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Abstract
When a visual target is identiﬁed, there is a period of several hundred milliseconds when the
processing of subsequent targets is impaired, a phenomenon labeled the attentional blink (AB).
The emerging consensus is that the identiﬁcation of a visual target temporarily occupies a limited attentional resource that is essential for all visual perception. The present results challenge
this view. With the same digit discrimination task that impaired subsequent letter discrimination for several hundred milliseconds, we found no disruption of subsequent face discrimination. These results suggest that all stimuli do not compete for access to a single resource for
visual perception. We propose a multi-channel account of interference in the AB paradigm.
Ó 2003 Elsevier Inc. All rights reserved.

1. Introduction
The attentional blink (AB) refers to a robust limitation in our ability to process
sequentially presented target stimuli. When observers attempt to identify two targets
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in rapid succession, there is a period of several hundred millisecond after the presentation of the ﬁrst target (T1) when the accurate identiﬁcation (or even detection) of
the second target (T2) is impaired. The AB has been demonstrated with a wide range
of stimuli, including letters, numbers, words, geometric shapes, and colors (Broadbent & Broadbent, 1987; Chun & Potter, 1995; Luck, Vogel, & Shapiro, 1996; Raymond, Shapiro, & Arnell, 1992; Ross & Jolicoeur, 1999; Shapiro, Arnell, & Drake,
1991). In fact, even so-called ‘‘preattentive’’ features (i.e., targets deﬁned by a unique
orientation) are misreported when they are presented during the AB period (Joseph,
Chun, & Nakayama, 1996). The consistency of this eﬀect suggests interference with a
process that is at the core of conscious visual perception. Thus, the models that have
been proposed to explain AB interference have consistently invoked capacity-limited
processes that are required for the conscious discrimination of all visual stimuli. For
example, one class of model suggests that there may be severe capacity limits in the
formation of a durable trace in working memory (e.g., Chun & Potter, 1995; Jolicoeur, 1999). By this logic, the processing of T1 occupies a limited-capacity process
for consolidation in working memory, preventing the successful consolidation of
subsequently presented stimuli for several hundred milliseconds. When T2 is presented during this period, the resulting perceptual trace cannot be consolidated
and is therefore vulnerable to overwriting by subsequent stimuli (Giesbrecht & Di
Lollo, 1998). A diﬀerent account oﬀered by Duncan, Ward, and Shapiro (1994) suggests that there is a limited resource for maintaining object representations in a state
that is capable of guiding overt behavior. By this view, AB interference results because of competition between diﬀerent objects for this attentional resource. Thus,
T2 is missed because T1 has already occupied the resources that would be necessary
for the overt report of the target information. Finally, another account of AB interference (Shapiro, Caldwell, & Sorensen, 1997) suggests that the products of early
perceptual analysis are entered into visual short-term memory (VSTM), where each
item is assigned a weight that determines its probability of being reported. Because
these weights are drawn from a limited resource pool, items coming after the ﬁrst target may fail to be reported because they are not assigned adequate weights for successful retrieval. While there are important diﬀerences between these models, a
common feature of these accounts is that they each propose a single resource that
is necessary for the perception of all visual stimuli (i.e., for the consolidation, maintenance or retrieval of the relevant target information).
This single-resource view is the key issue at stake in the present research. Our interpretation of this hypothesis motivates the following empirical prediction: AB interference should be observed anytime that the following three conditions are met: (1) The T1
task must demand suﬃcient resources to deny subsequent stimuli access to stage two
processing. (2) The T2 task must require suﬃcient processing resources to show the effects of the T1 processing load. (3) The ﬁrst and second targets must be adequately
masked (Giesbrecht & Di Lollo, 1998; Grandison, Ghirardelli, & Egeth, 1997; Sieﬀert
& Di Lollo, 1997). Using a procedure that fulﬁlls each of these requirements, we observed a complete absence of AB interference for faces that were presented during
the AB period. This result was obtained with the same T1 task that generated long-lasting AB interference for a T2 letter discrimination task (requirement 1). The faces were
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more diﬃcult to discriminate than the letters that did suﬀer from AB interference (requirement 2). And the eﬀectiveness of the masks was veriﬁed in multiple experiments
(requirement 3). These results therefore cast doubt on the idea that a single obligatory
process is required for the discrimination of all classes of visual stimuli.
Most previous demonstrations of the AB eﬀect have employed a rapid serial visual presentation (RSVP) technique. In this procedure, observers are asked to discriminate two targets that are embedded within a sequential stream of distractor
stimuli. The targets are separated by varying stimulus onset asynchronies (SOAs),
and the typical result is that the discrimination or detection of the second target is
impaired for several hundred milliseconds after observers have identiﬁed the ﬁrst target. Multiple sources of interference may be present in the RSVP procedure. In addition to the resources that are necessary for discriminating the targets, observers
must be able to select only the relevant targets from amongst many irrelevant distractor stimuli, with temporal uncertainty for the onset of the ﬁrst target. However,
some models suggest that AB interference is caused by capacity limitations inherent
in the simple act of perceiving and reporting a visual stimulus (e.g., the consolidation
of the relevant information in working memory). If this is the case, then it should not
be necessary to present irrelevant objects (beyond those needed to mask the targets)
or introduce temporal uncertainty in the onset of T1. Duncan et al. (1994) demonstrated this point. They used a simple two-target procedure, in which T1 and T2 were
presented at SOAs varying between 0 and 900 ms. When observers were required to
discriminate both visual targets, the discrimination of the second target was impaired
for several hundred milliseconds after the presentation of the ﬁrst target. They suggested that the target objects were competing for a limited attentional resource that is
necessary for keeping the relevant object information available to inﬂuence behavior.
We used a procedure similar to that of Duncan et al. (1994) to test the nature of this
limitation in sequential target processing.

2. Experiment 1
The purpose of Experiment 1 was to establish a procedure that produces longlasting AB interference. Current models would suggest that in such a procedure,
T2 processing is impaired because T1 processing occupies a resource that is necessary
for the perception of any class of visual stimuli. By this account, the same T1 processing load should generate AB interference for any T2 task of equal or greater difﬁculty.
2.1. Method
2.1.1. Observers
Twelve students from the University of Oregon, between the ages of 18 and 30
years, with normal or corrected-to-normal vision participated in this study for course
credit. Six observers participated in the experimental condition and six observers
participated in the control condition.
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2.1.2. Procedure
Observers were seated 50 cm from the display. They were instructed to maintain
ﬁxation throughout each trial. The sequence of events in a single trial of the experimental condition (depicted in Fig. 1) were as follows: (1) A central ﬁxation point
and two additional dot markers at the potential target locations (located 1 degree
above and below ﬁxation) appeared for 1529 ms. (2) The ﬁrst target appeared superimposed on the top or bottom marker (location was randomly selected for each trial)
for 71 ms. The ﬁrst target was one of the digits ‘‘1,’’ ‘‘2,’’ or ‘‘3.’’ It was 1° in height
and .5° in width. (3) A pattern mask (randomly selected from one of three possible
masks) occluded the location of the ﬁrst target for 71 ms. (4) There were 10 possible
stimulus onset asynchronies (SOAs) separating the ﬁrst and second targets: 0, 59,
118, 176, 235, 294, 353, 412, 529, and 706 ms. SOA was randomly intermixed between trials. (5) At the selected SOA, the second target was presented either to the
right or the left of the ﬁxation point for 71 ms. All of the second targets ﬁt exactly
inside an imaginary rectangle with a height of 5.5° and a width of 4°. The distance
from the center of this rectangle to ﬁxation was 4.5°. The second target was the upper
case version of one of the letters ‘‘J,’’ ‘‘K,’’ or ‘‘L.’’ (6) The second target was completely occluded by a mask for 59 ms (see Fig. 1 for examples of masking stimuli).
There were three versions of each mask type, one of which was randomly selected
during each trial. (7) After both targets had been presented, observers reported
the identity of both targets with unspeeded key presses. The sequence of events in
the control condition was identical to that of the experimental condition, except that
observed were required to report only the identity of the second target.
2.1.3. Design
Observers participated in 15 blocks of 30 trials in the experimental and control
conditions, yielding 45 observations at each SOA in each condition. One block of

Fig. 1. Trial schematic: (a) The sequence of events in a single trial of Experiment 2. (b) Examples of the
second target stimuli and masks used in Experiments 1, 2, 5, and 7.
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practice was administered before each condition. In this experiment and all those
that follow, the data from trials with inaccurate responses to the ﬁrst target were excluded from analysis, but the same pattern of results was obtained when these trials
were included.
2.2. Results and discussion
The mean accuracy for the ﬁrst target was 84%. The primary goal of the ﬁrst experiment was to establish that the procedure we used would replicate previous observations of the attentional blink. We measured target two accuracy as a function of
SOA in an experimental condition that required the report of both the ﬁrst and second target, and in another control condition in which the ﬁrst target was ignored.
The control condition enabled us to account for the eﬀects of simple perceptual interference caused by the stimulus display. This experiment conﬁrmed previous observations that this simple two-target procedure can produce robust AB interference
(Duncan et al., 1994; Ward, Duncan, & Shapiro, 1997). Fig. 2 illustrates how the
identiﬁcation of the second target was impaired in the experimental relative to the
control condition (F ½1; 10 ¼ 12:4, p < :01). Replicating previous studies, we observed an impairment that lasted for several hundred milliseconds, with accuracy
in the experimental and control conditions gradually converging as SOA increased,
(F ½9; 90 ¼ 2:4, p < :02).

Fig. 2. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 1.
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3. Experiment 2
Experiment 1 established that this version of the two-target procedure produces
AB interference that lasts over 500 ms. Experiment 2 provides a direct test of the hypothesis that this interference reﬂects the disruption of a process that is central to the
discrimination of any visual stimulus. The T1 processing load was identical in Experiment 2, but the T2 stimuli were faces instead of letters.
3.1. Methods
3.1.1. Observers
Eight students from the University of Oregon with normal or corrected-to-normal
vision received course credit for their participation.
3.1.2. Procedure
The sequence of events in each trials is depicted in Fig. 1. All methodological details were identical to those of Experiment 1, except that the second target was a photograph of a face instead of a letter. The potential T2 stimuli and masks are
illustrated in Fig. 3. Observers discriminated between three possible face targets
(all unknown to the observers). One of three possible masks (created by scrambling
parts of the face stimuli) was randomly selected for each trial. Observers reported the
identity of the face that was presented in each trial by pressing either the ‘‘A,’’ ‘‘S,’’
or ‘‘D’’ key. Each of these keys was associated with a single face by means of a diagram that showed each face with an arrow pointing to the proper response key.
This diagram was available to observers throughout the experiment. Each observer
participated in both the experimental and the control conditions. The order of these
conditions was counterbalanced across observers.
3.2. Results and discussion
The mean accuracy for the ﬁrst target was 94%. When faces were presented in the
second target position, there was no trace of an attentional blink. As Fig. 4 illustrates, accuracy was identical in the experimental and control conditions
(F ½1; 7 ¼ :05, p ¼ :84). This match between experimental and control accuracy
was maintained at all SOAs tested; there was no interaction of condition and
SOA, (F ½9; 63 ¼ :57, p ¼ :82). Thus, although the task of identifying the ﬁrst target
was identical in Experiments 1 and 2, there was no evidence of an attentional blink
when the second targets were faces. We did, however, observe a signiﬁcant eﬀect of
SOA (F ½9; 63 ¼ 4:5, p < :01), reﬂecting a gradual rise in accuracy from 87 to 91% as
SOA increased from 0 to 706 ms.1
1
This eﬀect of SOA is consistent with the possibility that AB interference was occurring in both the
experimental and control conditions of this experiment—if observers had inadvertently processed the T1
stimulus in the control condition. However, Experiment 3 replicates the results of the ﬁrst two
experiments, while ensuring equivalent T1 processing in the face and letter conditions.
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Fig. 3. The T2 faces and masks employed in Experiment 2. Individual targets and masks were randomly
paired during each trial.

A previous study has shown that oneÕs own name can be detected from a
stream of distractor words during the attentional blink period (Shapiro et al.,
1997). This experiment made the important point that the words with high semantic salience—in this case due to very high familiarity—are more easily detected during the AB period than other words. This result provides strong support for a late
selection account of this phenomenon, because the probability of successful discrimination was determined by a semantic feature of the stimuli. However, the results with personal names do not rule out the view that conscious perception of all
classes of visual stimuli is impaired during the attentional blink. Instead, they
show that speciﬁc members of the word class are less likely to show the eﬀects
of AB interference, perhaps because the threshold of activation needed to detect
these stimuli is signiﬁcantly lower than for other words (Shapiro et al., 1997).
Our results make a qualitatively diﬀerent point. The present experiment required
observers to discriminate between three completely novel face stimuli. These targets could not have enjoyed the same beneﬁts that Shapiro et al. documented
for personal names (i.e., lower thresholds for activation induced by massive
amounts of experience). Nevertheless, Experiment 3 provides a direct test of the
idea that this face discrimination task was simply easier than the letter task used
in Experiment 1.
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Fig. 4. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 2.

4. Experiment 3
Experiments 1 and 2 suggest a clear diﬀerence in the processing of faces and letters
during the AB period. While letter discrimination showed a long-lasting deﬁcit after
the attentive processing of T1, the faces were equally well discriminated in the experimental and control conditions. However, the conclusion that faces are resistant to
AB interference depends upon the assumption that T1 processing was identical in
Experiments 1 and 2. An alternative possibility is that observers devoted more attention to T1 processing in the letter condition than in the face condition. If so, then T1
processing in Experiment 1 may have absorbed more of the limited capacity process
that has been hypothesized to generate AB interference. One problem for this account is the fact that T1 accuracy was actually higher in the context of the face discrimination (94%) than in the context of the letter discrimination (84%) (tð9Þ ¼ 3:8,
p < :01). This contradicts the idea that observers devoted more attentional resources
to T1 processing in Experiment 1. We also considered the related hypothesis that T1
processing was diﬀerent in the control conditions of Experiments 1 and 2. That is,
observers in Experiment 2 may have inadvertently processed the T1 stimulus during
the control condition, despite our instructions to ignore it. In this case, there may
have been AB interference in both the experimental and control conditions of Experiment 2, preventing us from observing the typical contrast between the conditions.
This possibility is consistent with our ﬁnding of a signiﬁcant eﬀect of SOA in both
the experimental and control conditions of Experiment 2. Of course, AB interference
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during the control condition of Experiment 2 would compromise our use of this condition as a baseline for assessing performance in the experimental condition.
Another alternative explanation is that face discrimination did suﬀer from AB interference, but the task was so easy that we were unable to detect it. Many studies
have documented the high level of expertise that characterizes face processing (Gauthier, William, Tarr, & Tanaka, 1998; Tanaka & Gauthier, 1997). Because of the tremendous amount of experience that people have with this important perceptual task,
these stimuli can be discriminated more eﬃciently than other equally homogenous
categories of stimuli. Thus, it would be prudent to measure the diﬃculty of any perceptual task that apparently avoids AB interference.
Experiment 3 addressed all of the above considerations. The procedure was very
similar to that of Experiments 1 and 2, except that the T2 stimulus was randomly
varied between the same face and letter stimuli that were used in the previous experiments. T2 was a face on half of the trials, and a letter on the other half of the trials.
We reasoned that T1 processing would be identical in the face and letter conditions
because in the vast majority of trials T1 processing would be well under way by the
time the second target appeared. In addition, the overall diﬃculty of the face and letter tasks was equated by setting the exposure duration of each target category on a
within-subject basis. Finally, using this within-subject measure of exposure duration
as a dependent measure allowed a direct comparison of the diﬃculty of the face and
letter discrimination tasks.
4.1. Methods
4.1.1. Observers
Sixteen students from the University of Oregon, between the ages of 18 and 30
years, with normal or corrected-to-normal vision participated in this study for course
credit.
4.1.2. Procedure
Each observer participated in 14 blocks of 24 trials in the experimental condition
and 14 blocks of 24 trials in the control condition. The order of these conditions was
counterbalanced across observers. One block of practice was administered before
each condition.
4.1.3. Stimulus presentation
Within each trial of the experimental and the control conditions, the T2 object
had a 50% chance of being either a face or a letter. Four SOAs were tested: 0,
118, 235, and 706 ms. For each observer, the exposure duration of each stimulus category was adjusted by means of a 120 trial timing procedure. The stimulus was initially presented at an exposure duration of 72 ms (six monitor refresh cycles at 85 Hz)
in the zero SOA condition of the control task. If the stimulus was accurately identiﬁed, the exposure duration was reduced by one monitor refresh cycle. If the stimulus
was inaccurately identiﬁed, the exposure duration was increased by two monitor refresh cycles. After 120 trials, the average exposure duration over the last 30 trials was
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calculated and used for the remainder of the experimental trials. This procedure was
successful at producing about 70% accuracy for each stimulus category in the control
condition (Fig. 6).
4.2. Results and discussion
Fig. 5 illustrates T1 accuracy as a function of the T2 stimulus and SOA. At all
SOAs tested, T1 accuracy was identical in the face and letter conditions. Thus, a
two-way ANOVA of T1 accuracy with T2 stimulus (face or letter) and SOA: (0,
118, 235, or 706 ms) revealed no main eﬀect of task (F ½1; 15 ¼ :03, p ¼ :87) and
no interaction of task and SOA (F ½3; 45 ¼ 2:1, p ¼ :112). We were conﬁdent, therefore, that the T1 processing load was equated in the face and letter conditions. This
was expected, because T1 processing was usually well under way before the T2 stimulus had even appeared. For the same reason, this design also ruled out the possibility that T1 was inadvertently processed in the control condition of only the face
condition.
Fig. 6 shows T2 accuracy as a function of task (face or letter), condition (experimental or control) and SOA. As the graph illustrates, the discrimination of T2 letters was signiﬁcantly impaired in the experimental condition relative to the control
condition. But no signiﬁcant diﬀerence between experimental and control conditions
was observed with T2 faces. A three-way ANOVA of T2 accuracy with T2 stimulustype, condition, and SOA as factors conﬁrmed these observations. There was a main
eﬀect of condition (F ½1; 15 ¼ 4:9, p < :05), with worse performance in the experimental than in the control condition. A main eﬀect of SOA (F ½3; 45 ¼ 12:9,
p < :01) reﬂected a slight increase in accuracy as SOA increased. A signiﬁcant interaction of T2 stimulus-type and SOA (F ½3; 45 ¼ 4:8, p < :01) reﬂected a larger

Fig. 5. Mean accuracy of ﬁrst target (T1) report as a function of stimulus onset asynchrony (SOA) and the
category of the second target (T2) in Experiment 3.
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Fig. 6. Mean accuracy of second target (T2), given correct report of the ﬁrst target (T1) as a function of
stimulus onset asynchrony (SOA), the category of the second target stimulus and experimental condition
in Experiment 3.

change in accuracy as SOA increased in the letter task than in the face task. An interaction between condition and SOA (F ½3; 45 ¼ 8:5, p < :01) showed that the difference between the experimental and control conditions was restricted to the
second and third SOAs. Finally, the most telling result was a three-way interaction
of T2 stimulus-type, condition, and SOA (F ½3; 45 ¼ 2:8, p < :05), showing that the
diﬀerence between the experimental and control conditions (apparent in the second
and third SOAs tested) was restricted to the letter condition. These data conﬁrmed
the resistance of faces to AB interference while ensuring that T1 processing was
equivalent in the face and letter conditions.
Experiments 1 and 2 left open the possibility that we were unable to detect AB
interference with the faces, because of unanticipated interference in the control
condition—perhaps due to unnecessary processing of the T1 stimulus in the face control condition. In addition, we considered the possibility that fewer resources were
dedicated to the T1 task in the experimental condition of Experiment 2 (with faces).
However, the results of Experiment 3 show the same interaction between T1 processing load and stimulus class, while ensuring the equivalence of T1 processing load for
the faces and letters. Thus, the absence of AB interference for faces does not appear
to derive from diﬀerential processing of the ﬁrst target.
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Recall that the exposure duration for the face and letter stimuli was set on a
within-subject basis in Experiment 3. The procedure was successful in achieving approximately equivalent accuracy for the face and letter discriminations in the control condition. Moreover, the resulting exposure times suggested that the faces
were more diﬃcult to perceive than the letters. The mean exposure duration for
the faces (63 ms) was signiﬁcantly higher than the mean exposure duration for
the letters (44 ms) (tð13Þ ¼ 3:1, p < :01). These data suggest that the lack of AB interference for the faces was not a simple result of an easy discrimination task.
There are many potential sources of diﬃculty, however. One possibility is that
the exposure times for the face stimuli were inﬂuenced by perceptual factors that
are unrelated to the root source of AB interference. Multiple studies have suggested that AB interference aﬀects a postperceptual stage of processing (e.g., Jolicoeur & DellÕ Acqua, 2000; Shapiro et al., 1997; Vogel, Luck, & Shapiro, 1998) such
as the consolidation of information in working memory. This leaves open the possibility that the faces, while taking longer to perceive overall, place little strain on
the speciﬁc postperceptual process that leads to AB interference. Experiment 4
tested this hypothesis by reversing the order of the target events in Experiment
2. When observers in Experiment 2 discriminated the digit before the face, no
AB interference was observed. If this null eﬀect came about because face discrimination places little demand on AB-related processes, then the same result should
be obtained when the order of the targets is reversed. Speciﬁcally, if the face task
does not demand the resources that are critical to inducing AB interference, then
there would be no reason to predict that these resources should be unavailable for
processing the subsequent digit target.

5. Experiment 4
5.1. Methods
5.1.1. Observers
Ten students from the University of Oregon between the ages of 18 and 30 years,
with normal or corrected-to-normal vision, participated in this study for course
credit.
All methodological details were identical to those of Experiment 2, except that the
order of the stimuli was reversed. The faces (positioned just as they were in Experiment 2) appeared ﬁrst and were followed by the digit stimuli using the same range of
SOAs tested in Experiments 1 and 2.

6. Results and discussion
The mean accuracy for the ﬁrst target was 85%. Fig. 7 illustrates T2 accuracy as a
function of condition (experimental or control) and SOA. It is clear from this graph
that there was a signiﬁcant disruption of performance in the experimental condition
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Fig. 7. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 4.

relative to the control condition. An ANOVA with subjects, condition (experimental
vs. control), and SOA as factors showed a main eﬀect of condition (F ½1; 9 ¼ 37:7,
p < :01), reﬂecting much higher accuracy overall in the control condition (94.6%)
than in the experimental condition (70.4%). There was also a signiﬁcant interaction
of condition and SOA (F ½9; 81 ¼ 4:8, p < :01) that resulted from the gradual recovery in the experimental condition as SOA increased. Finally, there was a main eﬀect
of SOA (F ½9:81 ¼ 20:4, p < :01) that resulted from higher accuracy as SOA increased.
Reversing the order of the stimuli had a dramatic impact on performance in the
experimental condition. While T2 processing was identical in the experimental and
control conditions when the digits were processed before the faces, there was a severe
disruption in T2 processing when the faces were processed before the digits. This result is inconsistent with the hypothesis that face discrimination places relatively low
demands on the processes that cause AB interference. Instead, we found that even
though face discrimination recruits a process that generates strong AB interference
for digits, digit discrimination does not occupy a critical resource for the discrimination of faces. This asymmetry highlights the possibility that AB interference does not
result from the disruption of a single resource for visual perception. If the disruption
of T2 accuracy in Experiment 4 resulted from the heavy recruitment of a single obligatory resource, then the resource-demanding face task should have been disrupted in
Experiment 2 when it was in competition with the digit discrimination task. By
contrast, the asymmetry might be explained if observers had access to an additional
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processing channel for the discrimination of the face stimuli. This hypothesis is further developed in Section 13.
The combined results of Experiments 2 and 4 make an important point about topdown control in this two-target paradigm. The visual displays in Experiments 2 and
4 were identical when the SOA between T1 and T2 was 0 ms (i.e., T1 and T2 were
presented simultaneously). Nevertheless, accuracy in these two conditions was remarkably diﬀerent. Consider observersÕ performance in the experimental condition
when the targets were presented simultaneously. In Experiment 2, the digits and
faces were identiﬁed with a mean accuracy of 83 and 87%, respectively. However,
with an identical display in Experiment 4 (at the 0 SOA) the digits and faces were
discriminated with a mean accuracy of 58 and 81%, respectively. Unpaired t tests
show that both face discrimination (tð16Þ ¼ 20:0, p < :01) and digit discrimination
(tð16Þ ¼ 24:8, p < :01) were signiﬁcantly impaired in Experiment 4 relative to Experiment 2. The target displays in these trials were identical. This suggests that accuracy
was aﬀected by diﬀerences in the observersÕ top-down attentional settings. Of course,
the simple decision to direct attention to the T1 object is a necessary precondition for
AB interference. But these data suggest that the right top-down settings can prevent
interference even when both T1 and T2 are fully processed. One possibility is that the
observers were inﬂuenced by the expected order of the target stimuli. In Experiment
2, the digits appeared ﬁrst in 90% of the trials. In Experiment 4, the faces appeared
ﬁrst 90% of the time. Di Lollo, Kawahara, Zuvic, and Visser (2001) have suggested
that the visual system may be reconﬁgured on a moment-to-moment basis in order to
prepare for the demands of a speciﬁc perceptual task. It may be that observers conﬁgured their visual systems to process digits in Experiment 2 and faces in Experiment
4. The results suggest that there may be asymmetric eﬀects of preparing to process
face and digit stimuli. When the visual system is conﬁgured to process digits, these
settings are still compatible with the accurate discrimination of subsequent face stimuli. However, when the visual system is conﬁgured to process faces, there is strong
interference between face and digit processing. The implications of this asymmetry
are discussed further in Section 13. Although the overt discrimination of the T1 stimulus is necessary for observing AB interference, the T1 processing load does not always determine whether interference is observed. Top-down control settings can
prevent or induce interference when the overall processing requirements are held
constant.

7. Experiment 5
Previous studies of the attentional blink have shown that if the second target is
not masked eﬀectively, the attentional blink is eliminated (Brehaut, Enns, & Di Lollo, 1999; Giesbrecht & Di Lollo, 1998). The interruption masks we used in Experiment 2 were clearly suﬃcient to eliminate visual persistence, but we have
considered a more subtle possibility. It has been suggested that a key component
of the attentional blink is the substitution of the second target representation by
the interruption mask as the object for eventual conscious registration (Giesbrecht
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& Di Lollo, 1998). This raises the possibility that the absence of an attentional blink
in Experiment 2 derived from the use of masks that were ineﬀective substitutes for
the faces, due to non-overlapping stages of processing for the two objects. This hypothesis is made plausible by suggestions that face processing may be mediated by a
unique neural substrate (Kanwisher, McDermott, & Chun, 1997).
Another potential explanation for the preserved processing of faces in these experiments has to do with the relative salience of face stimuli. Some studies have suggested that faces may be more eﬀective at capturing attentional resources than
other classes of stimuli (e.g., Ro, Russell, & Lavie, 2001). Perhaps the resistance
of faces to AB interference is a result of a natural advantage in the competition
for visual attention. One problem with this account is the fact that T1 digit processing was no worse when faces were presented in the T2 position than when letters
were presented in the T2 position. If the faces were capturing attentional resources
that were necessary for T1 processing, then presumably there would have been some
eﬀect on T1 accuracy. Nevertheless, it would be informative to observe whether faces
can avoid AB interference even when they could be overwritten by another equally
salient stimulus. Experiment 5 replicated Experiment 2 using another set of face
stimuli as masks for the second target. The processing of these face masks should
have maximal overlap with that of the face targets, providing optimal conditions
for object substitution. In addition, because the masks were drawn from the same
stimulus class as the faces, we could assess performance while the faces were in direct
competition with equally salient distractor objects.
7.1. Method
Experiment 5 was an exact replication of Experiment 2, except that during each
trial the masking stimulus was randomly selected from one of the three female faces
(illustrated in Fig. 8). Eight students from the University of Oregon received course
credit for their participation.

Fig. 8. The three female faces that served as masks in Experiment 5. Individual targets and masks were
randomly paired during each trial.
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7.2. Results and discussion
The mean accuracy for the ﬁrst target was 93%. As Fig. 9 illustrates, the resistance
of faces to AB interference was replicated under the new masking conditions; accuracy in the experimental and control conditions was identical, (F ½1; 7 ¼ :03,
p ¼ :87). The unimpaired performance in the experimental condition was maintained
throughout all tested SOAs; there was no interaction of condition and SOA
(F ½9; 63 ¼ :59, p ¼ :80). Although performance in the experimental and control conditions remained identical with the face masks, there was a strong main eﬀect of
mask type on second target performance. The average accuracy for target two discrimination dropped substantially from 91% in Experiment 2 to 64% in Experiment
5, tð14Þ ¼ 5:2, p < :01. This 27% drop in accuracy suggests that the face masks were
a powerful source of competition for the face targets. Consistent with this claim, the
relative salience of the targets and masks should have been similar in this study, because both sets of faces were novel to the observers. Thus, this experiment bolsters
the evidence from Experiment 3 that the overall diﬃculty of the face discrimination
cannot explain the absence of AB interference for these stimuli. More importantly,
Experiment 5 suggests that our initial observations of accurate face discrimination
during the AB period did not result from the use of masks that were processed within
an independent perceptual stream.

Fig. 9. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 5.

E. Awh et al. / Cognitive Psychology 48 (2004) 95–126

111

There was a signiﬁcant main eﬀect of SOA in Experiment 5 (F ½1; 7 ¼ 7:0,
p < :01), reﬂecting lower accuracy (in both the experimental and control conditions)
at the earliest SOAs (up to about 176 ms after the onset of T1). Just like the main
eﬀect of SOA in Experiment 2, this result raises the possibility that observers inadvertently processed the T1 stimulus in the control condition. If this had caused AB
interference in the control condition of this experiment, then our sensitivity to AB
interference in the experimental condition would be compromised. The same concern
was addressed directly by Experiment 3. Experiment 3 demonstrated AB interference
for letters but not faces while ensuring the equivalence of T1 processing in each condition. This conﬁrmed that the manipulation of T1 processing load (across the experimental and control conditions) was eﬀective at producing long-lasting AB
interference for letters. Thus, the absence of AB interference for faces (in Experiment
3) could not be ascribed to a failed manipulation of T1 processing load. Based on
this ﬁnding, we argue that the SOA eﬀect in Experiment 5 (which was equivalent
in the experimental and control conditions) is most likely a result of perceptual interference caused by the stimulus display rather than AB interference. Indeed, the
primary purpose of the control condition was to rule out stimulus-driven sources
of interference. Of course, the stimulus conditions were not identical in Experiments
3 and 5. Would observers have been more likely to process T1 in the control condition of Experiment 5? This hypothesis relies on the assumption that increasing the
diﬃculty of the T2 discrimination (by means of a more salient T2 mask) would increase the tendency for observers to process T1 in the control condition. But it seems
more likely that increasing the diﬃculty of the T2 task would have just the opposite
eﬀect. Hence, we conclude that faces avoided AB interference in Experiment 5 despite the use of faces as masking stimuli.2

8. Experiment 6
So far, we have explored several explanations for the resistance of faces to AB interference. The face advantage cannot be explained by the diﬀerential processing of
T1 in the face and letter conditions. The perceptual diﬃculty of the face discrimination does not provide an explanation either; this face task is more diﬃcult than the

2

We further explored the possibility of AB interference in the experimental condition of Experiment 5
by conducting paired comparisons of the accuracy at early SOAs compared with accuracy at the 706 ms
SOA (see Raymond, Shapiro, & Arnell, 1995 for a similar approach). This analysis (uncorrected for
multiple comparisons) revealed a signiﬁcant reduction in accuracy at only the 156 ms SOA (tð7Þ ¼ 1:9,
p < :05). Reduced accuracy at only the 156 ms SOA is inconsistent with the typical time course of AB
interference. For example, a similar analysis of the experimental condition of Experiment 1 (in which the
same T1 task was used) revealed signiﬁcant diﬀerences between accuracy at the ﬁnal SOA and all SOAs
from 0 up to 353 ms. This kind of long-lasting interference is more consistent with previous
demonstrations of AB interference. Thus, we conclude that the eﬀect of SOA in Experiment 5 is likely
to result from perceptual interference (e.g., forward masking from the T1 presentation) that is qualitatively
distinct from the attentional blink.
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letter task that does show AB interference. The face task is capable of inducing a sizable attentional blink for subsequently presented letters; this rules out the possibility
that face discrimination places a low load on the speciﬁc subset of processes that lead
to AB interference. Finally, even when the faces were masked by other faces—optimizing the chances for object substitution—no AB interference was observed. To
summarize, the diﬃculty of the face discrimination (manipulated in multiple ways)
and the size of the T1 processing load cannot explain the diﬀerence between face
and letter processing in this paradigm.
Our primary conclusion from these results is that the disruption of T2 processing
during the AB period may not be a result of competition for a single obligatory resource for visual perception. As an alternative, we propose a multi-channel account
of AB interference. By this view, there exist multiple routes by which stimuli can be
explicitly discriminated during the AB period. AB interference is therefore a product
of the overlap between the processing channels that guide the discrimination of T1
and T2. If T1 processing leaves open a channel that is suﬃcient to guide T2 processing, then AB interference can be avoided. In the present experiments, face discrimination may have access to a processing channel that is unavailable for letters and
digits.
What is the nature of this extra processing channel? For the present purposes, we
rely on a distinction elucidated by Farah, Wilson, Drain, and Tanaka (1998) between
a ‘‘holistic’’ or ‘‘conﬁgural’’ mode of processing and a ‘‘feature-based’’ mode of processing. We assume that the digit discrimination task is guided by the feature-based
system, while the face discrimination task recruits both the feature-based and the
conﬁgural processing systems. There is precedent for the idea that faces evoke multiple representational codes. Gauthier and Tarr (2002) provide evidence that both feature-based and conﬁgural representations are activated even for objects known to
evoke conﬁgural codes. For example, they found cases in which conﬁgural processing aided the identiﬁcation of only a subset of the parts within an object. Thus, while
it is clearly established that face discrimination relies on conﬁgural cues, the representation of individual parts within these conﬁgural objects should also be acknowledged. With these assumptions, all of our observed data can be explained by the
multi-channel hypothesis. When T1 processing occupies the feature-based system,
T2 faces could still be discriminated based on information from the conﬁgural system—consistent with the results of Experiments 2, 3, and 5. However, when T1 is
a face then both feature-based and conﬁgural processes would be occupied when
T2 was presented. This would predict AB interference for subsequent digits, consistent with the results of Experiment 4.
Experiment 6 tested another clear prediction of the multi-channel hypothesis
that was not addressed by Experiments 1–5. AB interference should be observed
if both T1 and T2 are faces, because T1 would occupy all the perceptual channels
that could guide the discrimination of the second face. In addition, a demonstration
of AB interference for faces can rule out the possibility that faces are resistant to
AB interference simply because they have a unique set of low-level features. For
example, the presence of low spatial frequency information and conﬁgural information in these stimuli may have rendered them less susceptible to masking—the
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results of Experiment 5 notwithstanding. Experiment 6 disconﬁrmed this hypothesis
by demonstrating that faces do not always avoid AB interference.

9. Experiment 6
9.1. Methods
9.1.1. Observers
Eight students from the University of Oregon, between the ages of 18 and 30
years, with normal or corrected-to-normal vision participated in this study for course
credit.
9.1.2. Procedure
Each observer participated in six blocks of 30 trials in the experimental condition
and six blocks of 30 trials in the control condition. The order of these conditions was
counterbalanced across observers. One block of practice was administered before
each condition.
9.1.3. Stimulus presentation
All aspects of the task were identical to those of Experiment 2, with some changes
in the geometry of the stimulus display and a change in the stimuli used as T1. The
changes were as follows: (1) The two dots that marked the potential locations of T1
were located 4° above and below ﬁxation. (2) T1 was one of the three female faces
that were the same size as the T2 faces (4° wide by 5.5° tall). (3) The same face stimuli
used in Experiment 2 served as the T2 stimuli again. The potential locations were to
the left and right of ﬁxation, with the center of the image located 6° from ﬁxation. (4)
Four SOAs were tested (0, 235, 706, and 1176 ms).
9.2. Results and discussion
The mean accuracy for the ﬁrst target was 76%. T2 accuracy is displayed in
Fig. 10, as a function of condition, and SOA. There was clear evidence of long-lasting AB interference, with worse performance in the experimental condition than in
the control condition, and gradual recovery over the four SOAs tested. A two-way
ANOVA with subjects, condition (experimental vs. control) and SOA as factors
showed a main eﬀect of condition (F ½1; 7 ¼ 50:4, p < :01), and an interaction of condition and SOA (F ½3; 21 ¼ 5:6, p < :01). There was also a main eﬀect of SOA
(F ½3; 21 ¼ 79:0, p < :01). This demonstration of AB interference with faces in the
T1 and T2 positions is consistent with a multi-channel view, because the processing
of the ﬁrst target should have occupied all of the processing channels that could
guide the discrimination of the second target. In addition, Experiment 6 shows that
the masks that were used for the face stimuli (in the present experiment and in Experiments 2, 3, and 4) will produce AB interference when there is suﬃcient overlap in
the processing requirements for T1 and T2.
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Fig. 10. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 6.

10. Experiment 7
Much research has focused on the high level of expertise that characterizes face
processing (Gauthier et al., 1998; Tanaka & Gauthier, 1997). Thus, the resistance
of faces to AB interference may be partially dependent on observersÕ perceptual expertise with these stimuli. Would a novel class of stimuli that can be discriminated
based on conﬁgural information prove to be resistant to AB interference? We explored this question in Experiment 7 by employing Greebles (Tanaka & Gauthier,
1997). These stimuli have been used in previous research that explores the development of perceptual expertise for novel stimulus categories. Given adequate experience identifying Greebles, behavioral performance with these stimuli can be shown
to mirror speciﬁc characteristics of face perception. For example, trained Greeble
observers recognize individual Greeble parts more quickly within the context of
the original object in which the parts were learned compared to within a new conﬁguration of parts. Greeble experts also show activation of the ‘‘fusiform face area’’
when they view these stimuli; this activity in the inferotemporal cortex has been used
as a marker of perceptual expertise in various studies (Tarr & Gauthier, 2000). These
results suggest that Greebles contain the necessary conﬁgural information for the development of perceptual expertise. Thus, testing untrained observers with these stimuli provided an opportunity to observe whether the resistance of faces to AB
interference is contingent upon the use of stimuli that are discriminated through
expert processing.
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10.1. Methods
10.1.1. Observers
Eight volunteers from the local community were paid for their participation in a
1-h session. The observers were between the ages of 18 and 30 years, with normal or
corrected-to-normal vision.
10.1.2. Procedure
Each observer participated in six blocks of 30 trials in the experimental condition
and six blocks of 30 trials in the control condition. The order of these conditions was
counterbalanced across observers. One block of practice was administered before
each condition.
10.1.3. Stimulus presentation
All aspects of the procedure were identical to those of Experiment 2 with the
following exceptions: Three Greeble stimuli were used in place of the face stimuli.
The three possible T2 stimuli and masks are illustrated in Fig. 11. The Greebles
were masked with one of three masks. Observations were collected using six dif-

Fig. 11. The T2 Greebles and masks employed in Experiments 7, 8, and 9. Individual targets and masks
were randomly paired during each trial.
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ferent SOAs: (118, 294, 400, 506, 600, and 706 ms). The exposure duration of
each target was set at 94 ms in order to maintain accuracy at about 70% in
the control condition. In order to facilitate the observersÕ learning of the Greeble
identities, the target exposure durations were raised to 141 ms in the practice
block.

10.2. Results and discussion
The mean accuracy for the ﬁrst target was 97%. T2 accuracy is displayed in
Fig. 12 as a function of condition and SOA. As Fig. 12 illustrates, there was little
evidence of impaired performance in experimental condition. A two-way ANOVA
with subjects, condition (experimental vs. control), and SOA as factors did not
show a main eﬀect of condition (F ½1; 7 ¼ :03, p ¼ :87). There was, however, a signiﬁcant interaction of SOA and condition (F ½5; 35 ¼ 3:4, p < :015). Paired t tests
conﬁrmed that there was a marginally signiﬁcant impairment in the experimental
condition at the 118 ms SOA (tð7Þ ¼ 2:3, p ¼ :06). But no other SOA showed
any trace of impaired performance in the experimental condition. Finally, there
was a signiﬁcant main eﬀect of SOA, with accuracy gradually improving as SOA
increased (F ½5; 35 ¼ 14:2, p < :01). The early recovery from interference in Exper-

Fig. 12. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 7.
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iment 7 stands in marked contrast to the long-lasting impairments that were
observed when subjects discriminated the same T1 digits, but letter stimuli were
in the T2 position.
The interference in Experiment 7 may have been short-lived because the observers
made use of the conﬁgural information in the Greeble stimuli. These conﬁgural cues
may have guided the discrimination of the Greeble stimuli even though the T1 digit
task had occupied featural processing resources. However, this conclusion rests on
two important assumptions. First, it must be shown that the masking in this procedure was adequate for overwriting the Greeble stimuli. Second, it must be veriﬁed
that the discrimination of these Greebles was suﬃciently demanding that we would
be able to detect the eﬀects of competition for a putative central resource. We tested
both of these conclusions in Experiment 8 by placing faces in the T1 position, and
Greeble stimuli in the T2 position. If Greeble discrimination in Experiment 7 was
maintained because of access to a conﬁgural processing channel, then AB interference should be observed when faces are placed in the T1 position. Under these conditions, the T1 face should occupy all of the available channels for processing the
second stimulus. However, if Greeble discrimination was preserved in Experiment
7 because of inadequate masking or because these stimuli do not require signiﬁcant
processing resources, then Experiment 8 should produce little evidence of AB
interference.

11. Experiment 8
11.1. Methods
11.1.1. Observers
Eight volunteers from the local community were paid for their participation in a
1-h session. The observers were between the ages of 18 and 30 years, with normal or
corrected-to-normal vision.
11.1.2. Procedure
Each observer participated in six blocks of 30 trials in the experimental condition
and six blocks of 30 trials in the control condition. The order of these conditions was
counterbalanced across observers. One block of practice was administered before
each condition.
11.1.3. Stimulus presentation
All aspects of the procedure were identical to those of Experiment 6 with the following exceptions: Six SOAs were tested: 0, 235, 353, 470, 706, and 1176 ms. Greeble
stimuli were placed in the T2 position. These stimuli were masked with the same
masks that were used in Experiment 7. During a single practice block, the exposure
duration for the Greebles was set to 141 ms. For the remainder of the experiment, the
exposure duration for the Greebles was 94 ms.
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11.2. Results and discussion
The mean accuracy for the ﬁrst target was 80%. T2 accuracy is displayed in Fig. 13
as a function of condition and SOA. As Fig. 13 illustrates, there were long-lasting
deﬁcits in accuracy in the experimental condition relative to the control condition.
A two-way ANOVA with subjects, conditions (experimental vs. control), and
SOA as factors revealed a main eﬀect of condition (F ½1; 7 ¼ 44:8, p < :01), with lower accuracy in the experimental condition (54%) than in the control condition (73%).
There was also main eﬀect of SOA (F ½5; 35 ¼ 9:8, p < :01), and a signiﬁcant interaction of condition and SOA (F ½5; 35 ¼ 2:8, p < :05); as SOA increased, there was a
gradual convergence of accuracy in the experimental and control conditions. The
substantial interference revealed in this experiment suggests that the paucity of AB
interference in Experiment 7 cannot be attributed to inadequate masking of the
Greebles or an easy Greeble discrimination task. Instead, we hypothesize that AB
interference was observed in Experiment 8 because the face discrimination task occupied a conﬁgural processing channel that would have otherwise been available
to guide the T2 Greeble discrimination. Of course, this interpretation also makes another clear prediction. T2 face stimuli should suﬀer from AB interference if Greebles
are place in the T1 position. Experiment 9 tested this prediction. In addition, Experiment 9 provided an opportunity to demonstrate AB interference for faces even when
the stimuli eliciting the interference were not also faces.

Fig. 13. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 8.
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12. Experiment 9
12.1. Methods
12.1.1. Observers
Eight volunteers from the local community were paid for their participation in a
1-h session. The observers were between the ages of 18 and 30 years, with normal or
corrected-to-normal vision.
12.1.2. Procedure
All aspects of this procedure were identical to those of Experiment 8, except that
the order of the stimuli was reversed.
12.2. Results and discussion
The mean accuracy for the ﬁrst target was 71%. T2 accuracy is displayed in Fig. 14
as a function of condition and SOA. As Fig. 14 illustrates, Greebles in the T1 position
elicited long-lasting AB interference for the subsequent discrimination of faces. A
two-way ANOVA with subjects, conditions (experimental vs. control), and SOA as
factors revealed a main eﬀect of condition (F ½1; 7 ¼ 14:1, p < :01), with lower accuracy in the experimental condition (77%) than in the control condition (90%). There
was also main eﬀect of SOA (F ½5; 35 ¼ 6:4, p < :01), and a signiﬁcant interaction of

Fig. 14. Mean accuracy of second target (T2) report, given correct report of the ﬁrst target (T1) as a function of stimulus onset asynchrony (SOA) and experimental condition in Experiment 9.
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condition and SOA (F ½5; 35 ¼ 2:5, p ¼ :05); as SOA increased, there was a gradual
convergence of accuracy in the experimental and control conditions. AB interference
for faces does not entail competition with other face stimuli. Instead, we suggest that
interference can be predicted based on the processing overlap between the stimuli in
the T1 and T2 positions.

13. General discussion
13.1. A multi-channel account of AB interference
The attentional blink has been demonstrated over an impressive range of task
conditions, with virtually every class of stimulus showing reliable evidence of AB interference. Nevertheless, the current results suggest that the AB eﬀect may not be the
result of a central processing bottleneck in visual perception. We have observed that
a T1 processing load (digit discrimination) that is capable of inducing long-lasting
AB interference in letters may have no eﬀect at all on the accuracy of face discrimination. These data are incompatible with the idea that AB interference reﬂects competition between objects for a single obligatory stage of visual processing. Instead,
we hypothesize that multiple processing channels may be available for the discrimination of faces. The present results can be explained by assuming one channel that
processes feature-based information, and another channel that processes conﬁgural
information. This multi-channel account predicts that AB interference will be observed when T1 processing occupies every channel that is available for discriminating
the second target. According to this hypothesis, face discrimination did not suﬀer
from AB interference when T1 was a digit because the digits were discriminated using only the feature-based channel. Thus, the conﬁgural channel was still available
for the accurate discrimination of faces during the AB period.
By contrast, a single-channel view of AB interference would have diﬃculty accounting for the fact that the T1 digit discrimination task induced long-lasting AB
interference for letter discrimination, but not for face discrimination. These data
therefore have implications for any model of AB interference that asserts competition between all visual stimuli for a single processing resource. For example, consider
the two-stage model of AB interference proposed by Chun and Potter (1995). They
suggest that each target passes through two distinct stages of processing. In the ﬁrst
stage of processing items are identiﬁed in a process that is relatively free of capacity
limitations (with the presentation rates typical in the AB paradigm). However, without further processing, representations are left in a fragile state that is subject to rapid forgetting or overwriting by subsequent stimuli (Giesbrecht & Di Lollo, 1998).
The second stage of processing is capacity-limited. During this postperceptual stage,
the representations are consolidated into a durable form that that is capable of guiding subsequent behavioral responses. By this view, AB interference occurs because
T2 cannot gain access to second stage processing. Several accounts of AB interference have been proposed that are broadly consistent with this two-stage model
(e.g., Duncan et al., 1994; Jolicoeur, 1999). In each case, AB interference arises
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because of competition for a critical resource during a postperceptual stage of processing. The present results suggest that second stage processing may not be accomplished through a single obligatory resource for visual perception. Otherwise, any T1
processing load that causes AB interference for a subsequent visual stimulus (by occupying a mandatory resource for visual processing) should be capable of interfering
with the identiﬁcation of all classes of visual stimuli. Thus, the single resource view is
challenged by the observation that face discrimination is unaﬀected by the same T1
task that causes long-lasting AB interference for letters.
This is not the ﬁrst case in which AB interference was found to be reduced or eliminated. Shapiro et al. (1997) found that oneÕs own name can be detected during the
AB period without signiﬁcant interference. However, this result is not necessarily incompatible with the single resource view, because personal names are signiﬁcantly
easier to process than other words. As Shapiro and colleagues noted, personal names
may beneﬁt from a lower threshold for activation, allowing them to be detected effectively with reduced resources. Therefore, even if personal names and other words
compete for a common resource, oneÕs own name might still be perceived during the
AB period because it imposes a small processing load. By contrast, the present experiments provided four separate indications that the faces avoided AB interference
while imposing a larger processing load than the letter discrimination task. First,
in Experiments 1 and 2 the exposure duration of the letters and faces was identical
(as was the T1 processing load), but accuracy in the control condition was lower for
the faces than for the letters. Second, in Experiment 3 we matched the accuracy of
face and letter discrimination (in the control condition) by setting the exposure duration of each stimulus category on a within-subject basis. This procedure replicated
Experiments 1 and 2 and also revealed that the faces required signiﬁcantly higher exposure durations in order to reach the same level of accuracy as the letters. Third, in
Experiment 5 a more challenging set of masks (other faces) reduced face discrimination accuracy 27% relative to Experiment 2, but there was still no AB interference.
Finally, in Experiment 4 we found that T1 faces induced a substantial attentional
blink for digits, verifying that the face discrimination task places a signiﬁcant load
on AB-related processes. These observations converge to suggest that faces avoid
AB interference because of qualitative rather than quantitative diﬀerences in processing load. More speciﬁcally, face discrimination may have been successful during the
AB period because it had access to a conﬁgural processing channel that was not disrupted by the T1 digit task.
13.2. The scope of the present results
Of course, we do not mean to suggest that faces are somehow immune to dual
task interference in general. Nor do these results suggest that face discrimination will
always escape interference in attention-demanding tasks. Instead, these data can
constrain models of the speciﬁc postperceptual process that is at the root of AB interference. There is clear evidence that the locus of AB interference is diﬀerent, for
example, from the perceptual stages of processing that are modulated by spatial attention. While spatial attention can aﬀect the quality of the earliest stages of visual
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analysis, AB interference has its eﬀects after a fully identiﬁed representation of the
target stimulus has been formed. Vogel et al. (1998) demonstrated this point by measuring event-related potentials (ERPs) during the AB paradigm. They found that
only a speciﬁc subset of target-evoked ERPs were modulated during the AB period.
Early components of the ERP response that indexed perceptual stages of target identiﬁcation were unaﬀected, while later components that indexed the updating of working memory were suppressed. A diﬀerent proﬁle of eﬀects has been documented in
ERP studies of spatial selection, in which there is clear evidence that attention can
modulate perceptual processing (e.g., Mangun, Hillyard, & Luck, 1993). The contrast between the eﬀects of spatial selection and AB interference underscores the important point that completely diﬀerent cognitive processes may be at the core of
interference in two tasks that reveal ‘‘attentional’’ limitations. Bearing this in mind,
our conclusions are limited to models of the postperceptual interference that is observed during the AB period.
These considerations also motivated our use of the two-target paradigm instead of
the more widely-used RSVP procedure. As discussed in the Introduction, the RSVP
procedure may interfere with T2 processing in multiple ways. Challenges in the
RSVP procedure include the need to inhibit distractor stimuli, the temporal uncertainty of T1 onset, and the use of independent stimulus features such as color to
identify the target stimuli. Nevertheless, the AB eﬀect has been the basis for several
models that predict temporary impairments in T2 processing in the absence of these
potential sources of interference. For example, the two-stage models discussed above
predict that second stage resources will be occupied by the simple act of building a
perceptual representation for T1 that is useful for overt responses. Thus, while there
is clear evidence that distractor stimuli aﬀect performance in the RSVP procedure
(e.g., Isaak, Shapiro, & Martin, 1999), current models still predict that if the targets
are adequately masked there should be AB interference in the absence of additional
distractor objects. We argued in the Introduction that these models predict AB interference whenever three speciﬁc conditions are met. (1) The T1 task occupies suﬃcient
processing resources to deny subsequent stimuli access to stage two processing. Experiments 1 and 3 veriﬁed this by showing that the T1 digit task induced long-lasting
AB interference for subsequent letter targets. (2) The T2 task requires suﬃcient
processing resources to show the eﬀects of the T1 processing load. We have already
discussed several indications that the faces were more diﬃcult to discriminate than
the letters, and that the face discrimination induces long lasting AB interference
for digits and Greebles. (3) The ﬁrst and second targets are adequately masked
(e.g., Giesbrecht & Di Lollo, 1998; Grandison et al., 1997; Sieﬀert & Di Lollo,
1997). The masks we used in Experiments 2 and 3 were certainly suﬃcient to prevent
visible persistence. In Experiment 5, we attempted to maximize the chances for object
substitution by using another set of faces as masks for the face targets. This manipulation increased the diﬃculty of the task markedly, but no AB interference was observed. Finally, we observed AB interference with the same face photographs in
Experiment 6 (by using a face as T1) and Experiment 9 (by using a Greeble as
T1). These experiments show that the earlier observations of preserved face discrimination were not a product of insuﬃcient masking procedures. Given that all three of
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these criteria were satisﬁed by our procedure, we conclude that the absence of AB
interference for faces in Experiments 2, 3, and 5 is inconsistent with a single-channel
view of AB interference. This forms the basis for our hypothesis that there are multiple channels available for stage two processing.
It is also useful to probe the implications of procedures that do ﬁnd AB interference
for faces. There are at least two such cases that would be consistent with the multichannel account we have proposed for AB interference. First, there is the scenario that
we have already tested in Experiments 6 and 9. If T1 processing occupies all of the
channels that are available for face discrimination, then face discrimination should
be impaired during the AB period. Thus, the multi-channel hypothesis would predict
AB interference for faces with a range of T1 stimuli. Second, if the face targets are distinguished from each other only on the basis of features, then the conﬁgural processing
channel would not support face discrimination. For example, using the same T1 digit
task, pilot work in our lab has shown AB interference for faces that were distinguished
only by mouth shape. This is consistent with the multi-channel hypothesis, because the
only channel that could discriminate one target from another (i.e., the feature-based
channel) was occupied by T1 processing. Finally, the contrast between the results of
Experiments 2 and 4 showed that top-down settings can determine whether AB interference is observed or not. This raises the possibility that the constellation of processing channels occupied by a speciﬁc stimulus set are not determined in a wholly
stimulus-driven manner. If 0, then AB interference might be observed with faces if observers were induced to adopt a feature-based strategy for discriminating these stimuli.
13.3. The role of top-down control
The observerÕs top-down settings play a key role in AB interference. This is apparent in the contrast between the results of Experiments 2 and 4. Even though the displays in these experiments were identical at the 0 ms SOA, both face and digit
discrimination at this SOA was signiﬁcantly better in Experiment 4. This may be a
result of diﬀerences in the typical order of the stimuli in these experiments. The
T1 digit appeared ﬁrst in 90% of the trials in Experiment 2, while the T1 face appeared ﬁrst in the 90% of the trials in Experiment 4. Thus, observers probably prepared to process digits in the Experiment 2 and faces in Experiment 4. Apparently,
these two modes of preparation had a dramatic impact on the degree of dual task
interference that was observed in identical visual displays. This aspect of the present
results is also relevant to the question of whether all visual stimuli must access an
obligatory resource for conscious perception. If the attentional settings of the observer can determine whether interference is observed or not, then the interference
cannot be explained by competition for an obligatory, limited-capacity process.

14. Conclusions
The central theoretical issue in the present work—whether or not performance is
limited by competition for a unitary resource—has also been extensively addressed in
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other dual task paradigms. For example, the psychological refractory period (PRP)
paradigm, in which observers produce speeded responses to sequentially presented
stimuli, has provided basic insights into the nature of dual task costs (for reviews,
see Meyer & Kieras, 1997; Pashler, 1994). There has been vigorous debate, however,
over whether such dual task costs are caused by the limited access to a central processing resource, such as response selection. Opposing this view, some have suggested that dual task interference is better explained by competition for multiple
processing resources, each with a limited processing capacity (e.g., Navon & Gopher, 1979). By this account, dual task costs can be predicted based on the degree
to which each task calls upon overlapping components of a broad range of
resources.
In line with multiple resource theory, Wickens (1980) described a set of empirical
patterns that are problematic for unitary resource accounts of dual task costs. We
describe two of these patterns below, because they provide a useful framework for
considering our own observations: (1) Diﬃculty insensitivity refers to an absence
of reductions in task performance even when the diﬃculty of a concurrent task is increased. (2) Structural-alteration eﬀects refer to cases in which the structural requirements of a primary task are changed—without reducing the diﬃculty of the primary
task—and signiﬁcant reductions in dual task interference are observed. Competition
for a shared resource should produce interference whose magnitude is tightly linked
to the diﬃculty of the competing tasks. Thus, changes in the structural requirements
of one task without changes in its diﬃculty should not aﬀect the level of dual task
interference if both tasks compete for access to a single resource. When these empirical patterns are observed, one natural explanation is that the two tasks draw upon
independent resources. The current experiments provide evidence of precisely this
kind of disconnect between AB interference and the diﬃculty of the competing tasks.
Experiments 1–3 showed that changing the T2 stimulus from a letter to a face resulted in signiﬁcant improvements in both T1 and T2 accuracy. At the same time,
there were multiple indications that the face discrimination was more diﬃcult than
the letter discrimination. Thus, the overall diﬃculty of T1 and T2 discrimination
cannot account for the level of AB interference in these studies. Instead, we suggest
that distinct constellations of processing structures are recruited by faces and alphanumeric stimuli, and that AB interference is predicted by the degree of overlap between these components.
The ﬁnding that a demanding face discrimination task can be performed without
any impairment during the AB period suggests that AB interference may not be an
example of a central processing bottleneck in visual perception. Instead, we suggest
that there are multiple channels available for processing during the AB period. By
this view, AB interference is contingent upon whether T1 occupies every processing
channel that can accomplish the T2 discrimination. The single-channel view is consistent with observations of AB interference across an impressive range of stimuli.
However, a single robust exception to the rule should be suﬃcient to cast doubt
on this hypothesis. Future research directed towards understanding this exception
should provide a better understanding of the boundary conditions of this limitation
in sequential target processing.
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