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Examining the Influence of a Spatially Irrelevant Working Memory Load
on Attentional Allocation

Gerald P. McDonnell and Michael D. Dodd
University of Nebraska–Lincoln

The present study examined the influence of holding task-relevant gaze cues in working memory during
a target detection task. Gaze cues shift attention in gaze-consistent directions, even when they are
irrelevant to a primary detection task. It is unclear, however, whether gaze cues need to be perceived
online to elicit these effects, or how these effects may be moderated if the gaze cues are relevant to a
secondary task. In Experiment 1, participants encoded a face for a subsequent memory task, after which
they performed an unrelated target detection task. Critically, gaze direction was irrelevant to the target
detection task, but memory for the perceived face was tested at trial conclusion. Surprisingly, participants
exhibited inhibition-of-return (IOR) and not facilitation, with slower response times for the gazed-at
location. In Experiments 2, presentation duration and cue-target stimulus-onset asynchrony were ma-
nipulated and we continued to observe IOR with no early facilitation. Experiment 3 revealed facilitation
but not IOR when the memory task was removed; Experiment 4 also revealed facilitation when the gaze
cue memory task was replaced with arrows cues. The present experiments provide an important
dissociation between perceiving cues online versus holding them in memory as it relates to attentional
allocation.
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The eyes exude a wealth of information ranging from the
attentional intent of other individuals, to providing an avenue to
interpret an ambiguous situation (Frischen, Bayliss, & Tipper,
2007). The ability to decode the expression of the eyes as well as
rapidly follow shifts of visual attention of both friend and foe has
obvious practical implications and a significant evolutionary role
(Emery, 2000). This process of joint attention has been observed in
infants as young as 3 months (e.g., Scaife & Bruner, 1975), and is
a critical precursor to social interaction given the extent of infor-
mation that gaze provides (e.g., Moore & Dunham, 1995). Because
of the importance of gaze, it has been repeatedly demonstrated that
individuals tend to rapidly and automatically shift their attention in
the direction of an observer’s gaze, even when gaze cues are
irrelevant to a primary target detection task (e.g., Bayliss & Tipper,
2006; Driver et al., 1999; Friesen & Kingstone, 1998; Friesen,
Ristic, & Kingstone, 2004; Kingstone, Tipper, Ristic, & Ngan,
2004). Moreover, individuals rate gazed-at objects as being more
desirable than gazed-away from objects (Bayliss, Paul, Cannon, &
Tipper, 2006), as well as exhibit increased memory performance

for items at gazed-at compared to gazed-away from locations
(Dodd, Weiss, McDonnell, Sarwal, & Kingstone, 2012). Indeed,
gaze cues provide such powerful reflexive shifts of attention that
people will follow a counterpredictive gaze cue even though they
expect the target to appear at a gazed-away from location (Friesen
& Kingstone, 2004).

Though there is a wide variation across gaze-cueing studies,
there are two aspects of this paradigm that are quite consistent. The
first is that the gaze cue tends to remain onscreen during target
presentation (but see Deaner, Shepherd, & Platt, 2007; Frischen &
Tipper, 2006; Hietanen & Yrttimaa, 2005; Hood, Willen, &
Driver, 1998; Hori et al., 2005), meaning that the influence of the
cue is continuous throughout the trial. The second is that, even
though gaze direction is uninformative, the face is clearly linked to
the primary target detection task, which could create an expecta-
tion that would bias participant performance (e.g., whether they
believe the cue to be uninformative). The purpose of the present
study was to examine whether attentional cueing effects would be
observed if the gaze cue was held in working memory for the
purpose of a secondary task unrelated to target detection, meaning
that the cue itself would not be visible during target detection.

It has been repeatedly demonstrated that holding items in work-
ing memory influences performance on a primary cognitive task.
When features of working memory overlap with our primary task,
we respond faster to objects that match (Downing, 2000) or are
related (Moores, Laiti, & Chelazzi, 2003) to the contents of work-
ing memory, even if it is detrimental to the goal of the primary task
(Pratt & Hommel, 2003). A working memory load can also influ-
ence performance on search tasks: When participants perform a
visual search and spatial change detection task concurrently com-
pared to separately, visual search performance is impaired (Wood-
man & Luck, 2004; see also Han & Kim, 2004; Oh & Kim, 2004).
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Moreover, maintaining items in working memory can also alter
one’s sensitivity to spatial location (Zhao, Chen, & West, 2010) or
bias perception of ambiguous objects (e.g., Bugelski & Alampay,
1961; Leeper, 1935). It is clear that the contents of working
memory can substantially influence attention and behavior in a
variety of contexts.

Conventional gaze-cueing studies, which lack any sort of mem-
ory load, present participants with a schematic or photographed
face with the eyes shifted to either the left or the right. Participants
are then instructed to respond to a target appearing at a gazed-at or
gazed-away from location. Facilitation occurs at stimulus-onset
asynchronies (SOAs) as short as 100 ms and for well over 1,000
ms, even after participants are instructed that the direction of the
gaze is irrelevant to target position (Friesen & Kingstone, 1998;
Jonides, 1981; Remington, Johnston, & Yantis, 1992). To preface
our results, the requirement to hold a face in working memory
before presentation of a primary target detection task resulted in an
unexpected inhibition-of-return (IOR) effect, with no early facili-
tation present. IOR refers to the phenomenon whereby a nonpre-
dictive peripheral cue initially elicits rapid facilitation to the cued
location at short SOAs (� 300 ms), termed the attentional cueing
effect (Maylor, 1985; Posner & Cohen, 1984); but at longer cue-
target SOAs (� 300 ms), the reverse effect is observed, because
responses are slower at the cued compared to the uncued location
(IOR). Since the initial discovery of IOR, it has generally been
posited as a mechanism that enhances visual search efficiency by
ensuring that attention is not returned to previously examined
locations. Initial evidence that IOR influences search behavior was
provided by Klein (1988; see also Müller & von Mühlenen, 2000;
Takeda & Yagi, 2000) and numerous researchers have since pro-
vided evidence consistent with the idea that IOR is a form of
spatial memory that prevents the reorienting of attention to already
attended locations (e.g., Dodd, Van der Stigchel, & Hollingworth,
2009; Klein & MacInnes, 1999; Snyder & Kingstone, 2000).

Though IOR is commonly observed in attentional cueing and
search tasks, the effect has rarely been observed with central cues,
perhaps because the shift of attention elicited by these stimuli has
less to do with search and detection and is instead attributable to
social norms and the overlearned associations between certain
stimuli and space. Indeed, Ristic and Kingstone (2012) recently
suggested that automatic symbolic orienting constitutes a new
form of spatial attention, which is dissociable from the classic
exogenous and endogenous forms of orienting that have been
amply investigated over the past 50 years. Exogenous orienting is
a bottom-up process that occurs when attention is automatically
allocated to a location caused by a perceptual change in the
periphery (Posner, 1980). Therefore, such orienting is reflexive
and stimulus driven, occurring rapidly and thus resulting in early
facilitation but later IOR in response to a target at a cued relative
to an uncued location. On the other hand, endogenous orienting is
driven by top-down processes, in which attention is allocated by a
directional central cue that requires some sort of processing and
interpretation. Such cues result in long-lasting facilitation, but not
IOR, when responding to the location of a target (Müller &
Rabbitt, 1989). However, due to the reflexive nature of central
cues as gaze and arrows (i.e., Friesen & Kingstone, 2004), it
remains unclear whether these cues are truly endogenous. The
results from the present study further demonstrate that symbolic
cues, particularly gaze cues, belong in a separate form of spatial

attention, for which we observed no early facilitation but later IOR
in this novel gaze-cueing paradigm. We return to this issue in the
General Discussion section.

Experiment 1

The purpose of Experiment 1 was to determine whether holding
a face exhibiting averted gaze (to the left or right) in working
memory influences performance on an unrelated target detection
task. It is well established that gaze cues rapidly and automatically
shift attention in gaze-consistent directions (e.g., Deaner & Platt,
2003; Driver et al., 1999; Friesen, Moore, & Kingstone, 2005),
however, it is unclear whether gaze cues need to be (a) perceived
online and (b) ostensibly relevant to the target detection task to
elicit these effects.

Method

Participants. Forty-two undergraduate students from the Uni-
versity of Nebraska–Lincoln participated in the study and received
course credit for participation. All participants had normal or
corrected-to-normal vision and were naive to the purpose of the
study, which took place in a single 60-min session.

Apparatus and procedure. Participants completed the exper-
iment on a Pentium IV personal computer; they were seated
approximately 44 cm from the computer screen. At the beginning
of each trial, a central fixation cross (white, 1.0° in diameter) was
presented on the computer monitor with a black background (see
Figure 1 for a complete trial sequence). After a period of 250 ms,
the fixation cross was replaced by a computer-generated face
adapted from FaceGen Modeler, Version 3.3, which remained on
the screen for 1,250 ms. Participants were instructed to memorize
this face for a subsequent memory test. The gaze of the face was

Figure 1. Trial sequence in Experiment 1.
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directed toward the left or right side of the computer screen, but
gaze direction was not critical for the upcoming forced-choice
recognition memory test because both faces at test exhibited the
same direction of gaze. After face offset, the fixation cross reap-
peared for an additional 1,250 ms, at the end of which participants
performed an unrelated target detection task that required them to
detect and respond to a probe (white, 2.0° in diameter) appearing
12.0° to the left or right side of fixation by pressing the spacebar
with their right hand as quickly as possible. The probe was equally
likely to appear on either the left or the right side of fixation, and
it was equally likely to appear at either a gazed-at or gazed-away
from location. Participants were explicitly informed that the face
being held in memory was irrelevant to the target detection task
and that gaze direction did not predict target location. After par-
ticipants responded to the probe, two computer-generated faces
appeared on the screen side-by-side, one of which was the face
participants were instructed to memorize. To conclude the trial,
participants indicated using a key press which face they believed
was presented previously. Using their left hand, participants re-
sponded with the 1 or 2 keys on the keyboard, representing the left
and right face, respectively.

Design. The experiment consisted of 400 trials. Each face was
repeated twice such that during the target detection task, the probe
could appear on either the left or the right side of fixation. To
ensure that the memory test was sufficiently challenging, to-be-
memorized faces could vary along a number of dimensions (e.g.,
to ensure that participants did not focus their attention to specific
features). The faces varied in terms of race (Caucasian or African
American), age (young or old), and emotion displayed (neutral,
happy, angry, or fearful). On the memory test, the distractor faces
were also generated through FaceGen Modeler, Version 3.3, using
the genetic interface for which faces had in common 70% or more
with the to-be-memorized face.

Results and Discussion

Initial analyses indicated that reaction time (RT) and memory
performance did not differ as a function of emotion or age of face,
so all data were collapsed across these variables. There was a main
effect of race, F(1, 41) � 11.10, mean square error (MSE) �
3,212.83, p � .002, because participants were slightly faster to
respond to the target when holding an African American face in
memory (M � 427.49 ms, SD � 69.29) relative to when they were
holding a Caucasian face in memory (M � 436.23 ms, SD �
75.20), but because race did not interact with any other variable,
these data were also collapsed. Further, our analyses included both
correct and incorrect memory trials, given that memory accuracy
(76%) was unrelated to target detection speed; and the results were
unchanged when only correct memory trials were reported. Trials
with probe detection times less than 150 ms or greater than 1000
ms were considered outliers and were omitted (8% of trials). To
examine the impact of gaze direction of the to-be-memorized face
and target location on RT, a paired-sample t test was performed.
There was a significant mean difference in RT, t(41) � 2.10, p �
.04: participants were faster responding to the target at the gazed-
away from location (M � 429.29 ms, SD � 68.19) relative to the
gazed-at location (M � 434.47 ms, SD � 76.34).

Though facilitation was not observed at gazed-at locations in
Experiment 1, IOR was observed, because participants were faster

to respond to targets at gazed-away from locations. This is sur-
prising because IOR is rarely observed with central cues, gaze or
otherwise (e.g., Driver et al., 1999; Friesen et al., 2004). Previ-
ously, Frischen, Smilek, Eastwood, and Tipper (2007) observed
IOR at very long cue-target SOAs (2,400 ms), but only when
attention was drawn away from the gazed-at location. Given that
the SOA between the onset of the to-be-encoded face and the onset
of the target was 2,500 ms in Experiment 1, it is possible that
central cues can lead to IOR, but only with a sufficiently long time
course. Experiment 1, however, did not use a fixation cue to draw
attention away from gazed-at locations (though it is possible that
the offset of the gaze cue served to reorient attention to fixation, an
idea to which we will in Experiment 3). Moreover, even though
early facilitation is a common—but not a necessary—precursor to
IOR with peripheral cues (e.g., Pratt, Hillis, & Gold, 2001), early
facilitation is always expected with gaze cues, but this was not
tested in Experiment 1. The purpose of Experiment 2, therefore,
was to examine whether holding a gaze cue in memory would lead
to early facilitation and late IOR across a variety of cue-target
SOAs.

Experiment 2

The present task required participants to hold a face in memory
while performing a target detection task, hence it was not possible
to use very brief cue-target SOAs because participants require a
sufficient amount of time to encode each face followed by a brief
retention interval. Therefore, in Experiment 2 participants detected
targets at cue-target SOAs ranging from 1,250–2,000 ms.1 Be-
cause previous demonstrations have elicited facilitation with 1,000
ms cue-target SOAs and greater, we expected early facilitation
(Friesen & Kingstone, 1998; Friesen et al., 2004; Frischen &
Tipper, 2006; Samuel & Kat, 2003). Moreover, we sought to
determine whether IOR would again be observed at later intervals.

Method

Participants. Forty-nine undergraduate students from the
University of Nebraska–Lincoln participated in the study and
received course credit for participation. All participants had nor-
mal or corrected-to-normal vision; they were naive to the purpose
of the study, which took place in a single 60-min session. None of
the participants had taken part in the previous experiment.

Apparatus and procedure. The apparatus and procedure
were identical to those used in Experiment 1, with the exception
that the current experiment manipulated the amount of time the
to-be-memorized face was presented (750 or 1,000 ms), as well as

1 We initially conducted a pilot study that manipulated the amount of
time the to-be-memorized face was presented (500, 750, or 1,000 ms), as
well as the stimulus-onset asynchrony (SOA) between the offset of the face
and the presentation of the target (500 or 1,000 ms). The 500 ms presen-
tation condition did not allow sufficient time for encoding because memory
performance was at chance. On the remaining trials, there was a marginally
significant main effect for congruency: Participants responded faster to
targets appearing at the gazed-away from location relative to targets
appearing at the gazed-at location, replicating Experiment 1. Because of
the small effect size observed in Experiment 1, we used this pilot study to
inform the design of Experiment 2 to ensure that the face presentation time
and SOAs were within a range for which we would again expect to
replicate Experiment 1.
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the SOA between the offset of the face and the presentation of the
target (500 or 1,000 ms), resulting in four cue-target SOAs: 1,250,
1,500, 1,750, and 2,000 ms.

Results and Discussion

As in the previous experiment, data were collapsed across
emotion and race, and our analyses included both correct and
incorrect trials because memory accuracy (79%) was unrelated to
target detection speed. Trials with RTs less than 150 ms or greater
than 1,000 ms were considered outliers and were omitted (7% of
trials). A 2 � 6 (Congruency � Cue-Target SOA) within-subjects
analysis of variance (ANOVA) examined the impact of varying the
cue-target SOA and congruency of the gaze cue and target location
on RT. The means and standard deviations are presented in Table
1. As expected, there was a main effect of cue-target SOA, F(3,
144) � 37.19, MSE � 2,755.42, p � .001, with RTs being faster
with longer SOAs, a standard foreperiod effect. Critically, there
was also a main effect of congruency, F(1, 48) � 10.63, MSE �
512.93, p � .002, with participants responding faster to targets
appearing at the gazed-away from location relative to targets
appearing at the gazed-at location for all cue-target SOAs. The
interaction between congruency and cue-target SOA was not sig-
nificant, F(3, 144) � .199, MSE � 487.32, p � .90.

The results of Experiment 2 provide further robust evidence
that, at later intervals, the requirement to hold a face in working
memory results in an inhibitory effect when performing a primary
target detection task without facilitation at early cue-target SOAs.
It appears then that gaze cues can elicit IOR when the gaze cue is
not visible but is instead being held in memory for a secondary
task, and without an early facilitatory effect. Of note, for IOR to be
elicited, the face had to be presented for a relatively long time and
removed for at least 500 ms before target presentation. This could
mean that IOR occurred via the activation of the memory process
required to encode and maintain faces in working memory, but it
is also possible that IOR was triggered because the offset of the
face served as a reorienting event.

Experiments 3a and 3b

In Experiment 3, we removed the memory task to determine
whether facilitation would be observed at early SOAs and IOR
would be observed at later SOAs when the gaze cue is completely
irrelevant to all tasks, as is standard in the gaze-cueing paradigm.
With the use of computer generated faces, it is important to
determine whether standard gaze-cueing effects would be ob-
served in the absence of the secondary memory task. It is also
important to note, however, that in the two previous experiments,
the gaze cue was not visible when the target appeared. Because
gaze-cueing studies usually leave the gaze cue onscreen for the
entire duration of the task, it is possible that the results of the
previous two experiments were influenced by the elimination of
the gaze cue prior to target detection as opposed to holding the cue
in memory per se. Specifically, Frischen, Smilek, et al. (2007)
previously demonstrated that gaze cues can elicit IOR at very long
SOAs if attention is reoriented to fixation through the presentation
of a second orienting cue. In Experiments 1–2, a second orienting
cue was not used to remove attention from the cued location,
though it is possible that the simultaneous offset of the gaze

cue/onset of the fixation cue served to reorient attention to fixation.
Thus, in Experiment 3, participants completed two blocks of trials:
one in which the gaze cue remained onscreen during the target
detection task (Experiment 3a) and one in which the gaze cue was
extinguished and replaced with a fixation point before the target
was presented (Experiment 3b).

Method

Participants. Sixteen undergraduate students from the Uni-
versity of Nebraska–Lincoln participated in the study and received
course credit for participation.2 All participants took part in both
Experiments 3a and 3b. None of the participants had taken part in
the previous experiments.

Apparatus and procedure. The apparatus and procedure
were similar to those used in the previous two experiments, with
the exception that the memory test was removed, meaning partic-
ipants were told that they would observe a gaze cue at fixation that
did not predict the location of the upcoming target and therefore
could ignore it. Further, participants completed two blocks of
trials, which were counterbalanced. In one block (Experiment 3a),
the gaze cue remained onscreen for the duration of the trial, with
a cue-target SOA of 500, 1,500, or 2,500 ms. In the other block
(Experiment 3b), the gaze cue could remain onscreen (a) for 500
ms followed by a 500 ms fixation (1,000 ms cue-target SOA), (b)
for 750 ms followed by a 500 ms fixation (1,250 ms cue-target
SOA), or (c) for 1,000 ms followed by a 1,000 ms fixation (2,000
ms cue-target SOA). During this fixation, the face was replaced
with the original fixation point, as was the case in Experiments 1
and 2.

Results and Discussion

Experiment 3a. In Experiment 3a, the identical outlier anal-
ysis from the previous two experiments was used, resulting in 6%
of trials being deleted. A 2 � 3 (Congruency � Cue-Target SOA)
repeated-measures ANOVA was used to examine the impact of
varying the face presentation duration and the congruency of the
gaze cue and the target on RT when the face remained on the
screen as the target was presented. The means and standard devi-
ations are presented in Table 2. Again, there was a main effect of
face presentation duration, F(2, 28) � 38.30, MSE � 139.92, p �
.001, with RTs being faster with longer SOAs and, critically, a
main effect of congruency, F(1, 28) � 15.96, MSE � 2,887.93,
p � .001, with participants being faster to respond to the target
when the face gazed at the target location relative to gazing away
from the target location. The interaction between congruency and
cue-target SOA was not significant, F(2, 28) � 2.04, p � .10.

To further examine this effect, a series of paired-samples t test
were conducted comparing congruency at the three cue-target
SOAs. For the 500 and 1,500 ms cue-target SOAs, participants
were significantly faster at responding to the target when the gaze

2 The smaller sample size in Experiment 3 relative to the other experi-
ments is attributable to the fact that robust facilitation is observed in the
present experiment with no evidence of inhibition-of-return when individ-
ual subject means and standard deviations are reviewed. Moreover, gaze-
cueing studies often use a small sample size given the robustness of the
facilitatory effect.
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cue gazed at the target location compared to gazing away from the
target location, t(14) � 4.10, p � .001; t(14) � 4.10, p � .048.
This same pattern held true for the 2,500 ms cue-target SOA
condition, but it was not significant, t(14) � 1.31, p � .21.

Experiment 3b. In Experiment 3b, an identical 2 � 3 (Con-
gruency � Cue-Target SOA) repeated-measures ANOVA was
performed for the block of trials on which the gaze cue was
removed prior to target presentation. The means and standard
deviations are presented in Table 3. Once again, there was a main
effect of SOA, F(2, 28) � 10.55, MSE � 175.78, p � .001, with
faster RTs with longer SOAs and, critically, a main effect of
congruency, F(1, 28) � 5.80, MSE � 658.55, p � .03, where
participants were faster to respond to the target when the cue face
gazed at the target location compared to gazing away from it. The
interaction between congruency and cue-target SOA duration was
also significant, F(2, 28) � 5.24, MSE � 921.23, p � .01.

Paired-samples t test confirmed that, for the 1,000 ms cue-target
SOA, participants exhibited facilitation in the direction of the gaze,
t(14) � 3.83, p � .002. There was no RT difference between the
gazed-at and gazed-away from locations for the other two cue-
target SOAs (ps � .5).

The results of Experiments 3a and 3b are clear. A significant
facilitatory effect was observed for targets appearing at gazed-at
locations relative to targets appearing at gazed-away from loca-
tions. This was true for cue-target SOAs up to 1,500ms, and
facilitation was observed independent of whether the gaze cue
remained onscreen throughout the trial or was removed prior to
target presentation. Critically, IOR was not observed in either
experiment despite cue-target SOAs of up to 2,500ms. Moreover,
in Experiment 3b, the gaze cue was replaced by a fixation point
prior to target presentation, which could serve as a second orient-
ing event as per Frischen, Smilek, et al. (2007), but this was not
sufficient to trigger IOR. This leads to the suggestion that the
presence of IOR in Experiments 1–2 was directly attributable to

the requirement to hold the gaze cue in working memory for a
subsequent memory test.

Experiment 4

Though the results of Experiments 1–2 converge on a similar
conclusion, it is unclear whether this inhibitory effect occurs solely
with face processing and gaze, or generalizes to other central cues.
Central arrow and gaze cues both rapidly and automatically shift
attention, operating similarly in both magnitude and time course,
even when such cues are spatially nonpredictive (i.e., Ristic,
Friesen, & Kingstone, 2002). However, it has been determined that
gaze cues allocate attention more reflexively relative to central
arrow cues (Friesen et al., 2004). Further, due to the biological
relevance of faces, it is plausible that gaze and arrow cues operate
on different attentional systems (Nummenmaa & Calder, 2009). In
Experiment 4, we examined whether the effects observed in the
previous experiments would extend to arrow cues.

Method

Participants. Forty undergraduate students from the Univer-
sity of Nebraska–Lincoln participated in the study and received
course credit for participation. All participants had normal or
corrected-to-normal vision and they were naive to the purpose of
the study, which took place in a single 60-min session. None of the
participants had taken part in the previous experiments.

Apparatus and procedure. The apparatus and procedure
were identical to those used in Experiment 2, with the exception
that the stimuli used in Experiment 3 were replaced with arrow
cues. To ensure that the memory test was sufficiently challenging,
to-be-memorized arrows could vary along two color dimensions:
variation of the arrow color as well as the arrow outline color.

Table 1
Mean Reaction Times and Standard Deviations as a Function of Face Presentation Duration,
Cue-Target SOA, and Gaze-Cue Congruency in Experiment 2

Cue-target SOA

Congruency 1,250 ms� 1,500 ms 1,750 ms 2,000 ms

Toward 439.83 (77.85) 423.05 (72.86) 380.94 (55.43) 371.60 (56.00)
Away 429.77 (67.49) 417.31 (67.16) 373.00 (61.17) 365.51 (57.91)

Note. SOA � stimulus-onset asynchrony.
� Statistically significant difference between toward versus away for a specific cue-target SOA.

Table 3
Mean Reaction Times and Standard Deviations as a Function of
Face Presentation Duration, Cue-Target SOA, and Gaze-Cue
Congruency in Experiment 3b

Cue-target SOA

Congruency 1,000 ms� 1,250 ms 2,000 ms

Toward 353.95 (71.79) 369.85 (61.85) 352.25 (67.06)
Away 371.91 (65.17) 371.13 (69.92) 349.23 (60.61)

Note. SOA � stimulus-onset asynchrony.
� Statistically significant difference between toward versus away for a
specific cue–target SOA.

Table 2
Mean Reaction Times and Standard Deviations as a Function of
Cue-Target SOA and Gaze-Cue Congruency in Experiment 3a

Cue-target SOA

Congruency 500 ms� 1,500 ms� 2,500 ms

Toward 415.62 (58.90) 373.45 (54.46) 374.56 (61.79)
Away 432.99 (49.61) 385.02 (58.40) 379.61 (59.86)

Note. SOA � stimulus-onset asynchrony.
� Statistically significant difference between toward versus away for a
specific cue-target SOA.
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Thus, in the forced-choice memory test, one arrow was identical to
the previously presented arrow, while the other arrow differed
slightly in either arrow color or arrow outline color. The cue
presentation time as well as gap between cue offset and target
detection was also identical to Experiment 2, thus resulting in four
cue-target SOAs: 1,250, 1,500, 1,750, and 2,000 ms.

Results and Discussion

The identical outlier analysis from the previous experiments was
used, resulting in 7% of trials being deleted. Further, our analyses
included both correct and incorrect trials, because memory accu-
racy (74%) was unrelated to target detection speed. That memory
accuracy was similar to that observed in previous experiments is
suggestive of the arrow memory task being of similar difficulty to
the previous face memory tasks. A 2 � 6 (Congruency � Cue-
Target SOA) within-subjects ANOVA examined the impact of
varying the cue-target SOA and congruency of the arrow cue and
target location on RT. The means and standard deviations are
presented in Table 4. As expected, there was once again a main
effect of cue-target SOA, F(3, 117) � 41.51, MSE � 1,850.67,
p � .001, with RTs being faster with longer SOAs. In contrast to
the inhibitory pattern in Experiment 3, however, there was a
marginally significant main effect of congruency, F(1, 39) � 3.23,
MSE � 571.58, p � .08: Participants responded faster to targets
appearing at the cued relative to the uncued location. The interac-
tion between congruency and cue-target SOA was not significant,
F(3, 117) � .83, MSE � 548.99, p � .48.

In contrast to Experiments 1–2, in which we observed an IOR
effect when holding a gaze cue in working memory, a facilitatory
pattern was observed in Experiment 4 in which central arrow cues
were used. Thus, it appears that the IOR effect observed in Ex-
periments 1–2 was specific to the face cues and did not extend to
other central cue types. We discuss the reasons for this in the
General Discussion section.

General Discussion

The purpose of the present study was to examine the influence
of holding irrelevant gaze cues in working memory on attentional
allocation. It is well established that spatially irrelevant gaze cues
can influence attention on a target detection task, with participants
being faster to respond to targets at cued relative to uncued
locations (e.g., Friesen et al., 2004). The present study examined
whether this effect would still occur if participants held the gaze
cue in working memory such that it was relevant to a secondary
task and not visible when the target appeared. This is a departure
from the standard gaze-cueing paradigm in which the gaze cue is

presented as being nonpredictive, but still seems linked to the
primary task, in addition to remaining onscreen for the duration of
target detection.

Surprisingly, while holding a gaze cue in memory did influence
attentional allocation, it was in the direction opposite of what was
expected. Specifically, IOR was observed at late cue-target SOAs,
but facilitation was not observed at early cue-target SOAs. This is
particularly noteworthy because irrelevant central cues (e.g., gaze
cues, arrow cues, directional words) have been repeatedly shown
to elicit early facilitation (e.g., Dodd, Van der Stigchel, Adil
Leghari, Fung, & Kingstone, 2008; Eimer, 1997; Fischer, Castel,
Dodd, & Pratt, 2003; Friesen & Kingstone, 1998; Gevers, Reyn-
voet, & Fias, 2003; Pratt & Hommel, 2003), but these early cueing
effects do not tend to give way to a later-occurring inhibitory trace
as is the case for peripheral cues (e.g., Posner & Cohen, 1984).
Indeed, when the memory component was removed from the task
in Experiment 3, gaze cues led only to early facilitation. Further,
when the to-be-memorized gaze cue was replaced with a to-be-
memorized central arrow cue, a facilitatory effect occurred. To our
knowledge, this is the first demonstration that gaze cues can elicit
IOR (a) in the absence of a fixation cue, (b) when the gaze cue is
not visible but is instead being held in memory for a secondary
task, and (c) without an early facilitatory effect. With regard to the
latter point, Pratt et al. (2001) have demonstrated that IOR with
peripheral cues can emerge without early facilitation, even though
it is normally the case that IOR follows an initial facilitatory
period. The critical question then is why maintaining a face in
memory would elicit IOR but not facilitation, whereas simply
perceiving a gaze cue would lead to facilitation but not IOR.

It has been previously demonstrated with peripheral cues that
inhibition and facilitation are dissociable, but only under fairly
specific conditions (Pratt et al., 2001; see also Maruff, Yucel,
Dankert, Stuart, & Currie, 1999; Pratt & McAuliffe, 2002; Samuel
& Kat, 2003). For example, Pratt et al. (2001) varied both the SOA
as well as the physical characteristics of the cue and target, and
they discovered that at short SOAs—when the spatial overlap of
the cue and target were similar—no early facilitation occurred. At
longer SOAs (400 and 800 ms), however, IOR occurred, regardless
of the spatial overlap of cue and target. In the present experiments,
we provide the first demonstration that IOR can be observed with
gaze cues in the absence of any prior facilitation and, as was the
case for Pratt et al. (2001), it seems likely that this finding is
attributable to a specific aspect of the present paradigm. Namely,
the requirement to maintain the gaze cue in working memory.

It is well established that IOR is at least partially attributable to
spatial working memory processes. For example, Castel, Pratt, and
Craik (2003) reported an elimination of IOR under dual-task

Table 4
Mean Reaction Times and Standard Deviations as a Function of Arrow Presentation Duration,
Cue-Target SOA, and Arrow Direction Congruency in Experiment 4

Cue-target SOA

Congruency 1,250 ms 1,500 ms 1,750 ms 2,000 ms

Toward 484.73 (77.85) 478.32 (76.30) 437.28 (81.90) 423.95 (76.26)
Away 491.77 (76.10) 485.37 (73.65) 434.96 (80.35) 431.40 (80.65)

Note. SOA � stimulus-onset asynchrony.
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conditions in which participants were required to maintain a spatial
working memory load for a subsequent memory test (IOR was not
eliminated when the memory load was verbal). Similarly, numer-
ous researchers have provided evidence that IOR has both a
temporal capacity and a limit on the number of locations that can
be simultaneously inhibited, indicative of a limited capacity work-
ing memory system (e.g., Dodd, Castel, & Pratt, 2003; Snyder &
Kingstone, 2000). By requiring participants to maintain faces in
working memory in the present study, memory was activated in a
manner that would not otherwise have occurred if the primary task
were solely target detection, which subsequently led to an unex-
pected expression of IOR. It is important to note, however, that
maintaining an arrow cue in working memory did not elicit an IOR
effect despite similar performance on the memory test across
experiments. This leads to the question of why gaze cues influ-
enced spatial working memory in a manner that evoked IOR in a
way that arrow cues did not. Though speculative, we suggest that
the more complex, multifaceted nature of the gaze cue (in which
multiple facial dimensions could be altered on the distractor face),
in addition to the biological relevance of gaze, engaged spatial
memory in a manner different from arrow cues, which were
similarly complex but varied across only two dimensions. Thus,
IOR in the present experiment seems linked to the degree to which
the cue engaged spatial working memory. This finding both rein-
forces the role of spatial working memory in the IOR process, in
addition to providing initial evidence that engaging memory in an
unrelated task can lead to a counterintuitive influence of memory
load on primary task behavior. This finding is consistent with
previous demonstrations that holding items in working memory
can bias performance on a variety of cognitive tasks (e.g., Down-
ing, 2000; Moores, Laiti, & Chelazzi, 2003), but differs in that the
working memory load did not result in a behavioral influence that
was necessarily beneficial or detrimental to primary task perfor-
mance. Rather, the expression of IOR seems to be an unintended
consequence of engaging spatial memory.

Finally, it is important to note that the present results cannot
solely be attributed to (a) the removal of the gaze cue prior to
target detection or (b) the offset of the gaze cue serving as a second
orienting event. With regard to the former point, in the gaze-cueing
paradigm, it is often the case that the gaze cue remains onscreen
and visible throughout the duration of the trial (but see Deaner et
al., 2007; Frischen & Tipper, 2006; Hietanen & Yrttimaa, 2005;
Hood et al., 1998; Hori et al., 2005). This is quite different from
exogenous cueing paradigms in which attention is captured by the
rapid onset and offset of a peripheral before attention returns to
fixation—either naturally or via a fixation cue. The continued
persistence of a gaze cue might increase the likelihood that atten-
tion remains in the periphery given that gaze cues are an indicator
of an individual’s intent and interest in the real world. Maintaining
attention at gazed at locations would either eliminate IOR or push
back the time course of the effect. By removing the gaze cue,
attention is more likely to be withdrawn from peripheral locations
and return to fixation. It is possible, therefore, that the results of
Experiments 1–2 were at least partially influenced by the elimi-
nation of the gaze cue prior to target detection, which could create
a more ideal condition for observing IOR. When the memory task
was removed and the gaze cue was extinguished prior to target
detection in Experiment 3b, however, we observed facilitation but
not inhibition. With regard to the latter point, IOR has been

observed with gaze cues at long SOAs, but only when a second
orienting event returns attention to fixation prior to target onset
(Frischen, Smilek, et al., 2007). It could be argued, therefore, that
the offset of the gaze cued, coupled with the simultaneous onset of
the fixation point, served as a second orienting event. Again,
however, when the memory task was removed in Experiment 3b,
IOR was not observed after the offset of the gaze cue or the onset
of the fixation point. As such, it appears that IOR in the present
experiments is attributable to the requirement to maintain the gaze
cue in working memory.

Conclusion

By engaging memory via the requirement to maintain gaze cues
in working memory for a subsequent recognition test, an inhibitory
effect was produced that is not normally observed in the gaze-
cueing paradigm. Although joint attention is a robust phenomenon
that is integral to our social survival, it is rarely the case that we are
required to memorize a gaze cue inasmuch as we perceive these
cues online and allocation attention accordingly. The current re-
sults are the first to demonstrate an IOR effect in the gaze-cueing
paradigm in the absence of early facilitation and in the absence of
a second orienting event. Collectively, these results enhance our
understanding of inhibition of return, gaze cues, and the joint
relationship between IOR and spatial working memory.
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