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Researchers are strongly divided as to whether abrupt onsets capture spatial attention in a 
purely stimulus-driven fashion or contingent on their search goals. Recently, Gaspelin, Ruthruff 
and Lien (2016) offered a resolution of this debate by showing that whether spatial capture by 
abrupt onsets is observed in a spatial cueing search task critically depends on search difficulty. 
To account for these findings, they proposed an “attentional dwelling” hypothesis, according to 
which, following capture by a cue, attention dwells at the cued location until the object subse-
quently appearing at that location is identified as the target or rejected as a distractor. A criti-
cal prediction of this account is that the more similar to the target the distractor at the cued 
location, the longer attention should dwell at its location. Yet, Gaspelin et al. (2016) did not 
test this prediction because they manipulated overall search difficulty rather than the difficulty 
of rejecting a specific distractor. The present study provides a critical test of the attentional 
dwelling hypothesis, by also varying target-distractor similarity within a trial rather than only 
between trials. Although we closely replicated these authors’ findings, the dwelling hypothesis 
passed the critical test in one of our two experiments. To accommodate the entire pattern of 
results observed here, we tentatively suggest a priority-accumulation framework, according to 
which cue validity effects do not necessarily index spatial shifts of attention, but instead, how 
much the cue speeds the resolution of the competition between the target and distractors in 
the search display.
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One of the most debated issues in attention research concerns the factors that control attention. Although 
it makes intuitive sense to assume that attentional priority is jointly determined by how salient an object is 
and how relevant it is to our current goals, research in the past 30 years or so has painted a confusing picture 
(e.g., see Burnham, 2007; Lamy, Leber & Egeth, 2012; Rauschenberger, 2003; Theeuwes, 2010, for reviews), 
with two camps opposing each other. On the one hand, proponents of the salience-based view claim that 
some salient stimuli automatically summon attention, irrespective of the observer’s goals (e.g., Franconeri 
& Simons, 2003; Jonides & Yantis, 1988; Schreij, Owens & Theeuwes, 2008; Theeuwes, 2010; Theeuwes, 
Atchley & Kramer, 2000). On the other hand, proponents of the contingent-capture view suggest that only 
stimuli matching the observer’s current goals (or attentional set) attract attention (e.g., Ansorge, Horstmann 
& Scharlau, 2011; Bacon & Egeth, 1994; Carmel & Lamy, 2014; Eimer & Kiss, 2008, Folk, Remington & 
Johnston, 1992; Lamy, Leber & Egeth, 2004; Wu, Remington & Folk, 2014).

The status of abruptly onset objects (e.g., sudden flashes of light) as a special class of stimuli has been 
particularly central in this debate. Several authors have suggested that abrupt onsets have the unique ability 
to capture attention irrespective of the observer’s intentions (e.g., Jonides & Yantis, 1988). In contradiction 
to this view, other authors argue that abrupt onsets capture attention only if the observer’s attentional set 
includes searching for abruptly onset objects (e.g., Folk et al., 1992) or displays (e.g., Gibson & Kelsey, 1998) 
– although some of these authors concede that infrequent or unexpected onsets can capture attention in 
a strictly stimulus-driven fashion (e.g., Folk & Remington, 2015; Neo & Chua, 2006; but see Noesen, Lien & 
Ruthruff, 2014).
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Recently, Gaspelin, Ruthruff and Lien (2016) made a significant step towards resolving the inconsistencies 
that exist in the extant literature with regard to the ability of abruptly onset objects to capture attention 
in a purely stimulus-driven fashion. Based on an extensive review, they noted that most studies using an 
easy search for color failed to observe capture, whereas most studies using a more difficult search for letters 
reported capture. This observation led them to suggest that onsets might always capture attention but the 
impact of such capture might critically depend on search difficulty.

To test this hypothesis, they conducted a series of spatial cuing experiments, while systematically manipu-
lating search difficulty by varying target-distractor similarity. For instance, in Experiment 7, participants 
searched for a perfect circle among elliptical shapes. A black dot appeared on either the left or right inside of 
each shape in the display. Participants had to report the side of the dot in the target circle. On any given trial, 
all ellipses could be close, moderately far or far from perfect circularity, thereby yielding randomly mixed 
high-, medium- and low-similarity distractor trials, respectively. Prior to the search display, an abrupt onset 
was flashed randomly at one of the potential target locations. Attentional capture by the abrupt onset was 
measured by the validity effect, that is, better performance when the target appeared at the same location 
as the onset cue than at a different location. In line with the authors’ predictions, search times increased 
gradually with target-distractor similarity, (confirming that increasing target-distractor similarity increased 
search difficulty) and crucially, so did the validity effect.

To explain these findings, Gaspelin et al. (2016) proposed an “attentional dwelling” hypothesis. This 
account posits that following capture by a cue, attention remains at the cued location until the target dis-
play appears, even though the cue is spatially uninformative.1 It further postulates that attention dwells at 
the cued location until the object at that location is identified as the target or rejected as a distractor. This 
account thus explains why validity effects are larger in difficult search: RTs on different-location trials, which 
index attentional dwelling, are slower the more similar the distractors are to the target. Previous research has 
already suggested that the time taken to process and reject a distractor at an invalid-cue location strongly 
modulates the spatial cueing effect. For instance, Eriksen and Yeh (1985) showed that with imperfectly pre-
dictive abrupt-onset cues the RT cost on invalid-cue trials relative to an uninformative-cue condition was 
much larger when the target was surrounded by distractor letters (Exp. 1) than when it appeared alone in 
the display (Exp. 2). Prinzmetal, Ha and Khani (2010) reported similar results using utterly uninformative 
abrupt onset cues and comparing displays in which all placeholders at non-target locations were either 
empty (Exp. 3A) or filled with distractor letters (Exp. 3B). However, Gaspelin et al. (2016) provide two major 
novel contributions to this literature. First, they reviewed previous studies investigating stimulus-driven 
capture by abrupt onsets and showed that differences in target-distractor similarity can account for the 
diverging findings. Second, their design was better suited to testing the dwelling hypothesis: they manipu-
lated target-distractor similarity gradually and within the same experiment rather than by contrasting filled 
vs. empty non-target locations between experiments.

Theeuwes and colleagues (e.g., Schreij et al., 2008; Theeuwes, 2010; Theeuwes et al., 2000) also suggested 
that how fast attention can be disengaged from the cued location determines whether attentional capture 
can be measured by the validity effect. However, Gaspelin et al.’s dwelling hypothesis differs from Theeuwes’ 
fast disengagement hypothesis in two notable respects. First, the former posits that attention dwells at the 
cued location and is disengaged from an invalidly cued location after target display onset, whereas the latter 
assumes that such disengagement starts already after the cue display and before target display onset. In addi-
tion, according to the former, disengagement speed is determined by the similarity between the distractors 
and target features, whereas according to the latter it is determined by the similarity between the cue and 
target features.

Accordingly, the two accounts essentially address different questions: the dwelling hypothesis’ aim 
is to explain why stimulus-driven capture by abrupt onsets is reported in some studies and not in oth-
ers, whereas the fast-disengagement hypothesis’ aim is to explain why goal-driven attentional capture is 
more likely to be detected than stimulus-driven capture. Therefore, the two hypotheses are not necessar-
ily incompatible. Disengagement from the cued location could start before target display onset and be 
faster when the cue does not match the target feature than when it does. In addition, if disengagement is 
incomplete during the cue-to-target interval, further dwelling at the cued location could depend on the 
similarity between the object at the cued location and the target feature. The objective of the proposed 

	 1	 Findings from our lab are consistent with this claim. We found the effect of attentional capture by a spatially uninformative rele-
vant-color cue to remain constant across stimulus onset asynchronies (SOAs) ranging from 50–60 ms to 250 ms (Carmel & Lamy, 
2014; Lamy et al., 2004) and up to 600 ms (Gabbay, Asaly & Lamy, 2017), an effect we labelled “attentional inertia”. It is noteworthy, 
however, that our findings pertained to goal-directed attention since the cue shared the target color.
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study was to investigate the dwelling hypothesis and testing it against the fast-disengagement hypothesis 
was therefore beyond its scope.

Gaspelin et al.’s (2016) findings and attentional dwelling hypothesis have important implications for the 
field of attentional capture research. They offer an elegant resolution of the long-standing controversy sur-
rounding the status of abrupt onsets in attentional capture and contradict the strong version of the contin-
gent-capture model by positing that a class of salient stimuli capture attention in a purely stimulus-driven 
fashion. They also have broader implications for our understanding of the mechanisms underlying spatial 
orienting. In particular, they suggest that the cost of reorienting attention from a distractor’s location to 
the target’s location mainly indexes the time required to decide whether or not the object at the locus of 
attention is the target, with the actual movement of attention from the distractor’s location to the target’s 
location incurring little or no cost at all (see also Eriksen & Yeh, 1985).

Rationale for the present study
It should be noted that in all their experiments, Gaspelin et al. (2016) manipulated overall search difficulty 
(by varying target-distractor similarity either between blocks of trials or between trials) and so did earlier 
research (e.g., Eriksen & Yeh, 1985; Prinzmetal et al., 2010). This manipulation does not provide a direct test 
of the attentional dwelling hypothesis, which specifically predicts that the longer it takes to reject the dis-
tractor at the cued location, the longer attention dwells at its location, and the larger the observed validity 
effect should be. It is also noteworthy that when conditions of search difficulty were mixed valid-cue trials 
were substantially slower on difficult- than on easy-search trials (598 ms vs. 551 ms in Exp. 6 and 855 ms vs. 
624 ms in Exp. 7). Thus, search difficulty inflated RTs in all conditions (including on valid-cue trials on which 
attentional dwelling at distractors’ locations was unlikely to occur) and the larger validity effects observed 
during difficult search may therefore be a by-product of higher overall RTs.2 Taken together, these observa-
tions suggest that Gaspelin et al.’s (2016) findings might merely reflect that attentional capture by onsets is 
more likely to be observed when search is difficult than when it is easy, with no specific role for the duration 
of attentional dwelling at the location of the cued distractor.

It is also noteworthy that the most striking modulation of the cue validity effect by target-distractor simi-
larity in Gaspelin et al.’s (2016) study emerged in Experiment 7, with a validity effect of 28 ms vs. 144 ms in 
the low- vs. high-similarity conditions, respectively. However, unlike in the remaining experiments of the 
same study, in which such modulation was more modest, the target was a singleton in all conditions. Thus, 
participants may have used the strategy of searching for the singleton (Bacon & Egeth, 1994) and the validity 
effects reported in that experiment may reflect goal-directed capture by the abrupt onset.

The objective of the present study was to test the attentional dwelling account directly by varying distrac-
tor similarity also within the search display rather than only between trials. The first experiment was similar 
to Gaspelin et al.’s experiment (2016, Exp. 7) described earlier, with the following changes. (a) We used only 
two levels of target-distractor similarity (corresponding to the low-similarity and high-similarity ellipses used 
by Gaspelin et al., 2016) instead of three levels. (b) There were three search conditions: two conditions in 
which the distractors in the display all had the same shape, either similar or dissimilar to the target (all-
difficult vs. all-easy search, respectively) as in Gaspelin et al. (2016) study, and an additional search condition, 
in which displays contained one similar (henceforth, difficult) distractor and two dissimilar (henceforth, 
easy) distractors (mixed-difficulty search condition). (c) All analyses were conducted on log transformed data 
in order to eliminate the impact of overall RT baseline differences on differences in the magnitude of the 
validity effect. In Experiment 2, the target was defined by its color. This experiment was similar to Gaspelin 
et al.’s (2016, Experiment 6), except that as in Experiment 1, a mixed-difficulty search condition was added 
to the all-easy and all-difficult search conditions.

We expected to replicate Gaspelin et al.’s (2016) finding and to observe larger cue-validity effects following 
the onset cue in the all-easy than in the all-difficult search condition. More crucially, the attentional dwell-
ing hypothesis postulates that on trials in which a distractor appears at the cued location, the more similar 
to the target this distractor is on the target-defining dimension (here, shape in Experiment 1 and color in 
Experiment 2), the longer attention should dwell at its location. It therefore predicts that in the mixed-
difficulty search condition, RTs should be slower when the location of the difficult distractor is cued than 
when the location of the easy distractor is cued.

	 2	 Gaspelin et al. (2016, p. 1117) reported indirect evidence against this alternative account. They showed that (a) the effect size of the 
validity effect increased as RTs increased and (b) during easy search, there was no correlation between subjects’ overall RTs and the 
validity effect.
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Note that the above rationale assumes that following an involuntary attentional shift to an invalid-cue 
location, attention is reoriented directly towards the target rather than serially scanning the display until 
the target is found. Yet, it may not necessarily be the case. For instance, in the critical mixed-difficulty search 
condition, if attention is summoned by the cue to the location of an easy distractor, it may then be erro-
neously shifted to the location of the difficult distractor (because it resembles the target). Such detour of 
attention is less likely to occur when attention is summoned to the location of a difficult distractor, because 
in that case, the target is highly discriminable from the remaining distractors. According to this scenario, RTs 
may actually be slower on easy- relative to difficult cued-distractor trials (or just as slow if erroneous redirec-
tion of attention to the difficult distractor occurs only on part of the trials), because two shifts of attention 
may be required in the former condition and only one in the latter. As a result, while finding slower RTs on 
difficult- than on easy cued-distractor trials would support the dwelling hypothesis, alternative outcomes 
would not necessarily invalidate it.

Comparing the cue validity effect on difficult cued-distractor trials of the mixed-difficulty search condi-
tion vs. easy cued-distractor trials of the all-easy search condition allowed us to resolve this issue. In both 
conditions, all locations other than the cued location were occupied by easy distractors, such that the cost 
of attentional misdirection, if any, following capture, should be the same in the two conditions. In addition, 
the contribution of any general RT difference related to differences in overall display characteristics (e.g., 
distractor homogeneity vs. heterogeneity) and unrelated to dwelling should also accrue to valid-location 
trials and be therefore eliminated by its subtraction in the cue validity effect and the log transformation of 
the RT. Thus, the difference between these two conditions should specifically reflect differences in dwelling 
at the location of a difficult vs. easy distractor.

Finally, we tested an additional possible implication of the dwelling hypothesis in exploratory analyses. 
According to the dwelling account, attention dwells longer at the location of a distractor when this distractor 
is similar to the target than when it is dissimilar from it. One may expect that the longer attention dwells at 
a location, the more processing the object at that location it likely to receive. If so, more processing should 
accrue at the location of a cued distractor when this distractor is difficult than when it is easy. We tested this 
prediction by measuring the compatibility effect (e.g., Carmel & Lamy, 2014; Folk & Remington, 2006). In the 
present context, this effect refers to better performance when the response associated with the feature in the 
cued distractor (e.g., left or right dot in Experiment 1) is compatible with the response associated with the tar-
get (left or right dot) than when it is incompatible with it. We predicted that participants should be more likely 
to process the location of the dot inside the cued distractor when this distractor was difficult than when it 
was easy, and that as a result, compatibility effects should be larger in the former than in the latter condition.

Experiment 1
Method
Participants and sample size selection
We calculated the sample size required in order to observe a significant overall cue validity effect based on 
the effect size reported by Gaspelin et al. (2016, Experiment 7). We conducted this analysis with G*Power 
(Faul, Erdfelder, Buchner & Lang, 2013), using an alpha of 0.01 and power of 0.95. We found the minimum 
sample size required to be 6 participants. Nevertheless, in order to use a sample size similar to Gaspelin 
and al.’s, the experiment included 24 participants. Only participants who reported normal or corrected-
to-normal visual acuity were allowed to take part in the experiment. Ethics approval was obtained before 
performing this and the following experiment.

Apparatus
The experiment took place in a dimly lit room. Stimuli were presented on a 23-in. LED screen, using 
1,920 × 1,280 resolution graphics mode and 120-Hz refresh rate. Responses were collected via the computer 
keyboard. Viewing distance was set at approximately 60 cm from the monitor.

Stimuli
A sample sequence of events is presented in Figure 1. The fixation display consisted of five gray (138, 138, 
138) square outline placeholders (2.4° × 2.4°), one centered at fixation and the remaining four equally spaced 
at the corners of an imaginary square subtending 10° in diameter (i.e., central-frame center to outer-frame 
center distance will be 5°). The onset-cue and target displays were similar to the fixation display, except for the 
following changes. In the onset-cue display, a cue consisting of four white dots (255, 255, 255; 0.5° in diam-
eter) forming an imaginary diamond (3.3° × 3.3°) was added around one of the four outer placeholders. In the 
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target display, a filled red shape (255, 0, 0) appeared in the centre of each of the outer placeholders: one circle 
(the target, 1.3° in diameter) and three horizontal ellipses (the distractors). “Difficult” distractors subtended 
1.6° × 1° and “easy” distractors subtended 2.1° × 0.5°. On fixed-difficulty search trials, all distractors were either 
difficult (all-difficult search) or easy (all-easy search). On mixed-difficulty search trials, each display contained 
one difficult distractor and 2 easy distractors. A black dot (0.1° in diameter) appeared on the left or right side 
of each shape (0.1° from the outside), with each display containing exactly 2 left-dot and 2 right-dot shapes.

Procedure
Participants were instructed to search for the circle target and report on which of its sides (left or right) a 
black dot appeared. They were asked to respond as fast and as accurately as possible by pressing the key 
Z with their left hands or M with their right hands on the computer keyboard, if the dot appeared on the 
left or on the right, respectively. Each trial began with the fixation display for 1000 ms, followed by the cue 
display for 100 ms and then again by the fixation display for 50 ms. Then, the target display appeared until 
response. Following an incorrect response, participants heard an error beep (225 Hz) for 300 ms.

Design
The experiment consisted of 64 practice trials, followed by 8 blocks of 80 trials each.3 All-difficult (25%), 
all-easy- (25%) and mixed-difficulty (50%) search trials were randomly mixed within each block of trials. 
Conditions of onset-cue location, target location and location of the black dot in each shape (left or right) 
were equiprobable and randomly mixed within each block of trials.

	 3	 Because of a technical error, for one subject, each block included 108 instead of 80 trials per block. We verified that the results 
remained exactly the same when the data from this subject were removed from analysis.

Figure 1: Upper panel: Sample sequence of events in Experiment 1. Participants searched for the perfect 
circle in the target display and reported the side of the black dot inside the target (left or right).  
This example corresponds to an invalid-cue trial in the mixed-difficulty search condition. In this example, 
the cued distractor is an easy distractor and the response associated with it (right) is incompatible with 
the response associated with the target (left). Lower panel: Sample displays in each search type condition 
(all-easy, all-difficult, mixed-difficulty) in Experiments 1 and 2. In Experiment 2, participants searched for 
the red target and reported whether it was an E or an H. The depicted example corresponds to an E target.
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Results
Reaction times (RT) faster than 200 ms or slower than 2000 ms (.07% of the trials) were excluded from all RT 
and error rate analyses. No participant met the conditions for exclusion (either an average RT or an average 
accuracy rate differing from the group’s mean by more than 3 standard deviations). Error trials (5.9% of the 
trials) were excluded from RT analyses. All RT analyses were performed on log transformed RTs.

Pre-registered analyses
Replication of Gaspelin et al. (2016)
We conducted an analysis of variance (ANOVA) with cue validity (valid vs. invalid) and search type (all-easy, 
all-difficult or mixed-difficulty) as independent variables. Mean validity effects on RTs and accuracy are pre-
sented in Figure 2. Raw RTs in the different conditions are presented in Table 1.

Reaction times. The main effects of cue validity and search type were highly significant, F(1, 23) = 33.7, 
p <  .0001, η2

p =  .59, and F(1, 23) = 298.9, p <  .0001, η2
p =  .93, respectively, and so was the interaction 

between these factors, F(1, 23) = 30.2, p < .0001, η2
p = .57. Follow-up analyses revealed that the cue validity 

effect was larger on all-difficult than on all-easy search trials, F(1, 23) = 36.7, p < .0001, η2
p = .61, and that 

Figure 2: Mean cue validity effect (invalid-cue minus valid-cue) by search condition (fixed difficulty vs. mixed 
difficulty) and cued distractor difficulty (easy vs. difficult) in Experiment 1 (left panels) and in Experiment 2 
(right panels). Note that the “fixed-difficulty easy” column corresponds to the all-easy search condition and 
the “fixed-difficulty difficult” column corresponds to the all-difficult search condition. Upper panel: Mean 
effect on reaction times (in milliseconds). Lower panel: Mean effect on error rates (in percentage).

Table 1: Mean RTs (in milliseconds) and accuracy rates (in percentage) in Experiment 1 by conditions of cue 
validity, cued-distractor difficulty and search type. The numbers between square brackets represent the 
standard errors.

All-easy All-difficult Mixed-easy Mixed-difficult

Reaction times

Valid 608 [18] 787 [28] 696 [22] 696 [22]

Invalid 636 [22] 918 [30] 757 [22] 785 [23]

Accuracy

Valid 96.1% [1.1%] 95.1% [1.2%] 96.1% [1.0%] 96.1% [1.4%]

Invalid 95.7% [0.9%] 93.4% [1.5%] 93.3% [0.9%] 90.7% [1.3%]



Lamy et al: Testing the Attentional Dwelling Hypothesis Art. 43, page 7 of 16

the effect was significant in both conditions, 131 ms, F(1, 23) = 37.6, p < .0001, η2
p = .62 and 28 ms, F(1, 

23) = 12.6, p = .0017, η2
p = .35 in the all-difficult and in the all-easy conditions, respectively. Thus, Gaspelin 

et al.’s (2016) main finding was closely replicated. The validity effect was of intermediate magnitude in the 
mixed-difficulty condition, 71 ms, F(1, 23) = 34.85, p < .0001 η2

p = .60.
On valid-cue trials, the effect of search type was significant, F(2, 46) = 150.1, p < .0001, η2

p = .87. Paired 
comparisons showed that, as in Gaspelin et al.’s (2016) study, valid-cue trials were faster in the all-easy than 
in the all-difficult search condition, 608 ms vs. 787 ms, F(1, 23) = 172.2, p < .0001, η2

p = . 87. Reaction times 
on valid-cue trials in the mixed-difficulty search condition were intermediate, 696 ms: they were faster than 
on all-difficult search trials, F(1, 23) = 95.8, p < .0001, η2

p = .88, and slower than on all-easy search trials, F(1, 
23) = 14.37, p = .0009, η2

p = .87.
Accuracy. The main effect of cue validity was significant, F(1, 23) = 6.5, p = .018, η2

p = .22, and the main 
effect of search type was not, F(1, 23) = 2.2, p = 0.12, η2

p = .09. The interaction between the two factors was 
significant, F(1, 23) = 4.7, p =  .014, η2

p =  .17. Follow-up analyses revealed that the cue validity effect was 
larger in the mixed-difficulty search condition, 3.7%, than in either the all-difficult search condition, 1.7%, 
F(1, 23) = 4.5, p = .045, η2

p = .16 or the all-easy search condition, .4%, F(1, 23) = 11.6, p = .0024, η2
p = .16, 

with no difference between the latter two conditions, F < 1. The effect of search type on valid-cue trials was 
not significant, F < 1.

New tests of the dwelling hypothesis: dwelling at the location of an easy vs. difficult distractor
We first compared performance on mixed-difficulty search trials between the three cued location conditions 
(target, easy distractor, difficult distractor) in order to test the prediction that performance should be poorer 
when the cued distractor was difficult than when it was easy. Then, we compared the validity effect on all-
easy vs. mixed-difficulty trials, with the latter including only difficult cued-distractor trials in the invalid-cue 
condition, such that apart from the cued distractors (easy vs. difficult), all remaining items in the two search 
conditions were identical: the target and two easy distractors.

Reaction times. The effect of cued location on mixed-difficulty search trials was significant, F(2, 46) = 36.8, 
p < .0001, η2

p = .62. Planned comparisons revealed that the cue validity effect was significant both when 
the cued distractor was easy, 62 ms, F(1, 23) = 27.8, p < .0001, η2

p = .55, and when it was difficult, 89 ms, 
F(1, 23) = 46.58, p < .0001, η2

p = .67. Crucially, difficult cued distractor trials were slower than easy cued-
distractor trials, 27 ms, F(1, 23) = 23.74, p < .0001, η2

p = .51.
When comparing the validity effect with easy vs. difficult distractors in the all-easy vs. mixed-difficult 

search trials, respectively, the interaction between cue validity and search type was highly significant, F(1, 
23) = 57.8, p < .0001, η2

p = .72, indicating that the cue validity effect was larger when the location of a dif-
ficult distractor vs. of an easy distractor was cued, 30 ms vs. 89 ms, respectively, when the remaining distrac-
tors were identical in the two conditions.

Accuracy. The accuracy data closely mirrored the RT data. The effect of cued location on mixed-difficulty 
search trials was significant, F(2, 46) = 13.5, p < .0001, η2

p = .37. Planned comparisons revealed that the cue 
validity was significant both when the cued distractor was easy, 2.9%, F(1, 23) = 8.8, p = .0069, η2

p = .28 and 
when it was difficult, 5.4%, F(1, 23) = 17.3, p = .0004, η2

p = .43. Crucially, difficult cued distractor trials were 
less accurate than easy cued-distractor trials, 2.5%, F(1, 23) = 10.21, p = .004, η2

p = .31.
When comparing the validity effect with easy vs. difficult distractors on all-easy vs. mixed-difficult search 

trials, respectively, the interaction between cue validity and search type was highly significant, F(1, 23) = 16.5, 
p = .0005, η2

p = .42, indicating that the cue validity effect was larger when the location of a difficult distrac-
tor vs. of an easy distractor was cued, 5.4% vs. .4%, respectively.

Exploratory analyses: compatibility effects
We conducted an ANOVA with compatibility (compatible vs. incompatible), distractor difficulty (easy vs. dif-
ficult) and search type (fixed- vs. mixed-difficulty) as independent variables. Mean compatibility effects on 
RTs and accuracy are presented in Figure 3. Raw RTs in the different conditions are presented in Table 2.

Reaction times. The main effects of compatibility and cued distractor difficulty were significant, F(1, 
23) = 5.0, p = .035, η2

p = .18 and F(1, 23) = 373.5, p < .0001, η2
p = .94, respectively, while the effect of 

search type was not, F < 1. All 2-way interactions were significant. The interaction between compatibil-
ity and distractor difficulty, F(1, 23)  =  8.6, p  =  .0074, η2

p  =  .27, indicated that the compatibility effect 
was larger when the cued distractor was difficult than when it was easy, 33 ms vs. 1 ms. The interaction 
between compatibility and search type, F(1, 23) = 6.6, p = .017, η2

p = .22, indicated that the compatibility 
effect was larger when distractor difficulty was mixed than when it was fixed, 14 ms vs. 4 ms, respectively. 
Finally, the interaction between distractor difficulty and search type, F(1, 23) = 276.1, p < .0001, η2

p = .92, 
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indicated that the effect of distractor difficulty was larger in the fixed than in the mixed-difficulty condi-
tion, 281 ms vs. 27 ms, respectively. There was only a trend towards a three-way interaction, F(1, 23) = 3.4, 
p = .077, η2

p = .13.
We nevertheless clarified this trend in order to compare the RT to the accuracy results (see below). We 

conducted separate analyses for each of the search type conditions. When distractor difficulty was fixed, 
the interaction between compatibility and distractor difficulty was not significant, F(1, 23) = 2.9, p =  .1, 
η2

p = .11, indicating that the compatibility effect was similar when the cued distractor was difficult, 21 ms, 
F(1, 23) = 1.5, p = .23, η2

p = .06 and when it was easy, −5 ms, F(1, 23) = 2.1, p = .16, η
2

p = .08. When distrac-
tor difficulty was mixed, the interaction was significant, F(1, 23) = 10.4, p = .0038, η2

p = .31, indicating that 
the compatibility effect was larger when the cued distractor was difficult, 50 ms, F(1, 23) = 13.5, p = .0013, 
η2

p = .37 than when it was easy, 2 ms, F < 1.

Figure 3: Mean compatibility effect (incompatible minus compatible) by search condition (fixed difficulty vs. 
mixed difficulty) and cued distractor difficulty (easy vs. difficult) in Experiment 1 (left panels) and in Experi-
ment 2 (right panels). Note that the “fixed-difficulty easy” column corresponds to the all-easy search condi-
tion and the “fixed-difficulty difficult” column corresponds to the all-difficult search condition.  Upper panel: 
Mean effect of reaction times (in milliseconds). Lower panel: Mean effect on error rates (in percentage).

Table 2: Mean RTs (in milliseconds) and accuracy rates (in percentage) on invalid-cue trials in Experiment 1 
by conditions of cue-target compatibility, cued-distractor difficulty and search type. The numbers between 
square brackets represent the standard errors.

All-easy All-difficult Mixed-easy Mixed-difficult

Reaction times

Compatible 640 [23] 904 [31] 759 [23] 753 [23]

Incompatible 635 [21] 925 [30] 757 [25] 803 [24]

Accuracy

Compatible 96.1% [1.1%] 95.1% [1.2%] 96.1% [1.0%] 96.1% [1.4%]

Incompatible 95.7% [0.9%] 93.4% [1.5%] 93.3% [0.9%] 90.7% [1.3%]
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Accuracy. The accuracy data closely mirrored the RT data. The main effects of compatibility and search 
type were significant, F(1, 23) = 8.5, p = .0077, η2

p = .27 and F(1, 23) = 12.2, p = .002, η2
p = .34, respectively, 

while the effect of cued distractor difficulty only approached significance, F(1, 23) = 3.8, p = .063, η2
p = .14. 

Compatibility interacted with both distractor difficulty, F(1, 23) = 9.6, p = .0051, η2
p = .29 and search type, 

F(1, 23) = 5.7, p = .026, η2
p = .20, and these interactions were modulated by a significant three-way interac-

tion, F(1, 23) = 20.1, p = .00017, η2
p = .47.

To clarify this interaction, we conducted separate analyses for each search type condition. When distractor 
difficulty was fixed, the interaction between compatibility and distractor difficulty was not significant, F < 1, 
indicating that the compatibility effect was similar when the cued distractor was difficult, 0.4%, F < 1 and 
when it was easy, 0.9%, F(1, 23) = 1.3, p = .27, η2

p = .05. When distractor difficulty was mixed, the interaction 
was significant, F(1, 23) = 17.4, p = .00037, η2

p = .43, indicating that the compatibility effect was significantly 
larger when the cued distractor was difficult, 8.6%, F(1, 23) = 16.3, p = .00052, η2

p = .41 than when it was 
easy, −2.1%, F(1, 23) = 6.5, p = .018, η2

p = .22.

Discussion
The results of Experiment 1 yielded several findings that support Gaspelin et al.’s (2016) dwelling hypoth-
esis. First, the cue validity effect was much larger when all distractors were similar to the target than when 
they were dissimilar from it (all-difficult vs. all-easy distractor trials, respectively), thus closely replicating 
the finding reported by Gaspelin et al. Note that here unlike in Gaspelin et al. (2016, Exp. 7), the target was 
not a shape singleton on all trials (specifically, in the mixed-difficulty search condition). As all the search 
conditions were randomly mixed, singleton-detection mode was therefore an ineffective search strategy in 
our experiment and the validity effect observed here in the all-easy and in the all-difficult search conditions 
unambiguously indexed purely stimulus-driven attention capture.

Second, we confirmed the pivotal prediction of the dwelling hypothesis: when search displays contained 
both easy and difficult distractors (mixed-difficulty search trials), performance at responding to the target 
was poorer when the cued distractor was difficult than when it was easy. Third, exploratory analyses showed 
that processing at the location of the cued distractor, which was indexed by response compatibility effects, 
was more extensive when this distractor was difficult (and attention presumably dwelled longer at its loca-
tion) than when it was easy.

Two aspects of these results are worth noting. One is that the validity effect for easy distractors was much 
larger on mixed-difficulty than on all-easy search trials, 62 ms vs. 29 ms, respectively. Conversely, the validity 
effect for difficult distractors was much smaller on mixed-difficulty than on all-difficult search trials, 89 ms 
vs. 130 ms, respectively. To account for these findings within the dwelling hypothesis framework, one may 
assume that after the onset cue captured attention, attention was more likely to be reoriented to the loca-
tion of a difficult distractor than to the location of an easy distractor before it landed on the target location. 
Since there were more difficult distractors to redirect attention to on mixed-difficulty than on all-easy trials 
condition when an easy distractor was cued, and conversely in the all-difficult than on mixed-difficulty tri-
als when a difficult distractor was cued, the validity effects were larger in the respective former conditions.

The second aspect is that the larger compatibility effect when the cued distractor was difficult than when 
it was easy was observed only during mixed-difficulty search. Again, this finding can be accounted for by 
relying on the assumption that attention was sometimes redirected to the location of a difficult distrac-
tor following attentional capture by the onset cue. Shifting attention to more than one difficult distrac-
tor before selecting the target may have diluted the compatibility effect in the all-difficult condition: for 
instance, attention could be captured at the location of a compatible-response distractor and then shifted 
to the location of an incompatible-response distractor. By contrast, such dilution was unlikely to occur fol-
lowing capture at the location of a difficult distractor on mixed-difficulty search trials, because there was 
no additional difficult distractor to shift attention to. This account yields the additional prediction that on 
mixed-distractor search trials, we should observe a compatibility effect from the difficult distractor even 
when it was not cued, since this account assumes that attention was often redirected to the difficult distrac-
tor after the location of an easy distractor was cued. A post-hoc analysis confirmed this prediction: RTs were 
faster when the response associated with the non-cued difficult distractor was compatible with the response 
associated with the target than when it was incompatible, 24 ms, F(1, 23) = 10.0, p = .0043, η2

p = .30, with a 
similar effect on accuracy, 6.1%, F(1, 23) = 21.8, p = .0001 η2

p = .49.
Note that the account invoked in both instances implies that on mixed-difficulty trials, attention was 

mis-oriented twice before reaching the target on easy cued-distractor trials (to an easy distractor and 
then to the difficult distractor) and only once on difficult cued-distractor trials (to the difficult distractor). 
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Yet, the cue validity effect was significantly smaller in the former than in the latter condition (62 ms vs. 
89 ms, respectively). Thus, the attentional dwelling hypothesis does not readily account for the full pattern 
of the results observed in Experiment 1.

Experiment 2
The primary objective of Experiment 2 was to replicate the findings of Experiment 1 when the target was 
defined on the color dimension (which is more typical of previous attentional capture experiments) rather 
than on the shape dimension. The experiment was similar to Experiment 1 except for the following differ-
ences. Participants searched for a red-letter target among distractor colored letters. Unlike in Experiment 1, 
in the fixed-difficulty conditions, distractor colors were not uniform. Difficult distractors were either pink or 
orange. Easy distractors were either blue or green.

Note that the stimuli and procedure were closely modelled after those of Gaspelin et al. (2016, Exp. 6) in 
the all-easy and all-difficult conditions, which allowed us to ensure that we replicated their findings before 
testing our novel predictions. We thus expected to observe larger attentional capture by the onset cue in 
the all-easy than in the all-difficult search condition. Of main interest was whether we could replicate the 
findings of Experiment 1 that provided direct support for the dwelling hypothesis, namely, poorer per-
formance on difficult than on easy cued-distractor trials in the mixed-difficulty search condition. We also 
examined whether the findings from the exploratory analyses conducted on the data of Experiment 1 could 
be replicated, namely, the larger compatibility effects when the cued distractor was difficult than when it 
was easy.

Methods 
The sample size, apparatus, stimuli, procedure and design were similar to those of Experiment 1 except 
for the following differences. In the target display, instead of an ellipse, a letter (either E or H) drawn in a 
digital-clock font and subtending 1.9° × 1.9° of visual angle appeared within each placeholder. Each dis-
play contained one red letter, the target. In the all-difficult search condition, one distractor was pink and 
the other two were orange, or vice-versa. In the all-easy search condition, one distractor was blue and the 
other two were green, or vice-versa. In the mixed-difficulty search condition, one distractor was either 
orange or pink (difficult distractor) and the other two were either both green or both blue (easy distractors). 
Each display contained exactly two Es and two Hs. Participants were required to determine whether the red 
letter was E or H.

Results 
Reaction times (RT) faster than 200 ms or slower than 2000 ms (.1% of the trials) were excluded from RT and 
error rate analyses. The data from one participant were excluded from all analyses because her accuracy rate 
was below the group’s mean by more than 3 standard deviations (M = 77% vs. M = 94.8%, SD = 3.1%). All 
RT analyses performed on log transformed RTs for correct-response trials.

Pre-registered analyses 
Replication of Gaspelin et al. (2016) 
We first conducted an ANOVA with cue validity (valid vs. invalid) and search type (all-easy, all-difficult or 
mixed-difficulty) as independent variables. Mean validity effects on RTs and accuracy are presented in 
Figure 2. Raw RTs in the different conditions are presented in Table 3.

Table 3: Mean RTs (in milliseconds) and accuracy rates (in percentage) in Experiment 2 by conditions of cue 
validity, cued-distractor difficulty and search type. The numbers between square brackets represent the 
standard errors.

All-easy All-difficult Mixed-easy Mixed-difficult

Reaction times

Valid 566 [12] 622 [19] 590 [16] 590 [16]

Invalid 568 [13] 648 [19] 599 [16] 596 [15]

Accuracy

Valid 95.6% [0.9%] 93.9% [1.5%] 94.2% [0.9%] 94.2% [0.9%]

Invalid 95.8% [0.6%] 94.6% [0.9%] 94.6% [0.8%] 95.0% [0.7%]
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Reaction times. The main effect of search type was significant, F(1, 22) = 43.5, p < .0001, η2
p = .66, whereas 

the effect of cue validity was not, F(1, 22) = 1.5, p = .23, η2
p = .06. The interaction between the two factors 

was significant, F(1, 22) = 3.2, p = .05, η2
p = .13. Follow-up analyses revealed that the cue validity effect was 

larger on all-difficult than on all-easy search trials, F(1, 22) = 5.8, p = .025, η2
p = .21, and approached signifi-

cance on all-difficult search trials, 26 ms, F(1, 22) = 4.0, p = .056 η2
p = .154 but not on all-easy search trials, 

3 ms, F < 1, respectively, thus replicating Gaspelin et al.’s (2016) main finding. The validity effect did not 
differ between the all-easy and mixed-difficulty conditions, 3 ms vs. 8 ms, F(1, 22) = 1.1, p = .31 η2

p = .04.
On valid-cue trials, the effect of search type was significant, F(2, 44) = 23.2, p < .0001, η2

p = .51. Paired com-
parisons showed that, as in Gaspelin et al.’s (2016) study, valid-cue trials were faster on all-easy than on all-
difficult search trials, 566 vs. 622 ms, F(1, 22) = 15.7, p = .0007, η2

p = .56. Valid-cue trials on mixed-difficulty 
search trials were intermediate, 590 ms: they were faster than on all-difficult search trials, F(1, 22) = 23.2, 
p < .0001, η2

p = .46 and slower than on all-easy search trials, F(1, 22) = 15.7, p = .0007, η2
p = .42.

Accuracy. Only the main effect of search type approached significance, F(1, 22) = 3.0, p = 0.059, η2
p = .12, 

all other Fs < 1. The effect of search type on valid-cue trials was not significant, F(1, 22) = 1.8, p = .17, η2
p = .08.

New tests of the dwelling hypothesis: dwelling at the location of an easy vs. difficult distractor 
We compared performance on mixed-difficulty search trials between the three cued location conditions 
(target, easy distractor, difficult distractor).

Reaction times. The effect of cued location was not significant, F < 1, indicating that RTs did not differ 
when the target, easy distractor or difficult distractor were cued in the mixed-difficulty condition, 590 ms, 
599 ms and 596 ms, respectively.

Accuracy. The effect of cued location was not significant, F = 1.
We then compared the validity effect on all-easy vs. mixed-difficulty search trials with the latter including 

only difficult cued-distractor trials in the invalid-cue condition. Thus, apart from the cued distractors (easy vs. 
difficult), all remaining items in the two search conditions were identical: the target and two easy distractors.

Reaction times. The interaction between cue validity and search type was not significant, F(1, 22) = 2.4, 
p = .13, η2

p = .10, indicating that the cue validity effect did not differ whether the cued distractor was easy or 
difficult, 3 ms vs. 10 ms, respectively, when the remaining distractors were identical in the two conditions.

Accuracy. The interaction between cue validity and search type was not significant, F < 1.

Exploratory analyses: compatibility effects 
We conducted an ANOVA with compatibility (compatible vs. incompatible), distractor difficulty (easy vs. 
difficult) and search type (fixed-difficulty vs. mixed-difficulty) as independent variables. Mean compatibility 
effects on RTs and accuracy are presented in Figure 3. Raw RTs in the different conditions are presented in 
Table 4.

Reaction times. All main effects were significant, F(1, 22)  =  6.5, p  =  .018, η2
p  =  .23, for compatibility, 

F(1, 22) = 51.4, p < .0001, η2
p = .70, for cued distractor difficulty, and F(1, 22) = 5.1, p = .034, η2

p = .19, for search 
type. The two-way interactions between compatibility and distractor difficulty and between distractor difficulty 
and search type were significant, F(1, 22) = 5.2, p = .032, η2

p = .19 and F(1, 22) = 44.9, p < .0001, η2
p = .67, 

respectively, and were modulated by a significant three-way interaction, F(1, 22) = 5.8, p = .025, η2
p = .21.

	 4	 Note that this effect reached significance when the analysis was conducted on raw RTs as in Gaspelin et al.’s (2016) study rather 
than on log-transformed RTs, F(1, 22) = 5.5, p = .03, η2

p = .20.

Table 4: Mean RTs (in milliseconds) and accuracy rates (in percentage) on invalid-cue trials in Experiment 2 
by conditions of cue-target compatibility, cued-distractor difficulty and search type. The numbers between 
square brackets represent the standard errors.

All-easy All-difficult Mixed-easy Mixed-difficult

Reaction times

Compatible 567 [14] 632 [20] 594 [16] 595 [15]

Incompatible 569 [14] 656 [20] 602 [16] 597 [15]

Accuracy

Compatible 96.3% [1.0%] 93.7% [1.5%] 91.8% [1.4%] 96.4% [0.8%]

Incompatible 95.4% [1.0%] 93.3% [1.7%] 94.0% [0.9%] 87.8% [2.0%]
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To clarify this interaction, we conducted separate analyses for each search type condition. When distractor 
difficulty was fixed, the compatibility effect was significantly larger when the cued distractor was difficult 
than when it was easy, F(1, 22) = 18.9, p = .0003, η2

p = .46. Follow-up comparisons showed that the compat-
ibility effect was significant when the difficult distractor was cued, 24 ms, F(1, 22) = 16.7, p = .0005, η2

p = .43, 
but not when an easy distractor was cued, 1 ms, F < 1. When distractor difficulty was mixed, the compat-
ibility effect did not differ whether the cued distractor was easy or difficult, F < 1 and was not significant is 
either condition, 8 ms, F < 1 and 2 ms, F(1, 22) = 1.8, p = .19, η2

p = .08, respectively.
Accuracy. Only the main effect of compatibility was significant, F(1, 22) = 10.2, p = .004, η2

p = .32, all other 
ps > .15.

Discussion 
In Experiment 2, we again replicated Gaspelin et al.’s (2016) main finding: the cue validity effect was larger 
when all distractors were similar to the target than when they were dissimilar from it (all-difficult vs. all-easy 
distractor trials, respectively). Crucially, however, on mixed-difficulty search trials, performance was similar 
irrespective of whether an easy or a difficult distractor was cued. Thus, the critical prediction of the dwelling 
hypothesis was not supported in the present experiment.

Compatibility effects (i.e., better performance when the responses associated with the cued distractor 
and target were compatible than when they were incompatible) were consistent with the pattern of results 
observed on cue validity effects. They were larger when the cued distractor was difficult than when it was 
easy, but only in the condition in which distractor difficulty modulated the cue validity effect, that is, in the 
fixed- and not in the mixed-difficulty condition. Note that this pattern is the opposite of what we observed 
in Experiment 1, where increasing distractor difficulty enhanced the compatibility effect when conditions of 
distractor difficulty were mixed and not when they were fixed. To account for the findings of Experiment 1, 
we had suggested that the compatibility effect was likely to be diluted when shifts between more than one 
difficult distractor were possible (in all-difficult search) than when they were not (in mixed-difficulty search). 
One could claim that such dilution on all-difficult search trials did not occur in Experiment 2 because search 
was much easier (with a mean overall RT of 600 ms vs. 755 ms, respectively) and attention may have been 
shifted directly to the target after it dwelled at the location of just one difficult distractor on all-difficult 
search trials. However, this account cannot explain why neither cue validity nor compatibility effects were 
observed for difficult distractors on mixed-difficulty trials.

General discussion
The objective of the present study was to provide a direct test of the attentional dwelling account of atten-
tional capture. Specifically, we argued that Gaspelin’s et al. (2016) manipulation of overall search difficulty 
did not allow them to test the core tenet of that hypothesis, according to which the magnitude of the cue 
validity is determined specifically by how long it takes to reject the distractor at the cued location. To test this 
prediction, we did not only vary distractor difficulty between search displays but also within search displays. 
To do that, we added a mixed-difficulty search condition, in which the search displays contained one difficult 
distractor and two easy distractors. We could thus examine whether, as predicted by the attentional dwelling 
hypothesis, RTs were slower when the location of the difficult distractor was cued than when the location of 
the easy distractor was cued.

A re-evaluation of the attentional dwelling hypothesis
On the one hand, we closely replicated all Gaspelin et al.’s (2016) findings. In both a shape search (Exp. 1, 
which paralleled their Exp. 7) and a faster color search (Exp. 2 here, which paralleled their Exp. 6), the cue 
validity effect was larger when all distractors were similar to the target (all-difficult search trials) than when 
they were dissimilar from it (all-easy search trials). On the other hand, however, when conditions of distrac-
tor difficulty were mixed within the same displays, it took longer to reject the distractor at the cued location 
when it was difficult than when it was easy only in Experiment 1 and not in Experiment 2. Thus, the critical 
prediction of the attentional dwelling hypothesis was not fully supported in the present study.

It is noteworthy that the dwelling hypothesis does not offer a straightforward account for additional find-
ings from the present study. First, it does not explain the largest effect we observed, namely, the dramatic 
slowing of performance on valid-cue trials as search difficulty increased – a finding that Gaspelin et al. 
(2016) also observed, as noted in the introduction, but did not discuss. The dwelling hypothesis stipulates 
that attention is captured to the location of the onset cue and remains at that location until after the target 
display has appeared. It further posits that response speed is determined by how long it takes to decide 
whether the object at the cued location is the target or a non-target. Within this framework, why should this 
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decision take so much longer (180 ms in Exp. 1 and 57 ms in Exp. 2) when the target is cued and no further 
shift of attention should therefore be required, if the target is surrounded by difficult distractors than if it is 
surrounded by easy distractors?

Second, it does not explain why RTs were faster on difficult cued-distractor trials and slower on easy cued-
distractor trials in the mixed-difficulty relative to the all-difficult search condition. If distractor difficulty 
determines dwelling time, no such difference should be expected between the search conditions.

Finally, the dwelling hypothesis does not explain the full pattern of results that arose from exploratory 
analyses of the compatibility effect, in particular, why this pattern was opposite in Experiment 1 vs. 2 and 
why a compatibility effect was associated with the difficult distractor on trials in which an easy distractor 
was cued in the mixed-difficulty search condition of Experiment 1.

The conclusion that arises from the foregoing discussion is that there are powerful context effects during 
spatial cuing search tasks that the attentional dwelling hypothesis does not readily accommodate.

Do cue validity effects reflect spatial shifts of attention?
Together with most accounts of attentional capture (e.g., Carmel & Lamy, 2015; Folk et al., 1992; Schreij, 
Theeuwes & Olivers, 2010; Zivony & Lamy, in press), the attentional dwelling hypothesis assumes that cue 
validity effects index shifts of spatial attention. Put simply, the finding that performance is faster when the 
target appears at the location previously occupied by a cue is taken as evidence that attention was shifted 
to the location of this cue. The cue validity effect is thought to index the cost of disengaging attention from 
the cue, of rejecting the object at the cued location as a non-target and of shifting attention from the cued 
location to the target location, with different authors emphasizing each of these cost components to dif-
ferent extents. We suggest that in order to accommodate the present and past findings, it may be useful to 
reconsider this interpretation.

The alternative interpretation that we tentatively put forward can be articulated around three main 
hypotheses, that draw from Desimone and Duncan’s (1995) biased competition framework. (1) Several fac-
tors determine the attentional priority level of a given object in a search display, in particular, the extent 
to which this object itself and objects that recently appeared at its location (e.g., a cue), are similar to the 
searched-for target and how physically salient they are, as well as noise. (2) When the target’s attentional pri-
ority level is larger than that of any distractor in the search display, the target is the first object that receives 
attention. Nevertheless, how long it takes for the competition to be resolved varies as a function of the size 
of this attentional priority benefit. An important implication of this is that finding a cue validity effect does 
not necessarily entail that attention was shifted to the location of the cue. Instead, it may indicate that the 
extra activation that accrues to the target when its location rather than a distractor’s location is cued, speeds 
the resolution of the competition that leads to target selection. (3) When the target’s attentional priority 
level is not the largest, one or several distractors may successively become the focus of attention before the 
target is selected. In that case, the validity effect reflects several additional processes including the time it 
takes to reject the distractor(s) and shift attention to the target.

Note that the suggested framework can readily account for the highly replicated finding that target-match-
ing cues capture attention both in easy and in difficult search (e.g., Folk et al., 1992; Zivony & Lamy in press). 
One need only make the reasonable assumption that the extra activation accruing to the object that appears at 
the location of a target-matching cue is usually so large that this object will win the competition in most cases.

This priority-accumulation framework departs from the attentional dwelling account in three fundamen-
tal aspects. First, it implies that in spatial cuing paradigms, it is not the case that a cue either captures atten-
tion or does not: instead, a cue increases the probability that attention will be allocated to the cued location, 
to different extents.5 Second, the priority-accumulation framework suggests that distractor difficulty modu-
lates the probability that an abrupt onset will capture attention, whereas according to the dwelling account, 
distractor difficulty only affects dwelling time, after attention was captured. Finally, the suggested framework 
does not require the assumption that shifts of attention may take no time at all, as implied by the atten-
tional dwelling account’s interpretation of null cue validity effects following capture by onsets in easy search 
(e.g., Gaspelin et al., 2016, Exp. 1).

	 5	 This account seems to imply that actual shifts of attention occur only in the target display and not in the cue display, since the 
similarity of the distractors to the target contributes to priority allocation prior to attentional shifting. However, one may instead 
suggest that the temporal window across which attentional priority is accumulated before the competition is resolved, spans over 
a longer interval than the typical 150 ms cue-target SOA used in spatial cuing tasks, and that priority weights are updated online 
as events unfold. One may alternatively suggest that observers deploy their attention only as soon as a relevant event is detected 
(e.g., in Experiment 2: a letter, or the color red). Further research is required to address this issue.
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Reinterpretation of the current findings
The suggested interpretation of cue validity effects can accommodate all the findings of the present study. 
It accounts for the larger validity effects in the all-difficult than in the all-easy search condition because the 
stronger the competition between the target and distractors, the stronger impact the cue is likely to have on 
the outcome of this competition. It also accounts for the poorer performance on valid-cue trials as a function 
of overall distractor-target similarity in both experiments, because responses to the target are slower the 
more competition it suffers from surrounding distractors.

Finally, it accounts for the pattern of results in the mixed-difficulty condition. According to the suggested 
framework, the cue validity effect in this condition indexes the cost of shifting attention to the difficult 
distractor irrespective of whether the cued distractor is easy or difficult. Shifting attention to the difficult 
distractor is maximally likely to occur when the difficult distractor is cued, somewhat less likely when the 
easy distractor is cued and least likely when the target is cued. This explains the RTs in the three condi-
tions in Experiment 1 (696 ms, 757 ms and 785 ms, respectively) as well as the finding that the difficult 
distractor produced a compatibility effect irrespective of whether it was cued or an easy distractor was cued. 
However, when the target’s priority advantage is large enough, the difficult distractor prevails in none of 
these conditions, hence the similar RTs in the three conditions observed in mixed-difficulty search condition 
in Experiment 2.

Contradiction with the findings reported by Zivony and Lamy (in press)
It is noteworthy that the compatibility effects observed in the present study stand in contradiction with 
findings recently reported by Zivony and Lamy (in press). These authors conducted three experiments using 
cues and displays highly similar to those of the all-difficult search condition in the present Experiment 2. 
They found cue validity effects following onset cues both when these cues matched the attentional set 
(relevant-color cues) and when they did not (irrelevant-color cues). However, compatibility effects occurred 
only following the former cues, that is, they were absent following irrelevant-color onset cues (similar to 
those used in the present study).

Based on the assumption that cue validity effects index spatial shifts of attention to the cued location and 
compatibility effects index increased processing of the information at the cued location (i.e., attentional 
engagement), Zivony and Lamy (in press) concluded that attentional engagement is contingent on search 
goals and that attentional shifts can be shallow, that is, not followed by attentional engagement (e.g., after 
stimulus-driven capture). The present findings challenge these conclusions because we found instances of 
compatibility effects following irrelevant-color onset cues, namely, in the mixed-difficulty search condition 
of Experiment 1 and in the all-difficult search condition of Experiment 2. To resolve this contradiction, one 
may suggest that target-distractor similarity and irrelevant-color onset cue strength were such in Zivony and 
Lamy’s (in press) experiments, that the target was the first attended object in the search display (hence the 
absence of compatibility effects), but the extra-activation provided by the cue nevertheless speeded target 
selection (hence, the cue validity effects). However, further research is clearly required in order to test these 
speculations.

Conclusions
The results from the present study reinforce Gaspelin et al.’s claim (2016) that search difficulty mod-
ulates cue validity effects in spatial cuing tasks. However, they do not support the attentional dwelling 
hypothesis, according to which abrupt onsets routinely capture attention and the similarity of the object 
at the cued location determines how long attention dwells at its location, with cue validity effects index-
ing such dwelling time. To account for the entire pattern of results observed here, we offered a tenta-
tive reinterpretation of cue validity effects, according to which these do not necessarily index spatial 
shifts of attention. Although the proposed framework can account for the current and past findings as 
well as generate interesting novel predictions, it is clearly speculative at this point and requires further  
validation.
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