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It is well known that the requirement to perform a concurrent task interferes with many aspects of
perception and cognition. Evidence suggests that this interference extends to spatial shifts of attention,
which appear to be reduced in efficiency when they must be performed while processing related to
another task is ongoing. Here, the authors investigate whether concurrent tasks also interfere with shifts
of temporal attention—that is, with the ability to shift attention to an expected time of stimulus onset. In
Experiment 1, using the attentional blink paradigm, the authors show that the requirement to identify a
prior target interferes with observer’s ability to shift attention to the expected time of second-target onset.
In Experiments 2 and 3, they confirm the role of the first-target task by eliminating the shifting deficit
when the interval between the targets is increased or the requirement to identify the first target is
removed. Together, the results indicate that performing a concurrent task interferes with temporal shifts
of attention analogously to how it interferes with spatial shifts of attention, implying an impact of
task-related resource limitations on a common set of underlying cognitive and perceptual mechanisms.

Public Significance Statement
Many tasks are more difficult to perform when we are already doing something else. This study
shows that this is also true when individuals need to direct attention to a future event while doing
another task. Specifically, participants were less able to identify a predictable future target when
information about the time that target would appear had to be processed during a concurrent task.
This suggests that the utility of predictive information about future events is limited by the mental
load of the individuals processing this information.
Keywords: multi-tasking, attention, temporal shift, cuing

Bowden, Loft, Tatasciore, & Visser, 2017; Raymond, Shapiro, &
Arnell, 1992; Kanwisher, 1987; Mack & Rock, 1998; Di Lollo,
Enns, & Rensink, 2000). For example, in the so-called attentional
blink (AB), when two targets (T1 and T2, respectively) separated
by a variable temporal interval (lag) are presented in rapid succession, identification of the second target (T2) is poorest at
shorter lags but improves as lag increases. This pattern of results
suggests that the requirement to identify T1 impairs observers’
ability to allocate resources (attention) to the immediately trailing
T2 (e.g., Chun & Potter, 1995; Dell’Acqua et al., 2015; Di Lollo,
Kawahara, Shahab Ghorashi, & Enns, 2005; Olivers & Meeter,
2008; Wyble, Bowman, & Nieuwenstein, 2009; Taatgen et al.,
2009).
Among the range of activities that are impaired by performing a
concurrent task is the ability to shift the focus of spatial attention.
One early study demonstrating this phenomenon was conducted by
Visser, Zuvic, Bischof, and Di Lollo (1999) using a variation of the
AB paradigm noted above. In their experiment, the two targets
were presented at varying lags in the context of a rapid-serialvisual presentation (RSVP) stream of distractors. Targets could
appear (a) both at the location of the central RSVP stream; (b) both
at the same eccentric location above, below, left, or right of the
central RSVP stream; or (c) at different locations with one target
in the central RSVP stream and the other at an eccentric location.
The chief finding was that when both targets appeared consecu-

Most of us find talking while reading a magazine or writing
while watching TV to be a challenging task. In fact, although there
are many times in our lives that it would be desirable to be able to
do two or more things at once, both our own experience and nearly
a half-century of research tell us that this is often very difficult or
impossible. Although part of this difficulty stems from limitations
in our motor abilities, studies in human perception and cognition
have also consistently shown that focusing attention on one activity or perceptual stimulus significantly reduces the likelihood of
successfully performing other tasks (e.g., Strayer & Drews, 2007;
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tively at the same location, either centrally or peripherally, T2
identification accuracy was relatively high—a phenomenon known
as lag-1 sparing (Visser, Bischof, & Di Lollo, 1999; Potter, Chun,
Banks, & Muckenhoupt, 1998). However, when the targets appeared at different locations, T2 identification was most impaired
when it followed T1 directly and then improved in a linear fashion
as lag increased. Visser et al. (1999) argued that this difference
reflected the inability of observers to shift attention to the location
of T2 while attending to T1 at a different location.
Subsequent research has shown converging evidence for this
viewpoint. For example, Jolicoeur, Dell’Acqua and colleagues
(Dell’Acqua, Sessa, Jolicoeur, & Robitaille, 2006; Jolicoeur,
Sessa, Dell’Acqua, & Robitaille, 2006; Robitaille, Jolicoeur,
Dell’Acqua, & Sessa, 2007) indexed spatial shifts of attention
during the AB using event-related potentials. They found that the
magnitude of the N2pc generated by a peripheral T2 was much
smaller when it followed a central T1 at short lags, suggesting that
spatial attention was “frozen,” whereas T1 was being processed
(Dell’Acqua et al., 2006). Analogously, both Du and Abrams
(2009) and Visser (2011) found that the benefits of presenting a
valid spatial cue prior to the onset of T2 increased with lag,
suggesting that the spatial cue was less effective at triggering a
shift of spatial attention when T1 processing was ongoing (but see
Ghorashi, Enns, Spalek, & Di Lollo, 2009). Finally, there is also
substantial evidence that common neural substrates underlie dualtarget deficits and spatial shifts of attention (Marois, Chun, &
Gore, 2000; Gross et al., 2004; Corbetta & Shulman, 2002; Corbetta, Patel, & Shulman, 2008; Husain, Shapiro, Martin, & Kennard, 1997), implying the likely existence of interference between
these processes.
The present work investigated whether performing a concurrent
task also interferes with observers’ ability to shift attention in the
temporal domain. Analogous to findings from studies of spatial
attention, there is substantial evidence that attention can be shifted
to at a particular point in time in response to a variety of sources
of temporal information. For example, Coull and Nobre (1998)
showed that presenting a central information cue that validly
indicates the onset time of a peripheral target improves target
response times (RTs) even when the location of the target is
unknown (see also Correa, Lupiáñez, Madrid, & Tudela, 2006;
Correa, Lupiáñez, & Tudela, 2005). In addition, knowing when a
target will appear benefits its identification in the face of resource
limitations, such as those imposed during the AB (Badcock, Badcock, Fletcher, & Hogben, 2013; Martens & Johnson, 2005; Shen
& Alain, 2012; Rolke & Hofmann, 2007; Vangkilde, Coull, &
Bundesen, 2012; Tang, Badcock, & Visser, 2014; Visser, Tang,
Badcock, & Enns, 2014; Visser, Ohan, & Enns, 2015). This is the
case whether temporal information is provided by explicit cues
(Martens & Johnson, 2005; Visser et al., 2014), regularities in the
number of stimuli presented prior to targets or between targets
(Badcock et al., 2013; Martens & Johnson, 2005; Tang et al.,
2014), or due to statistical properties of trials themselves (Visser et
al., 2015).
Although it is clear that information about the expected time that a
stimulus will appear can facilitate temporal shifts of attention, it is not
known whether such shifts can be accomplished while performing a
concurrent task. On the face of it, the fact the temporal information
ameliorates the AB might seem to provide evidence that this is the
case. However, existing studies have typically provided temporal

information about T2 prior to the onset of a trial, either via an explicit
cue or as the result of repeated exposures to stimulus displays with
temporal regularities. This means that observers could prepare for the
onset of T2 prior to processing T1. Instead, what is required is for
observers to perform a task prior to presenting information about the
expected onset time of a target stimulus. This methodology is analogous to that used in previous studies investigating spatial cueing (e.g.,
Ghorashi et al., 2009; Du & Abrams, 2009; Visser, 2011).
To this end, the present work used a modified version of the AB
paradigm used by Martens and Johnson (2005) and Visser et al.
(2014). On each trial, participants viewed two targets in the context of an RSVP paradigm, separated by a short or long lag. In
addition, prior to the onset of the RSVP stream, a central cue
stimulus was presented that either (a) contained no temporal information or (b) indicated the intertarget lag with 80% validity. Of
particular interest were trials on which T2 was invalidly cued at the
short lag, leading participants to believe that that T2 would appear
at lag 3 when it was actually presented at lag 8. Previous studies
(Correa, Lupiáñez, Milliken, & Tudela, 2004; Visser et al., 2015)
have shown that participants are sensitive to cumulative probability and thus will actively attempt to shift attention toward longer
cue-target or intertarget intervals if the target does not appear at an
expected shorter interval. This indicates that when a target is
expected at lag 3 but fails to appear, participants should then
attempt to shift temporal attention to the longer lag. To the extent
that this shift requires central resources, however, the need to
process T1 should lead to interference. Such interference would
manifest in reduced accuracy for invalidly cued targets presented
at lag 8 (i.e., targets that had been expected to appear at lag 3)
compared to targets presented at lag 8 when the cue contained no
temporal information.

Experiment 1
Method
Participants. Thirty-two undergraduate students (mean age !
21.58 years, males ! 12) were recruited in exchange for partial
credit toward course completion. All participants gave written
informed consent prior to testing. The procedure was conducted in
accordance with the Declaration of Helsinki and approved by the
University of Western Australia’s Human Research Ethics Office.
Materials. Stimuli were presented on a BenQ XL2420T monitor running at a refresh rate of 100 Hz, attached to a Pentium
computer running Presentation software (Version 17; Neurobehavioral Systems, Berkley, CA) located in a dimly lit room. The
software also recorded responses from the computer keyboard.
Participants were seated approximately 50 cm from the computer
monitor.
All stimuli were presented in medium gray (RGB: 167, 167,
167) against a black background and subtended approximately 1°
of visual angle. Targets consisted of all upper-case letters from the
English alphabet, except I, O, Q, and Z due to their high degree of
similarity to digits. Target masks consisted of Arabic digits from 1
to 9. Targets and masks were presented in 28-pt Arial font.
Distractors consisted of 10 “pseudoletter” geometric shapes
formed from rearranging letter segments (see Visser, 2007 for
further details).
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Procedure. Participants completed two experimental conditions in counterbalanced order. In the neutral condition, the fixation consisted of a plus sign that gave no information about the
intertarget lag on the upcoming trial; in the cued condition, the
fixation consisted of one dash or three dashes, which indicated
with 80% validity whether the upcoming trial had a short (300 ms)
or long (800 ms) intertarget interval. Every trial began with the
presentation of a fixation at the center of the display. Participants
were instructed to focus their eyes on this fixation, to take note of
the information it provided about the likely onset time of T2, and
then to press the space bar when ready to begin the trial. When
participants initiated the trial, the fixation then disappeared and a
RSVP began with a series of six distractors presented at the center
of the display, followed by T1 and a digit mask. The mask was
then followed by (a) a distractor and T2 (lag 3) or (b) six distractors and T2 (lag 8). The second target was followed by a digit mask
and six (lag 3), or two (lag 8) additional distractors so that the total
RSVP stream length was always 17 items. Each item appeared on
the display for 20 ms and was separated from the next item by a
blank display for 80 ms. After the final distractor disappeared,
participants were prompted to enter T1 and T2, respectively, using
the keyboard. Once they had done this, the fixation reappeared,
and participants began the next trial by pressing the space bar.
Both the neutral and cued conditions consisted of 320 self-paced
trials presented in a single, self-paced block. Participants were encouraged to task rest breaks when appropriate. T1 and T2 were chosen
randomly from the set of possible targets with the constraint that the
targets had to be different. Lags occurred equally often across trials.

Figure 1. Mean percentage of T2 accuracy (given T1 correct) separated
as a function of the lag that T2 actually appeared and cue validity. Error
bars represent one within-subjects standard error of the mean, calculated
using the Cousineau–Morey method (O’Brien & Cousineau, 2014).
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Results
The main finding of this study, shown in Figure 1, is that the
requirement to attend to T1 interfered with the shift of temporal
attention to the longer lag on trials with invalidly cued targets
presented at lag 8. This suggests that temporal shifts of attention
require central cognitive resources. These conclusions are supported by the following statistical analyses.
Data from one participant was excluded from analysis because
their overall T1 accuracy across conditions was more than 2.5
standard deviations below the group mean.
T1 accuracy. Mean T1 accuracy was calculated (regardless of
response order) separately as a function of cue validity (neutral,
valid, invalid) and lag (3, 8). These means (see Table 1) were then
submitted to a 3 (Cue Validity) " 2 (Lag) within-subjects analysis
of variance (ANOVA). The results revealed no significant main
effects or interactions (Fs # 2.28, ps $ .11, %2s # .08).
T2|T1 accuracy. Mean T2 accuracy was calculated (regardless of response order) only on trials in which T1 was correctly
reported, separately as a function of cue validity and lag. Inspection of these means (see Figure 1), suggests broad benefits for T2
occurred on validly cued trials replicating previous studies. Critically, however, it also appears that performance for invalidly cued
targets presented at lag 8, where a shift of temporal attention was
required, was impaired. Validating these impressions, a 3 (Cue
Validity) " 2 (Lag) within-subjects ANOVA revealed a significant main effect of cue validity, F(2, 60) ! 8.64, p # .01, %2 $
.22), indicating that T2 accuracy varied across neutral, validly cued
and invalidly cued trials, and a significant main effect of Lag, F(1,
30) ! 153.71, p # .001, %2 $ .83), indicating a conventional AB
deficit with T2 accuracy lower at lag 3 than lag 8. The Cue
Validity " Lag interaction approached significance, F(2, 60) !
2.82, p # .07, %2 $ .08).
To verify that participants shifted attention in response to the
temporal cue, as in previous studies (e.g., Martens & Johnson,
2005; Visser et al., 2014), we conducted t tests comparing T2
accuracy on validly cued and neutral trials. As expected, accuracy
was significantly higher on validly cued trials when T2 was
presented at lag 3, t(30) ! 2.05, p ! .048. This difference also
approached significance at lag 8, t(30) ! 1.93, p ! .062.
To examine the key question of whether T1 processing impairs
shifts of temporal attention, we compared accuracy when T2 was
presented at lag 8 on invalidly cued trials (where observers expected T2 to be presented at lag 3 and then needed to shift
temporal attention) to accuracy when T2 was presented at lag 8 on
neutral trials (where no temporal attention shift was required). This
analysis showed that T2 accuracy was significantly lower on
invalidly cued trials, t(30) ! 3.03, p ! .005. Moreover, the
accuracy decrement on invalid trials was limited to when T2 was
presented at lag 8. No similar deficit occurred when T2 was
presented at lag 3 on invalidly cued trials (p ! .95).
Although the present results are consistent with the notion that
performing a concurrent task interferes with shifts of temporal
attention, it is important to provide converging evidence that the
need to perform the T1 task was the key factor mediating reduced
performance when T2 was presented at lag 8 on invalid trials. One
prediction of this account is that increasing the interval between T1
and T2 on long lag trials should reduce the costs to T2 arising from
invalid cues. This is because a longer interval would allow more
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Table 1
Mean Percentage Accuracy on Target 1 in Experiments 1 and 2,
Separated by the Lag at Which Targets Actually Appeared and
Cue Validity
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Experiment and
cue condition
Experiment 1
Valid
Invalid
Neutral
Experiment 2
Valid
Invalid
Neutral

Lag 3

Lag 8

Lag 16

92.31 (1.21)
90.52 (1.63)
90.18 (1.10)

90.35 (1.23)
91.73 (1.44)
90.75 (1.12)

N/A
N/A
N/A

84.21 (2.55)
85.18 (2.73)
84.04 (2.72)

N/A
N/A
N/A

81.54 (2.80)
82.36 (2.89)
81.97 (2.85)

Note. N/A indicates that the lag was not used in that experiment. Numbers in parentheses represent one standard error of the mean.

time for observers to process T1 and still be able to shift temporal
attention to the expected later onset time of T2. To test this
prediction, we repeated Experiment 1 but increased the long lag
from 800 ms to 1,600 ms.

Experiment 2
Method
Participants. Thirty-two undergraduate students (mean age !
22.13 years, males ! 11) were recruited in exchange for partial
credit toward course completion. All participants gave written
informed consent prior to testing and none had participated in
Experiment 1. The procedure was conducted in accordance with
the Declaration of Helsinki and approved by the University of
Western Australia’s Human Research Ethics Office.
Materials. The equipment and stimuli were identical to Experiment 1.
Procedure. The procedure was identical to Experiment 1 except that the longest lag was increased from 800 to 1,600 ms (lag
16), consisting of 14 distractors interposed between the T1 mask
and T2. As a result of this change, the total length of the RSVP
stream was also increased to 25 items.

.01, %2 $ .27, indicating that T1 accuracy was lower at lag 16. This
reduction may reflect the relatively long interval that observers
were required to remember T1 before reporting it at the end of the
trial. No other main effects or interactions were significant (Fs #
1, ps $ .74, %2s # .02).
T2|T1 accuracy. Mean T2 accuracy was calculated in the
same manner as Experiment 1. Inspection of these means (see
Figure 2) suggests accuracy increased when T2 was presented at
lag 3 on validly cued trials, replicating both Experiment 1 and
previous studies. However, unlike Experiment 1, accuracy was
unaffected when T2 was presented at lag 16 on invalidly cued
trials. Indeed, a 3 (Cue Validity) " 2 (Lag) within-subjects
ANOVA revealed a significant main effect of Lag, F(1, 29) !
219.97, p # .001, %2 $ .88, indicating that T2 accuracy was
reduced at lag 3 relative to lag 16, replicating the conventional AB
effect. However, neither the main effect of cue validity, F(2, 58) !
0.25, p $ .77, %2 # .01) nor the Cue Validity " Lag interaction,
F(2, 58) ! 1.29, p $ .28, %2 # .05) were significant.
As in Experiment 1, we conducted t tests to verify that participants shifted attention in response to the temporal cue. Consistent
with this prediction, accuracy was significantly higher when T2 as
presented at lag 3 on validly cued trials than on neutral trials,
t(29) ! 1.82, p ! .039, although this difference was not significant
when T2 was presented at lag 16 (p $ .60). The absence of a
benefit on validly cued trials when T2 was presented at lag 16 is
not unsurprising given that observers had ample opportunity to
shift temporal attention on neutral trials when T2 failed to appear
at lag 3 (Coull & Nobre, 1998).
Most importantly, to examine whether the T1 task impaired
shifts of temporal attention, we compared accuracy when T2 was

Results
The main finding of this study, shown in Figure 2, is that the
requirement to identify T1 no longer interfered with identification
accuracy when T2 was presented at the long lag on invalidly cued
trials. This suggests that increasing the duration of the interval
between the targets was sufficient to allow the T1 task to be
completed and temporal attention to be shifted prior to the appearance of T2. These conclusions were supported by the following
statistical analyses.
Data from two participants were excluded from analysis because
their overall T1 accuracy across conditions was more than 2.5
standard deviations below the group mean.
T1 accuracy. Mean T1 accuracy was calculated in the same
manner as Experiment 1. These means (see Table 1) were submitted to a 3 (Cue Validity) " 2 (Lag) within-subjects ANOVA that
revealed a significant main effect of Lag, F(1, 29) ! 10.99, p #

Figure 2. Mean percentage of T2 accuracy (given T1 correct) separated
as a function of the lag that T2 actually appeared and cue validity. Error
bars represent one within-subjects standard error of the mean, calculated
using the Cousineau–Morey method (O’Brien & Cousineau, 2014).
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presented at lag 16 on invalidly cued trials to accuracy when T2
was presented at lag 16 on neutral trials. This analysis showed no
significant difference, t(29) ! 0.15, p ! .998, indicating that
shifting temporal attention to the long lag on invalidly cued trials
was unimpaired by the requirement to identify T1.
The results of Experiment 2 provide converging evidence that
performing a concurrent task interferes with shifts of temporal
attention. Specifically, the fact that increasing the interval between
the targets eliminated the deficit when T2 was presented at the
long lag on invalidly cued trials is consistent with the notion that
the T1 task could be completed and a temporal attention shift made
prior to T2 onset. That said, however, it is possible that increasing
the length of the long lag might have had other beneficial effects
that were not related to T1 processing. Perhaps, for example, the
greater interval between the expected and actual onset times for T2
increased alerting effects, rather than ameliorating the effects of
performing the T1 task. With this in mind, in Experiment 3, we
directly tested whether the T1 identification task interferes with
shifts of temporal attention by repeating Experiment 1 but omitting
the requirement to identify T1. If performing the T1 task interferes
with shifts of temporal attention, then the identification deficit seen
when T2 is presented at lag 8 on invalidly cued trials in Experiment 1 should disappear in Experiment 3.

Experiment 3
Method
Participants. Thirty-two undergraduate students (mean age !
20.44 years, males ! 11) were recruited in exchange for partial
credit toward course completion. All participants gave written
informed consent prior to testing and none had participated in
Experiments 1 or 2. The procedure was conducted in accordance
with the Declaration of Helsinki and approved by the University of
Western Australia’s Human Research Ethics Office.
Materials. The equipment and stimuli were identical to Experiment 1.
Procedure. The procedure was identical to Experiment 1,
except that T1 always consisted of three zeroes. Participants were
instructed to use the temporal cue when possible to anticipate the
onset time of T2 following T1, but were not required to identify or
respond to T1.

Results
The main finding of this study, shown in Figure 3, is that
omitting the requirement to identify T1 eliminated accuracy decrements when T2 was presented at lag 8 on invalidly cued trials.
This is consistent with the suggestion that the requirement to
perform the T1 task interferes with shifts of temporal attention (as
seen in Experiment 1). These conclusions were supported by the
following statistical analyses.
T2 accuracy. Mean accuracy was calculated separately as a
function of cue validity and lag. Inspection of these means (see
Figure 3) indicates that accuracy increased when T2 was presented
at lag 3 on validly cued trials, and critically, that accuracy was not
impaired when T2 was presented at lag 8 on invalidly cued trials.
A 3 (Cue Validity) " 2 (Lag) within-subjects ANOVA revealed a
significant main effect of Lag, F(1, 31) ! 41.54, p # .001, %2 $

Figure 3. Mean percentage of T2 accuracy separated as a function of the
lag that T2 actually appeared and cue validity. Error bars represent one
within-subjects standard error of the mean, calculated using the
Cousineau–Morey method (O’Brien & Cousineau, 2014).

.57, indicating that T2 accuracy was reduced at lag 3 relative to lag
8. This difference is not entirely unexpected as it was likely that
participants allocated some resources to the T1 stimulus both
because it was distinct from the other RSVP items, and to make
use of the temporal cueing information given at the beginning of
the trial (Chun, 1997). Neither the main effect of Cue Validity,
F(2, 62) ! 1.88, p $ .16, %2 # .06) nor the Cue Validity " Lag
interaction, F(2, 62) ! 0.09, p $ .91, %2 # .01) were significant.
As in Experiments 1 and 2, we conducted t tests to verify that
participants shifted attention in response to the temporal cue. As
expected, accuracy was significantly higher when T2 was presented at lag 3 on validly cued trials compared to neutral trials,
t(31) ! 2.10, p ! .044; however, as in Experiment 2, this difference was not significant at Lag 8 (p $ .51).
Critically, as in Experiment 1, we compared accuracy when T2
was presented at lag 8 on invalidly cued trials to accuracy when T2
was presented at lag 8 on neutral trials. This analysis showed no
difference in T2 accuracy on these trials, t(31) ! 0.28, p ! .781,
indicating that shifting temporal attention was unimpaired when
participants were not required to identify T1.
The outcome of Experiment 3 suggests that devoting resources
to perform the T1 identification task in Experiment 1 interfered
with the observers’ ability to shift temporal attention. By omitting
this requirement in the present experiments, resources were freed
up to enable a shift of temporal attention to the long lag when T2
did not appear at the expected short lag. Taken together, the
evidence indicates that performing a concurrent task interferes
with shifts of temporal attention as it does spatial attention.
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General Discussion
A substantial experimental history suggests that when cognitive
resources are depleted by the requirement to perform a concurrent
task, performance in a variety of domains is impaired. The aim of
the present work was to determine whether cognitive resources are
also required to shift temporal attention. In Experiment 1, participants were given an 80% valid cue about the expected onset time
of T2 in a conventional AB paradigm. Critically, this resulted in
accuracy deficits when T2 was presented at a long lag on invalidly
cued trials—that is, on trials when temporal attention needed to be
shifted from a short lag where T2 had been anticipated to appear
to a long lag, whereas T1 processing was ongoing. Follow-up
studies confirmed the role of performing the T1 task in the T2
deficit. Performance deficits did not occur when T2 was presented
at the long lag on invalidly cued trials when the lag between targets
was increased (Experiment 2) or when the T1 identification task
did not need to be performed (Experiment 3). Taken together, the
results strongly suggest that performing a concurrent task interferes with the ability to shift temporal attention. This outcome is
analogous to earlier studies showing that performing a concurrent
task interferes with shifting spatial attention to different locations.
One interpretation of the parallel effects of performing a concurrent task on both temporal and spatial attention shifts is that
they both reflect the impact of reducing the availability of resources on a common set of underlying mechanisms. As noted
earlier, a number of studies suggest that spatial and temporal
attention shifts are generated in similar brain regions (Marois,
Chun, & Gore, 2000; Gross et al., 2004; Corbetta & Shulman,
2002; Corbetta et al., 2008; Husain et al. (1997). For example, in
a study with patients suffering from visual neglect, Husain et al.
(1997) showed that the magnitude of the AB deficit was positively
correlated with the extent of spatial neglect symptoms. This intimates a strong role for regions in the right hemisphere, including
the inferior temporal lobe (Shapiro, Hillstrom, & Husain, 2002;
Marois et al., 2000) and the right posterior parietal cortex (Giesbrecht & Kingstone, 2004), in both spatial and temporal attention
impairments.
In addition to considering the main research questions addressed
here, it is also important to discuss the effects of valid and invalid
cues in conditions not critical for testing our main research question. In particular, across all experiments inspection of Figures 1–3
suggest that (a) accuracy did not increase when T2 was presented
at the long lag on validly cued trials, and (b) accuracy did not
decrease when T2 was presented at lag 3 on invalidly cued trials.
With respect to the lack of benefits on validly cued trials, inspection of the data suggests that this was unlikely to be due to ceiling
effects, as T2 accuracy was relatively low across experiments.
Rather, we suggest that less reliable temporal cues meant that
accuracy benefits on valid trials were correspondingly smaller, and
thus more difficult to detect, than in previous studies. For example,
the benefit of 100% valid temporal cues in an identical paradigm
used by Visser et al. (2014) were nearly 2.5" larger than for the
80% valid cues used here (11% vs. 4%). Thus, a more sensitive
dependent measure, such as T2 RTs, might reveal benefits that
were not evident in T2 accuracy (see Visser et al., 2015, for an
example).
With respect to the finding that performance was not impaired when T2 appeared at lag 3 on invalidly cued trials,

several explanations seem plausible. One possibility, as outlined above, is that our T2 accuracy measure simply lacked
appropriate sensitivity. Alternatively, on trials where T2 appeared at lag 3 in both the neutral condition and the invalidly
cued conditions, participants were not anticipating T2’s appearance. Thus, given the substantially similar expectations in both
conditions, it would be unsurprising that little or no significant
difference in performance was found. A third option can be
derived from Olivers and Meeter (2008) who propose that the
AB arises when T1 processing triggers inhibitory processes that
suppress allocation of attention to T2. This account implies that
with attention to T2 already suppressed, no further detriments
could arise as the result of the unexpected appearance of T2 on
invalidly cued trials.
Before concluding, the implications of the present results for
theoretical accounts of the AB should also be considered.
Although such theories share many similarities, it is helpful
here to consider them in two groups. In one group, the secondtarget deficit is said to arise from broad impairments to a variety
of central mechanisms necessary for target processing. For
example, Chun and Potter (1995) and Dell’Acqua et al. (2015)
suggest resources required for response planning, memory encoding, and response execution are unavailable for T2 during
the AB. Similarly, Olivers and Meeter (2008) propose inhibitory processes are engaged to protect the integrity of T1 processing, while Taatgen et al. (2009) argue that the process of
consolidating T1 into memory impedes a variety of other processes, negatively impacting T2. In the second group of theories, the AB is said to arise from processes more directly related
to stimulus perception. For example, Shapiro, Raymond, and
Arnell (1994) argued that interitem competition between visual
representations in short-term memory was critical to obtaining
an AB. Di Lollo et al. (2005) suggested that processing T1
interferes with visual input filters, and Nieuwenhuis, Gilzenrat,
Holmes, and Cohen (2005) propose that natural modulations in
locus coeruleus activation in response to T1 lead to a refractory
period that directly impairs T2 perception.
The present work clearly accords more easily with the former
group of theories than the later. The fact that T1 processing
interferes with the ability to shift temporal attention suggests that
the impact of target processing extends significantly beyond the
perceptual level. Note here that there were no perceptual triggers for
the shift of temporal attention as in prior studies that initiated a shift
of spatial attention in response to a peripheral stimulus. Rather, the
temporal shift of attention was internally triggered by the failure of T2
to appear at the expected temporal interval. For this reason, it is not
easy to see how the interference arising from T1 processing could
have stemmed from mechanisms such as those proposed by Shapiro
et al. (1994); Di Lollo et al. (2005) or Nieuwenhuis et al. (2005). Of
course, it is possible that processing of T1 could also interfere with
multiple mechanisms, including both those required for temporal
shifts of attention and T2 perception more directly. However, it would
still be the case that existing perceptual-level accounts do not provide
a complete picture of the impact of T1 processing on subsequent
cognitive activity.
In conclusion, the present work has shown that the need to
perform a concurrent task takes up central resources required for
making shifts of temporal attention. This finding mirrors earlier
results with spatial shifts of attention, and strongly implies com-

CONCURRENT TASKS FREEZE TEMPORAL ATTENTION

mon underlying mechanisms are impaired by resource limitations
imposed by concurrent task performance. In future work, it would
be desirable to expand this behavioral work to more fully understand the underlying neural processes at play.
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