
The limits of temporal attention are reflected by the at-
tentional blink (AB): the reduced likelihood of reporting 
the second of two different targets in a rapid serial visual 
presentation (RSVP) stream if they are presented within 
200–500 msec of one another (Raymond, Shapiro, & Ar-
nell, 1992). In a standard AB task, two targets are pre-
sented among a stream of distractor stimuli, and subjects 
are required to search for and report the targets. Thus, in 
such paradigms, capacity limitations associated with both 
the selection and consolidation of temporally distributed 
information are tapped.

Since its discovery, several theories of the AB have 
been proposed (Shapiro, Arnell, & Raymond, 1997). One 
prominent account is that the AB occurs due to a bottle-
neck at the stage of consolidating information into working 
memory (Chun & Potter, 1995). It has been hypothesized 
that the processing of RSVP stimuli proceeds through two 
distinct stages. In Stage 1, all of the stimuli in the stream 
are processed semantically; however, these representations 
are not durable and must undergo  second-stage processing 
if they are to be available for report. This additional stage 
of processing is capacity limited and dependent on atten-
tion. Thus, during Target 1 (T1) consolidation, Target 2 
(T2), if presented in close temporal proximity to the first 
target, must wait to receive limited capacity attentional 
resources. As a result, its volatile representation is more 
susceptible to decay and interruption from distractors.

The bottleneck model has been the dominant account of 
the AB over the last decade, but in recent times, a number 
of findings have led to the introduction of several new the-
ories of the phenomenon. Di Lollo, Kawahara, Ghorashi, 

and Enns (2005; see also Olivers, van der Stigchel, & 
Hulleman, 2007) found that when subjects were required 
to report three sequentially presented targets in an RSVP 
stream of digit distractors, performance did not differ on 
T1 and T3 (the equivalent to lag 2 in a standard AB experi-
ment) when the targets were all letters. However, when T1 
and T3 were letters and T2 was a digit, T3 accuracy was in-
ferior to T1 accuracy—a result mirroring the standard AB 
effect. To account for these findings, Di Lollo et al. (2005) 
introduced the temporary loss of control hypothesis, which 
attributes the AB to the T1 1 (item directly following T1) 
distractor disrupting an input filter configured to the target 
set. In the case in which the three sequential targets are all 
letters, each target matches the filter, and consequently, 
limited-capacity processing resources can be devoted to 
encoding the targets. However, when T1 and T3 are letters 
and T2 is a digit, the second target does not match the input 
filter, which must then be reconfigured. This reconfigura-
tion process draws on limited capacity resources, and con-
sequently, fewer resources can be devoted to encoding later 
targets, leading to the AB.

Nieuwenstein, Chun, van der Lubbe, and Hooge (2005; 
see also Nieuwenstein & Potter, 2006) also suggest that 
the AB occurs due to the inefficient selection of the sec-
ond target in an RSVP stream. These researchers found 
that the AB was reduced when the second target was cued 
by a preceding distractor that shared target characteris-
tics. This led to the formulation of the delayed-selection 
hypothesis of the AB, which attributes the effect not to a 
consolidation bottleneck but to the failure to select the 
second target from the distractors at short lags due to 
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limitations in processing resources. A final hypothesis is 
that the AB occurs due to the overinvestment of resources 
when processing the RSVP stream (Olivers & Nieuwen-
huis, 2006). Olivers and Nieuwenhuis demonstrated that 
T1 accuracy improved and the AB was attenuated when 
subjects performed an irrelevant task concurrently with 
the RSVP search. They hypothesized that performing the 
irrelevant task prevented subjects from inadvertently de-
voting too many resources to the distractors in the RSVP 
stream; consequently, at short lags, distractor interference 
was reduced and, as a result, the AB was attenuated.

All theories of the AB focus on accounting for why the 
second deficit occurs, and little emphasis is given to ex-
plaining how the system selects target stimuli from the 
distractors (see Loach & Marí Beffa, 2003, for a study 
that does examine how targets are selected in RSVP). The 
importance of distractors in eliciting the AB is demon-
strated not only by the studies discussed above, but also 
by a range of other findings. First, even though distractors 
are not reported in RSVP, they nevertheless are processed 
semantically (Maki, Frigen, & Paulson, 1997). Second, 
the mere presence of distractors (especially those imme-
diately following the targets) is a crucial factor in causing 
the AB; if these distractors are removed, the AB is sub-
stantially attenuated (Chun & Potter, 1995; Giesbrecht & 
Di Lollo, 1998). Finally, distractors interfere with targets 
both at featural and conceptual levels of processing (Dux 
& Coltheart, 2005). Thus, it is of considerable theoreti-
cal importance to elucidate the mechanisms involved in 
reducing distractor noise in RSVP.

Recently, Dux, Coltheart, and Harris (2006) have pro-
vided evidence that suggests that the inhibition of distrac-
tors that appear in close temporal proximity to T1 plays 
a key role in the selection of stimuli in RSVP. These re-
searchers demonstrated that the AB was attenuated when 
the distractor items that directly preceded and followed 
T1 were identical to each other and drawn from a different 
category than were the targets (i.e., digits as opposed to 
letters). Dux et al. (2006) hypothesized that, under these 
conditions, the T1 1 item was inhibited at two levels: at a 
featural level, because feature detectors have brief refrac-
tory periods after initial activation, and at a conceptual 
level, due to the distractor set as a whole being inhibited, 
because it differed in category from the targets (Maki & 
Padmanabhan, 1994). Consequently, when the distractor 
stimuli flanking the first target were identical and drawn 
from a different category than were the targets, the strength 
of T1 1 representation was reduced, causing an attenua-
tion of its masking effectiveness. The outcome was more 
efficient T1 processing and a reduced blink.

Dux et al.’s (2006) results suggest that the successful 
selection of stimuli in RSVP is achieved by inhibiting 
those distractors that appear in close temporal proxim-
ity to the targets. However, does this mean that a failure 
of distractor inhibition directly contributes to the AB? 
Put differently, is attention required to inhibit distractor 
stimuli in RSVP? If the distractor repetition effect (DRE) 
reported by Dux et al. (2006) is dependent on attentional 
resources being available, then it may be the case that, 
when targets appear within 200–500 msec of one another 

in an RSVP stream, subjects are unable to inhibit distrac-
tors that appear in close temporal proximity to the second 
target and, as a result, T2 is more susceptible to interfer-
ence and, thus, more likely to be missed.

In order to test this hypothesis, we repeated the items that 
directly preceded and succeeded T2 (T2 1 and T2 1) and 
manipulated the lag separating the two targets. If the DRE 
is dependent on attention, then distractor repetition should 
improve second target performance only when the distrac-
tor preceding T2 occurs outside the blink, because here it 
can be the subject of attentive processing; if this distractor 
falls within the blink, no attenuation of the AB is expected. 
On the other hand, if the DRE is not reliant on attentional 
resources, then the effect of distractor repetition should be 
uniform across lags. Therefore, the T2 temporal position 
of primary interest is lag 2, because, in this condition, the 
distractor preceding T2 occurs directly after T1. Numer-
ous studies have demonstrated that the item that appears 
in this position undergoes attentive processing along with 
the first target (Visser, Bischof, & Di Lollo, 1999). Thus, 
if distractor inhibition is reliant on attentional resources 
being available, then a benefit of repeating the distractors 
should be observed only when the distractor preceding T2 
appears directly after the first target.

Experiments
Two experiments are presented. Experiment 1 replicates 

Dux et al.’s (2006) original DRE methodology, by manip-
ulating the similarity of the distractors that appear on ei-
ther side of T1 in an RSVP stream. This experiment serves 
as a baseline with which the results of Experiment 2 are 
compared. In the second experiment, the similarity of the 
items flanking T2 is manipulated, the crucial result being 
the interaction between distractor repetition and lag.

GENERAL METHOD

Subjects
Thirty-five (11 male) undergraduate students at the University 

of Sydney participated in the study (15 in Experiment 1). All of the 
subjects reported normal or corrected-to-normal vision.

Stimuli
The stimuli were presented centrally in the same spatial loca-

tion for 106 msec each, with no interstimulus interval. Black letters 
and digits appeared on a white background. All of the stimuli were 
presented in Courier New font and subtended approximately 0.7º 
visual angle at a viewing distance of 57 cm. The experiment was 
programmed and conducted using DMDX software (Forster & For-
ster, 2003) and was presented on a 19-in. flat CRT monitor with an 
85-Hz vertical refresh rate, controlled by a PC.

The targets were randomly selected from the alphabet, excluding 
the letters I, L, O, Q, U, and V, and were presented an equal number 
of times, with no pair of items appearing more than once. Targets 
were always presented in uppercase. Distractors were the digits 2–9, 
randomly ordered for each trial.

Trial Structure
All of the trials contained two black letter targets and eight black 

digit distractors, with a black “&” mask appearing at the end of each 
stream. T1 was presented in Serial Position 3, with T2 following an 
equal number of times at lags 2–6. In Experiment 1, in half the trials, 
the items directly before and after T1 (T1 1 and T1 1) were identi-
cal (repeat trials), and in the other half they were different (nonrepeat 
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trials). In Experiment 2, the distractors flanking T2 were either iden-
tical or different (see Figure 1).

Procedure
Each trial was initiated by the subject pressing the space bar. Tri-

als began with a fixation cross for 300 msec, followed by the se-
quence of stimuli. Subjects were required to report the two letter 
targets at the end of each trial, when the prompt “Please recall the 
targets” appeared on the screen.

Subjects initially completed 20 practice trials that contained 2 
trials of each condition. Experimental trials then commenced, with 
each subject completing two blocks of 50 trials. Five trials for each of 
the 10 conditions were presented in each block, in a random order.

Design
Both experiments employed a 2  5 repeated measures design. 

The independent variables were distractor repetition (repeat vs. non-
repeat) and lag (2, 3, 4, 5, and 6). The dependent variables were T1 
and T2 given T1 correct (T2|T1) report accuracy.

RESULTS

Experiment 1
T1 accuracy. Repeating the distractors on either side of 

T1 facilitated report of the first target, accuracy being su-
perior in repeat trials (95.9) in comparison with nonrepeat 

Figure 1. Example RSVP trials (nonrepeat and repeat, lag 2 and lag 6 conditions shown) from 
Experiments 1 and 2.
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trials (92.7) [F(1,14)  7.5, p  .02]. This finding suggests 
that the repeated distractor was a less effective mask for T1, 
and, as a result, the first target was easier to report.

T2|T1 accuracy. Figure 2 plots the mean T2|T1 ac-
curacy in Experiment 1 as a function of distractor repeti-
tion and lag. As is evident from the graph, there was a 
significant AB, with performance lower at early lags in 
comparison with later lags [F(4,56)  23.8, p  .001]. 
Importantly, there was a significant interaction between 
distractor repetition and lag [F(4,56)  3.0, p  .03]. 
This occurred because performance was superior for re-
peat distractor trials in comparison with nonrepeat trials 
at lag 2 [t(14)  3, p  .01], but not at other lags. These 
results replicate those of Dux et al. (2006), demonstrating, 
once again, that repeating the distractors on either side of 
T1 reduces the masking strength of the T1 1 distractor, 
resulting in enhanced processing of the first target and a 
reduced AB.

Experiment 2
T1 accuracy. There was no effect of distractor repeti-

tion on T1 accuracy in the second experiment, with neither 
the main effect of distractor repetition nor the interaction 
between distractor repetition and lag significant (Fs  
2.1, ps  .093). This finding makes sense when com-
pared with the results of Experiment 1, given that, under 
the present conditions, the repetition of distractors would 
have only influenced the extent to which T2 was masked.

T2|T1 accuracy. Figure 3 plots the mean T2|T1 accu-
racy in Experiment 2 as a function of distractor repetition 
and lag. Examination of the graph reveals the existence of 
an AB, with better performance at later lags in compari-
son with early lags [F(4,76)  22.8, p  .001]. Distractor 
repetition influenced overall performance, with accuracy 
superior in repeat trials (65.6) in comparison with nonre-

peat trials (61.8) [F(1,19)  4.5, p  .05]. Crucially, dis-
tractor repetition interacted with lag [F(4,76)  3.8, p  
.001]; accuracy differed significantly only between repeat 
and nonrepeat trials at lag 2 [t(19)  3.4, p  .003], but 
not at other lags.

DISCUSSION

This study investigated whether a failure of distractor 
inhibition contributes to the AB. Experiment 1 demon-
strated that presenting identical distractors directly before 
and after T1 not only enhanced first target processing, but 
also reduced the AB. This finding is in line with previ-
ous research, which has demonstrated that, if the T1 1 
distractor is replaced with a blank gap, T1 accuracy is 
enhanced and the AB attenuated (Chun & Potter, 1995). 
We suggest that in Experiment 1, a repeated distractor 
was a less effective mask than a nonrepeated distractor 
because it had already been inhibited both at a featural 
and a categorical level (Dux et al., 2006). This caused 
its representation to be impoverished, and as a result it 
interfered less with T1 processing. In Experiment 2, re-
peating the distractors on either side of the second target 
also enhanced performance, which mirrors Giesbrecht 
and Di Lollo’s (1998) finding that presenting a blank gap 
after the second target also reduces the AB. However, in 
this experiment, a benefit of repetition was observed only 
when the second target appeared at lag 2. We suggest that 
a benefit of repetition was observed at lag 2 because in 
this condition, the T2 1 distractor was the subject of at-
tentive processing, given that it was presented directly 
after the first target. As discussed above, numerous stud-
ies have demonstrated that the item that appears at this 
position (lag 1) undergoes attentive processing along 
with the first target (Visser et al., 1999). At the other 
lags, a benefit was not seen in the repeat condition be-
cause the T2 1 distractor appeared within the blink and 
therefore was not the subject of attention. From this, we 
conclude that the DRE occurs only if the first instance of 
a repeated distractor undergoes attentive processing. Put 
differently, distractors are only inhibited optimally if they 
occur outside the AB. This is consistent with the idea that 
a failure of distractor inhibition contributes to the second 
target deficit.

Alternative Explanations of the DRE
Although we have suggested that the DRE arises from 

inhibition both at the level of specific feature detectors 
and stimulus category (Dux et al., 2006; see also Maki & 
Padmanabhan, 1994), it is important to consider alterna-
tive explanations of the effect. As discussed by Dux et al. 
(2006), the DRE is similar to another cognitive phenom-
enon, repetition blindness (RB), which is characterized by 
subjects’ failure to report both occurrences of a repeated 
target in an RSVP stream if they appear within 500 msec 
of one another (Kanwisher, 1987). RB is thought to occur 
as stimuli are encoded for overt report, which distin-
guishes it from the DRE, which occurs between identical 
stimuli that are not consciously encoded. Dux et al. (2006) 
noted that subjects, when questioned, never reported no-

Figure 2. Mean percentage T2|T1 accuracy in Experiment 1 as 
a function of distractor repetition and lag. Error bars represent 
within-subjects standard error of the mean calculated separately 
for each lag.
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ticing the repeated distractors in the RSVP stream. A fur-
ther difference between RB and the DRE is that, whereas 
RB can occur between different-case stimuli (e.g., A 
and a), the DRE is dependent on the repeat items being 
identical. Thus, the mechanisms responsible for the two 
phenomena appear at least partially distinct. A potential 
problem for our inhibition account of the DRE is that a 
distractor in an RSVP stream can prime a later target with 
the same identity (Kanwisher, 1987). On the surface, this 
finding appears to be contrary to the predictions of the 
inhibition account. However, in this case, the distractor 
is drawn from the same category as the target and, as a 
result, the distractor set would not be inhibited and may, 
in fact, be enhanced, leading to priming between distrac-
tors and targets that share the same identity (Dux et al., 
2006). Finally, another possible explanation for the DRE 
is that the repeat distractors on either side of a target were 
temporally grouped, which reduced the masking strength 
of the item following the target. To date, mechanisms of 
temporal grouping in vision (e.g., temporal integration; 
Coltheart, 1980) have been shown to operate only up to 
temporal durations of approximately 100 msec. In the 
present experiments, the onset of the first instance of the 
repeat distractor to the offset of the second was 300 msec. 
Thus, it appears that a temporal grouping account of the 
DRE is not viable.

Implications for Theories of the AB
As previously discussed, a number of new theories of 

the AB have been introduced, which hypothesize that a 
failure of target selection contributes to the AB (Di Lollo 
et al., 2005; Nieuwenstein et al., 2005; Nieuwenstein & 
Potter, 2006; Olivers & Nieuwenhuis, 2006; Olivers et al., 
2007). The goal of the present study was to examine 
the mechanisms involved in target selection and to test 

whether they were dependent on attention. The results 
demonstrated that the DRE occurred only for stimuli that 
appeared outside the AB and thus were the subject of at-
tentive processing. We propose that this reflects an inhibi-
tion of the distractors that appear in close proximity to 
targets in RSVP, and that this inhibition is modulated by 
top-down attention. Specifically, we propose that at short 
lags in a dual-target RSVP search, when limited-capacity 
attentional resources are devoted to T1 processing, fewer 
resources can be assigned to inhibiting the distractor set, 
thus causing the AB.

We have hypothesized that attention is necessary for the 
DRE to occur; however, it is also possible that the inhibi-
tion of the T1 1 item in Experiment 2 may have occurred 
not because attentional resources were available at lag 1, 
but because this stimulus was so strongly attended by vir-
tue of its proximity to T1 that it needed to also be strongly 
suppressed. This explanation fits well with the research 
of Di Lollo et al. (2005; see also Olivers et al., in press; 
Raymond et al., 1992), who provided evidence suggesting 
that the AB is caused by the extent to which attentional 
resources are devoted to processing the T1 1 item. Al-
though this hypothesis can account for the results of the 
second experiment, the results of Experiment 1 are not as 
easily explained by this model. The T1 accuracy data in 
Experiment 1 suggest that it was the T1 1 item that was 
inhibited rather than the T1 1 stimulus, given that the first 
instance of the repeated distractor appeared directly before 
T1. Thus, we favor the hypothesis that the DRE was only 
present at lag 2 in the second experiment because distractor 
inhibition is dependent on attention, not because the T1 1 
was so strongly attended that it needed suppression.

One interesting finding to note is that in Experiment 2, 
the DRE did not reappear at later lags, when the second tar-
get was no longer in the AB. At later lags, attention should 
again be available for inhibiting distractors and, therefore, 
it would be expected that distractor repetition would en-
hance T2 report. Thus, this null effect of distractor repeti-
tion at later lags is inconsistent with the hypothesis that the 
DRE is dependent on attention. A problem with assessing 
the DRE at lags 5 and 6 in Experiment 2 was that perfor-
mance was close to asymptote; thus, the failure to observe 
a DRE at these lags is most likely due to a ceiling effect. 
Support for this hypothesis is that there was a significant 
DRE at lag 5 ( p  .03, one-tailed), when 6 subjects who 
demonstrated perfect performance (100% accuracy) at 
this lag in the nonrepeat condition were excluded from the 
analysis. This finding strengthens our conclusion that at-
tention is necessary for the DRE to be elicited.

Conclusion
The present study demonstrates that distractor inhibi-

tion plays an important role when selecting stimuli that are 
temporally distributed, and that a failure of this inhibition 
contributes to the AB. Future research should focus on 
further elucidating the mechanism(s) responsible for the 
DRE and characterizing not only the cognitive but also the 
neural fate of distractors (see Chelazzi, Miller, Duncan, & 
Desimone, 1993).

Figure 3. Mean percentage T2|T1 accuracy in Experiment 2 as 
a function of distractor repetition and lag. Error bars represent 
the within-subjects standard error of the mean calculated sepa-
rately for each lag.
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