
Despite the impressive processing power of the human 
brain, it is severely limited in capacity. For example, we 
can barely attend to more than a few objects at once, and 
we can barely perform two tasks simultaneously (see 
 Marois & Ivanoff, 2005, for a recent review). Such pro-
cessing limitations are readily observed at both percep-
tual and response stages of information processing. Two 
phenomena that illustrate severe capacity limitations in 
conscious perception are the attentional blink (AB; Chun 
& Potter, 1995; Raymond, Shapiro, & Arnell, 1992; Ser-
gent & Dehaene, 2004) and repetition blindness (RB; 
Johnston, Hochhaus, & Ruthruff, 2002; Kanwisher, 1987; 
Morris & Harris, 2004). The AB refers to subjects’ im-
paired ability in perceiving the second (T2) of two dis-
tinct targets in a rapid serial visual presentation (RSVP) 
stream of distractor stimuli, if the second target appears 
within 200–600 msec of the first target (T1). RB is simi-
lar to the AB, in that it, too, reveals impairment in target 
recognition under dual-task conditions; however, it dif-
fers from the AB in that it specifically refers to subjects’ 
impaired ability to report both occurrences of a repeated 
target stimulus in an RSVP stream. Despite the fact that 
the AB and RB are phenomenologically similar, these two 
deficits can be experimentally dissociated. Chun (1997) 
demonstrated that, whereas the AB was abolished when 
letter targets appeared amongst keyboard symbol distrac-
tors, RB was still present. Conversely, whereas RB was 
eliminated when targets differed in color from one another 
and the distractors, a robust AB was still elicited under 
these conditions (see Ward, Duncan, & Shapiro, 1997, for 
a further dissociation between RB and the AB). On the 
basis of these findings, Chun (1997; see also Ruthruff & 
Pashler, 2001) suggested that the two phenomena resulted 
from distinct capacity-limited processes; the AB, he hy-

pothesized, reflected a failure in encoding target identity 
information into working memory, whereas RB was a 
result of a subject’s inability to individuate two identical 
stimuli as distinct perceptual events during encoding.

A capacity limitation that has its locus at response-
 related stages of information processing is the psychologi-
cal refractory period (PRP; Telford, 1931). The PRP effect 
is elicited when subjects are required to make speeded 
responses to two stimuli. While reaction time to the first 
stimulus is typically unaffected by manipulations of stim-
ulus onset asynchrony (SOA), performance on the second 
task becomes increasingly slowed as SOA decreases. This 
effect is thought to result from a central processing bottle-
neck occurring at the stage of response selection (Pashler, 
1994; Pashler & Johnston, 1989), although other cognitive 
processes, such as memory retrieval (Carrier & Pashler, 
1995) and mental rotation (Ruthruff, Miller, & Lachmann, 
1995), may also require the same central resources.

The PRP differs from the AB and RB paradigms in two 
important ways. First, while the PRP paradigm requires 
online responses to both targets, responses are typically 
made after the end of the RSVP stream in AB/RB para-
digms. Second, while the perceptual system is strained by 
presenting stimuli successively at a rapid pace in RSVP 
paradigms, the slower, distractor-free presentation of 
stimuli in the PRP task does not create data limitations 
at the perceptual level. Because AB/RB paradigms ap-
pear to tax the perceptual system, whereas the PRP task 
places a greater burden on the response end of the infor-
mation pathway, these paradigms have been considered 
to reveal distinct processing limitations (Pashler, 1998). 
However, studies using hybrid AB-PRP paradigms have 
demonstrated that the AB and PRP partly tap into a com-
mon processing bottleneck (Arnell & Duncan, 2002; 
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Jolicœur, Dell’Acqua, & Crebolder, 2001; Ruthruff & 
Pashler, 2001). For example, speeding the response to 
T1 increases the magnitude of the AB (Jolicœur, 1998; 
Ruthruff & Pashler, 2001). Conversely, simply making an 
unspeeded perceptual decision on T1 is sufficient to trig-
ger a PRP for T2 (Jolicœur et al., 2001; Ruthruff & Pash-
ler, 2001). These findings have led to the suggestion that 
the encoding of information into working memory may 
not proceed concurrently with online response selection 
(Jolicœur, 1998; Jolicœur et al., 2001). While such stud-
ies have yet to fully elucidate the cognitive process(es) 
common to both the AB and PRP (Jolicœur et al., 2001; 
Luck & Vogel, 2001; Marois & Ivanoff, 2005; Ruthruff & 
Pashler, 2001), they nonetheless clearly establish that con-
scious target recognition and response selection tap into a 
common central bottleneck of information processing.

To what extent is this central bottleneck limiting what 
we see and do at any given moment? Specifically, do limi-
tations in central processing resources underlie all forms 
of temporal limits to attentive perception? To address these 
questions, we investigated whether RB, also, has its locus 
at the central bottleneck. In the following experiment, 
we manipulated whether the first letter target in a hybrid 
ABRB paradigm required a speeded or a delayed response. 
Online response selection in unpracticed, arbitrary sen-
sorimotor tasks is a tried-and-true diagnostic test for the 
involvement of the central bottleneck of information pro-
cessing (Pashler, 1998). If RB magnitude is increased in 
speeded trials relative to unspeeded trials, this would pro-
vide evidence that the individuation of target events draws 
on the same  capacity-limited central resources as does the 
encoding of the identity of these events. However, if RB 
magnitude is not increased, this would suggest that RB 
reveals a capacity-limited aspect of conscious target per-
ception independent of the central bottleneck. To compare 
the effect of response selection demands on RB relative to 
the AB, we tested RB with and without an accompanying 
AB by manipulating target-distractor similarity, a manipu-
lation that can eliminate the AB while leaving RB intact 
(Chun, 1997).

METHOD

Subjects
Six women and four men (mean age, 27 years), all members of the 

Vanderbilt University community, participated in the study. All sub-
jects reported normal or corrected-to-normal visual acuity. Subjects 
received $10 for participation.

Design
Four independent variables, all of which had two levels, were ma-

nipulated: distractor category (digits vs. computer symbols), target rep-
etition (repeat vs. nonrepeat), response type (speeded vs. unspeeded), 
and lag (lag 3 [283.3 msec] and lag 8 [747.4 msec]). Following prior 
conventions (Chun, 1997; Jolicœur, 1998), target repetition and lag 
were manipulated within blocks of trials, whereas distractor category 
and response type were manipulated across blocks.

The principal dependent variable was the log 10 transformation 
of the percentage of trials in which both targets were reported accu-
rately: log(T1&T2). While the percentage of T1 correct trials where 
T2 is also accurate (T2 | T1) is the measure typically adopted for 
assessing the AB, this measure is not suitable for analyzing RB, be-

cause it is difficult to distinguish whether T1 or T2 was the stimulus 
perceived by the subject in repeat trials where only a single target 
is reported (Chun, 1997; but see Johnston et al., 2002, who demon-
strated that, at least in speeded tasks, T2 is the stimulus missed on 
repeat trials). Hence, log(T2 | T1) data will only serve as a second-
ary, confirmatory analysis in the present study. Finally, the percent-
age of trials where T1 was correct (T1) is also reported to assess 
whether tradeoffs occurred between T1 accuracy and AB magnitude. 
A log 10 transformation was performed on all accuracy measures 
because Schweickert (1985) has demonstrated that additivity be-
tween independent stages of processing, such as recognition (AB) 
and individuation (RB), can only be tested using log transformed 
accuracy data (see also Jiang & Chun, 2001).

Stimuli and Apparatus
Stimuli were presented in Courier New font and at a viewing 

distance of approximately 57 cm subtended 1º of visual angle. The 
targets were white letters (A and/or B) and the distractors were either 
white digits (0–9) or white computer symbols ( , , , #, %, ?, /, *, 
@, &). Each stimulus appeared centrally on a grey background for 
93.4 msec. The experiment was programmed in MATLAB, using the 
Psychophysics Toolbox extension (Brainard, 1997; Pelli, 1997) and 
was conducted using a Dell Pentium IV PC computer with a 75-Hz 
vertical refresh rate.

Procedure
Subjects initiated each trial by pressing the space bar. Trials began 

with a white fixation square for 500 msec, followed by the RSVP 
stream (containing ten distractors plus one or two targets). T1 ap-
peared at serial position three and T2, when presented, occurred 
equally often at lags 3 and 8. The response options for T1 were “A” 
or “B,” and for T2 “A,” “B,” or “Nothing.” Subjects made keypress 
responses to the targets with the right hand; the index finger was 
mapped to “A” (“K” key) and the middle finger to “B” (“L” key). 
Subjects entered “Nothing” by pressing the space bar. In speeded 
trials, subjects responded as soon as they observed the first target, 
and in unspeeded trials they reported T1 after the stream had con-
cluded. The second target was always responded to at the end of the 
stream. In the unspeeded blocks, response screens for both T1 and 
T2 were shown that displayed “Target 1?” and “Target 2?” respec-
tively, until subjects responded. In the speeded condition, only the 
T2 response screen was presented. Subjects were required to make 
their responses in the correct order.

Each test block was made up of 45 trials for each of the four target 
repetition  lag conditions and 20 catch trials (containing only T1), 
for a total of 200 trials per test block and, because there were four 
blocks of trials, 800 trials for the entire experiment. Half the sub-
jects performed the two unspeeded-response blocks first, whereas 
the other half performed the speeded-response blocks first. The 
presentation order of distractor category blocks, within the pairs of 
response type blocks, was counterbalanced across subjects. The first 
five trials of each condition in each block were considered practice 
and were therefore not analyzed.

RESULTS

Figure 1 shows the mean percentage log(T1&T2) 
 accuracy as a function of distractor category, target rep-
etition, and lag, plotted separately for the speeded and 
unspeeded conditions. In order to examine the effects 
of response type and distractor category independently 
on the AB (nonrepeat performance) and RB (nonrepeat 
 performance repeat performance), these phenomena 
were analyzed separately. In addition, we also conducted 
a further analysis to evaluate the influence of T1 reaction 
time (RT) on the two phenomena.
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AB
The log(T1&T2) accuracy data from nonrepeat trials 

were subjected to a 2 2  2 repeated measures ANOVA 
with response type, distractor type, and lag as factors. 
A significant three-way interaction [F(1,9)  6.7, p  
.029] indicated that although there was a significant AB 
(performance lower at lag 3 than at lag 8) in both the un-
speeded and speeded digit trials (Fs  41, ps  .0002), 
no significant AB was present in either the unspeeded or 
speeded symbol conditions (Fs  1.8, ps  .21). Most 
importantly, AB magnitude was larger in speeded digit 
trials than in unspeeded digit trials, as performance in the 
unspeeded condition was superior to that in the speeded 
condition at lag 3 [F(1,9)  46, p  .0001], but not at 
lag 8 (F  1.35, p  .27). These results replicate previous 
findings, demonstrating that the AB is strongly influenced 
by target–distractor discriminability (Chun, 1997), and 
that the second-target deficit is due, at least in part, to 
central processing limitations (Jolicœur, 1998). An identi-
cal pattern of results was obtained when log(T2|T1) data 
were analyzed.

RB
The overall main effect of target repetition was signifi-

cant [F(1,9)  11.4, p  .0082], signaling the presence of 
RB (see Figure 1). Figure 2 plots RB magnitude (nonre-
peat performance repeat performance) as a function of 
distractor type, response type, and lag. The data were ana-
lyzed using a 2 (response type)  2 (distractor type)  2 
(lag) repeated measures ANOVA. Like the AB, RB was 
temporally dependent; whereas there was significant RB 
at lag 3, there was no significant repetition deficit at lag 8 
[F(1,9)  7.1, p  .0259]. In addition, RB occurred not 
only for digit distractor trials but also for symbol distrac-
tor trials (the condition for which there was no significant 
AB), as there was no significant effect of distractor type at 

lag 3 (F  1.3, p  .27). Crucially, RB magnitude did not 
differ in speeded and unspeeded conditions, as evidenced 
by there being neither a main effect of response type, nor 
an interaction between response type and any of the other 
variables (Fs  1.03, ps  .32). These results demonstrate 
that, contrary to the AB, making the T1 response online 
had no effect on RB.

T1
The log(T1) accuracy data were submitted to a 2  

2  2 repeated measures ANOVA with response type, 
distractor type, and lag as factors. Only data from non-
repeat trials were included in the analysis because, as 
previously discussed, it is difficult to assess individual 
target accuracy in unspeeded repeat trials (Chun, 1997). 
The results provide further evidence that speeding the T1 
response increases the central processing demands of the 
T1 task, because performance was superior in unspeeded 
trials to that in speeded trials [F(1,9)  22, p  .0011]. 
In addition, the results demonstrated that symbol distrac-
tors interfered less with target processing than did digit 
distractors (Chun, 1997) because accuracy was higher in 
the symbol distractor condition than in the digit distractor 
condition [F(1,9)  17.7, p  .0023]. Importantly, the in-
fluence of distractor category and response type on log(T1) 
accuracy followed the pattern of results observed for the 
log(T1&T2) data and the log(T2 | T1) data—namely, 
lower performance when the response was speeded and 
the distractors were digits. These results demonstrate that 
there were no trade-offs between T1 performance and AB 
magnitude.

Influence of T1 RT on the AB and RB
Examination of the log(T2 | T1) data as a function of T1 

RT provides converging evidence that RB, unlike the AB, 
does not have its locus at the central bottleneck.1 When 

2

1.8

1.6

1.4

1.2

Lo
g

(T
1&

T2
) M

ea
n

 %
 C

o
rr

ec
t

Unspeeded Speeded

Symbols nonrepeat
Symbols repeat
Digits nonrepeat
Digits repeat

3 8 3 8

Lag
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separately for unspeeded and speeded trials. Error bars represent within-subjects standard error of the mean.
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T1 requires a speeded response in an AB paradigm, T2 
accuracy is increasingly impaired with longer T1 RTs 
(Jolicœur, 1998). According to Jolicœur’s central interfer-
ence theory, the faster T1 is responded to, the less time T2’s 
representation has to wait before it can access central pro-
cessing resources. As a result, AB magnitude is reduced 
in trials where T1 is responded to quickly. We examined 
this hypothesis in our experiment by sorting T1 RT data 
into tertile bins in the nonrepeat digit condition (the con-
dition that yielded maximal AB without accompanying 
RB) and then assessing log(T2 | T1) accuracy performance 
as a function of this tertile variable (Figure 3).2 The data 

were entered into a 2 (lag)  3 (T1 RT tertile) repeated 
measures ANOVA, which yielded a significant interac-
tion [F(2,12)  3.95, p  .048], demonstrating that the 
AB was larger in slower T1 (Tertile 3) trials than in faster 
T1 (Tertile 1) trials; the two conditions differed at lag 3 
[F(1,12)  13.3, p  .0034], but not at lag 8 (F  1, p  
.74). These results indicate that the magnitude of the AB 
is proportional to T1 RT, and are consistent with the idea 
that the AB is dependent on central resources. By con-
trast, the same analysis performed on the log(T2 | T1) data 
for the repeat symbol condition (Figure 3; the condition 
with maximal RB without accompanying AB) showed no 
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difference in RB magnitude between the different T1 RT 
tertiles (interaction of lag and T1 RT tertile, F  1, p  
.88), further suggesting that RB does not have its locus at 
the central bottleneck.

DISCUSSION

Our study investigated whether RB, like the AB, reflects 
a central processing limitation. Specifically, by varying our 
methods, we investigated whether T1 required an online 
or offline response in a hybrid ABRB paradigm, and we 
thereby manipulated central response selection demands 
of the first target. The results clearly indicate that online 
response selection has strikingly different effects on the 
AB and RB. The AB was increased when subjects made 
speeded responses to the first target, and the magnitude of 
this AB was proportional to T1 reaction time. These results 
are not only consistent with the central interference theory 
of the AB (Jolicœur, 1998), they also validate the use of 
this manipulation in assessing whether RB is similarly vul-
nerable to central processing demands. In stark contrast to 
the AB, RB was not affected by online response selection, 
and its magnitude was independent of T1 reaction time. 
Taken together, these results suggest that, unlike the AB, 
RB is independent of central processing limitations.

Although we conclude that an increase in the response 
selection demands of the first target increases the mag-
nitude of the AB, we are not suggesting that manipula-
tions of all stages of T1 information processing would 
necessarily influence this deficit. Indeed, whereas some 
studies have demonstrated that the magnitude of the AB 
varies with manipulations of perceptual difficulty of T1 
(Grandison, Ghirardelli, & Egeth, 1997; Marois, Chun, 
& Gore, 2004; Seiffert & Di Lollo, 1997), others have 
not (McLaughlin, Shore, & Klein, 2001; Shapiro, Ray-
mond, & Arnell, 1994; Ward et al., 1997). These incon-
sistent results are difficult to interpret, not only because 
of the methodological differences between these studies 
but also because, in unspeeded AB tasks, it is difficult to 
assess which processing stages of the two targets might 
interfere with one another; subjects may delay particular 
processing stages until the end of the RSVP. With the pres-
ent speeded task, we can assume that subjects executed the 
processing stages necessary for reporting the first target 
as quickly as possible. As a result, we can be confident 
that central stages involved in T1 processing overlapped 
with those performed on T2 and thereby led to the strong 
relationship we observed between T1 response selection 
demands and the AB.

A final issue that warrants discussion concerns the 
stage of information processing at which RB takes place. 
As previously discussed, many theorists have suggested 
that the phenomenon occurs at perceptual stages of pro-
cessing, when stimuli are encoded for conscious percep-
tion (e.g., Chun, 1997). However, others have argued for 
a later locus, such as memory retrieval (Fagot & Pashler, 
1995; for a review, see Neill, Neely, Hutchison, Kahan, 
& VerWys, 2002). Because the encoding of information 
into working memory (Jolicœur, 1998) and the retrieval 
of information from memory (Carrier & Pashler, 1995) 

have both been shown to involve central processing, these 
processes are not likely to account for RB. Consistent with 
this conclusion, RB is still present when memory require-
ments are minimal (Johnston et al., 2002). Thus, together 
with these previous studies, our results are consistent with 
the view that RB is a perceptual deficit with a locus prior 
to the central bottleneck.

Regardless of the precise locus of RB, the present study 
clearly suggests that capacity limits to conscious visual 
perception in divided-attention paradigms are not all asso-
ciated with processing limitations at a central bottleneck. 
Instead, our findings support the view that attentional 
capacity limits to visual awareness can occur at multiple 
stages of information processing.
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NOTES

1. Employing log(T2 | T1) accuracy to assess RB is valid in speeded 
trials, because Johnston et al. (2002) have demonstrated that under 
speeded repeat conditions T2 is the stimulus missed.

2. Three subjects were not included in this analysis as they displayed 
ABs in the speeded symbol condition. Hence, for these subjects RB effects 
could not be assessed independently from the AB. Importantly, RB magni-
tude (nonrepeat repeat performance) was not influenced by T1 RT tertile 
(F  1), even when these three subjects were included in the analysis.
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