
one of the streams seems to have drawn attention to that
stream, resulting in a same-stream advantage at short
lags. At longer lags, however, just as in the inhibition-of-
return phenomenon, attention seems to have “rebounded”
away from a focus on T1’s location to produce an advan-

Figure 5. Mean proportions of correct second-target (T2) responses condi-
tionalized on correct first-target (T1) responses for T2s that were letters (top
panels) or numbers (bottom panels) following T1s that were letters (left pan-
els) or numbers (right panels) for conditions in which T1 and T2 positions were
blocked versus conditions in which they were mixed and occurred on either the
same side or different sides, plotted as a function of T1–T2 lag (Experiment 2).
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tage for the other stream. This effect is unlike the tradi-
tional inhibition-of-return result, in that it is triggered by
an endogenous cue (the meaning of a color or category
change). Yet with highly practiced participants and a
small and well-known set of targets, the shift in attention
first toward a target and then away from its location
mimics the time course of inhibition of return, using ex-
ogenous cues.

GENERAL DISCUSSION

The search for two distinct target characters among a
homogeneous set of distractors in an RSVP stream was
shown to be affected by at least four variables: (1) the
distinctive features that defined the targets and differen-
tiated them from the distractors, (2) the lag between the
two targets, (3) whether the targets belonged to the same
category (letters or digits) or were switched between cat-
egories, and (4) whether the two targets occurred in the
same location or were displaced horizontally by less than
2º. In addition, prior knowledge was sometimes pro-
vided about Variable 1, 3, or 4 above, but lag was always
varied unpredictably. The effects of these variables, and
their interactions, will be discussed in turn, before we
consider how their combined effects influence item recog-
nition and retention in a sequential visual search task.

Target Definition
In all the experiments reported here, black digits were

reported more accurately than white letters within a stream
of black letter distractors. There are several possible ex-
planations for the advantage for numerals. First, for dig-
its, the target-defining feature and the response feature
were the same. That is, the detection of a digit also pro-
vided information about the correct response. For letter
targets, on the other hand, the target-defining feature
was the white color, and the response feature was the
name of the white letter. The greater disparity between
target-defining and response features for letter targets
could have led to processing delays, resulting in poorer
performance for the letters. A similar account has been
given for the occurrence of illusory conjunctions in the
time domain (see Botella, Barriopedro, & Suero, 2001).
Second, the distractors themselves were always letters,
albeit black ones, but their inevitable processing to the
level of recognition in most cases (e.g., Chun & Potter,
1995) could have produced competitive interference in
selecting and retaining the target letter’s name (see also
Isaak et al., 1999). Finally, it is possible that digits by
themselves are more distinctive against a background of
letters than are letters of different colors, making their
presence easier to detect, at least in the present RSVP
conditions.

Regardless of the cause or causes of the difference in
T1 processing for letter or digit targets, the fact that T1
identification was easier for the numerals than for the
letters should have produced a smaller AB for any target
following a T1 numeral. This prediction is based on the

assumption that ease of T1 processing determines how
quickly attention can be reallocated to T2 processing fol-
lowing T1 completion (Seiffert & Di Lollo, 1997). Con-
sistent with this prediction, the AB effect, as measured
by the reduction in accuracy in T2 report from lag 1 to
lag 2, was twice as great following letter targets (22%)
than it was for digit targets (11%) in Experiment 1 and
3% greater following letters (12%) than after digits (9%)
in Experiment 2.

Lag Effects
The lag effect was different for T1 and T2, as is com-

mon in the AB literature. Although the T1 data are some-
times not included in published reports, the general find-
ing is that T1 report accuracy is poorest at lag 1—that is,
if the two targets occur successively with no intervening
distractors (Broadbent & Broadbent, 1987; Peterson &
Juola, 2000). In the present Experiments 1A and 2, it was
shown that much of the decrement in T1 report at lag 1
was due to order reversal errors, especially for NN trials.
Not all of the T1 decrement at lag 1 could be explained
by reversal errors alone, however. In some cases, there
was an apparent loss in processing capacity, due to re-
allocation or sharing of resources when T2 followed T1
immediately.

The lag data for T2 report in Experiment 1 showed the
U-shaped function characteristic in the traditional AB
literature. That is, T2 report accuracy demonstrated the
lag 1 sparing phenomenon described by Potter et al.
(1998) and Visser et al. (1999). Performance tended to
be worst at lag 2 or, sometimes, lag 3 and recovered after
that to the level found at lag 1. This effect was largely in-
dependent of target type and target blocking conditions,
indicating the central nature of the capacity limitations
that contribute to the AB (e.g., Chun & Potter, 1995;
Jolicœur et al., 2001).

Location Effects
In Experiment 2, location shifts between T1 and T2

eliminated the lag 1 sparing phenomenon, as was expected
from previous research (Peterson & Juola, 2000; Visser
et al., 1999; but see also Shih, 2000). In Visser et al.’s
terms, detection of T1 triggers an attentional episode
that selects current information for detailed processing,
leading to its consolidation into memory for later report.
The temporal parameters of this selection process show
sufficient spread to include not only the target item, but
frequently the item following it in an RSVP stream. If
the two targets are successive, both are likely to be in-
cluded in the same attentional episode. Later items are
not so selected, and if they include T2, it is likely to be
missed unless T1 processing is complete by the time T2
appears. The spatial parameters of the selection process
seem to be rather narrowly centered around T1, since even
moving T2 horizontally by less than 2º resulted in elim-
ination of lag 1 sparing. This was true whether the par-
ticipants knew the locations of T1 and T2 or not. That is,
if the participants were prepared for T1 on, say, the left
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side and T2 on the right, they apparently could not
spread or divide the focus of attention over these two lo-
cations simultaneously. Rather, it was the case that either
attention was focused at the expected location of T1 or
T1’s occurrence itself attracted the focus of attention, so
that T2 report was much worse when it occurred less
than 2º away from T1, rather than at the same location.
However, by lag 4, the advantage for same-side targets
disappeared, and there was even some evidence for a
reversed advantage for different-side targets. This result
is reminiscent of the inhibition-of-return phenomenon,
and a similar reversal is apparent in the results reported
by Shih (2000) in an experiment like our Experiment 2
(Figure 1A, p. 1351). Similar advantages for a T2 lo-
cated away from the location of T1 have been reported
recently in a task similar to the traditional AB paradigm,
using multielement displays (Kristjánsson & Nakayama,
2002).

Task-Switching Costs
In all the experiments, performance was worse for T1

if the two targets came from the same category (both let-
ters or both digits), but performance on T2 was worse if
they belonged to different categories. That is, a task rep-
etition cost was observed for T1, and a task-switching
cost was incurred for T2. Presenting two target items
from the same category resulted in a loss in performance
in identifying T1, and most (but not all) of this loss was
due to reversal errors in the report of the two targets. Per-
formance on T2, however, was decidedly worse if the tar-
gets came from different character sets, and this perfor-
mance decrement was largest at lag 1 and decreased
asymptotically at later lags (see also Rogers & Monsell,
1995). Reconfiguration of the task set from detecting
black digits to detecting white letters or vice versa en-
tailed a cost of between 10% and 20% at lag 1, which de-
creased to 5% or less by lag 6. Chun and Potter (2001;
see also Potter et al., 1998) asserted that the amount of
lag 1 sparing is a sensitive index of task similarity be-
tween T1 and T2. In the present experiments, the cate-
gorical switch was not as devastating as the location
switch for lag 1 sparing, a result consistent with the AB
literature (Enns et al., 2001; Visser et al., 1999).

Conclusions
Many authors have lamented the fact that the AB par-

adigm, and dual-task paradigms in general, have often
confounded task-switching costs with other task demands
in experimental tests of human temporal-processing abil-
ities. In the AB task, any difference in definition of the
two targets is likely to incur its own cost that is com-
mingled with the AB effect itself. The present experi-
ments are the first of which we are aware in which AB
performance with and without a concomitant task switch
in a random mixture has been directly compared. In other
conditions, task switch and no-switch trials were blocked
in order to gauge the effectiveness of any preparation or
reconfiguration required for dealing with identifying a

white letter versus a black digit. In addition, Experiment 2
combined task switches with target location switches in
the AB paradigm, in an effort to determine whether the
separate costs of these manipulations affect a common
processing stage or, alternatively, separate levels of pro-
cessing in visual attention and cognition.

We have found evidence for significant costs of both
category shifts and location shifts in the identification of
two targets presented in the RSVP format. Furthermore,
these two effects are apparently independent and influ-
ence the AB phenomenon in different ways. Switching
the target category from targets to letters and vice versa
entailed a significant cost on T2 report, at least at short
lags, and this effect was as large whether T1 and T2 were
presented in the same location or were horizontally dis-
placed from each other. The target category switch cost
was also as large when the participants knew that the
switch would occur between T1 and T2 as when the switch
occurred randomly on half the trials. Either the costs of
preparing for different target categories outweigh the
benefits of using such a strategy, or the time needed to
reconfigure target selection criteria is too great to achieve
a measurable benefit in the RSVP task (Nieuwenhuis &
Monsell, 2002).

Since the task switch used in the present experiments
primarily involved encoding operations only (letters vs.
digits) without involving different response associations
(the task in both instances was to remember the name of
the target), it is likely that the task-switching costs were
realized at relatively early levels of processing (Arring-
ton, Altmann, & Carr, 2003). That is, task-switching
costs might involve central mechanisms if different, ar-
bitrary stimulus–response association rules must be re-
trieved for a common stimulus set in both tasks (Monsell
et al., 2003). The switching costs in the present experi-
ments are likely to have been absorbed before the onset
of a central bottleneck stage that is presumably dedicated
to such tasks as memory consolidation and response se-
lection (Arnell, 2001; Chun & Potter, 2001; Ruthruff &
Pashler, 2001).

Switching location also had a large cost on T2 report
probability at short lags, and again, this cost was inde-
pendent of the participants’ knowledge that a location
switch would occur. There was no evidence of lag 1 spar-
ing in our data, consistent with most studies of location-
switching effects in the AB paradigm. Location-shifting
costs are likely to be incurred very early in visual pro-
cessing, even before encoding is complete, since visual
information is much more vulnerable to overwriting by
subsequent inputs if attention is directed elsewhere (Enns
et al., 2001). Furthermore, location shifting has its largest
effect at lag 1 separation between the two targets, and the
cost of a location switch is eliminated and even reversed
at longer lags.

A notable exception to the present result has been re-
ported in a study by Shih (2000), who found lag 1 spar-
ing in a task similar to the one used here in Experiment 2.
In Shih’s task, the targets were always digits embedded
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in simultaneous, horizontally separated letter streams,
and successive items appeared at a rather high rate of
about 14 per second. Visser et al. (1999) commented that
lag 1 sparing should be observable across location shifts
if the spatial gradient of attention can encompass both
streams. It is likely that participants did, in fact, attempt
to attend to both streams in our task, as well as in Shih’s,
although both studies report an advantage for left-side
targets, presumably due to an attentional bias toward the
left. However, it is likely that the appearance of T1 on
one side or the other constricts the spatial focus of at-
tention momentarily while T1 is processed, resulting in
a lag 1 deficit if T2 appears immediately after T1 in a
different location. In Shih’s study, the shorter SOA be-
tween successive items might have enabled some T2 pro-
cessing to occur before narrowing of the spatial focus
was complete, resulting in some amount of lag 1 sparing.
Both our Experiment 2 and Shih’s study show that lag 1
sparing is more closely associated with same-stream pre-
sentation for the two targets and that even a small shift
in location results in a significant cost in T2 processing
at short lags.

All of the experiments reported here demonstrated a
significant loss in T2 processing for lags up to 400 msec
after T1 has been presented. This is the classic AB phe-
nomenon. The fact that much of the AB deficit seems to
be due to limitations in central memory processes, in-
cluding memory consolidation, is supported by the fact
that the AB effects we observed largely remained when
combined with both location- and task-switching costs.
That is, task switching diminished but did not eliminate
the initial part of the U-shaped AB function, whereas lo-
cation switching eliminated only lag 1 sparing. Both
types of switches affected the AB phenomenon mainly at
short lags. These results are consistent with those of oth-
ers who have found independent effects of task switch-
ing and the AB (e.g., Allport & Hsieh, 2001; Kawahara
et al., 2003). In addition, the mutual independence of
task-switching and location-switching effects that we
observed echoes the observation that early selection of
target features and target location are largely indepen-
dent processes (e.g., Holmgren, 1968; Liu, Healey, &
Enns, 2003).

A summary model offered here that is consistent with
the present results begins with specification of a search
set for target-defining features present in one or two
RSVP streams. In the present experiments, these in-
cluded a white color or a digit, and the response feature
was the identity of the target character. The detection of
a target-defining feature signals a spatiotemporal focus
of attention onto the item containing the feature (Botella
et al., 2001). For T1, this usually results in a sufficient
concentration of resources to select the target item, iden-
tify it, and execute central memory processes involved in
consolidating a representation for later report. Report ac-
curacy for T1 was 50% or better in most conditions, with
the poorest levels of accuracy occurring when T1 and T2
were successive (lag 1), when T1 and T2 were both let-

ters, and when the T1 location was unspecified in ad-
vance (Experiment 2).

Report of T2 was most accurate if it was presented at
lag 1 (lag 1 sparing) or after two or three intervening
items, if it was the same type of target as T1 (i.e., LL or
NN trials) and if it occurred at the same location as T1.
These results are consistent with the idea that the atten-
tional episode triggered by the target-defining feature re-
sults in a spatiotemporal gradient that is more likely to
include T2 if it matches T1 closely in features, location,
and onset time. Otherwise, T2 processing is likely to be
delayed, and while it is unattended, it is more vulnerable
to masking and other forms of destructive interference
from successive items than if it were selected for detailed
processing. The present results indicate that each of
these dimensions (the target-defining features, the target
location, and its temporal relation to previous targets) in-
dependently affect coding and memory consolidation of
T2. It appears that target location is important for spatial
selection, with 100 msec being a bit shorter than optimal
for moving attention endogenously (Juola et al., 2000).
Once spatial selection has occurred, target features are
processed to determine which response code should be
consolidated in memory. These processes are facilitated
if they are compatible with the processes recently used to
encode T1. If T2 belongs to a different category, task-
switching costs are incurred by delaying the time needed
to encode T2 (Kawahara et al., 2003). Finally, the central
processes involved in memory consolidation are largely
serial in nature (Jolicœur et al., 2001), and the AB is
most probably due to destructive loss of T2 information
if it follows too closely on the heels of T1 but late enough
to be excluded from the current attentional episode. The
successive levels of processing location, feature, and cat-
egorical information presumably led to the observed in-
dependence of their effects in the present experiments on
the AB.
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