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Abstract

Salient peripheral events trigger fast, “exogenous” covert orienting. The influential premotor theory of attention argues
that covert orienting of attention depends upon planned but unexecuted eye-movements. One problem with this theory
is that salient peripheral events, such as offsets, appear to summon attention when used to measure covert attention
(e.g., the Posner cueing task) but appear not to elicit oculomotor preparation in tasks that require overt orienting (e.g.,
the remote distractor paradigm). Here, we examined the effects of peripheral offsets on covert attention and saccade
preparation. Experiment | suggested that transient offsets summoned attention in a manual detection task without
triggering motor preparation planning in a saccadic localisation task, although there were a high proportion of saccadic
capture errors on “no-target” trials, where a cue was presented but no target appeared. In Experiment 2, “no-target”
trials were removed. Here, transient offsets produced both attentional facilitation and faster saccadic responses on valid
cue trials. A third experiment showed that the permanent disappearance of an object also elicited attentional facilitation
and faster saccadic reaction times. These experiments demonstrate that offsets trigger both saccade programming and
covert attentional orienting, consistent with the idea that exogenous, covert orienting is tightly coupled with oculomotor
activation. The finding that no-go trials attenuates oculomotor priming effects offers a way to reconcile the current
findings with previous claims of a dissociation between covert attention and oculomotor control in paradigms that utilise
a high proportion of catch trials.
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Introduction

Humans exist in a complex visual environment. Given the
limitations on information processing capacity, a key chal-
lenge faced by the visual system is the selection of task-rel-
evant visual signals from irrelevant noise. One way to
achieve this selection is to orient attention to the location of
the relevant signal. Orienting of attention can be driven
endogenously, in response to our current goals (e.g., looking
up and down a street before crossing) or exogenously, in
response to a salient event in the environment (e.g., orient-
ing to a flashing light in the rear-view mirror) (Posner &
Cohen, 1980). Both modes of orienting can occur overtly,
by moving the eyes to fixate the relevant location. However,
orienting can also be covert, such that the “spotlight” of
attention is moved while the eyes remain fixated.

Although covert attentional orienting occurs in the
absence of overt eye-movements, covert and overt orient-
ing share some common processes (Awh, Armstrong, &

Moore, 2006; Smith & Schenk, 2012). Indeed, one widely
held view is that covert attentional orienting depends on
the activation of the oculomotor system (Klein, 1980;
Sheliga, Riggio, & Rizzolatti, 1994). This strong view of
the coupling between attention and eye-movements is con-
troversial and a number of authors have argued that endog-
enous covert attention can be deployed in the absence of
motor activation. For example, Klein and colleagues
reported that covertly attending a peripheral location did
not facilitate saccadic reaction times (SRTs), which it
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should do, if covert attention is the same as motor prepara-
tion (Hunt & Kingstone, 2003; Klein, 1980; Klein &
Pontefract, 1994; MacLean, Klein, & Hilchey, 2015).
Similarly, Belopolsky and Theeuwes (2012) have shown
that maintenance of attention is independent of saccade
programming; Born, Mottet, and Kerzel (2014) have dem-
onstrated that motor preparation was not sufficient to ori-
ent attention; and Dunne, Ellison, and Smith (2015)
reported that instrumental conditioning of eye-movements
modulated saccade latencies but not covert orienting of
attention. In related work, we demonstrated that disrupting
saccade preparation by presenting stimuli beyond the
range of saccadic eye-movements interferes with exoge-
nous orienting to peripheral onsets but not endogenous ori-
enting to symbolic cues (Smith, Rorden, & Schenk, 2012)
or gaze cues (Morgan, Ball, & Smith, 2014). The same
manipulation affects exogenous orienting in feature search
but not endogenous orienting in conjunction search (Smith,
Ball, & Ellison, 2014; Smith, Ball, Ellison, & Schenk,
2010) and encoding and rehearsal of spatial, but not visual
working memories (Ball, Pearson, & Smith, 2013; Pearson,
Ball, & Smith, 2014). This pattern of specific disruption to
exogenous attention by disruption to the oculomotor sys-
tem can also be observed in clinical populations; patients
with oculomotor deficits typically present with defective
exogenous orienting but largely preserved endogenous ori-
enting (Gabay, Henik, & Gradstein, 2010; Rafal, Posner,
Friedman, Inhoff, & Bernstein, 1988; Smith, Rorden, &
Jackson, 2004), although see Craighero, Carta, and Fadiga
(2001). These studies have led to the proposal that exoge-
nous attention is tightly coupled to the oculomotor system,
whereas endogenous orienting is largely independent of
oculomotor control (Smith & Schenk, 2012).

One problem with the conclusion that exogenous orient-
ing is causally linked to motor preparation comes from the
observation that some types of cue can elicit exogenous ori-
enting seemingly without activating a saccade plan. For
example, peripheral offsets reliably summon covert attention
in a Posner-style cueing task (Hopfinger & Mangun, 1998,
2001; Pratt & McAuliffe, 2001; Riggio, Bello, & Umilta,
1998) but do not reliably generate a remote distractor effect
(RDE) (Hermens & Walker, 2010; Todd & Vangelder, 1979),
unless the stimuli are defined by contrast rather than colour
(Ludwig, Ranson, & Gilchrist, 2008). Furthermore, the cost
of making antisaccades is significantly reduced if the sac-
cade endpoints are indicated by object offset rather than
object onset, suggesting that onsets exert a much more pow-
erful influence on saccade programming than offsets (Pratt
& Trottier, 2005). Studies using visual search also indicate
that an object offset is less likely to elicit saccadic program-
ming than an object onset. For example, object disappear-
ances do not elicit reflexive saccades in visual search (Boot,
Kramer, & Peterson, 2005), unless the offset reveals another
object (Brockmole & Henderson, 2005). Similarly, short-
wavelength colour cues (s-cone stimuli) do not retard SRTs

when used as a distractor in the remote distractor paradigm
(RDE), leading some authors to conclude that they do not
elicit activation in the structures critical for the computation
of saccade parameters such as the Superior Colliculus.
However, the same stimulus does elicit exogenous shifts of
attention (Sumner, Adamjee, & Mollon, 2002). Together,
these studies suggest that some classes of peripheral cues,
such as offsets and s-cone stimuli, can reliably summon cov-
ert attention while only producing minimal activation of the
oculomotor system.

The claim that offsets can reliably capture attention
without reliably engaging the oculomotor system is poten-
tially problematic for theories of attention that propose a
mandatory coupling between the two processes (Klein,
1980; Rizzolatti, Riggio, & Sheliga, 1994; Smith &
Schenk, 2012). However, to date no study has explicitly
examined the effects of offset cues on exogenous atten-
tional facilitation and saccade programming within the
same study. Here, we address this question using the
Posner cueing task. We operationalised attentional facilita-
tion as faster and more accurate manual RTs in covert
detection (Experiment 1) and discrimination (Experiments
1, 2, and 3) tasks, and saccade programming as faster and
more accurate saccades in a saccadic localisation task. The
claim that offsets can summon attention without triggering
saccade programming leads to a clear prediction; there
should be attentional facilitation in the manual detection
and discrimination task but no facilitation of SRT in the
saccadic localisation task.

General method

Participants

In total, 19 undergraduate volunteers (14 female, median
age 19 years, 15 right handed) took part in Experiment 1
and 10 other volunteers (5 female, median age 25 years, 8
right handed) from Department of Psychology, Durham
University took part in both Experiments 2 and 3. All par-
ticipants had normal vision or wore contact lenses to cor-
rect their vision. All participants gave informed consent to
participate. The study was approved by the Department of
Psychology Research Ethics Committee and was con-
ducted in accordance with the British Psychological
Society (BPS) code of ethics.

Apparatus

Stimuli were generated using a Cambridge Research
Systems ViSaGe graphics card and displayed on a 17-inch
Sony Trinitron cathode ray tube (CRT) monitor with a
refresh rate of 100 Hz. Manual responses were collected
using a two-button response box. Eye-movements were
recorded using a Cambridge Research Systems Video
Eyetracker Toolbox sampling at 250 Hz.
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Placeholders (1000 ms)

Cue (100 ms)

Detection Target / Saccade
Target (Experiment 1 & 2)

Discrimination Target
(Experiment 2)

Detection Target / Saccade
Target (Experiment 3)

Discrimination Target
(Experiment 3)

Figure 1. Schematic of a trial from the valid condition illustrating the timing and stimuli used in Experiments |, 2, and 3. Only one
stimulus eccentricity was used in Experiments 2 and 3. The dotted squares on the top panel indicate the 8° eccentricity condition.

Stimuli and general procedure. The placeholders were black
squares subtending 2° of visual angle. The fixation point
was a 0.3° black spot surrounded by a black square sub-
tending 2°. The peripheral cue was the disappearance of
one of the two peripheral placeholders (Experiments 1 and
2) or the permanent offset of one of the peripheral place-
holders (Experiment 3). The central cue was the disappear-
ance of the box surrounding the fixation point. The target
in the Saccadic Localisation and Manual Detection tasks
was a light grey annulus (75 cd/m?, diameter 1.5°). In the
Discrimination task, the target was a filled white bar (100
cd/m?, 0.5° x 1.5°). The background was grey (54 cd/m?).
The viewing distances were 57 cm (Experiment 1) and 50
cm (Experiments 2 and 3).

The participant was seated on an adjustable chair in a
dimly lighted room. After setting up the eye tracker, a
12-point calibration phase began. If the calibration was
unsatisfactory, another calibration phase was initiated.
Otherwise, a block of trials began. Blocks of trials for each
condition were completed consecutively and the order in
which the different conditions were presented was coun-
terbalanced across participants.

Response types (Manual Detection [Experiments 1, 2, and
3], Manual Localisation [Experiments 2 and 3], Manual
Discrimination [Experiments 2 and 3] or Saccade
[Experiments 1, 2, and 3]) were tested in different blocks.
Trials began with the onset on the fixation point and three
placeholders. The centres of the peripheral placeholders were
presented at an eccentricity of 8° (Experiments 1, 2, and 3) or
10° (Experiment 1) from fixation in left and right hemifields.
After 1000 ms, one of the locations was cued (i.e., transient
offset or permanent offset of placeholders) during 100 ms.
The target was then presented simultaneously with the

re-appearance of the placeholder (except for Experiment 3)
and remained visible until a response was made. Figure 1
illustrates the sequence of events in a typical trial.

Analysis

In Experiment 1, one participant withdrew after complet-
ing two blocks of trials and was excluded from the analysis
and another participant had false alarm rates of >33% in
the Manual Response condition and was also excluded.

In the Manual Response condition, trials were rejected
when (a) blinks, loss of eye tracking or other artefacts made
it impossible to determine whether a saccade had been exe-
cuted, (b) participants broke fixation in manual condition,
and (c) had a reaction time (RT) of <100 ms. This resulted
in the exclusion of ~1% of trials in each of the three experi-
ments. In the Saccade condition, trials were rejected when
(a) blinks, loss of eye tracking or other artefacts made it
impossible to determine whether a saccade had been exe-
cuted (1.7% of trials in Experiment 1, 1.8% in Experiment
2%, and 10.5% in Experiment 3), (b) the saccade was made
prior to target presentation (3.9% of trials in Experiment 1,
3.1% in Experiment 2%, and 2.8% in Experiment 3), or (c)
the saccade was hypometric (less than two-thirds of the
correct amplitude; 0.2% of trials in Experiment 1, 2.3% in
Experiment 2, and 0.6% in Experiment 3). In total, 5.8% of
trials were excluded in Experiment 1, 7.2% in Experiment
2%, and 12.5% in Experiment 3.

Saccade identification

Potential saccades were automatically identified offline
using velocity criterion of >70°/s. When a potential
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saccade was identified the algorithm backtracked by five
samples and recorded this value. The exact start of the
saccade was then found by looking for the first velocity
above this smaller pre-start threshold. The raw signal was
unfiltered, and the detection algorithm was visually veri-
fied for every trial.

Experiment |
Design

Within each block there were four trial types (a) valid tri-
als, where the target appeared at the cued location; (b)
invalid trials, where the target appeared contralateral to the
cue; (¢) Centre cue trials, where the fixation point was
cued and the target appeared at one of the two peripheral
locations; and (d) Target Absent trials, where the cue
appeared but there was no target.

The cue was the removal of one of the two placeholders
for 100 ms. In Manual Response blocks, participants were
instructed to maintain fixation and to indicate target pres-
ence as quickly as possible by pressing the upper button on
the response box and the target absence by pressing the
lower button (Target Absent trials). Fixation was moni-
tored by recording eye-movements. In saccade response
blocks, participants were instructed to make a saccade as
quickly and as accurately as possible towards the target or
to withhold their response in target absent trials. Each par-
ticipant completed one block of 20 practice trials and four
blocks of 90 experimental trials (two manual responses
and two saccade responses). Each block of trials contained
20 valid trials, 20 invalid trials, 20 Centre Cue trials, and
30 Target Absent trials (10 following a left cue, 10 follow-
ing a right cue, and 10 following a centre cue). Overall,
there were 22.22% valid trials, 22.22% invalid trials,
22.22% Neutral trials, and 33.33% Catch trials.

Results

RT. We analysed the RT data from correct responses (84%
of trials) with a 2 x 2 x 3 repeated measures analysis of
variance (RM ANOVA) with factors of Stimulus Eccen-
tricity (8° and 10°), Response Type (Manual or Oculomo-
tor), and Validity (valid, invalid, and central cue). There
was no main effect of Stimulus Eccentricity (F = .203),
and no interactions between Eccentricity and any of the
other factors (all Fs < 1), so we collapsed across Stimulus
Eccentricity for the remaining analyses.

RT data from correct responses are shown in Figure 2.
Inspection of Figure 2 suggests the presence of a cueing
effect in the manual RT data but not the saccadic RT data.
To test this potential interaction effect the median, (S)RT
was calculated for all correct responses for each individ-
ual. The RTs were then subjected to a 2 x 3 ANOVA with
within-subjects factors of Response Type (Manual or
Oculomotor) and validity (valid, invalid and central cue).

Cue Type
4501 Evald
Cinvand
4001 I Ocentre
250
= 300
]
E e
é 250 =
c
]
E 2001
o
14
150
1004
50
T L
Manual Saccade
Response Type

Figure 2. Response type x cue validity interaction. Error
bars show within-subject 95% confidence intervals (Cousineau,
2005).

The ANOVA revealed a two-way interaction between
Response Type and validity, F(2, 32) = 13.37, p < .05,
n, = 45.

The interaction was explored using ANOVAs with a
single factor of validity conducted at each level of
Response Type. For Manual responses, there was a main
effect of validity, F(2, 32) = 9.02, p < .01, n; =.36.
Bonferroni corrected paired samples #-tests show that the
main effect was driven by significant facilitation of RTs on
valid trials compared with invalid trials, valid: 368 ms;
invalid: 389 ms; #16) = 4.91, p < .016, and valid trials
compared with Centre trials, valid: 368 ms; Centre: 407
ms; #(16) =3.62, p < .016. RTs on invalid trials were also
faster than those on Centre trials, but this effect was not
significant, valid: 389 ms; Centre: 407 ms; #(16) = 1.65, p
= .12. In contrast, there was no effect of validity in the
Saccadic response condition, valid: 276, invalid 278,
Centre 264 ms, F(2,32)=2.36,p = .11, nf) =.13.

False alarms. We examined the frequency of erroneous
eye-movements on trials in which a cue but no target was
presented (Target Absent trials). Overall, the number of
erroneous saccades was very low in the Manual Response
condition (<1% of trials), so the data are not further
described. In contrast, in the Saccade Response condition,
participants failed to withhold any saccadic eye-movement
on 16% of trials. Table 1 shows the raw frequency of erro-
neous saccades directed to the left and right in the different
cue conditions summed across subjects. The table indi-
cates that erroneous saccades were more common follow-
ing peripheral cues, and that they were more likely to be
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Table I. Direction of saccadic errors in the “no target” condition (% of total errors).

Peripheral left cue (%)

Peripheral right cue (%) Centre cue (%)

Left saccade 71
Right saccade 10.7

I5 14
76 13.3

directed towards the cued location than the uncued loca-
tion, ¥2(2, n = 17) = 69, p < .05. However, it should be
noted that these frequencies are summed across all partici-
pants so some of the values may not be truly independent.
As a consequence, the results of this test should be inter-
preted with caution.

Accuracy. Participants performed the tasks with a high
degree of accuracy (97% and 93.7% correct responses on
target-present trials in the Manual and Saccadic response
conditions, respectively); so, we do not report further anal-
ysis of these data.

Discussion

This study tested the hypothesis that transient offset cues
would summon attention without triggering activation of
a saccade plan. Consistent with this hypothesis, valid cues
produced significant RT facilitation for manual responses
but not saccadic response. On first inspection, these data
appear to show that attention was oriented to the cued
location but that no saccade plan was activated. However,
there are several reasons to be cautious about accepting
this interpretation. First, we also observed an increased
false alarm rate when cues appeared in the periphery in
the Saccadic response condition but not the Manual
response condition. The fact that saccadic errors were
more likely in the peripheral cue condition, and that these
errors were systematically biased towards the cued loca-
tion might be taken as evidence that there was some cue-
related oculomotor activation. Second, the proportion of
catch trials was relatively high (30%). This is potentially
problematic as the high proportion of catch trials meant
the likelihood of participants being required to make a
saccade to a cued location is relatively low, and Belopolsky
and Theeuwes (2009) have argued that oculomotor prim-
ing effects are reduced when a saccadic target is unlikely
to appear at a cued location.

Experiment 1 failed to show any effect of transient off-
set on saccadic RT, which might be due to the numerous
false alarm response type and the proportion of catch tri-
als. To address these issues, we conducted a second exper-
iment in which we used a saccadic localisation task to
assess oculomotor programming and two different meas-
ures of covert attention—a manual detection task and a
manual discrimination task. The detection task allowed us
to directly compare the results of Experiments 1 and 2.
However, having a target on every trial introduced the

possibility that participants would strategically prepare
their response at the start of the trial, rather than wait until
target presentation. This strategy could mask any cueing
effects. A discrimination task controls for this probability,
as the participant cannot pre-prepare a response. If the
failure to observe oculomotor priming by offset cues was
due to the presence of catch trials, removing catch trials
should elicit oculomotor priming in the saccade task and
attentional facilitation in the manual detection and dis-
crimination tasks.

Experiment 2
Design

Within each block, there were three trial types, such as (a)
valid trials, where the target appeared at the cued location;
(b) invalid trials, where the target appeared contralateral to
the cue; and (c) Centre cue trials, where the fixation point
was cued and the target appeared at one of the two periph-
eral locations. The target appeared at the cued location on
one-third of trials. The peripheral cue was the disappear-
ance and the re-appearance of one of the two peripheral
placeholders. In the Manual Detection task, participants
were instructed to maintain fixation and press a button on
the response box as quickly as possible when the target
appeared. In the Manual Discrimination task, the response
box was aligned, so the buttons lay along the sagittal mid-
line. Participants pressed the upper button for a vertical bar
and the lower button for a horizontal bar. In both, these
tasks fixation was monitored by recording eye-move-
ments. In the Saccadic Localisation task, participants were
instructed to look as quickly as possible at the target. Each
participant completed one block of 20 practice trials and
six blocks of 60 experimental trials (two Manual Detection,
two Manual Discrimination, and two Saccade Localisation).
Each block of trials contained 20 valid trials, 20 invalid
trials, and 20 central cue trials.

Results

Inspection of Figure 3 suggests that RTs were faster in the
valid cue condition than the invalid cue condition in all of the
tasks. Unlike Experiment 1, there is clear evidence of facili-
tation of SRTs. However, while valid trials appear to facili-
tate RTs for all response types, there appear to be differences
in the costs associated with invalid cues. To test this more
formally, the median (S)RT were subjectedto a3 x 3 ANOVA
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Experiment 2 (Transient Offset)

Experiment 3 (Permanent Offset)

Validity
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Figure 3. Response type x cue validity interaction in Experiment 2 (left) and Experiment 3 (right). Error bars show within-subject

95% confidence intervals (Cousineau, 2005).

with within-subjects factors of Response Type (Saccade,
Manual Detection, and Manual Discrimination) and validity
(valid, invalid, and central cue). Where the assumption of
sphericity was violated, we have reported Geisser—
Greenhouse corrected values. The ANOVA revealed a two-
way interaction between Response Type and validity, F(2,
17.7) =3.69., p < .05, m; = .29. One-way ANOVA at each
level of Response Type revealed a significant validity effect
in all three response types, Saccade: F(1.2, 11.6)=12.03,p <
.05; Manual Detection: F(2, 18) = 11.1, p < .05; Manual
Discrimination: F(2, 18) = 4.07, p <.05. However, the pat-
tern of costs/benefits of cueing differed across response
types. Specifically, in the Saccadic Localisation task, there
were significant RT benefit in the valid condition cues com-
pared with the invalid condition, #9) = 3.67, p < .017, and
Central condition, #9) = 3.34, p <.017, and significant RT
costs in the invalid condition compared with the Central con-
dition, #(9) =3.06, p <.017. In contrast, in the Manual detec-
tion task, the RT facilitation for the valid condition compared
with the invalid condition was much less robust, 248 ms ver-
sus 260 ms, #9) = 2.16, p = .059, and both were faster than
the Central cue condition, #9) =5.63, p <.01; #(9) =233, p
=.052, respectively. In the Manual Discrimination task, there

was a significant RT benefit in the valid condition compared
with the invalid condition, #9) = 2.92, p = .017, and the
Central condition, #(9) = 2.97, p = .016, but no cost for inva-
lid condition compared with Centre condition, #9) = .41, p =
.69. These data are illustrated in Figure 3.

As with Experiment 1, participants performed the tasks
with a high degree of accuracy (mean error rate was <4%),
so we did not conduct further analysis of these data.

Discussion

This experiment tested the hypothesis that the failure to
observe a cueing effect in the saccadic response condition of
Experiment 1 was due to the presence of catch trials, rather
than a failure of the cue to trigger saccade programming per
se. Consistent with this explanation, removing the catch trials
in Experiment 2 led to a reliable facilitation of saccadic RT in
the valid condition and a reliable cost in the invalid condition.
However, removing catch trials had a different effect on the
Manual Detection task, such that the RT facilitation for the
valid condition compared with the invalid condition was
much reduced. On first inspection, this might suggest that the
peripheral cue was less effective at summoning attention.
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However, given that there were significant cueing effects in
the Discrimination task, a more plausible explanation is that
the attentional effects of a valid cue in the detection task were
masked by the anticipatory effect of knowing that a target
would appear on every trial. The fact that RTs were ~100 ms
faster in Experiment 2 than Experiment 1 is consistent with
this interpretation. Taken together with the false alarm data
from Experiment 1, these results suggest that transient offsets
elicit both oculomotor preparation and exogenous covert ori-
enting, consistent with the idea that covert exogenous atten-
tional facilitation is tightly coupled with activation of the
eye-movement system (Smith & Schenk, 2012).

One potentially important difference between the ocu-
lomotor and manual tasks is that the oculomotor task
required localisation, whereas the manual tasks do not. It
seems likely that using a manual localisation task would
have produced results more similar to that saccadic locali-
sation task. However, it is necessary to be cautious when
interpreting the results of manual localisation tasks in
terms of attentional processing because they confound the
validity of a cue with stimulus-response compatibility
effects. As a consequence, it is impossible to know whether
changes in RT at the cued location are due to enhanced
attentional processing, a stimulus-response compatibility
effect or some combination of the two.

The results of this experiment suggest that transient off-
sets elicit both attentional and oculomotor facilitation.
However, a transient offset necessarily involves the re-
appearance of the cue after it has vanished. Given that
object appearance is highly salient, one might argue that
using a transient offset does not provide a strong test of the
idea that offsets elicit attentional capture but not oculomo-
tor priming. To address this issue we conducted third
experiment in which attention was summoned by the per-
manent removal of the placeholder.

Experiment 3
Method

Procedure. As is Experiment 2, except that the cue was the
permanent offset of one of the peripheral placeholders.

Results and discussion

The median (S)RT was calculated for all correct responses
for each individual. The RTs were then subjected to a
3 x 3 ANOVA with within-subjects factors of Response
Type (Oculomotor, Manual Detection, and Manual
Discrimination) and validity (valid, invalid, and central
cue). Where the assumption of sphericity was violated we
have reported the Geisser—Greenhouse corrected values.
The ANOVA revealed a two-way interaction between
Response Type and validity, F(4, 36) = 5.7, p < .05,
nf) =.39. One-way ANOVA at each level of response type

revealed a significant validity effect in all three response
types, Saccade: F(2, 18)=8.02, p <.05, n2 = .47; Manual
Detection F(2, 18) = 6.8, p < .05, n, =.43; Manual
Discrimination F(2, 18) = 18.82, p < .05, n§ =.68.
However, the pattern of costs/benefits of cueing differed in
the three response types. Specifically, the Saccadic
Localisation condition showed significant RT benefits for
the valid condition compared with the invalid condition,
#(9) = 6.08, p < .016 but not the Central condition, #9) =
1.86, p = .096, and the difference between the invalid
Condition and Central condition was not significant, #(9) =
1.66, p =.13. In contrast, the Manual detection task showed
no significant RT facilitation for valid trials compared with
invalid trials, #(9) = 1.35, p = .21, although the valid condi-
tion was significantly faster than the Central condition,
t(9) = 3.3, p < .016. The difference between invalid
Condition and Central condition was not significant after
applying a Bonferroni correction, #(9) = 2.41, p = .04.
Unlike the detection task, in the Manual Discrimination
task, there was a significant RT benefit for that valid con-
dition compared with the invalid condition, #(9) = 6.23, p <
.016, and the Central condition, #9) = 3.49, p <.016. The
difference between invalid Condition and Central condi-
tion was not significant after applying the Bonferroni cor-
rection, #9) = 2.64, p = .027. These interactions are
illustrated on Figure 3, right panel. To summarise, valid
cues produced robust facilitation in the Saccadic
Localisation and Manual Discrimination tasks, and much
weak facilitatory effects in the Manual Detection task.

We also conducted an exploratory analysis that directly
compared the results of Experiments 2 and 3. Mixed
model RM ANOVA with within-participants factors of
Response Type (Saccade, Manual Detection, and Manual
Discrimination) and validity (valid, Central, and invalid),
and a between-subjects factor of Cue Type (Transient and
Permanent) produced a Response type x validity interac-
tion, F(4,72)=,p <.05, ni =.15, and a three-way interac-
tion (F=3.14,p<.05, n§ =.15). The three-way interaction
was analysed with 3 (validity) x 2 (Cue Type) ANOVAs at
each level of response type. For Saccadic and Manual
Detection Responses, there was a main effect of validity,
F(2,36)=19.5, p <.05, nﬁ =.52; F(2,36) =16, p <.05,
np? = .49, respectively, but no effect of Cue Type and no
interaction. However, in the Manual Discrimination task,
there was a main effect of validity, F(2, 36) =24.5, p <.05,
nﬁ = .58, and a significant validity x Cue Type interaction,
F(2,36)=4.03, p<.05, nﬁ = .18 . This interaction appears
to be caused by a significant increase in both the benefits of
a valid cue and the costs of an invalid cue in Experiment 3,
compared with Experiment 2 (see Figure 3).

General discussion

In three different experiments, we have shown that periph-
eral offsets reliably elicit both exogenous covert attention
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and oculomotor priming. However, the effects were very
sensitive to the task context. Specifically, when partici-
pants made a saccadic response, the presence of catch tri-
als prolonged saccadic RTs and eliminated the saccadic RT
advantage in the valid condition (Experiment 1). Removing
the catch trials revealed a significant validity effect in the
Saccadic localisation task but greatly reduced the magni-
tude of the cueing effect in the Manual detection task,
probably because participants could begin planning their
response as soon as the trial began (Experiments 2 and 3).
Consistent with this account, we observed large and robust
validity effects for the harder, discrimination task in which
the participants could not preprogram their response.

The finding that the presence of catch trials can make it
hard to observe facilitation of saccadic RTs by non-predic-
tive, peripheral cues has important implications for the
interpretation of a series of studies that use a dual-task
method to argue against a coupling between attention and
eye-movements (e.g., Hunt & Kingstone, 2003; Klein,
1980; Klein & Pontefract, 1994; MacLean et al., 2015). In
these tasks, participants must perform a discrimination
task following a predictive peripheral cue. However, on
10%-20% of trials the discrimination target is replaced
with a saccade target that participants must fixate as
quickly as possible. Klein and colleagues have repeatedly
shown that the latency of the saccades towards the attended
and unattended location is the same. They argue that the
absence of faster saccadic RTs to the attended location
means that attention can be deployed without a concurrent
saccade plan and conclude that premotor theory (they actu-
ally use the term Oculomotor Readiness Hypothesis) is
false. However, these experiments contain up to 90% of
“no-go” trials, much higher than the 33% we used in
Experiment 1. Given our finding that high proportions of
catch trials masks oculomotor priming effects in RT data,
it may be more appropriate to interpret the null results of
Klein and colleagues as “absence of evidence” of oculo-
motor priming rather than “evidence of absence” of oculo-
motor priming.

An alternative explanation is that the coupling between
covert attention and oculomotor programming depends on
the probability that a saccade will be directed to the cued
location. In an elegant study, Belopolsky and Theeuwes
(2009) observed that when the probability of making a sac-
cade to an attended location was low, covert attentional
orienting was preserved but oculomotor priming abol-
ished. They proposed that, consistent with premotor the-
ory, an endogenous shift of attention required activation of
a saccade plan. However, they argued that this plan could
be rapidly suppressed in cases where the saccade target
was likely to be spatial separate from the attended loca-
tion. In this view, the apparent decoupling between oculo-
motor programming and exogenous attention observed in
our Experiment 1 occurred because the saccade target
appeared at the cued location on only 22% of trials, so

participants could rapidly suppress cue-induced saccade
programming to be ready to make a saccade to the correct
location. The saccadic errors on “Catch” trials may have
occurred when the suppression of the saccade programme
was slow or incomplete. Notably, as with Belopolsky and
Theeuwes (2009), the coupling between oculomotor pro-
gramming and covert attention was restored when the
probability of a saccade being directed to the location of a
peripheral cue was increased to 50% in Experiment 2. Our
data, therefore, complement the findings of Belopolsky
and Theeuwes (2009, 2012) by suggesting that dissocia-
tion between oculomotor programming and maintenance
of endogenous covert attention also pertains to exogenous
covert attention.

Why is it that offsets can produce oculomotor priming in
the peripheral cueing task but not in the remote distractor
task (Hermens & Walker, 2010)? One possibility is that ocu-
lomotor priming partly depends on the task context. More
specifically, Cole and Kuhn (2010) argued that offsets only
capture attention when they are the sole visual transient in
the display, or the participant has engaged an attentional set
for offsets. Given that offset cues are known to generate
relatively small antisaccade costs (Pratt & Trottier, 2005)
which suggests they elicit weak activation of the eye-move-
ment system, it may be that the presence or absence of other
visual transients in the display is of critical importance for
observing oculomotor capture by offsets. In our cueing
tasks, the offset was the only visual transient, so even rela-
tively weak activation of the oculomotor system may be suf-
ficient to permit oculomotor capture by the offset. In
contrast, in the RDE experiments using offsets, the offset of
the distractor is typically accompanied by the onset of a tar-
get item. In this case, the target onset signal would be much
stronger than the distractor-offset signal, leading to a greatly
attenuated RDE. A second possibility is that an offset event
is not temporally processed by the oculomotor system the
same way as an onset event. During an offset, the system
needs to disengage from the spatial location previously acti-
vated. One can speculate that this process might affect the
timing of target selection. Indeed, Bompas and Sumner
(2009) have shown that varying the contrast of a remote dis-
tractor systematically alters the stimulus-onset asynchrony
(SOA) at which the RDE effect is maximal, and Born and
Kerzel (2011) observed that saccade latency is shortened
when a target has a higher contrast than a distractor. Given
that the optimal SOA for observing the RDE is modulated
by the relative contrast of target and distractors and that pre-
vious studies of offsets typically use a single, 0 ms gap
between target and distractor, it is possible that an RDE to
offset distractors might be observed if multiple target-dis-
tractor gaps were tested.

To summarise, this study examined whether offset
cues could trigger exogenous orienting without engaging
saccade programming. The results of Experiments
2 and 3 clearly show that offsets elicit both attentional
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and oculomotor priming, consistent with the idea that
exogenous orienting of attention is tightly coupled to
eye-movements. It is argued that studies using the RDM
do not observe effects of offsets on saccadic RT because
they contain multiple, simultaneous visual transients and
the weak activation triggered by the offset of a distractor
cannot competed with the strong activation triggered by
an onset. In contrast, the Posner cueing task has sequen-
tial visual transients. In the absence of competition from
other visual transients, even the relatively weak oculo-
motor activation associated with offsets is sufficient to
elicit oculomotor priming and attentional facilitation. We
conclude that covert, exogenous orienting is tightly cou-
pled to oculomotor activation, and that previous evidence
of dissociations between the two, for example, (Maclean
et al., 2015) can be explained by the inclusion of a high
proportion of catch trials.
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