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Abstract Rare or low probability targets are detected more
slowly and/ or less accurately than higher probability counter-
parts. Various proposals have implicated perceptual and
response-based processes in this deficit. Recent evidence,
however, suggests that it is attentional in nature, with low
probability targets requiring more attentional resources than
high probability ones to detect. This difference in attentional
requirements, in turn, suggests the possibility that low and
high probability targets may have different susceptibilities to
attention capture, which is also known to be resource-depen-
dent. Supporting this hypothesis, we found that, once atten-
tional resources have begun to be engaged by detection pro-
cesses, low, but not high, probability targets have a reduced
susceptibility to capture. Our findings speak to several
issues. First, they indicate that the likelihood of atten-
tion capture occurring when a given task-relevant stim-
ulus is being processed is dependent, to some extent, on
how said stimulus is represented within mental task sets.
Second, they provide added support for the idea that the
behavioural deficit associated with low probability tar-
gets is attention-based. Finally, the current data point to
reduced top-down biasing of target templates as a likely
mechanism underlying the attentional locus of the defi-
cit in question.
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Introduction

It is well-known that rare targets are detected less well than
those that occur with higher probability. This deficit has been
observed with a variety of experimental paradigms. In tasks
like visual search, the deficit typically reveals itself in accura-
cy measures, with rare targets being missed more often than
higher probability counterparts (Mitroff & Biggs, 2013;
Wolfe et al., 2007). With paradigms like simple detec-
tion that produce high accuracy levels, the rare target
effect is observed in speed of response: Rare targets are
detected more slowly than more frequently occurring
ones (Hon, Yap, & Jabar, 2013; Laberge & Tweedy,
1964). Here, being interested in this latter case, we ex-
clusively utilised the simple detection paradigm, in
which stimuli were presented singly and serially.

A topic of central interest relates to the cause of this target
probability effect, with earlier proposals suggesting that per-
ceptual (Dykes & Pascal, 1981; Lau & Huang, 2010;
Menneer, Donnelly, Godwin, & Cave, 2010) or response pro-
cesses (Fleck & Mitroff, 2007) might underlie it. However,
recent work has suggested that the effect might have an atten-
tional locus, with low probability targets appearing to require
more attentional resources (than high probability ones) to de-
tect: Relative to high probability targets, performance to low
probability targets was disproportionately worsened by ma-
nipulations that reduced the amount of attentional resources
available for detection and disproportionately improved by
manipulations that increased the availability of such resources
(Hon & Tan, 2013). The idea that the target probability effect
is attention-based is, in fact, consistent with what has been
found in neurophysiological investigations: The effect of tar-
get probability is most typically noted in frontoparietal brain
regions associated with attention, with low probability targets
eliciting greater levels of activity in these regions (Casey et al.,
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2001; Duncan-Johnson & Donchin, 1977; Hon, Ong, Tan, &
Yang, 2012).

It is worth noting though that, in the critical experiment of
that earlier study suggesting an attentional locus (Hon & Tan,
2013), the availability of attentional resources was manipulat-
ed by the imposition of an additional task to be performed
concurrently with the central detection one. A concern, then,
relates to howmuch strategies used to schedule priority of one
task over the other influenced those results. A better way of
investigating attentional differences between low and high
probability targets might be to assess the consequences of
detecting these on the processing of other attentionally-
demanding events.

The idea that rare targets require greater attentional re-
sources to detect suggests the interesting possibility that high
and low probability targets might have different susceptibili-
ties to attention capture. Capture occurs when an irrelevant
stimulus draws attention to itself, away from a more central
task or preoccupation. Whether or not an irrelevant stimulus
can capture attention is dependent on several factors. For ex-
ample, capture is most likely when the irrelevant stimulus is
physically salient (Joseph & Optican, 1996; Pashler, 1988;
Theeuwes, 1991), extremely surprising (Asplund, Todd,
Snyder, Gilbert, & Marois, 2010; Horstmann, 2002), signals
the presence of a new perceptual object (Hillstrom & Yantis,
1994; Yantis & Hillstrom, 1994), or if it enjoys some level of
top-down prioritization (Folk, Remington, & Johnston, 1992;
Wolfe, 1994). However, of greatest relevance to the current
study, there is also evidence that capture depends on the avail-
ability of attentional resources, with it being most likely if
some amount of resources remains untapped by one’s central
preoccupation (Du, Yang, Yin, Zhang, & Abrams, 2013;
Santangelo & Spence, 2008). For example, capture can be
eliminated if spare resources are occupied with a secondary
task (Boot, Brockmole, & Simons, 2005; Santangelo, Olivetti
Belardinelli, & Spence, 2007) or if attentional resources are
fully “frozen” within the confines of an attentional blink (Du
& Abrams, 2009). Capture is, therefore, less likely in situa-
tions in which one’s central preoccupation makes high de-
mands on attention, since, in such cases, there would be little
resources left over to be captured by irrelevant stimuli.

Given the proposal that detection of low probability targets
makes higher demands on attentional resources, we hypothe-
sized that, once detection processes are underway, such targets
would be more resistant to attention capture than their less
attentionally-demanding high probability counterparts.

Experiment 1

As mentioned earlier, the detection of low probability targets,
being more attentionally demanding, would leave fewer re-
sources untapped than the detection of high probability

targets. Importantly, this attentional difference should emerge
only after detection processes have begun, since attentional
resources would be deployed on the basis of some initial
match between an incoming stimulus and an internally-held
target template. (Detection is confirmed when sufficient evi-
dence relating to this match is accumulated.) Accordingly, we
hypothesized that low probability targets will be less suscep-
tible to capture if the capturing stimulus appears after detec-
tion has been initiated and resource deployment has begun.
Conversely, because they would leave more resources uncon-
sumed, high probability targets would be much more suscep-
tible to capture under these same circumstances.

To test this hypothesis, we presented our capturing stimulus
shortly after the onset of the target. This short delay would
allow for preliminary matches between the incoming target
stimulus and the internal target template to occur, triggering
the deployment of resources, and allowing for the attentional
differences between targets described above to manifest.

Methods

Participants

28 participants from the National University of Singapore
participated in this study. All participants had normal or
corrected-to-normal vision.

Stimuli

Letter stimuli were used in this study, with these being pre-
sented in black against a white background. The letters were
presented in Courier New font, which, when viewed from a
distance of 50 cm, subtended approximately 1.4° of visual
angle both vertically and horizontally. All stimuli were pre-
sented in the centre of the screen. The capturing stimulus was
a red dot that appeared either to the left of, right of, above or
below the letter. The dot occurred equally often across the 4
possible locations. The dot measured .58° of visual angle ver-
tically and horizontally, and appeared at a centre-to-centre
distance of 1.60° of visual angle from the letter.

Procedure

In the experiment proper, participants observed a single 240-
trial block of serially-presented letter stimuli, with the objec-
tive of detecting occurrences of two letters that were designat-
ed as targets. The targets were always the letters “C” and “W.
Together, the two targets accounted for 50 % of all trials with-
in the block. Critically, though, one target letter was presented
on 10 % of all trials within the block (low probability target),
while the other was presented on 40 % (high probability
target). Letter-probability assignment was counterbalanced
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across the two letters used as the targets, with preliminary
analysis confirming that this did not interact with the main
capture stimulus and target probability variables. Distractors
accounted for the remaining 50 % of trials in a block, with the
distractor set comprising all letters of the alphabet not desig-
nated as targets. Regardless of whether a letter was a target or
distractor, it was presented for 1000 ms, followed by a
blank frame presented for 1000 ms and, subsequently,
the presentation of the next stimulus. To indicate detec-
tion of a target, participants pressed the “1” button with
the index finger of their master hand, with this same
response being made to both targets. This minimised
the likelihood that any effects of probability would be
due to differences in response processes. Trial order was
randomised for each participant.

On a small number of trials, a capturing stimulus (a red dot)
was presented 30 ms after the onset of the letter stimulus,
remaining onscreen for 50 ms before being extinguished.
The capturing stimulus was presented 8 times each (twice in
each of the four positions mentioned above) on low probabil-
ity target, high probability target and distractor trials. Partici-
pants were not informed of the occurrence of the capturing
stimulus beforehand.

The experiment proper was preceded by a 100-trial long
practice that utilised the same target identities and stimulus
probabilities as the experiment. The practice was performed
to familiarize participants with the paradigm and, in particular,
with the probabilities associated with the specific targets. No
capturing stimuli were presented during the practice.

The stimuli were presented on a 24-in LCD monitor, with
the experiment being implemented on a PC running the E-
Prime software.

Results

Given our use of high visibility stimuli that were presented
serially and at a slow pace, detection accuracy was unsurpris-
ingly high (Table 1). The number of false alarms to distractor
trials on which the dot appeared was exceedingly few (M =
.25) and, in fact, less than that to distractor trials on which the
dot was absent (M = .71), t(27) = 2.79, p = .01. This suggests

that the appearance of the dot per se did not dictate
responding.

Our main interest was in response times (RT), which
we now turn to. These data are depicted in Fig. 1. A
fully-within probability (high, low) x capture stimulus
(present, absent) ANOVA revealed significant main ef-
fects of probability [F(1, 27) = 38.25, p < .001] and
capture stimulus [F(1, 27) = 27.26, p< .001], as well
as the interaction of the two [F(1, 27) = 12.09, p =
.001]. Simple effects tests revealed that the appearance
of the capturing stimulus affected performance to high
[t(27) = 5.72, p < .001] but not low probability targets
[t(27) = 1.03, p = .310]. These data support the hypoth-
esis that, once detection processes have begun, the
greater consumption of attentional resources by low
probability targets reduce their susceptibility to attention
capture.1 And this is so even when the capturing stim-
ulus is a putatively powerful one, as it was here (a
sudden-onset, colour singleton that appeared on a very
small number of trials).

Experiment 2

In Experiment 1, we found that, once detection process-
es have started, low probability targets are largely resis-
tant to attention capture. In Experiment 2, we examined
what would happen when the capturing stimulus is pre-
sented simultaneously with the target. Under such con-
ditions, it is unlikely that detection processes will be
triggered before apprehension of the capturing stimulus,
particularly given its greater salience relative to the let-
ter stimuli. Prior to the initiation of detection processes,
attentional resources would be “free-floating” and avail-
able to be captured. Accordingly, we predicted that,
here, both low and high probability target detection
would be interfered with by the appearance of the cap-
turing stimulus. Such a finding would support the pro-
posal that the resistance to capture observed in
Experiment 1 reflects differences in the amount of at-
tentional resources specifically required for detection by
low and high probability targets.

Table 1 Mean accuracies and standard deviations (in parentheses) from
Experiment 1 in percentages

Capture Stimulus

Present Absent

High Probability 100.0 (0.0) 99.5 (0.9)

Low Probability 96.7 (6.5) 96.2 (5.7)

1 We replicated this pattern of results in another experiment in which the
delayed-onset capturing stimulus was a red box that surrounded the letter
stimulus (as opposed to the red dot used in Experiment 1 above). As in
Experiment 1, we found, with the box version, that probability (high, low)
interacted with capture stimulus (present, absent), F(1, 29) = 5.69, p =
.024. Simple effects tests confirmed that the appearance of the box ad-
versely affected performance to high [t(29) = 5.27, p < .001] but not low
probability targets [t(29) = 1.53, p = .14]. Furthermore, a cross-
experiment analysis revealed that there was no difference in the pattern
of capture effects found in Experiment 1 and the box version (F < 1, n.s.).
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Methods

Participants

31 participants from the National University of Singapore
participated in this study. All participants had normal or
corrected-to-normal vision.

Stimuli and Procedure

With the exception of the onset of the capturing stimulus,
which now coincided with the onset of the letter stimulus,
all other aspects of the experiment were identical to
Experiment 1.

Results

The accuracy data from this experiment are presented in
Table 2. As before, we found that the number of false alarms
to distractor trials on which the dot appeared (M = .29) was
less than that to distractor trials on which the dot was absent
(M = 1.35), t(30) = 2.77, p = .01. Again, this indicates that
participants did not use the appearance of the capturing stim-
ulus as a cue for responding.

Figure 2 depicts the RT data from this experiment. A fully-
within probability (high, low) x capture stimulus (present,
absent) ANOVA performed on these data revealed significant

main effects of probability [F(1, 30) = 45.67, p = .001,] and
capture stimulus [F(1, 30) = 19.77, p < .001]. Critically,
though, the interaction between the two was not significant
[F < 1, n.s.]. Simple effects tests confirmed that the appearance
of a capturing stimulus adversely affected RTs to both low
[t(30) = 2.55, p = .015] and high probability targets [t(30) =
3.28, p = .003]. These results support the idea that both low
and high probability targets are susceptible to attention capture
if conditions allow for the irrelevant stimulus to be
apprehended before detection processes can be initiated, when
attentional resources are still un-deployed.

In this experiment, the appearance of the capturing stimu-
lus had an equivalent effect on both low and high probability
targets. This is different to what was found in Experiment 1, in
which the capturing stimulus affected high, but not low, prob-
ability targets. To test this pattern formally, we compared the
difference in size of the capture effects between high and low
probability targets (i.e., [High ProbabilityCaptureStimulusPresent -
H i g h P r o b a b i l i t y C a p t u r e S t i m u l u s A b s e n t ] - [ L ow
P r o b a b i l i t y C a p t u r e S t i m u l u s P r e s e n t - L o w
ProbabilityCaptureStimulusAbsent]) from the two experiments
(Fig. 3). A large positive score (as in the case of the
Experiment 1 bar in Fig. 3) indicates that the capturing stimulus
had a larger effect on high probability targets than on low prob-
ability ones.2 A score not significantly different from
zero (as in the case of the Experiment 2 bar) indicates
that the appearance of the capturing stimulus affected
high and low probability targets to a similar extent.3

A one-way ANOVA performed on these data confirmed
that the two experiments produced different patterns of
results, F(1, 57) = 4.24, p = .044.

Table 2 Mean accuracies and standard deviations (in parentheses) from
Experiment 2 in percentages

Capture Stimulus

Present Absent

High Probability 97.6 (5.0) 98.2(4.2)

Low Probability 96.7 (8.5) 96.0 (7.4)

Fig. 2 Response times to low and high probability targets in Experiment
2 as a function of whether a simultaneous-onset capturing stimulus (dot)
was presented or not. Error bars indicate 1 SEM

2 The difference score indicated by the Experiment 1 bar is significantly
greater than zero (p = .001, one-sample t-test).
3 The difference score indicated by the Experiment 2 bar is not signifi-
cantly different from zero (t < 1, n.s.).
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Fig. 1 Response times to low and high probability targets in Experiment
1 as a function of whether a delayed-onset capturing stimulus (dot) was
presented or not. Error bars indicate 1 SEM
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Discussion

Our findings speak to two issues. First, they provide added
support to the idea that the target probability effect is atten-
tional in nature; in particular, that low probability targets re-
quire more attentional resources than high probability ones to
detect (Hon & Tan, 2013). A consequence of this attentional
difference is that low probability targets are less susceptible to
capture once detection processes have begun and attentional
resources are deployed (Experiment 1). This likely reflects the
fact that detection of low probability targets, being more
attentionally demanding, leaves fewer untapped resources
available to be captured by the irrelevant stimuli. This inter-
pretation is buttressed by the finding that capture was ob-
served on both low and high probability target trials when
the capturing stimulus appeared before detection could begin,
when resources were still “free-floating” (Experiment 2).

Second, our data suggest that whether or not capture occurs
is determined, in part, by how targets are represented within
higher-order task sets. As mentioned earlier, other studies
have demonstrated failures of capture when untapped re-
sources are limited or depleted in some way. A typical way
by which this is accomplished is through the manipulation of
task conditions (e.g., depleting spare resources via the impo-
sition of a secondary task). Here, however, we demonstrate a
reduced susceptibility to capture specific to a particular stim-
ulus, even when the task conditions were held constant for our
task relevant stimuli (i.e., targets). This suggests the more
general theoretical point that a given task-relevant stimulus
can be rendered resistant to capture simply by virtue of the
way it is represented within the mental task sets that guide
behaviour. Here, our low and high probability targets were
equivalent in the sense that they were equally relevant to the
task (the objective was to detect all occurrences of both tar-
gets), shared the same response and were even presented with-
in the same block of trials. Nonetheless, the representations of
the two within the task set would have differed in terms of

what was encoded with respect to probability of occurrence.
We propose that this representational difference, and its atten-
tional consequences, is what grants low probability targets
their resistance to capture once detection is underway.

Taken together, the points above hint at the specific manner
in which attentional differences between low and high proba-
bility targets arise. As mentioned previously, detection of a
target is accomplished when an incoming stimulus matches
an internally-held template of the target. This target template is
instantiated and maintained in the appropriate peripheral (e.g.,
perceptual) system through the action of top-down (biasing)
signals frommore central systems that encode the “task set” or
higher-order mental representation encompassing the various
task-relevant elements (Corbetta & Shulman, 2002; Kastner &
Ungerleider, 2000). The fact that attentional differences be-
tween low and high probability targets become apparent only
after detection processing has begun suggests that something
makes stimulus-template matching for low probability targets
more attentionally demanding. We propose that this occurs
because, as one learns that a given target only rarely appears,
adjustments are made to this target’s representation within
higher-order tasks sets.4 The effect of which is that a reduced
level of top-down biasing is sent to the target template coding
for this specific target; that is, the template is maintained at a
lower level of “readiness”. This reduced level of readiness
results in an increased amount of attentional resources being
required for determination of matches between an incoming
stimulus and the target template (e.g., greater attentional guid-
ance may be necessary for the accumulation of evidence that
determines a match), the behavioural consequence of which is
that it would take longer and be more effortful to detect low
probability targets. It is also worth noting that the preceding
framework allows for a simple explanation of why perceptual
manipulations have been found to affect low probability tar-
gets more than high. Targets whose templates are maintained
at an impoverished level (as with low probability targets)
would likely be affected more by manipulations that limit
visibility or discriminability, since these would compound
the original disadvantage produced by reduced levels of top-
down biasing.

We can rule out several alternative explanations for our
findings. Our results are unlikely to have been caused by dif-
ferences in perceptual or cognitive load, which have been
proposed to be critical in determining capture – capture is
most likely when perceptual load is low or when cognitive
load is high (Lavie, 2005). In our experiments, perceptual
and cognitive loads were the same for both probability targets;
however, failure to capture was only found with low proba-
bility targets once detection has begun. Finally, the failure to

Fig. 3 Difference between high and low probability target capture effects
(see Main Text) from the two experiments. Error bars indicate within-
group SEMs

4 At this time, the exact nature of these adjustments and why they occur is
still unclear. Obviously, these issues will benefit from further focused
inquiry.
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capture in Experiment 1 is unlikely to have been due to a floor
effect associatedwith the low probability targets. The standard
deviation for the capture stimulus-absent low probability tar-
gets (62 ms) was larger than the effect of capture in that ex-
periment (34 ms), indicating that there was ample room for
low probability target performance to vary.

In conclusion, although low probability targets are gener-
ally associated with a performance deficit, here, we demon-
strate that the mechanisms that underlie this deficit may pro-
duce an unexpected benefit for such targets. Specifically, the
attentional mechanisms underpinning that deficit may grant
low probability targets some level of resistance to attention
capture, at least once those mechanisms have begun to
operate.
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