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Dynamic visual information that reaches the retinae
during natural vision is intrinsically varied in wavelength
and luminance across both space and time. When faced
with such a complex stream of information, the brain
must face processing limitations if it is to formulate ac-
curate perceptions and instigate appropriate behavioral
responses. Such temporal processing limitations can be
examined empirically by using rapid serial visual presen-
tation (RSVP). RSVP methodology uses stimuli (such as
letters, words, pictures, digits, or sentences) that are typ-
ically presented in one spatial location in a rapid consec-
utive sequence (between 6 and 20 items/sec). A typical
RSVP stream is displayed in Figure 1. Within the stream
of stimuli, one item can be designated as the first target
(T1), and this is followed by subsequent targets (T2, T3,
etc.). Target items will differ in some way (e.g., color or
identity) from all other items in the stream. Participants
are required to identify (or detect) T1 and T2 (the dual-
task condition) or to ignore T1 and just identify (or de-
tect) T2 (the single-task baseline condition). Such tasks
allow the experimenter to examine the participants’ per-

formance in relation to the interval between targets by
manipulating the serial position of subsequent targets in
relation to T1. With this paradigm, despite use of a di-
verse range of stimuli and response formats, the behav-
ioral outcome is now well documented: Presenting T2 in
close temporal proximity to T1 has a deleterious effect
on participants’ ability to carry out the T2 task for targets
presented within half a second of the first (Broadbent &
Broadbent, 1987; Lawrence, 1971; Raymond, Shapiro, &
Arnell, 1992; Reeves & Sperling, 1986; Weichselgartner
& Sperling, 1987). This deficit was termed the attentional
blink (AB) by Raymond et al.

Raymond et al.’s (1992) original theoretical explanation
of the AB was based on the notion of inhibition. It was sug-
gested that the AB might reflect T1 processing’s monopo-
lizing attentional resources to such a degree that the pro-
cessing of any T2 attributes is inhibited. Later, Shapiro,
Raymond, and Arnell (1994) adopted an alternative theo-
retical position based on the notion that interference arises
from items (i.e., T1, T2, and their respective masks) com-
peting for retrieval from a visual short term memory buffer.
In contrast, Chun and Potter (1995) have explained the AB
in terms of a two-stage model. During the first stage, all
RSVP stream items proceed in parallel to high levels of
analysis (e.g., semantic and featural registration), but stim-
uli become available for report only when they have been
processed by a second serial processing stage. By this ac-
count, the AB occurs because the second stage is still em-
ployed in processing T1 and, therefore, cannot process T2.

Another theoretical explanation of the AB is centered
on the masks that accompany T1 and T2 and the notion
of object substitution (Brehaut, Enns, & Di Lollo, 1999;
Enns & Di Lollo, 1997; Giesbrecht & Di Lollo, 1998;
Seiffert & Di Lollo, 1997). Although proponents of the
object substitution model generally have supported the
two-stage model of Chun and Potter (1995), they have
tended to emphasize the term substitution, in preference
to interruption or overwriting, in order to highlight the
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When asked to identify targets embedded within a rapid consecutive stream of visual stimuli, ob-
servers are less able to identify the second target (T2) when it is presented within half a second of the
first (T1); this deficit has been termed the attentional blink (AB). Rapid serial visual presentation
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ship was found between the degree of object file continuity and AB magnitude. An important locus of
object file continuity was the intervening stream items between T1 and T2. The results are discussed
in terms of the heuristic of the object file to preserve limited attentional capacity.
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function of the interruption mask that follows T2 (Bre-
haut et al., 1999; Enns & Di Lollo, 1997; Giesbrecht &
Di Lollo, 1998). Enns and Di Lollo have suggested that
the function of the mask is not merely to terminate target
processing. Rather, the mechanisms involved in object
recognition seem to turn their focus from processing T2
to processing its mask instead.

Although the aforementioned theories diverge in terms
of the proposed mechanism underlying the AB, Shapiro,
Arnell, and Raymond (1997) have identified three cen-
tral tenets that are common to all the theories mentioned
here. First, the presence of a T1 mask means that in-
creased attentional resources are required in order for T1
to be processed to the level of report. Second, a conse-
quence of this is that there are fewer resources available
for processing T2. Therefore, because T2 cannot attain a
durable representation facilitating report, it is at risk of
decay or object substitution (i.e., by T2’s mask). How-
ever, this is resolved within approximately 500 msec as
the identity of T1 becomes consolidated. Third, in dis-

tinctly specific conditions, response selection factors
will have a further detrimental effect on T2 accuracy, re-
sulting from additional pressures imposed on attentional
capacity (such as a requirement for speeded responses).

Empirical evidence supports the proposition that ob-
jects serve an important function within the perception
of visual scenes (Gordon & Irwin, 1996). For example,
Duncan (1984) presented participants with either a large
or a small rectangle with a gap on either the right or the
left side. Superimposed onto the rectangle was a dotted
or dashed line that could be slanted toward the left or the
right. The participants were required to make two judg-
ments about the same object (e.g., large rectangle, gap
on right) or to make two judgments about different ob-
jects (e.g., gap on right, dashed line). Duncan found that
when the participants were asked to make judgments
about different objects, they were less accurate. Simi-
larly, Baylis and Driver (1993) and Watson and Kramer
(1999) also found benefits associated with making one-
object judgments over those involving two objects.
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Figure 1. An example of a rapid serial visual presentation stimulus stream (as used
by Raymond, Shapiro, & Arnell, 1992, Experiment 2), in which participants were re-
quired to report the name of the white letter (T1) and detect whether a black X (T2)
was present in the post-T1 stream. From “Temporary Suppression of Visual Process-
ing in an RSVP Task: An Attentional Blink?” by J. E. Raymond, K. L. Shapiro, and
K. M. Arnell, 1992, Journal of Experimental Psychology: Human Perception & Perfor-
mance, 18, p. 852. Copyright 1992 by the American Psychological Association. Adapted
with permission.
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If objects play an important role in visual perception,
there is also a necessity for a mechanism that serves to
maintain object information over time (Gordon & Irwin,
1996). The need for such a mechanism is illustrated in
perceptual constancy: When we make eye movements or
when objects move, despite the resulting changes in the
size, shape, and position of the retinal image, we retain
a sense of perceptual continuity, rather than reperceive
the objects as novel ones (Gordon & Irwin, 1996). Al-
though the true nature of such a mechanism is not known,
one possible candidate is the notion of the object file pro-
posed by Kahneman, Treisman, and Gibbs (1992). Object
files are episodic representations of objects in the real
world (Kahneman et al., 1992). Being temporary in na-
ture, object files are thought to be distinct from more
durable, long-term (type) representations used to clas-
sify and identify objects. Theory suggests that an object
file is created when we direct our attention to an object
in the visual field. This file then collects and maintains
information relating to that object and might possibly in-
clude all of its defining information, such as identity (if
it is known) and meaning.

The object file reviewing process involves accessing
an active object file, retrieving the information about
object attributes, and establishing whether it matches the
object currently in view. Object continuity persists when
the information matches. In contrast, when information
is incongruent across successive displays, this necessi-
tates making modifications to the active object file or
discarding it and generating a new object file. In both
cases, object identification will be slowed (as compared
with cases in which the same object file can be used),
because object file operations are time consuming, pre-
sumably because of demands placed on attentional re-
sources (Kahneman et al., 1992).

It can be seen that in the AB, there are costs associated
with dividing one’s attention between two targets in a
temporal stream for about 500 msec. Similar costs have
also been seen in object file research, in terms of slower
object recognition times when successive visual displays
do not easily share a common object file. It might, there-
fore, be possible to attenuate the AB effect if T1 and T2
share a common object file. To phrase this another way,
could the attentional costs observed in the AB be elimi-
nated if attention is divided within an object (or object
file), rather than between objects (or object files)? A re-
cent study by Raymond (2003) lends support to such a
notion.

Raymond (2003) used RSVP streams consisting of tri-
dent distractor stimuli presented in varying orientations
to induce the percept of a single rotating trident. T1 was
a thick bar that could occur on a trident stimulus (same-
object condition) or on an arrow (different-object condi-
tion) or could not appear at all. Participants were re-
quired to report the absence or presence of T1 and, if T1
was present, report whether it was on a trident or on an
arrow. For T2 (which was present on half of the trials),
participants had to detect a short line attached to either a

trident (Experiment 1) or an arrow (Experiment 2). In the
same-object condition, in which T1s were features of a
single object (the trident), the AB effect was completely
attenuated. In contrast, in the different-object condition
(i.e., an arrow), an AB effect was obtained. To explain
this, Raymond suggested that the object file, which was
initially established when the first distractor was pre-
sented, could be easily updated and utilized for T1 when
it was on the same object (trident), but when T1 appeared
on a new object (an arrow), the existing object file could
not be easily updated. Instead, the file had to be discarded,
and a new object file had to be opened. Since this pro-
cess is attentionally demanding, the update file process
(which would be required to perform the T2 detection
task) might be less efficient until such time as the open
file operation was complete (Raymond, 2003).

The experiments reported here followed from and ex-
panded Raymond’s (2003) conclusions by examining the
degree of object file continuity provided by the RSVP
streams, in order to examine its impact on AB magni-
tude. The contribution of various aspects of the stream
toward object file continuity and AB modulation was
also examined.

GENERAL METHOD

Design
Factorial designs were used for this series of experiments. The

dependent variable was RSVP task performance expressed as AB
magnitude. The percentage of correct identifications of T2 for each
serial position of T2 when T1 was correctly identified was calcu-
lated for the dual-task condition. In the single-task condition, the
number of correct T2 identifications was expressed as a percentage
of the total number of single-task trials for each serial position of
T2. To obtain AB magnitude, T2 performance in the dual-task con-
dition was subtracted from that observed in the single-task condi-
tion for each participant at each stimulus onset asynchrony (SOA).
We are grateful to our reviewers for pointing out the need to demon-
strate that AB magnitudes (attenuated or otherwise) result from an
AB effect in the dual-task condition, rather than being artifacts of
performance in the single-task condition. For this reason, single and
dual performances are shown graphically (panel B) alongside each
figure displaying AB magnitude (panel A).

Participants
All the participants were adults with normal (or corrected) vi-

sion. The participants were recruited from the student participant
panel and the community participant database and, for a 90-min
session, received course credit or £7, respectively.

Apparatus
Stimuli were presented using RSVP custom software on an

Apple Power Macintosh 8600/200 computer. The stimuli were
viewed on an Apple 28-cm RGB monitor, using binocular vision
from a viewing distance of 60 cm. Illumination in the room was re-
duced during testing. The participants entered their responses into
the computer via the keyboard.

Stimuli and Procedure
In order to generate RSVP streams, a morph movie of a smoking

pipe changing into a saucepan was created using Morph Version 1.1
software. The movie was then dissected into 24 frames, using Con-
vert QuickTime Movie to PICT Version 2. Specific frames were im-
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ported into Adobe Photoshop Version 5.0, and texture effects were
applied in order to create the target stimuli. To create T1 images, the
12th movie frame was modified so that it consisted entirely of ei-
ther large dot elements (using pointillist effect, size 6) or small dot
elements (pointillist effect, size 3). A different texture effect (patch-
work) was used to create T2 stimuli that consisted of either large
squares (patchwork effect, size 4/5) or small squares (patchwork ef-
fect, size 1/5). T2 images were adapted from Movie Frames 13–20.
Example target stimuli are shown in Figure 2. Despite changing the
textural nature of the elements that made up the targets, the spa-
tiotemporal and color characteristics of the images from which they
were derived were relatively preserved.

RSVP streams were displayed at a single location—the center of
a subtended (18.5º � 17.1º) gray field of uniform luminosity. The
visual angles subtended by the stimuli varied. Images from the
morph movie subtended 2.96º in height and 5.71º in width. The vi-
sual angles subtended by the random-object distractors (where used)
varied in height (from 7.13º to 0.95º) and width (from 6.18º to 2.39º).

In any given trial, T2 never preceded T1, and no frame could appear
more than once. All the participants undertook blocks of single-
task, as well as dual-task, trials. In single-task trials, they were re-
quired to ignore T1 and attend to and report only T2. In dual-task
trials, the participants were required to attend to and report both tar-
gets. The order of the blocks was counterbalanced in terms of task
type (i.e., single- or dual-task trials). When commencing the RSVP
trials, the participants were instructed to attend to a center black
fixation dot where the stimulus stream would subsequently be pre-
sented. All RSVP trials were self-paced and initiated by the partic-
ipant by depressing the space bar. The participants were instructed
to watch each RSVP stream and, once the stream finished, make
their keyboard response(s) by pressing keys that had previously
been labeled big and small. For the dual-task trials, the participants
were instructed to make their first response in relation to the first
target (i.e., dots) and their second response in relation to the second
target (i.e., squares).

The participants were informed that accuracy, and not reaction
time, was being measured. Before the experimental trials com-
menced, the participants were shown A4 color printouts of the tar-
get stimuli, and then three sets of practice trials were conducted.
The first set consisted of 16 dual-task trials (4 trials at each of T2
Serial Positions 5–8, corresponding to SOAs of 333, 400, 467, and
534 msec) presented at the slower rate of 133.33 msec per stimulus
(8 items per second). The second set consisted of 16 dual-task trials

presented using the same timings but utilizing the earlier T2 serial
positions (i.e., 4 trials at each of Serial Positions 1–4, correspond-
ing to SOAs of 67, 133, 200, and 267 msec). The third practice set
involved completing one block of 32 dual-task trials (4 trials at all
SOAs) at the faster presentation rate of 66.67 msec per stimulus (15
items per second). Each participant then undertook 320 experi-
mental trials (one set of 160 single-task trials and one set of 160
dual-task trials). For those experiments utilizing seven SOAs rather
than eight (Experiments 3, 4, 5, and 6), RSVP streams for the
67-msec SOA were removed from the training and experimental tri-
als. Hence, Training Set 2 was reduced to 12 trials, Training Set 3
was reduced to 28 trials, and the number of experimental trials was
reduced to 240 (one set of 140 single-task trials and one set of dual-
task trials). No blank interstimulus interval (ISI) was presented be-
tween the stimuli.

Given that there were two possible T1 responses (big/small dots)
and two possible T2 responses (big/small squares), this yielded four
possible target combinations for each of the eight T2 serial posi-
tions (32 trials). Each combination was repeated five times, result-
ing in sets of 160 trials. This yielded 20 trials at each SOA. Exper-
imental sessions lasted between 60 min (for streams without items
appearing before T1) and 90 min (for full-stream experiments). The
participants were replaced if their performance failed to meet cri-
terion. Since 50% was chance (i.e., the target could be either big or
small), these criteria were set at a mean of 50% correct for T1 perfor-
mance in the dual-task trials and for T2 performance in the single-
task trials. Mean performance refers to performance across all SOAs.

EXPERIMENT 1

In Experiment 1, we sought to attenuate the AB through
the linking of targets in an RSVP stream to a common
object file. Earlier, it was noted how object files serve to
maintain information about objects as they move or change
over time (Kahneman et al., 1992). Whereas Raymond
(2003) utilized object file information pertaining to an
object’s motion over time, the object file information
maintained in the present experiments related to the ob-
ject’s changing identity over time and, in this way, makes
an important contribution to our understanding of the
way in which object files mediate divided attention.

Figure 2. Rapid serial visual presentation targets adapted from the morph movie. T1 tar-
gets (shown top left and right) were either small or big dots. T2 targets (shown bottom left
and right) were either small or big squares.
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In order to achieve this, a short movie was used in
which a smoking pipe was seen to progressively change
into a saucepan—a process termed morphing. If one
adopts the same rationale as Raymond (2003), T1 should
adopt the currently active object file by virtue of the pre-
ceding movie frames. In the morph RSVP stream in which
one object changes smoothly into another, each succes-
sive frame should be so similar (in terms of spatiotem-
poral attributes) that the existing object file (the one
generated at the start of the stream) should be utilized
for each subsequent frame, including T1. If so, attentional
resources would not be required to generate a new object
file for T1, and therefore, T2 processing should not be
hindered by T1 interference (which would arise from at-
tentionally demanding processes, such as making exten-
sive modifications to object files or generating new ones).
Consequently, it was anticipated that an attenuated AB
effect would be obtained in the morph condition.

A scrambled morph RSVP stream is a good control
condition, because it uses the same stimuli as the smooth
morph stream but presents all of the frames, apart from
the targets, in a random order. In this condition, there is
no longer a percept of smooth object change, and it was
hypothesized that object file continuity would be dis-
rupted and an AB would be observed.

Method
Design. In this experiment, an 8 � 2 mixed factorial design was

employed. The within-groups factor was the period of time between
the onsets of T1 and T2 (SOA), which had eight levels (67, 133, 200,

267, 333, 400, 467, and 534 msec). The between-groups factor was
the nature of the RSVP streams (stream), which had two levels
(morph, where successive stream items gave the percept of a smok-
ing pipe changing into a saucepan, and scrambled, where the morph
movie frames were presented in a random order about T1 and T2).

Participants. Sixteen volunteers were recruited from the student
participant panel (5) and the community participant panel (11). The
participants were allocated randomly to the morph (5 females and
3 males; mean age, 23.6 years, SD � 6.23 years) and scrambled
conditions (6 females and 2 males; mean age, 24.5 years, SD � 6.74
years).

Stimuli and Procedure. An example RSVP stream for each
condition is shown in Figure 3. The participants were required to
identify the size (big or small) of the dots for T1 and the size (big
or small) of the squares for T2.

Results and Discussion
The mean percentage of correct T1 responses was sig-

nificantly higher in the smooth morph condition (97%,
SD � 5%) than in the scrambled morph condition [89%,
SD � 12%; t(126) � 4.728, p � .01]. Mean AB magni-
tudes were calculated for each SOA and for both stream
types. These are displayed in Figure 4 (panel A), which
suggests that the proportion of correct T2 responses was
reduced for the dual task, relative to the single task, at
early SOAs for the scrambled condition, but not for the
morph condition. That is, there appears to be an AB in
the scrambled condition, but not in the morph condition.
A two-way mixed (SOA, within subjects; stream, be-
tween subjects) analysis of variance (ANOVA) yielded a
significant first-order interaction confirming a difference

T2

T1

TIME

Figure 3. Rapid serial visual presentation streams for the smooth morph (shown on the left) and the
scrambled morph (shown on the right). Streams were 24 frames long but have been truncated here for prac-
tical purposes. T2 is shown at Serial Position 2, which corresponds to a stimulus onset asynchrony of
133 msec.
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between the two stream types across SOAs [F(7,98) �
3.127, p � .05]. Similarly, significant main effects were
observed for stream [F(1,14) � 6.125, p � .05] and SOA
[F(7,98) � 4.903, p � .05].

Repeated measures ANOVAs were conducted on the
AB magnitude data for all SOAs for both the scrambled
and the smooth stream types, to ascertain whether a sig-
nificant AB was present in each condition. As is pre-
dicted by the pattern of data in Figure 4, these analyses
confirmed that there was no effect of SOA in the smooth
morph stream, in which object file continuity was pre-
served [F(7,49) � 0.500, p � .05], but a significant ef-
fect of SOA in the scrambled stream, in which object file
continuity was disrupted [F(7,49) � 6.748, p � .05]. Fur-
thermore, Figure 4 suggests that this AB effect persisted
until 267 msec. To investigate this, single-sample t tests
(one-tailed) were carried out for the first four SOAs, and
the alpha level was set to .01, a conservative level, to re-
flect the number of comparisons made. These tests dem-
onstrated that the AB effect in the scrambled morph con-
dition was significant at 67 msec [t(7) � 4.244, p � .01],
133 msec [t(7) � 4.274, p � .01], and 200 msec [t(7) �
4.782, p � .01] but had recovered by 267 msec [t(7) �
1.220, p � .01].

In the scrambled morph condition, despite the inher-
ent disruption in object file continuity, each successive
frame was generally similar in terms of low-level spatial
information. It is possible that the shortened AB effect
observed in this condition reflected minimal object file
modifications, but greater modifications than those ne-
cessitated by the smooth morph condition. Since Kah-

neman et al. (1992) claimed that greater attentional re-
sources are implicated in generating new object files,
one might, therefore, anticipate a larger AB effect (i.e.,
greater magnitude or longer temporal duration) when the
stream requires more extensive object file changes to be
made. One way to increase the disruption of object file
continuity (and possibly create the demand for new object
files) is to embed the same targets within a consecutive
stream of random objects having spatial properties in-
trinsically different from those of the smoking pipe or
the saucepan. This was examined in Experiment 2.

EXPERIMENT 2

In Experiment 1, AB attenuation was observed in the
smooth morph condition, in which targets were able to
share a common object file with minimal updating of
object file information. In contrast, the scrambled morph
condition necessitated greater changes to be made to the
object file, and a significant (although shortened) AB ef-
fect was obtained. In Experiment 2, the same pipe–pan
targets were embedded within an RSVP stream of random
objects. It was hypothesized that a robust AB effect would
be obtained, since each successive frame was a new object
and would demand a greater degree of object file modi-
fication (or the creation of new object files).

Method
The experimental method and procedure adopted were the same

as those outlined in Experiment 1, with the exceptions described
below.

Figure 4. (A) Mean attentional blink (AB) magnitude for each stimulus onset asynchrony (SOA) for smooth and scram-
bled morph streams. Standard error (�1) is represented by the vertical bars. The same data are displayed in an alter-
native way in panel B, which depicts T2 performance for smooth and scrambled morph streams for the dual-task trials.
The single-task baseline reflects combined performance in the ignore T1 condition for the smooth and scrambled morph
streams.
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Design. A single factor, SOA (all eight levels), was employed in
this experiment.

Participants. A total of 8 participants were recruited. The sam-
ple consisted of volunteers from the student participant panel (1
male and 3 females; mean age, 23.7 years, SD � 4.65 years) and the
community participant database (1 male and 3 females; mean age,
23.5 years, SD � 6.40 years).

Stimuli and Procedure. In order to create RSVP streams for
this experiment, the pipe–pan targets were embedded within a se-
quence of 22 pictures of random objects. An example stream is pre-
sented in Figure 5. As before, T1 appeared at Position 12 in the
stream, and T2 could appear at one of the eight serial positions fol-
lowing T1.

Results and Discussion
The mean percentage of correct T1 responses in the

dual-task trials was 87% (SD � 12.07%). Mean AB mag-
nitude was calculated for each SOA, and these are shown
in Figure 6 (panel A), which suggests that an AB effect
was obtained using a random-object RSVP stream. This
was confirmed by an ANOVA that revealed a significant
main effect of SOA [F(7,49) � 2.569, p � .05].

In order to establish the duration of the AB for the
random-object stream, single-sample t tests were con-
ducted for each of the AB magnitudes between 133 and
400 msec, using a .01 alpha level to reflect the number
of comparisons being made. Because of the increased
variance (as compared with the scrambled morph stream
in Experiment 1) and the modified alpha level, these

analyses were signif icant only for 267 msec [t(7) �
3.380, p � .01] and 400 msec [t(7) � 4.241, p � .01].
This demonstrates that the random-object stream yielded
an AB effect that did not recover until 467 msec. With
this alpha level, the AB magnitudes at the following SOAs
were not significant: 133 msec [t(7) � 1.699, p � .01],
200 msec [t(7) � 2.856, p � .01], and 333 msec [t(7) �
2.700, p � .01]. However, the single asterisks in Figure 6
demonstrate that if one adopts a less conservative alpha
level (i.e., .05), the 200- and 333-msec SOAs would also
have been significant.

In this experiment, we attempted to maximally disrupt
object file continuity by utilizing random-object stimuli
that should have initiated the attentionally demanding
process of generating new object files. A robust AB was
observed, and this effect was longer in duration than that
obtained in the scrambled morph condition in Experi-
ment 1. It is interesting to note that the onset of the AB
was not immediate—that is, lag-1 sparing was observed.
This contrasts with the results in the scrambled morph
condition in Experiment 1, where lag-1 sparing was not
present.

Discussion
Experiments 1 and 2 successfully created optimum

conditions for the preservation or disruption of object
file continuity. In the smooth morph condition, in which
object file (and perceptual) continuity was preserved,
complete attenuation of the AB was observed. In con-
trast, a robust AB effect was associated with object file
(and perceptual) discontinuity that was created by either
the scrambled morph or the random-object stream.

The scrambled morph stream yielded an AB for the
first three serial positions. This corresponded to 267 msec
and was a relatively short-lived effect, as compared with
results in other studies that have reported an AB that
continues until 450 msec (e.g., Raymond et al., 1992).
Rather than reflecting the generation of new object files,
this shortened AB effect may simply reflect a greater de-
gree of object file updating than that required by the
smooth morph stream.

It was anticipated that the object file discontinuity in
the random-object stream would demand a greater de-
gree of object file modification (or the creation of new
object files, rather than the updating of existing ones).
Since object file generation is thought to require greater
attentional resources than does amending an object file
(Kahneman et al., 1992), one would predict a larger AB
(magnitude or duration) for the random-object stream
than for the scrambled morph. This is supported by the
fact that the AB effect in the random-object stream did
not recover until 467 msec after T1 onset (200 msec after
AB recovery in the scrambled morph condition). Apart
from differences in object file related factors, the RSVP
streams used in Experiments 1 and 2 also differed in
terms of the masks that followed T1 and T2. The impor-
tance of this factor in terms of the experimental out-
comes was examined in Experiment 6.

T2

T1

TIME

Figure 5. Example random object rapid serial visual presenta-
tion stream. Streams were 24 frames in length but have been
truncated here for practical purposes. T2 is shown in the second
T2 serial position (corresponding to 133 msec).
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Generally, one of two different AB functions is ob-
served, a U-shaped function or a monotonic function. A
review of the recent literature showed that both patterns
have been reported with roughly equal frequency (Visser,
Bischof, & Di Lollo, 1999). The scrambled morph condi-
tion produced a monotonic function in which the deficit
was most pronounced at the first SOA and was reduced as
a function of increases in SOA. In contrast, the random
object morph produced a U-shaped function in which the
onset of the AB was not immediate (i.e., there was lag-1
sparing) but was greatest for the second or third SOA.

Both Chun and Potter (1995) and Shapiro and Ray-
mond (1994) have postulated that lag-1 sparing occurs
because of a slow-closing attentional gate. In a similar
vein, Sperling and Weichselgartner (1995) have pro-
posed the concept of a discrete attentional episode, or
window of attention, that can take up to 200 msec to close.
By this account, lag-1 sparing occurs when both targets
form part of a single attentional window (or episode).
However, if this is the case, one might expect it to be ob-
tained consistently (Visser et al., 1999).

One possibility is that lag-1 sparing is a reflection of
attentional switching—that is, how efficiently the sys-
tem can, after processing T1, reconfigure itself in order
to accommodate the different processing demands of T2
when it occurs in close temporal proximity (Visser et al.,
1999). When attentional switching is rapidly achieved,
there is no deficit in T2 performance at this SOA, and
therefore, lag-1 sparing occurs. However, when the
attentional-switching process is slow (possibly because
the reconfiguration process was unable to cope with ex-

cessive switching demands), T2 performance is impaired,
and lag-1 sparing is not obtained.

In a review of over 100 experiments, Visser et al. (1999)
attempted to identify those attentional-switching condi-
tions associated with the presence or absence of lag-1
sparing. They concluded that lag-1 sparing is obtained
when there is no attentional switch between targets or
when there is a unidimensional switch between targets,
such as a switch in task (e.g., identify T1, detect T2) or
category (e.g., T1 letter, T2 digit). In contrast, when
there is a switch in location (T1 and T2 appear in differ-
ent spatial locations) or a multidimensional switch be-
tween targets is required, lag-1 sparing does not occur.
This explanation does not explain the pattern of results
for the scrambled morph and random-object streams.
Both streams involve a unidimensional switch in cate-
gory (from dots to squares), and one might predict lag-1
sparing in both conditions, yet it was present only in the
random-object stream. In an attempt to explain this dis-
parity, one needs to consider the nature of the distractor
items in each stream. In the random-object stream, a per-
ceptual filter for the pipe–pan stimulus will select T1.
Since the item immediately following T1 (the �1 item)
is usually a non-pipe–pan item (which will not fit the fil-
ter), it is not essential for the filter to close rapidly in
order to limit interference from the �1 item. Because the
filter is slow to close, T2 is opportunely processed (by
virtue of sharing the same attentional window), and lag-1
sparing is obtained. In the scrambled morph, where all
the stream items are similar, the same perceptual filter
will need to close rapidly in order for T1 to be processed

Figure 6. (A) Mean attentional blink (AB) magnitude for each stimulus onset asynchrony (SOA) for random-object
stream. Standard error (�1) is represented by the vertical bars. The same data are displayed in an alternative way in
panel B, which depicts T2 performance for both single- and dual-task trials.
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efficiently while minimizing interference from very sim-
ilar �1 items. Because the filter closes rapidly, T2 is un-
likely to gain entry, and lag-1 sparing will not occur.
Thus, the similarity of distractor items may also play a
role in determining the pattern of the AB and, in partic-
ular, the presence or absence of lag-1 sparing.

The results of these experiments are consistent with
the conclusions drawn by Raymond (2003) and Kahne-
man et al. (1992). The first item in the RSVP stream cre-
ates an object file, which is reviewed for each subse-
quent visual event. Where T1 is the same object as the
preceding item (i.e., in the smooth morph stream), it can
easily utilize the current object file. Because attention-
ally demanding object file operations have not been re-
quired, there are sufficient resources to fully process T2,
and consequently, no AB is observed. In contrast, when
T1 cannot easily adopt the current object file (i.e., in the
scrambled morph or random-object streams), object file
modification is required, and the degree of attentional
demand may vary according to the degree of object file
modification required. Since these processes interfere
with the processing of T2 at early serial positions, an AB
is observed. Although the results of these experiments
are in agreement with this conceptual model, they do not
(nor were they designed to) isolate the locus of the effect
as being specific to the object file relationship between
T1 and the preceding item, as Raymond suggested. Al-
ternative candidates for the locus of this effect include
the object file relationship between the two targets and
the nature of the items between the two targets, which
are in the purview of the present experiments.

Having identified the extreme conditions under which
an AB can be shown to be attenuated, the next three ex-
periments attempted to identify factors that modulated
the AB effect in the smooth morph stream (Experiment 1),
for which the AB was attenuated, and in the random-object
stream (Experiment 2), for which a robust effect was ob-
tained. The decision to investigate these two stream types
was based on the assumption that they represent opposite
extremes in terms of the degree of object file modifica-
tions required. The scrambled morph condition, which
presumably involves an intermediate degree of object
file modification, did not feature in these investigations.
In Experiment 3, we examined the smooth morph stream
and investigated whether the process of morphing was
essential in providing object file continuity. In the other
two experiments, in which we examined the random-
object stream, we considered the role of the items inter-
vening between T1 and T2 (Experiment 4) and the items
preceding T1 (Experiment 5).

EXPERIMENT 3

In this experiment, we investigated whether the AB at-
tenuation observed in the smooth morph stream in Ex-
periment 1 was modulated by the morphing process that
provided object file continuity between T1 and T2. If so,
one would expect the AB to return if object file continu-

ity were removed and the intervening items between the
two targets were replaced by a variable blank interval.
This critical items RSVP procedure had already been
employed to show that an AB can be obtained by using
streams consisting of T1, T2, and their respective masks
and varying the blank interval between T1’s mask and T2
(Duncan, Ward, & Shapiro, 1994).

Method
Design. In this experiment, one factor was used: the seven SOAs

of T2. Since T1’s mask is crucial to the critical items paradigm, the
first T2 SOA (67 msec) could not be used, because that position
was always occupied by T1’s mask.

Participants. Twelve volunteers (5 females and 7 males; mean
age, 22.8 years, SD � 4.15 years) were recruited from the commu-
nity participant panel.

Stimuli and Procedure. The modified RSVP paradigm in-
volved reducing the full pipe–pan stream to T1, T2, and their re-
spective masks and manipulating the SOA by inserting a blank in-
terval between T1’s mask and T2. The mask item was the next
consecutive item from the morph movie. A typical RSVP stream is
illustrated in Figure 7. Due to a parameterization error, half of the
participants completed 16 trials at each SOA, rather than 20 (112
trials in total).

Results and Discussion
For the dual-task trials, the percentage of correct T1

responses was 83% (SD � 12.23%). This was lower and
more variable than T1 performance in the smooth morph
condition and was comparable with performance in the
full-stream random-object condition. Mean AB magni-
tudes were computed for each SOA, and these are dis-
played in Figure 8 (panel A). A significant AB effect was
not obtained [F(6,66) � 0.750, p � .05]. Similarly, these
results were not found to be significantly different from
the full-stream smooth morph condition [F(6,108) �
0.797, p � .05].

These results suggest that in the smooth morph full-
stream condition (in Experiment 1), the morph items be-
tween the two targets were not crucial for providing object
file continuity. It appears that a single-object file can be
maintained so long as the visual information is not in-
consistent with the object file reviewing process (see
below). However, the greater degree of variability in this
experiment (as compared with the morph condition in
Experiment 1) suggests that the morphing process does
contribute to perceptual continuity in some way.

The outcome of this experiment can be explained in
terms of object file theory, which holds that when the
current object file is reviewed, only the most recent vi-
sual information is used (Kahneman et al., 1992). That
is, when it is decided whether the current visual display
fits with the current object file, the visual information is
compared with that immediately preceding it. Therefore,
in this experiment, it is difficult to establish whether the
pipe–pan items that intervened between T1 and T2 were
necessary to provide T1/T2 continuity, because the frames
that were displayed were consistent with the current
object file information. In addition, because the pipe–pan
movie was 24 frames long, there was little object change
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over three or four frames; removing the intervening items
did not constitute much of a mismatch between the dis-
played frames.

EXPERIMENT 4

Given the outcome of Experiment 3, in Experiment 4,
we further investigated Kahneman et al.’s (1992) notion
of recency in object file reviewing and attempted to over-
write the T1 object information with that of a different
object, so that T2 could not use the object file without
making substantial modifications, which should theoret-
ically result in an AB. This experiment was the same as
Experiment 3, with the exceptions described below.

Method
Participants. Sixteen volunteers (12 females and 4 males; mean

age, 21.6 years, SD � 3.76 years) were recruited from either the com-
munity participant database (3) or the student participant panel (13).

Stimuli and Procedure. RSVP streams were the same as those
in Experiment 3, with the exception that random objects were used
to mask T1 and T2, rather than pipe–pan stimuli, and random objects
were presented between T1’s mask and T2. The number of random
objects appearing in each stream ranged between one and seven (de-
pending on SOA). A typical RSVP stream is illustrated in Figure 9.

Half of the participants completed their two sets of experimental
trials in two sets. Set 1 consisted of 56 trials (yielding 8 trials at

each SOA), and Set 2 comprised 84 trials (yielding 12 trials at each
SOA). By splitting the trials into sets, it was possible to establish
whether there were any overall effects from increased variability in
the first part of the experimental trials (possibly due to unfamiliar-
ity with the task). The remaining 8 participants completed two sets
of 140 trials (20 trials at each SOA), as in the previous experiments.
In this case, because of the way in which the morph program works,
it was not possible to analyze the single-set data in terms of first and
second halves, because the program randomly selects from the total
number of trials (140), rather than from the total stream set (28),
and consequently, an unequal number of trials at each SOA would
be obtained if one were to split the data into two sets based on order
of presentation.

Results and Discussion
The data from 2 participants were replaced because they

made excessive T2 errors (54% and 58%) in the single-
task trials. Before pooling the data, the data from partic-
ipants who had completed two sets of trials were ana-
lyzed. Set 1 data appeared to be more variable than Set 2
data, and an ANOVA confirmed a significant main effect
of set [F(1,7) � 7.981, p � .05]. This suggests that dur-
ing the first set, despite having completed 56 practice tri-
als, the participants were still becoming accustomed to
the task. Consequently, Set 1 data were removed, and only
Set 2 data were pooled with the remaining data (where
trials were completed in a single set). This reduced data

T2

T1

TIME

Variable
blank interval

No items before T1

VARIABLE TARGET-TO-
TARGET ONSET

Figure 7. The critical items rapid serial visual presentation stream involved pre-
senting T1, T2, and their respective masks (which were the next consecutive items
from the morph movie). Variable target-to-target onset was provided by inserting
blank frames between T1’s mask and T2. As before, the participants were required to
identify the size of dots (for T1) and the size of squares (for T2).
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set was used for all subsequent analyses. The mean per-
centage of correct T1 responses in the dual-task trials was
84% (SD � 17.32%). Mean AB magnitudes were calcu-
lated, and these are displayed in Figure 10 (panel A).

Figure 10 is suggestive of an AB effect. This was con-
firmed by an ANOVA, which revealed a significant ef-
fect of SOA [F(6,90) � 2.25, p � .05]. These results are
not significantly different from the original full stream of
random objects [F(6,132) � 1.175, p � .05], which also
yielded a significant AB. Single-sample t tests (one-tailed)
were conducted at all SOAs except 400 and 534 msec
(using a .01 alpha level). These analyses were significant
for 133 msec [t(15) � 3.182, p � .01] and 267 msec
[t(15) � 4.654, p � .01]. However, nonsignificant results
were obtained for AB magnitudes at SOAs of 200 msec
[t(15) � 1.469, p � .01], 333 msec [t(15) � 1.489, p �
.01], and 467 msec [t(15) � 1.634, p � .01]. If one were
using the less conservative alpha level of .05, these three
SOAs would also approach significance.

These results are consistent with Raymond’s (2003)
theoretical framework. Since no items preceded T1, one
would expect the presentation of T1 to initiate an open
file process for each trial. This process consumes pro-
cessing resources to the extent that T2 is unable to be
processed to the level of report, and an AB effect would
be anticipated.

In terms of Kahneman et al.’s (1992) object file theory,
if the pipe–pan information for T1 is overwritten by the
random objects that intervene between T1 and T2, the
object file will need to be modified in order to accom-
modate T2, and one might predict an AB. The results are

consistent with this notion of recency in object file re-
viewing and suggest that the locus of AB modulation in
the full stream of random objects (Experiment 2) was the
items intervening between the two targets, the random-
object masks, or a combination of the two.

EXPERIMENT 5

In Experiment 5, we examined the role of the random-
object items preceding T1. According to Raymond (2003),
in this scenario, T1 should not be able to adopt the active
object file without first making extensive modifications
to the representation (because it is a different object).
Consequently, T2 processing would suffer interference
from T1 processing, and one would anticipate an AB ef-
fect. This experiment also uses a random-object mask. If
the random-object mask alone is sufficient to have caused
an AB in the full-stream condition (Experiment 2) and in
the previous experiment, one might anticipate a signifi-
cant effect here as well. This experiment was the same as
Experiment 4, with the exceptions described below.

Method
Participants. Sixteen volunteers (11 females and 5 males; mean

age, 21.5 years, SD � 2.63 years) were recruited from either the
community participant database (11) or the student participant
panel (5).

Stimuli and Procedure. RSVP streams were the same as those in
the previous experiment, except that 11 random objects were inserted
before T1, rather than between the two targets. A random-object
mask immediately followed T1 and T2. A typical RSVP stream is
illustrated in Figure 11. As in the previous experiment, half of the

Figure 8. (A) Mean attentional blink (AB) magnitude for each stimulus onset asynchrony (SOA) for critical items
stream, which involved the presentation of T1, T2, and their respective masks. Standard error (�1) is represented by the
vertical bars. The same data are displayed in an alternative way in panel B, which depicts T2 performance for both
single- and dual-task trials.
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participants completed their single and dual experimental trials in
two sets, and the remaining 8 participants completed two sets of
140 trials (20 trials at each SOA).

Results and Discussion
The data from 1 participant were replaced because the

participant made 51% T2 errors in the single-task con-
dition. As in the previous experiment, prior to pooling
all the data, the data from participants who had com-
pleted two sets of trials were analyzed. This analysis re-
vealed that the data for Set 1 and Set 2 were not signifi-
cantly different [F(1,7) � 3.343, p � .05]. However, for
consistency with Experiment 4, only Set 2 data were
pooled with the single set data, and this reduced data set
was used in all the subsequent analyses.

The mean percentage of correct T1 responses in the
dual-task trials was 85% (SD � 14.58%). Mean AB mag-
nitudes were calculated, and these are displayed in Fig-
ure 12, which suggests that there was no AB. This was
confirmed by a nonsignificant effect of SOA [F(6,90) �
1.591, p � .05]. Interestingly, 5 participants exhibited

large order effects, in that their single-task performance
was worse than their dual-task performance (yielding a
number of negative values for nearly all the SOAs). Gen-
erally, counterbalancing the order of the single- and the
dual-task trials will control for adverse effects of task
order. Therefore, such an outcome may have been a func-
tion of the stream type. Given that all the individuals
began with three sets of dual-task practice trials, it may
have been difficult for these participants to subsequently
ignore T1 if they had just completed either the dual-task
trials (1 participant) or the three sets of dual-task prac-
tice trials (4 participants). To successfully achieve this
outcome, the participants would need to attend to the
first visual event that occurred after a variable blank in-
terval (because there were no items presented between
T1’s mask and T2), and it may have been harder to at-
tend to (or ignore) a variable blank offset than a number
of random objects.

The results of this experiment contrast with those in
the work of Raymond (2003). Given that there were pre-T1
items present and T1 was always a different object from

T2

T1

TIME

VARIABLE TARGET-TO-
TARGET ONSET

No items before T1

Figure 9. An example of the modified critical items streams used in Experiment 4.
Streams were the same as those used in Experiment 3, except for the use of a random-
object mask and random objects intervening between T1 and T2. Depending on the
serial position of T2, one to seven random objects were presented between T1 and T2.
T2 is shown as occurring in Serial Position 4, which corresponds to a stimulus onset
asynchrony of 267 msec.
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the preceding items, one would predict an AB (although
Raymond might have anticipated a shortened AB, be-
cause both T1 and T2 were the same object). However, a
significant AB was not observed, suggesting that in the
full stream of random objects (Experiment 2), the items
preceding T1 played little, if any, role in modulating the
AB effect. The results of this experiment raise problems
for Kahneman et al.’s (1992) notion of recency in object
file reviewing, which would predict that T1’s pipe–pan
information should be overwritten by its random-object
mask. However, it might be true that a single random
object was insufficient to completely overwrite the T1
information, especially since it would have been fully
processed on virtually every trial.

In Experiments 4 and 5, we examined whether the
locus of AB modulation in Experiment 2 was centered
on the items that intervened between T1 and T2 (Exper-
iment 4) or on the items that preceded T1 (Experiment 5).
In both experiments, a random-object mask was used to
match the original full-stream random-object experi-
ment, which revealed a typical AB signature. In Experi-
ment 4, a significant AB was observed, suggesting that in
the random-object full-stream condition (Experiment 2),
the locus of AB modulation was the random objects that
intervened between T1 and T2, the random-object mask,
or a combination of the two. In Experiment 5, in contrast
to the theoretical predictions based on the work of Ray-
mond (2003), no AB effect was observed, suggesting
that in the random-object full-stream condition (Experi-
ment 2), the locus of AB modulation was not the items
preceding T1 or the random-object mask.

An alternative explanation of the results in the first
two experiments could be that they were due to differen-
tial effects of perceptual masking. If a random object is
more efficient than a pipe–pan at masking T1, one might
anticipate a robust AB in the full-stream random-object
stream (Experiment 2) and an attenuated AB in the full-
stream morph stream (Experiment 1). Therefore, Exper-
iments 4 and 5 should both have yielded significant AB
effects, since a random-object mask was present in each
case. Given that only Experiment 4 yielded an AB effect,
one can conclude that the random objects intervening be-
tween T1 and T2 served to modulate the AB effect in the
full-stream experiment. In the next experiment (Experi-
ment 6), we examined masking in the previous experi-
ments and introduced a new, very effective mask while
attempting to equate masking across the three full-stream
RSVP conditions: smooth morph, scrambled morph, and
random objects.

EXPERIMENT 6

Experiment 6 marked a departure from critical items ex-
periments and a return to the full-stream RSVP paradigm.
As in the original full-stream experiments (Experiments 1
and 2), this experiment employed streams consisting of
smooth morph, scrambled morph, or random-object im-
ages. Earlier, we claimed that the results of those exper-
iments were due to differences in object file continuity.
An alternative explanation relates to the efficacy of tar-
get masking. It is possible that a random object serves as
a more efficient mask than does the mask used in the

Figure 10. (A) Mean attentional blink (AB) magnitude for each stimulus onset asynchrony (SOA) for the modified crit-
ical items stream, which involved presenting a variable number of random objects between T1’s mask and T2, as well as
using a random object mask. Vertical bars represent standard error (�1). The same data are displayed in an alternative
way in panel B, which depicts T2 performance for both single- and dual-task trials.
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smooth morph condition, which was the next consecu-
tive pipe–pan. If this were true, the outcomes—no AB in
the morph condition but a significant AB in the random-
object condition—would be predicted. However, the same
argument does not hold for the scrambled morph condi-
tion, where a robust AB effect was obtained despite a
pipe–pan mask chosen randomly from the remaining
morph images having been used. With this in mind, the
rationale underlying Experiment 6 was twofold. The first
was to try to equate visual perceptual masking across all
three streams, and the second was to ensure that the tex-
tured targets were adequately masked in all the condi-
tions by using a textured mask.

If the results of Experiments 1 and 2 were due to differ-
ences in perceptual masking, then, when masking is effec-
tive as well as equated across all three stream types, one
might expect a robust AB effect of equal magnitudes in all
the conditions. Alternatively, if the results of the original
full-stream experiments were due to object file related fac-
tors, one should observe outcomes similar to those ob-
tained in Experiments 1 and 2—that is, a robust AB in the

random-object stream, which represents substantial object
file modifications, an attenuated AB in the smooth morph
stream, in which minimal object file changes were re-
quired, and an intermediate AB effect in the scrambled
morph stream, where the degree of object file modification
was somewhere in between those required by the smooth
morph and the random-object streams.

Method
This experiment was a replication of Experiments 1 and 2, with

the following exceptions.
Participants. Thirty-six volunteers (26 females and 10 males;

mean age, 23.3 years, SD � 4.83 years) were recruited from either
the community participant database (25) or the student participant
panel (11).

Stimuli and Procedure. RSVP streams for this full-stream ex-
periment were the same as those presented in Experiments 1 and 2,
but in this experiment, the target masks were equated as much as
possible across all types of stream: smooth morph, scrambled morph,
and random objects. All the targets were masked by composite texture
masks. These were created by editing the underlying pipe–pan
image so that it consisted of a mixture of big and small dots, as well
as big and small squares. Morph movie frames numbered 13–21

T2

T1

TIME

Variable
blank interval

11 random objects
before T1

VARIABLE TARGET-
TO-TARGET ONSET

Figure 11. An example of the modified critical items streams used in Experiment 5.
Streams were the same as those in Experiment 4, except that 11 random objects preceded T1
and only a single random object appeared after each target. A variable blank interval (de-
pending on stimulus onset asynchrony occurred between T1’s mask and T2.
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were adapted in this way. Targets in the smooth morph condition
were masked by a composite version of the next sequential pipe–pan
image (i.e., when T2 was derived from the 15th pipe–pan image, the
mask for that target was derived from the 16th pipe–pan image).

The same composite texture masks (Morph Frames 13–21) were
used to mask targets in the scrambled and random-object condi-
tions, with the proviso that the mask was never the next consecutive
item (in order to avoid creating a short morph episode in either con-
dition). Target–mask combinations were identical in the scrambled
and the random-object conditions (e.g., in the scrambled morph
condition, if T1 [Frame 13] was masked by a composite version of
Morph Frame 17 and T2 [Frame 15] was masked by a composite
Frame 19, the same target–mask combination was used for the
equivalent stream in the random-object condition). An example
composite mask is shown in Figure 13, and a typical RSVP stream
is illustrated in Figure 14.

As in the previous experiments, the participants completed three
sets of practice trials, but at a slower rate. The first set comprised
16 trials (4 trials at each of T2 Serial Positions 5–8, corresponding
to SOAs of 533, 639, 746, and 853 msec) at the slower rate of
186.62 msec per stimulus (five items per second). The second set

comprised 12 trials (4 trials at each of T2 Serial Positions 2–4, cor-
responding to SOAs of 213, 320, and 427 msec) at the shorter du-
ration of 159.96 msec per item (six items per second). The third set
of practice trials comprised 28 trials (4 trials at all SOAs) at a
shorter duration of 106.64 msec per stimulus, which corresponds to
a presentation rate of nine items per second. One hundred forty ex-
perimental trials (20 trials for each of the seven serial positions of
T2) were presented at a rate of nine items per second. All the par-
ticipants completed their two sets of experimental trials (single- and
dual-task trials) in two sets: Set 1 consisted of 56 trials (yielding 8
trials at each SOA), and Set 2 consisted of 84 trials (yielding 12 tri-
als at each SOA).

Results and Discussion
In the scrambled morph condition, the data from 3

participants were replaced because they made excessive
T2 errors (54% and 66%) in the single-task trials or ex-
cessive T1 errors (54%) in the dual-task trials. Similarly,
in the random-object condition, the data from 5 partici-
pants were replaced because they made excessive T2 er-
rors (50%, 50%, 54%, 58%, and 61%) in the single-task
trials. In contrast, no data from the smooth morph con-
dition needed to be replaced on the basis of T2 or T1 ac-
curacy criteria.

Despite there being no significant difference of set
across all stream types [F(1,33) � 3.343, p � .05], only
the data from the second set (84 trials, 12 trials at each
ISI) were used in all the subsequent analyses, to provide
consistency with the previous experiments reported here
(Experiments 4 and 5). The mean percentages of correct
T1 responses in the dual-task trials were virtually iden-
tical for the smooth morph (M � 79%, SD � 14.60%),

Figure 12. (A) Mean attentional blink (AB) magnitude for each stimulus onset asynchrony (SOA) for the modified crit-
ical items stream that involved presenting 11 random objects prior to T1, as well as using a random-object mask. Verti-
cal bars represent standard error (�1). The same data are displayed in an alternative way in panel B, which depicts T2
performance for both single- and dual-task trials.

Figure 13. An example of a composite texture pipe–pan mask,
which was made up of both big and small squares and dots.
Masks were created for eight morph frames (13–21).
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scrambled morph (M � 80%, SD � 16.09%), and random-
object (M � 78%, SD � 18.22%) stream types. On the
basis of boxplot analyses, the data for 3 participants were
removed (1 from each group), reducing the overall sam-
ple size from 36 to 33 (11 in each group). Mean AB mag-
nitudes were calculated for each stream type, and these
are displayed in Figure 15 (panel A).

Figure 15 suggests that there was an SOA effect in
each of the three conditions, although to different de-
grees. As was anticipated, there seems to have been a
greater effect in the random-object condition than in the
scrambled condition and a greater effect in the scrambled
condition than in the smooth morph condition. Given
that each stream type yielded at least some effect of SOA,
it is not surprising that a nonsignificant interaction was
obtained between stream type and SOA [F(12,180) �
1.123, p � .05]. The main effect of SOA was significant
[F(6,180) � 3.709, p � .01], but the main effect of stream
was not [F(2,30) � 2.005, p � .05].

This significant effect of SOA was again evident in a
trend analysis, which confirmed there to be a global lin-
ear decrease in AB magnitude with increasing SOA
[F(1,30) � 19.209, p � .01]. The trend analysis revealed
that the local changes in the slope of the linear trend
were significantly different across the three stream types
[F(2,30) � 4.923, p � .02]. Trend analysis had been
used previously in AB research (see, e.g., Brehaut et al.,

1999; Kawahara, Di Lollo, & Enns, 2001; Shih, 2000).
In order to unpack the global linear trend, additional
trend analyses were also conducted for each stream type.
These will now be presented alongside stream-by-stream
comparisons between this experiment and the original
full-stream experiments (Experiments 1 and 2). The role
of the textured mask will then be considered.

Random-object stream. For the random-object
stream, a significant linear trend was observed [F(1,10) �
23.405, p � .02]. Subsequent analyses (one-tailed t tests)
revealed significant AB magnitudes at 213 msec [t(10) �
4.084, p � .01], 320 msec [t(10) � 4.921, p � .01], and
533 msec [t(10) � 3.418, p � .01]. A nonsignificant out-
come was obtained for the 427-msec SOA [t(10) � 1.211,
p � .05]; this outcome was, however, due to an extreme
negative score, and as soon as 1 individual with a score of
�25 was removed, the p value for this analysis reached
the �.05 level. Therefore, for the random-object stream,
a robust AB effect was observed, and there was no re-
covery until 640 msec.

We have consistently seen the random-object full-
stream result in an AB effect, irrespective of whether tar-
gets were masked by a nontextured random object (as in
Experiment 2) or by a composite textured pipe–pan image
(Experiment 6). Furthermore, an ANOVA1 has shown
there to be no statistical difference in AB magnitude
across SOAs between the two experiments [F(3,51) �

T2

T1
TIME

COMPOSITE
MASKS

Figure 14. Example rapid serial visual presentation streams for the smooth morph (left), scrambled morph
(center), and random-object (right) conditions in Experiment 6. Targets in the smooth morph condition were
masked by a textured version of the next consecutive frame. Targets were never masked by a consecutive image
in the scrambled or random-object conditions, where masks were randomly selected from the eight composite tex-
ture masks. The choice of masks was identical in the scrambled morph and the random-object conditions. Streams
have been truncated for practical purposes.
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1.998, p � .10]. In Experiment 2, lag-1 sparing was ob-
served and discussed. In contrast, the significant linear
trend in the present experiment suggests that lag-1 spar-
ing was not present. Although the differences in timing
parameters make it impossible to make direct compar-
isons between the two experiments, it is interesting to
note that at around 200 msec (i.e., the third serial posi-
tion in Experiment 2 and the first serial position in Ex-
periment 6), comparable AB magnitudes were observed.

The scrambled morph stream. The trend analysis
conducted on the scrambled morph stream approached
significance [F(1,10) � 4.819, p � .06], thus demon-
strating less of an SOA effect than the random-object
stream. One-tailed t tests were conducted for the first
four SOAs in order to determine whether the mean AB
magnitude was significant at a given SOA. These analy-
ses revealed that the 427-msec SOA was significant at
the .05 level [t(10) � 1.904, p � .05], whereas the other
three SOAs approached significance at the same level:
213 msec [t(10) � 1.574, p � .05], 320 msec [t(10) �
1.681, p � .05], and 533 msec [t(10) � 1.637, p � .05].
A great deal of variability was observed in the scrambled
morph group, and this, coupled with the relatively small
AB magnitudes, accounts for the results of the analyses
for this group. However, there was evidence that an AB
effect was present and that it endured until 640 msec.

A comparison of the outcomes for the scrambled morph
stream in this experiment and Experiment 1 reveals that
the patterns of results were qualitatively very similar.

Whereas in Experiment 1 there was a robust AB effect,
such an effect was only marginally significant here, prob-
ably because of increased variability. However, an ANOVA
conducted on the two sets of data showed there to be no
significant difference in AB magnitude across SOAs be-
tween the two groups [F(3,51) � 0.385, p � .10].

The smooth morph stream. In contrast to the other
two stream types, the trend analysis conducted for the
smooth morph was nonsignificant [F(1,10) � 0.068,
p � .05], suggesting that, overall, there was no SOA ef-
fect. However, a significant degree of AB magnitude was
revealed for the 320-msec SOA [t(10) � 3.266, p � .01],
but the same was not true for the 213-msec SOA [t(10) �
0.151, p � .05], the 427-msec SOA [t(10) � 0.513, p �
.05], or the 533-msec SOA [t(10) � 0.220, p � .05]. On
the basis of these results, it is claimed that AB attenua-
tion was observed in the smooth morph condition, with
the exception of the 320-msec SOA.

AB attenuation was also observed in the original full-
stream morph experiment (Experiment 1). An ANOVA
showed there to be no difference in AB magnitude across
SOAs between Experiment 1 and the present experiment
[F(3,51) � 1.952, p � .10]. A qualitative analysis of
both experiments revealed a similar increase in AB mag-
nitude for the second serial position of T2 (although
these corresponded to different SOAs), although this ef-
fect was smaller in Experiment 1. The results of both ex-
periments demonstrate that AB attenuation is observed
when the RSVP stream uses a single object file through-

Figure 15. (A) Mean attentional blink (AB) magnitude for each stimulus onset asynchrony (SOA) for smooth morph,
scrambled morph, and random-object conditions. In this full-stream experiment, T1 and T2 were masked by compos-
ite texture masks. Standard error (�1) is represented by the vertical bars. The same data are displayed in an alternative
way in panel B, which depicts T2 performance for smooth morph, scrambled morph, and random-object streams for
the dual-task trials. The single-task baseline reflects combined performance in the ignore-T1 condition for the smooth
morph, scrambled morph, and random-object streams.
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out. Furthermore, this effect cannot be due to inadequate
visual perceptual masking, since an adequate mask was
used in Experiment 6.

T1 performance and the composite texture mask.
T1 performance for the smooth and the scrambled morph
full streams decreased to 79% and 80%, respectively,
when the target was masked by a composite textured
pipe–pan image (in Experiment 6), as compared with when
it was masked by a nontextured pipe–pan image (in Ex-
periment 1), where T1 performance was at 97% and 89%,
respectively. This suggests that the new, composite texture
pipe–pan mask did serve as a more effective mask for a
pipe–pan target in streams consisting entirely of pipe–pan
items, whether they were presented sequentially or not.
This is supported by the fact that T1 performance was
lower in Experiment 6 despite a far slower presentation
rate having been used, although this reduced T1 accu-
racy may have resulted from resource-limiting factors,
rather than from encoding-diff iculty–related factors
(McLaughlin, Shore, & Klein, 2001).

For the random-object full stream, for which T1 was
masked by a nontextured random object (Experiment 2),
T1 performance was at 87%. Where the same target was
masked by a textured pipe–pan (Experiment 6), T1 per-
formance was seen to decrease slightly to 81%. This sug-
gests that in both experiments, despite differences in the
physical nature of the mask, visual perceptual masking
was about the same.

These differences in masking can be explained if one
considers the perceptual nature of the streams. For both
morph groups, detection of the textured target involves
searching among many similar but nontextured pipe–pan
items. Adding a texture to the mask makes the task more
difficult, because the featural nature of the target (the
dotted texture) is no longer distinct. One might, there-
fore, anticipate a reduction in target detection. Now let
us apply the same rationale to the random-object stream.
Again, when the mask is a nontextured random object,
the target is featurally distinct on two counts. First, as for
the morph streams, it is the only item in the stream made
up of dots. Second, there are only two pipe–pans in the
stream (which may constitute more of a pop-out search),
and both of them are targets. In the random-object stream,
viewers know that if the item is a pipe–pan, it is relevant
to the task. However, when a textured pipe–pan mask is
used, this strategy is less useful, and one might antici-
pate some reduction in target accuracy.

In Experiment 6, the same combination of target and
mask was used for the random-object and scrambled
morph streams. Therefore, if it is the four critical items
that determine the magnitude and shape of the AB, iden-
tical outcomes should have been observed for these two
stream types. Whereas T1 performance was about the
same, the magnitude and shape of the AB functions were
not. This outcome lends support to the notion that other
items in the stream affected the AB outcome observed.

Concluding comments. The outcomes of Experi-
ment 6 are in agreement with an intuitive analysis of Fig-

ure 15 and the experimental predictions. The random-
object stream, in which it is proposed that object file
continuity is maximally disrupted, led to a robust SOA
effect. The scrambled object stream, in which it is sup-
posed that object file continuity is less disrupted than in
the random-object condition, did result in lower AB
magnitudes, and statistical analyses were only margin-
ally significant. On the other hand, the smooth morph
condition, for which it is proposed that a minimal object
file updating is required, led to almost a complete atten-
uation of the AB. These results mirror those reported in
the first two experiments and confirm that those results
were not due to differences in visual perceptual masking
but were due to object file related factors.

GENERAL DISCUSSION

In these experiments, we set out to investigate the re-
lationship between object file continuity and the AB.
The full-stream experiments manipulated the degree of
object file continuity, so that targets in an RSVP stream
could or could not be easily linked to the same object
file. The part-stream experiments were designed to iden-
tify what aspect of the full-stream paradigm modulates
object file continuity and the AB. Here, we will attempt
to synthesize the results of these experiments, beginning
with a brief outline of all six experiments.

Summary of Empirical Work
The original full-stream RSVP experiments (Experi-

ments 1 and 2) manipulated object file continuity or dis-
continuity so that T1 (a pipe–pan image made up of big or
small dots) and T2 (a pipe–pan image made up of big or
small squares) could or could not share the same object
file. Experiment 1 used a morph stream that was pre-
sented either sequentially in RSVP (smooth morph) or
randomly (scrambled morph). In the smooth morph con-
dition, object file continuity was preserved, and the AB
was attenuated. In the scrambled condition, a short-lived
AB effect (recovery occurred by 267 msec) was obtained,
reflecting some disruption of object file continuity. Exper-
iment 2 used a full stream of random objects and yielded a
robust AB effect that did not recover until 467 msec, re-
flecting a greater degree of object file modification.

Variations of the critical items (T1, T1�1, T2, and
T2�1) paradigm were used in Experiments 3, 4, and 5 in
order to investigate factors that modulated the AB out-
comes in the full-stream smooth morph (where there was
no AB) and random-object (where there was a robust
AB) conditions. Experiment 3 utilized a pure critical
items paradigm (consisting of the pipe–pan targets and
their respective pipe–pan masks), and AB attenuation
was again observed, suggesting that in the full morph
stream the process of morphing was not a necessary con-
dition to provide object file continuity. However, the
lower level of variability in the data for the full-stream
morph condition suggests that the morphing process did
provide some additional degree of object file continuity.
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Experiment 4 utilized streams consisting of the two
pipe–pan targets, random-object masks, and a variable
number of random objects between T1’s mask and T2.
Despite high levels of variability, a significant AB was
obtained overall, suggesting that the intervening stream
items between T1 and T2 play a role in object file conti-
nuity and AB modulation in the original full stream of
random objects. An alternative explanation is that the
outcome in both cases (full stream and Experiment 4)
was due to using a random-object mask. Prior to investi-
gating the role of the mask, in Experiment 5, we exam-
ined the role of the random objects that appeared before
T1 in the full-stream condition and utilized a modified
critical items paradigm consisting of the two pipe–pan tar-
gets, random-object masks, and 11 random objects pre-
ceding T1. Contrary to theoretical predictions (i.e., Ray-
mond, 2003), no AB effect was observed. This suggests
that items preceding T1 played little, if any, role in AB
modulation/object file continuity in the full stream of
random objects (Experiment 2). This outcome also
demonstrates that AB modulation in Experiment 2 was
not simply due to the use of a random-object mask. Ex-
periment 6 returned to using a full RSVP stream to ex-
amine visual perceptual masking and equate masking
across the three stream types: smooth morph, scrambled
morph, and random. A composite textured mask was
used to ensure mask efficacy. Trend analyses revealed
AB attenuation in the smooth morph condition, a mar-
ginally significant AB in the scrambled condition, and a
significant AB in the random-object condition. These re-
sults replicate the original full-stream experiments (Ex-
periments 1 and 2) and demonstrate that these outcomes
are not due to differences in masking.

The Main Experimental Outcomes and Their
Implications

The results of the full-stream RSVP experiments dem-
onstrate there to be a link between object file continuity
and modulation of the AB. That is, there is an inverse lin-
ear relationship between AB magnitude and the degree
of object continuity inherent in the stream. We have shown
that when RSVP targets can be linked to a common
object file through the process of morphing, the AB is
largely attenuated. Conversely, when object file continu-
ity has been disrupted (as in the scrambled morph full
stream) but the object file can be updated and used, rather
than discarded and a new one generated, less AB atten-
uation is obtained, as compared with the smooth morph
condition, in which few object file amendments are re-
quired and object continuity remains intact. At the other
extreme, the full stream of random objects served to vi-
olate object file continuity to the degree that targets could
not share the same object file without making extensive
modifications to the object file or discarding the object
file and generating a new one (possibly, whichever is
most efficient). Consequently, such extensive object file
processes corresponded with a loss of perceptual conti-
nuity and a robust AB effect. Rather than propose three

separate categories of object file continuity (same file, up-
date file, and new file), it seems better to assume a con-
tinuum whereby the degree of object file continuity re-
lates to AB magnitude.

The differences in AB magnitude across the three
types of stream were not due to differences in visual per-
ceptual masking. This was supported by Experiment 6,
in which the results of the original full-stream experi-
ments were replicated, despite visual perceptual masking
having been equated across the three stream types. In ad-
dition, the scrambled and random-object streams in the
same experiment had identical combinations of targets
and masks, yet resulted in different outcomes. This sug-
gests that the shape and duration of the AB are not de-
termined solely by the critical items but are more likely
due to object file related factors.

Having revealed a relationship between the AB and
object file continuity, it was important to determine what
these factors were—that is, what aspects of the full streams
facilitated object file continuity and AB modulation.
Three possible candidate explanations were considered:
the process of morphing, the items preceding T1 (as was
suggested by Raymond, 2003), or the intervening stream
items between T1 and T2 (which concurs with Kahne-
man et al.’s, 1992, notion of recency in object file re-
viewing). All three candidate explanations could account
for the results of the full-stream experiments. Conse-
quently, part-stream experiments were crucial in investi-
gating these alternatives. The major outcomes of these
experiments will now be considered, along with relevant
theoretical implications.

In these experiments, the process of morphing—the
presentation of a complete sequence of pictures depict-
ing one object smoothly changing into another—was
found not to be a necessary condition in determining
object file continuity (although its presence was associ-
ated with less variability and greater perceptual continu-
ity). Kahneman et al.’s (1992) notion of recency in object
file reviewing states that during the process of object file
reviewing, the system has access only to the most recent
object information (i.e., that pertaining to the visual item
immediately preceding the current one). Hence, when
one removes nearly all of the picture sequence that de-
picts object change (i.e., the process of morphing), the
information that remains is entirely consistent with the
concept of recency. This is consistent with object file
continuity’s having been preserved when the four pipe–pan
critical items were presented alone (as in Experiment 3).
The finding that the entire morphing sequence was not
critical in providing object file continuity suggests that
Raymond’s (2003) use of motion may not have been cru-
cial either. If so, it should be possible to adopt a critical
items version of Raymond’s experiment (trident targets
and trident masks) and obtain object file continuity and
AB attenuation.

Raymond (2003) claimed that the locus of object file
continuity is the items preceding T1. In Raymond’s se-
ries of trident experiments, she proposed that the first
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distractor trident in the stream generates an object file
and that this file is subsequently adopted by T1 when it
is the same object (a trident). However, when T1 is a dif-
ferent object, this necessitates changes to be made to the
object file. Because the process of opening a new object
file is attentionally demanding, this will have a detri-
mental effect on subsequent object file operations (such
as those required in order to process T2). In the present
experiments, evidence arising from the part-stream, pre-
T1 experiment (Experiment 5) did not support Raymond’s
theoretical interpretation. These results suggest that, at
least in the random-object full stream, the items preced-
ing T1 played little role in modulating the AB effect.
However, given the methodological differences between
this work and that of Raymond (e.g., she used apparent
motion rather than object change), the role of the pre-T1
items should not be completely eliminated.

Experimental evidence suggests that the intervening
stream items between T1 and T2 provide the locus for
object file continuity and AB modulation. A robust AB ef-
fect was obtained when the pipe–pan targets (with random-
object masks) were presented with other random objects
intervening between T1 and T2 (Experiment 4). On the
basis of this outcome, one can claim that (at least for the
full stream of random objects) the stream items that in-
tervened between T1 and T2 were responsible for object
file continuity and AB modulation. One can draw upon
Kahneman et al.’s (1992) concept of recency in object
file reviewing in order to conceptualize the way in which
the intervening items might be implicated in object file
continuity. When the visual information for the pipe–pan
T1 is overwritten by the intervening random objects, T1
and T2 can no longer share the same object file until sub-
stantial modifications have been made to it. Further-
more, the degree of object file discontinuity determines
the extent to which the object file needs to be modified
and the resources required. These operations are, conse-
quently, manifest in observed AB magnitudes.

Grandison, Ghirardelli, and Egeth (1997) claimed that
any �1 item that serves as an effective mask will lead to
an AB effect. However, the smooth morph condition in
Experiment 6 raises problems for this claim, because AB
attenuation was observed despite the presence of an ef-
fective mask. The same condition also provides counter-
evidence to Shapiro et al. (1994), who argued that in
order for the AB to occur, attention must be directed to
an object or a patterned target stimulus.

McAuliffe and Knowlton (2000) claimed that AB mag-
nitude is determined by featural complexity of the �1
item (rather than conceptual similarity or spatial area),
and their work revealed a linear relationship between AB
magnitude and the featural similarity of T1 and the �1
item. However, the results of Experiment 6, in which dif-
ferent AB magnitudes were obtained across all three
stream types despite no change to the featural (or con-
ceptual) similarity of the �1 item, show that featural
complexity cannot be the only factor that contributes to
AB modulation.

These experiments also demonstrate that AB magni-
tude is not determined simply by interference arising
from the �1 item but that other stream items are also im-
plicated (Chun & Potter, 1995; Isaak, Shapiro, & Martin,
1999). On the basis of the part-stream experiments, the
most likely candidates are the items that intervene between
T1’s mask and T2. Although the nature of such interfer-
ence may be featural (or conceptual, if we conceptualize
pipes, pans, and random objects as different categories),
the results of the present series of experiments suggest
that object file related factors are heavily implicated.

Duncan et al. (1994) established that it is possible to
obtain an AB by using only the critical items. However,
although their work demonstrates that an AB can be ob-
tained without the remaining stream items, it does not
eliminate the possibility that, when present, distractor
items may be determinants of AB modulation. Our re-
search presents the first attempt to investigate the role of
distractors in terms of implicating the stream items that
intervene between T1 and T2 in AB modulation, as well
as object file continuity.

Another issue to consider is that the different out-
comes for the full-stream experiments are due to differ-
ences in the degree of visual transience inherent in the
visual displays (i.e., differences in offsets and onsets of
RSVP items). In the smooth stream (where the AB was
attenuated), there was virtually no visual transience in
the stream, as compared with the random-object stream
(where a robust AB effect was obtained), which was
characterized by a high level of visual transience. Ini-
tially, such an explanation does appear plausible. How-
ever, the same argument will not apply to the scrambled
morph stream. When creating the morph, it was essential
to select items that were very similar in terms of size and
shape, in order to obtain a smooth process of change be-
tween the objects. Therefore, when the morph was sub-
sequently scrambled, there was a relatively small degree
of transience present across successive frames. Simi-
larly, at least for the �1 item, the overall spatial area (and
therefore, visual transience) has been found to be unim-
portant in determining AB magnitude (McAuliffe &
Knowlton, 2000). In light of these points, an alternative
explanation in terms of visual transience is not com-
pelling. In addition, in the real world, different objects
correspond to a variety of spatial configurations. There-
fore, it may be problematic, as well as less ecologically
valid, to manipulate object file discontinuity while to-
tally eliminating visual transience.

The AB attenuation in the smooth morph condition
has implications for two of the central tenets identified
by Shapiro et al. (1997) as being common to the major
AB theoretical positions. The first tenet was that greater
resources are required to process T1 to the level of report
when it is adequately masked. The second held that be-
cause attentional resources are finite, the increased pro-
cessing requirement for T1 will result in fewer resources
being available to process T2. This, in turn, will lead to
the decay or substitution of T2, because it has not been
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able to attain a durable representation. On the basis of
the smooth morph results presented here, perhaps one
might offer a caveat to these tenets: When object file con-
tinuity is present, both target tasks may be processed as
part of the same attentional episode in which one object
is seen to change from one state to another, rather than
one object being replaced by another.

Our results suggest that the object file, however neurally
implemented, may serve the important function of main-
taining object constancy in the face of an ever changing
perceptual world by reducing the demand on attention
typically required to monitor changing perceptual objects
and events. Such a mechanism would almost certainly
play an extremely important role in human behavior, in-
sofar as it provides a means for conserving attention
when seemingly endless demands are placed upon this
limited resource. Given the complexity of the perceptual
world in which humans must operate, any mechanism
enabling them to monitor a dynamic environment with-
out attentional cost must be viewed as an essential part
of their perceptual “tool kit.”
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NOTE

1. It was not possible to directly compare the results from Experi-
ments 1 and 2 with those from Experiment 6. First, in Experiments 1
and 2, the first serial position of T2 was the T1�1 position, whereas in
Experiment 6 this position was always occupied by the texture mask.
Second, in Experiment 6, presentation rates different from those in Ex-
periment 1 and, therefore, different SOAs, were used. Consequently, the
longest SOA in Experiments 1 and 2 was 534 msec (just outside the AB
range), whereas the longest SOA in Experiment 6 was 853 msec (well
outside the AB period). For these reasons, the first SOA for Experi-
ments 1 and 2, and the last three SOAs from all the experiments was
omitted from these stream-by-stream analyses across experiments.
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