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Attention is both limited in capacity (Pashler, 1988) 
and necessary for the explicit representation of objects 
(Becker & Pashler, 2002; Rensink, O’Regan, & Clark,
1997). Thus, people may use a number of cues to help en-
sure that attention is allocated to relevant locations, rather 
than being squandered on the irrelevant. It is clear that 
there are numerous sources of both low-level and high-
level information that can influence the allocation of at-
tention. For instance, there is evidence that attention is
efficiently allocated to visually salient items (Itti & Koch,
2000) and to anomalous (Becker, Pashler, & Lubin, 2007)
and new objects (Brockmole & Henderson, 2005) within
a scene and can be guided by implicit memory for consis-
tent or repeating scene structure (Chun & Jiang, 1998) and 
scene-specific memory for a scene (Brockmole & Hen-
derson, 2006). Of particular interest to the present investi-
gation is how emotional and social information influence
the allocation of attention.

Cues conveyed by others may be a rich source of infor-
mation that can be used to direct attention toward inter-
esting or relevant objects in the environment. Consistent
with this view, an extensive literature suggests that people
are very sensitive to where others are looking and rapidly 
and reflexively orient attention toward the place where
the gaze of another is directed (see Frischen, Bayliss, &
Tipper, 2007, for a recent review). In addition, this abil-
ity develops early in childhood (Hood, Willen, & Driver, 
1998) and has been suggested to underpin more complex
forms of social communication, such as vocabulary learn-
ing (Morales, Mundy, & Rojas, 1998) and theory of mind 
(Charman et al., 2000). As a result, it has been suggested 

that eye gaze may be a particularly strong cue to attention 
(Kuhn & Kingstone, 2009).

Research also indicates that facial expressions of emo-
dtion are evaluated rapidly (Eimer & Holmes, 2002), and 
tthis early evaluation can guide attention toward faces that

indicate potential threat. For example, during a search 
task, people find fearful facial expressions more quickly 
than they do positive faces (Eastwood, Smilek, & Merikle, 
2001; Hansen & Hansen, 1988; Öhman, Lundqvist, & Es-
teves, 2001; but see Frewen, Dozois, Joanisse, & Neufeld,
2008).

f The finding that both eye gaze and facial expression of
emotion are capable of influencing the allocation of atten-
tion raises the possibility that these two factors interact, so 
that the gaze of a fearful face may be an especially strong 
cue to attention. To investigate this issue, researchers have
typically used a modified Posner (1980) cuing paradigm 
in which a single emotional face is presented at fixation
prior to the appearance of a target that participants must 
rapidly detect or discriminate. The face gazes either at the

r location where the target is due to appear (a valid cue) or
in the opposite direction (an invalid cue). The difference in 

 reaction time (RT) between valid and invalid trials indexes
rthe magnitude of the cuing effect. To determine whether 

emotion influences the effectiveness of gaze as a cue, the
sizes of the cuing effects for different emotional expres-
sions are compared.

Results based on this method have been mixed. It seems 
clear that the gaze of a fearful face is a more effective
attentional cue for anxious participants (Fox, Mathews, 
Calder, & Yiend, 2007; Holmes, Richards, & Green, 2006;
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By contrast, in our method, the gaze alone cues both
sides of the screen equally. The emotional expression dis-
played on each face is the only aspect that might give one
face a competitive advantage over the other. If a specific
emotional expression does increase the potency of that 
face’s gaze, the gaze of that face should dictate the di-
rection of the shift of attention. In short, if emotion adds 
strength to the gaze cue, emotion may cause cuing in a 
specific direction, despite the fact that gaze alone cues 
both directions.

The increased sensitivity of this method may allow us 
to demonstrate that emotion mediates gaze cuing in a non-
selected population. Thus, this method may help resolve 
existing discrepancies in the data from research investi-
gating whether the facial expression of emotion mediates 
gaze cuing.

EXPERIMENT 1

Method
Participants

Forty-four (31 of them female, 13 male) college undergraduates
(18–24 years old) with normal or corrected-to-normal vision partici-
pated for financial compensation.

Procedure
The experiment was programmed in Macromedia Director and 

was run on a computer with a 17-in. CRT set at 1,024  768 pixel
resolution with a 100-Hz refresh rate. The background of the screen 
was black. A trial began with the word “Ready” (1,000 msec) ap-
pearing in the middle of the screen (see Figure 1). It was replaced by
a fixation cross, which remained on the screen throughout the trial.
Two faces appeared on the screen 500 msec later. The faces began 
0.5º above and 0.5º below the fixation point and subtended approxi-
mately 5.5º 3.5º of visual angle. After 250 msec, two letters (a “T”
and an “L”) appeared on the screen’s vertical midline. Each letter 
was 7º from fixation, subtended 1.5º  1.25º of visual angle, and 
was dark gray. The participant’s task was to locate the “T” by press-
ing a key that was on the same side of the keyboard as the “T” (the 
“Z” key for left and the “M” key for right). The task was an RT task,
and the timer began as soon as the letters appeared. The participants
were told that all aspects of the faces were random with respect to
the location of the target.

Stimuli
Twelve face stimuli (Figure 1) were created using the Façade (Di-

Paola, 2001) software program. The stimuli were the permutations
of three emotions (fearful, happy, neutral) with four gaze directions 
(upward left, downward left, upward right, downward right). The up 
and down gaze manipulation was performed so that the eyes looked 
at the letters regardless of whether the face appeared above the fixa-
tion point or below it.

Types of Trials
There were a total of 72 trials, broken into three classes (see

Table 1). Within each class of trials, facial emotion, target location,
and location of the valid face were completely counterbalanced.

Consistent-emotion trials. On 24 trials, both faces depicted the
same emotion. On 12 trials, both faces looked in the same direction;
on 6 valid trials, both faces looked toward the “T,” and on 6 invalid 
trials, both faces looked toward the “L.” On the remaining 12 trials, 
the two faces looked in opposite directions. By holding the emo-
tional expression constant, these trials allowed us to evaluate the
extent to which gaze was an effective cue to attention in this two-
face method.

Emotion versus neutral trials. On 32 trials, one face was neu-
tral and the other face was emotional; the two faces always looked 

Mathews, Fox, Yiend, & Calder, 2003). By contrast, when
one tests unselected participants (De Groote, Roeyers,
& Striano, 2007; Hietanen & Leppänen, 2003) or par-
ticipants who are selected to be low in anxiety (Fox et al.,
2007; Holmes et al., 2006; Mathews et al., 2003), the emo-
tional expression displayed by a gazing face does not seem t
to influence the effectiveness of gaze cuing.

There are two possible interpretations of these dispa-
rate results. It is possible that anxious participants process
threat in a qualitatively different way that allows facial
expressions of emotion to moderate the effectiveness of 
gaze-cuing. Alternatively, it is possible that facial expres-
sions of emotion moderate gaze-cuing effectiveness in 
both anxious and nonanxious individuals, with anxious in-
dividuals showing an exaggerated or quantitatively larger 
effect. If the latter explanation is correct, the conflicting 
results may be due to the fact that the methods used to
investigate the issue are relatively insensitive and capable 
only of detecting the exaggerated effect sizes that occur 
with anxious populations (Fox et al., 2007). The latter ex-
planation suggests that the effect should be demonstrable
in typical populations, provided that one has a large effect 
size or a sufficiently sensitive method.

Here, we investigate this issue using a novel method that
should be extremely sensitive. Our approach is to include
two faces that appear simultaneously (one above fixation
and one below) during the cuing period of a Posner (1980)
cuing paradigm. This method allows us to present two 
faces that gaze in opposite directions, while varying the fa-
cial expression of emotion on each face. If the expressions 
have no influence on the effectiveness of the gaze cue, this 
arrangement is analogous to a neutral cue in the traditional
Posner cuing paradigm (i.e., equivalent cuing in both di-
rections). If, however, a given emotion produces a more 
effective gaze cue, attention should follow the gaze of that 
emotional face. In this way, the two-face method allows us
to determine the relative strength of different emotional 
expressions as attentional cues. We believe this method to
have distinct advantages over the single-face methods.

First, in complex real-world interactions, multiple
sources of information often compete for attention. A 
more effective cue to attention should be one that domi-
nates over other potential cues. The single-face method 
typically used to investigate whether emotion and gaze
interact consists of only one cue per trial and, thus, can-
not examine this competition for attention. Our two-face
method should be able to investigate which cue dominates
when there is this competition for attention.

In addition, we believe that our method is more sensi-
tive than the single-face method. Given that gaze is such 
an effective cue to attention (Frischen et al., 2007), the 
single-face method could be characterized as presenting
a strong and unambiguous cue to attention. Participants 
should shift their attention to follow the gaze, regardless 
of the emotion expressed by the face. In order to find an
effect of emotion, the facial expression would have to alter 
the speed with which this shift of attention occurs. A fail-
ure to find an effect of emotion may simply indicate that 
the unambiguous-gaze-alone cue caused participants to 
shift attention as rapidly as they could.
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Figure 1. Top panel: Stimulus presentation for a trial. In Experiments 1 and 3, cues were presented for 250 msec be-
fore the target appeared. This was increased to 500 msec in Experiment 2. Bottom panel: Subset of the stimuli used in 
the three experiments. The top three pictures are examples of the faces used in Experiment 1, the middle pictures are
examples from Experiment 2, and the bottom pictures are examples from Experiment 3. Experiments 1 and 2 included a
complete set of 12 faces (the factorial combination of the three emotions, gazing right or left, and gazing up or down). In
Experiment 3, there were six different models, each of which was presented with three emotions and directions of gaze,
for a total of 36 face stimuli. In the experiments, all the stimuli were presented against a black background. This has been 
altered in the figure for the sake of legibility.
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4.01, p .022]. Planned comparisons revealed that RTs 
were significantly shorter [F(1,43)FF 7.138, p  .011] 
when both faces were valid (M((  426.89 msec, SE  9.53) 
than when both faces were invalid (M  442.10 msec,
SE 10.07). RTs for trials with one valid and one in-
valid face (M((  434.00 msec, SE  9.07) were interme-
diate and did not differ significantly from the both-valid 
[F(1,43)FF 1.73, p .20] or the both-invalid [F(1,43)FF
2.64, p  .11] conditions.

Emotion Versus Neutral Trials
A 2  2 repeated measures ANOVA with two levels

of emotion (fearful/happy) and two levels of validity 
(emotional-face–valid/neutral-face–valid) was used to 
investigate how emotional facial expression influenced 
the effectiveness of gaze as a cue. Neither main effect ap-
proached significance [both Fs(1,43)FF 1]. However, the
critical emotion validity interaction [F(1,43)FF  11.587,
p .001] was significant. When a fearful face was paired 
with a neutral face, RTs were shorter [F(1,43)FF 7.11, p
.011] when the fearful face was valid (M((  428.46 msec,
SE  9,15) than when the neutral face was valid (M
442.92 msec, SE 10.32). In contrast, when a happy face
was paired with a neutral face, RTs were longer [F(1,43)FF
5.422, p  .025] when the happy face was valid (M
444.48 msec, SE  11.60) than when the neutral face was 
valid (M(( 432.43 msec, SE 10.32).

Fearful Versus Happy Trials
A paired t test between the fearful–valid/happy–invalid 

trials (M(( 429.40 msec, SE  8.81) and the happy–valid/
fearful–invalid trials (M(( 431.83 msec, SE  11.15) did 
not reveal a significant difference between these condi-
tions [t(43) 0.404, p .688].

Discussion

When the emotion of the faces was held constant, we 
found the classic gaze-cuing effect, suggesting that the 
two-face cue method we used was sensitive to gaze-cuing
effects. When a neutral face was paired with an emotional
face that gazed in the opposite direction, gaze-cuing ef-ff
fectiveness was moderated by the emotion depicted on
the face. The gaze of a fearful face was a more effective
cue to attention than was the gaze of a neutral face, but the
gaze of a neutral face was more effective than the gaze of 
a happy face. Although these results are completely con-
sistent with the view that the gaze of a fearful face is a
particularly strong cue to attention, when two conflicting
emotions were simultaneously presented, bias to follow
the gaze of the fearful face disappeared.

This last result was unanticipated, and we were some-
what concerned that it might have been an artifact of the 
stimuli we used. Alternatively, competing emotions might
have produced interference that slowed down the response
to the cues, making the cuing effects negligible, given the
rapid cue-to-stimulus delay. To address these issues, we 
ran a replication in Experiment 2, using a new set of stim-
uli and a longer cue-to-stimulus-onset asynchrony.

in the opposite direction. These trials produced a 2 2 matrix with 
two levels of emotion (fearful and happy) and two levels of validity 
(emotion valid and neutral valid). There were 8 trials in each of these 
cells, with target location and valid cue location counterbalanced 
within each cell. On these trials, gaze alone was a neutral cue. If,
however, the gaze of an emotional face was a more effective cue to 
attention than was the gaze of a neutral face, attention should follow 
the gaze of the emotional face. Thus, these trials were critical to 
evaluating the extent to which the gaze of an emotional face was a 
more effective attentional cue than was a neutral face.

Fearful versus happy trials. The remaining 16 trials had one 
fearful face and one happy face looking in the opposite direction
(eight happy–valid, eight fearful–valid). Again, valid cue location
and target location were counterbalanced.

Results

Error rates were low (about 2% of all the trials) and did 
not vary systematically by condition. RTs that were more 
than 2.5 standard deviations above a participant’s mean
were excluded from analysis. These outliers did not vary
by condition, and this threshold resulted in the elimination
of 92 out of 3,168 RTs ( 3% of the trials). The mean RT 
for each participant was then computed for each condi-
tion. Figure 2 (left panels) plots the mean RT for each 
condition for the three comparisons below.

Consistent-Emotion Trials
A repeated measures ANOVA with the three levels of 

consistent-emotion trials (both valid, one valid/one invalid,
both invalid) verified that two faces could produce a gaze-
cuing effect while emotion was held constant [F(2,86)FF

Table 1
Types of Trials Used in Each Experiment

Number of Trials
Stimuli Experiments

Top Face Bottom Face 1 and 2 Experiment 3

Fear Valid Fear Valid 2 32
Fear Valid Fear Invalid 2 32
Fear Invalid Fear Valid 2 32
Fear Invalid Fear Valid 2 32
Neutral Valid Neutral Valid 2 32
Neutral Valid Neutral Invalid 2 32
Neutral Invalid Neutral Valid 2 32
Neutral Invalid Neutral Invalid 2 32
Happy Valid Happy Valid 2 32
Happy Valid Happy Invalid 2 32
Happy Invalid Happy Valid 2 32
Happy Invalid Happy Invalid 2 32
Fear Valid Neutral Invalid 4 32
Neutral Invalid Fear Valid 4 32
Fear Invalid Neutral Valid 4 32
Neutral Valid Fear Invalid 4 32
Happy Valid Neutral Invalid 4 32
Neutral Invalid Happy Valid 4 32
Happy Invalid Neutral Valid 4 32
Neutral Valid Happy Invalid 4 32
Fear Valid Happy Invalid 4 32
Happy Invalid Fear Valid 4 32
Fear Invalid Happy Valid 4 32
Happy Valid Fear Invalid 4 32

Note—Italicized items represent consistent emotion trials. Bold items 
represent emotion versus neutral trials. Items in normal type represent
fear versus happy trials.
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by condition, and this threshold resulted in the elimination 
of 60 out of 2,304 RTs ( 3% of trials). The mean RT for 
each participant was then computed for each condition. 
Figure 2 (right panels) plots the mean RT for each condi-
tion for the three comparisons below.

Consistent-Emotion Trials
A repeated measures ANOVA with the three levels of 

consistent-emotion trials (both valid, one valid/one invalid, 
both invalid) replicated the results from Experiment 1, 
indicating that two faces could produce a gaze-cuing ef-
fect while emotion was held constant [F(2,62)FF  4.338,
p  .017]. Planned comparisons revealed that RTs were
significantly shorter [F(1,31)FF  6.441, p  .016] when 
both faces were valid (M(( 438.59 msec, SE  9.04) than
when both were invalid (M((  460.58 msec, SE  12.92). 

EXPERIMENT 2

Method
Thirty-two participants (19 of them female, 13 male), who had 

not participated in Experiment 1, performed an experiment that
was identical to Experiment 1, with two notable exceptions. First,
we used more realistic faces that were generated using the Poser 
(e-frontier America, 2005) computer program (see Figure 1). These 
stimuli were slightly larger, subtending 8.5º  7º of visual angle. 
Second, we increased the amount of time between the onset of the
faces and the onset of the letters from 250 to 500 msec.

Results

Error rates were very low ( 3% of all the trials) and did 
not vary systematically by condition. RTs that were more 
than 2.5 standard deviations above a participant’s mean
were excluded from analysis. These outliers did not vary
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Figure 2. Left panels: Data from Experiment 1. Right panels: Data from Experiment 2. (A) Mean reaction times for the trials 
on which both faces displayed the same emotion and provided either two valid, one valid and one invalid, or two invalid gaze cues.
(B) Means for the conditions in which one face was neutral, the other displayed an emotion (fearful or happy), and the two faces looked
in opposite directions. (C) Means for the trials on which a happy face was paired with a fearful face that looked in the opposite direc-
tion. Error bars represent within-subjects errors (Loftus & Masson, 1994).
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dissipate with mass presentation. However, this belief is 
speculative. In addition, the use of such small numbers
of trials limited the analyses that we could perform. For 
example, we collapsed across different emotions to ana-
lyze the consistent-emotion trials and, thus, were unable
to evaluate whether different emotions produced different 
gaze-cuing magnitudes. We also did not measure anxiety 
and, thus, cannot rule out the possibility that our effects
were due to the inclusion of highly anxious participants. 
Finally, both prior experiments used computer-generated 
faces rather than real photographs of faces. To address 
these issues, we ran a third replication.

EXPERIMENT 3

Thirty-four participants (27 of them female, 7 male),
who had not participated in the prior experiments, par-
ticipated for class credit. Experiment 3 was identical to
Experiment 1, except that we greatly increased the num-
ber of trials, used Ekman faces (Ekman & Friesen, 1976) 
as the stimuli, and had participants fill out the Strait/Trait 
Anxiety Inventory (STAI; Spielberger, Gorsuch, Lush-
ene, Vagg, & Jacobs, 1983) prior to participating in the
experiment.

Method
In Experiment 3, each participant performed 768 trials, 32 trials

(16 with the target on the right and 16 with the target on the left)
for each of the 24 combinations of faces (see Table 1). The large
number of trials allowed us to evaluate whether different emotions
produced different-sized cuing effects on the consistent-emotion
trials, whether the location of the valid face cue (top vs. bottom) or 
the location of the target (right or left) influenced the cuing effect,
and whether the effect of emotion habituated as the number of trials
increased.

To adapt Ekman faces (see Figure 1) for use in this experiment, 
we manipulated the images with Photoshop to create directional eye
gaze (Mathews et al., 2003). We also cropped the images so that
they were ovals that presented the facial features of the face but did 
not present the hair (Becker & Detweiler-Bedell, 2009). We used a
total of 36 images consisting of six Ekman models (three male and 
three female), each expressing three emotions (fearful, happy, neu-
tral) and each looking two directions (right and left). Which model 
was chosen for each stimulus was randomly determined, with the 
constraint that, across trials, each model was counterbalanced across 
conditions, validity, and locations. The faces were presented so that 
they began ~0.5º above and below fixation and each face subtended 
~6º  6º of visual angle. Ekman faces have been well validated by 
previous research (Ekman & Friesen, 1976), and they are photo-
graphs of real people, rather than the computer-generated images
we used in Experiments 1 and 2.

Prior to participating in the experiment, the participants performed 
a computerized version of the STAI survey (Spielberger et al., 1983).
These anxiety measures allowed us to investigate whether our find-
ing that the gaze of a fearful face was a particularly effective cue to 
attention was driven by highly anxious participants. In addition, they
allowed us to determine whether individual differences in anxiety 
affect the magnitude of the emotional-cuing effect.

Results

The data from 3 participants were eliminated from the 
analyses because of extremely high error rates ( 40%). 
For the remaining participants (n  31), error rates were 

As in Experiment 1, trials with one valid and one invalid 
face (M((  445.74 msec, SE  11.38) were intermediate:
The RTs were significantly shorter than those in both in-
valid conditions [F(1,31)FF  6.36, p .017] but were not
significantly longer than those for trials with two valid 
faces [F(1,31)FF  0.80, p .38].

Emotion Versus Neutral Trials
A 2  2 repeated measures ANOVA with two levels 

of emotion (fearful/happy) and two levels of validity 
(emotional-face–valid/neutral-face–valid) replicated 
the finding in Experiment 1; the critical interaction was 
significant [F(1,31)FF 7.33, p  .011], but neither main
effect was significant (both ps .20). When a fearful 
face was paired with a neutral face, RTs were shorter 
[F(1,31)FF 7.56, p  .01] when the fearful face was valid 
(M 439.76 msec, SE 12.12) than when the neutral
face was valid (M((  459.58 msec, SE  12.30). In con-
trast, when a happy face was paired with a neutral face,
RTs were longer when the happy face was valid (M
448.19 msec, SE  11.42) than when the neutral face was 
valid (M(( 440.26 msec, SE 11.11). However, unlike 
in Experiment 1, this difference between happy trials was
not significant [F(1,31)FF 1.50, p  .23]. These data rep-
licated the finding that the gaze of a fearful face is a more
effective cue to attention than is the gaze of a neutral face
but suggest that the gaze of a neutral face is similar to the 
gaze of a happy face.

Fearful Versus Happy Trials
A paired t test between the fearful–valid/happy–invalid 

trials and the happy–valid/fearful–invalid trials did not 
reveal a significant difference between these conditions 
[t(31)  0.511, p  .613]. This result replicated the sur-
prising finding in Experiment 1.

Discussion

Experiment 2 replicated the key findings of Experi-
ment 1. The trials on which both faces displayed the same
emotion confirmed that the two-face cue method we used 
was sensitive to gaze-cuing effects; two valid faces re-
sulted in shorter RTs than did two invalid faces. The trials 
on which an emotional face and a neutral face gazed in
different directions replicated the finding that attention 
was more likely to follow the gaze of a fearful face. This 
effect was selective to the fearful gaze; the gaze of a happy
face was not more potent than the gaze of a neutral face. 
Although these results are consistent with the view that
the gaze of a fearful face is a particularly strong cue to 
attention, we again found that presenting a fearful and a
happy face simultaneously abolished the bias to follow the 
gaze of the fearful face. In short, Experiment 2 replicated 
Experiment 1 and extended the findings to a new set of 
computer-generated faces and to a longer cue-to-target
delay.

It is worth noting that we used fewer trials in Experi-
ments 1 and 2 than are typically used in experiments 
implementing a Posner (1980) cuing paradigm. We did 
so because we thought that the emotional effects would 
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both-invalid [F(1,30)FF 2.09, p  .16] or the both-valid 
[F(1,30)FF 1.94, p  .17] condition.

There was no main effect of emotion [F(2,60)FF  2.32, 
p .11] or of target location [F(1,30)FF 1.16, p .29], 
and none of the interactions containing either of these two 
terms approached significance (all ps  .19].

The same pattern of results occurred when we consid-
ered RTs from only the first or last 72 trials.1 For these
analyses, we collapsed across target location and ran 3  3 
repeated measures ANOVAs. The main effect of cue type 
was apparent both early and late in the set of trials [first 
72 trials, F(2,46)FF 4.46, p .02; last 72 trials, F(2,48)FF
3.08, p  .055], with shorter RTs for trials with two valid 
gazes (first 72 trials, M  458.05 msec, SE 24.89; last 
72 trials, M  416.88 msec, SE  16.95) than for those
with two invalid gazes (first 72 trials, M 486.96 msec,
SE  26.43; last 72 trials, M 458.34 msec, SE 30.39).
There was no main effect for facial expression of emotion
and no emotion trial type interaction in either analysis
(all ps  .34). Thus, the pattern of results apparent in the
overall data is relatively consistent across large numbers
of trials; the gaze-cuing effect appears early and maintains 
for hundreds of trials.

Emotion Versus Neutral Trials
The data were analyzed with a 2 2  2 repeated 

measures ANOVA with two levels of emotion (fearful/

very low ( 2.2% of all the trials) and did not vary sys-
tematically by condition. RTs that were more than 2.5 SDs
above a participant’s mean were excluded from analysis. 
These outliers did not vary by condition, and this threshold 
resulted in the elimination of 677 out of 22,272 RTs (3% of 
the trials). The mean RT for each participant was then com-
puted for each condition. In addition, we calculated means 
on the basis of only the first 72 trials (the same number of 
trials as in the first two experiments) and on the basis of 
only the last 72 trials. These two subsets of trials allowed us 
to investigate whether or not the reported effects habituated 
as participants were exposed to a large numbers of trials.

Consistent-Emotion Trials
A 3  3 2 repeated measures ANOVA with three lev-

els of consistent-emotion trial types (both valid, one valid/
one invalid, both invalid), three levels of emotion (fearful, 
neutral, happy), and two levels of target location (right, 
left) replicated the results of Experiments 1 and 2. There
was a main effect (see Figure 3) of trial type [F(2,60)FF
3.90, p .026], and planned comparisons revealed that
RTs were significantly shorter [F(1,30)FF  7.25, p .011]
when both faces were valid (M  431.39 msec, SE
10.60) than when both were invalid (M 439.28 msec,
SE  11.55). RTs for trials with one valid and one invalid 
face (M((  435.18 msec, SE  10.18) were intermediate 
and did not significantly differ from those for either the
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Figure 3. Top panels: Data from all 768 trials of Experiment 3. Bottom panels: Data from the first 72 trials of Experiment 3. The left
panels present the gaze-cuing effect when emotion is held constant. The right panels present the data from conditions in which the gaze
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GGAZE CCUINUINGG ANDAND EMOTIONMOTION 18211821

effects, we first calculated a total of 14 measures of gaze-
cuing magnitude for each participant and then conducted 
bivariate correlations between each of these measures and 
both the participants’ trait anxiety and state anxiety mea-
sures. In total, we performed 28 correlations. Eight of the
gaze-cuing measures were based on trials on which the
two faces expressed the same emotion. For each emotion, 
we subtracted the participant’s mean RT for trials with
two valid faces from that for trials with two invalid faces,
yielding three measures of gaze cuing. A fourth measure
was the composite of these three, collapsing across facial
expression of emotion. Another 4 measures were derived 
in the same way but were based only on the participant’s
first 72 trials. The remaining 6 measures were calculated 
on the basis of trials that had one emotional face competing
with one neutral face. We calculated a gaze-cuing effect
for the trials with a fearful face (fearful–invalid neutral–
valid trials minus fearful–valid neutral–invalid trials), 
a happy face (happy–invalid neutral–valid trials minus 
happy–valid neutral–invalid trials), and a gaze-cuing ef-ff
fect that was the difference between these two measures 
(the fearful-gaze-cuing effect minus the happy-gaze-cuing
effect). Note that this last gaze-cuing measure indexed the
emotion  valid cue interaction we reported (i.e., if at-
tention oriented toward fearful but away from happy, the 
calculation would result in a large cuing-effect measure). 
Again, these three cuing-effect scores were calculated on
the basis of the entire set of trials and only the first 72 tri-
als, yielding the 6 additional gaze-cuing measures.

We ran correlations between each of these 14 gaze-
cuing measures and both the trait and state anxiety mea-
sures. Across these 28 comparisons, only the correlation
between the happy face condition (based on the entire 
set of 768 trials) and the trait anxiety scores reached sig-
nificance [r(30) .41, p .024], suggesting that the
participants with higher trait anxiety showed less effec-
tive gaze cuing with happy faces. No other correlations 
approached significance (all ps  .05). It is worth not-
ing that we used an extremely liberal criterion for these
analyses, not correcting for our increased alpha level 
even though we performed 28 correlations. Given this ex-
tremely liberal approach, we conclude that there was very 
little evidence that individual differences in anxiety were 
responsible for our effects.

Discussion
This experiment replicated the three main findings

from the prior experiments: (1) The two-face method was
sensitive to gaze-cuing effects (consistent-emotion trials); 
(2) the gaze of a fearful face was a particularly effective
cue to attention (neutral vs. emotion trials, first 72-trial 
subanalysis); and (3) simultaneously presenting a fearful 
face and a happy face eliminated the bias to follow the 
gaze of the fearful face (fearful vs. happy trials). Thus, we 
have replicated these findings using a third set of stimuli, 
photographs from the Ekman database.

In addition, Experiment 3 extended the findings in im-
portant ways. On the consistent-emotion trials, the gaze-
cuing effect was relatively immune from habituation and 
remained strong even when we considered only a partici-

happy), two levels of validity (emotional-face–valid/
neutral-face–valid), and two levels of valid cue location 
(top face/bottom face).2 There was no main effect of valid 
cue location [F(1,31)FF 1], and none of the interactions
with cue location was significant (all ps .06). As in the 
prior experiments, there was no main effect of emotion 
[F(1,31)FF  1.09, p  .31] or validity [F(1,31)FF  1.93, 
p  .18]. Unlike in the prior experiments, the emotion
validity interaction was not significant [F(1,31)FF 1]. The 
failure to find the significant interaction that was pres-
ent in Experiments 1 and 2 could have been due to the
changes in the stimuli, or the emotional effects may have 
habituated relatively quickly, thereby disappearing in the 
analysis that included all 768 trials.

When only the first and last 72 trials in the experiment 
were considered, the data supported the latter interpre-
tation (see Figure 3). For these analyses, we collapsed 
across valid cue locations and ran 2  2 repeated mea-
sures ANOVAs with two levels of emotional face (fearful/
happy) and two levels of cuing condition (emotion-valid–
neutral-invalid/emotion-invalid–neutral-valid). Consistent
with Experiments 1 and 2, the first 72 trials produced no 
main effects [both Fs(1,28)  1], but the critical emo-
tion  validity interaction was significant [F(1,28)
4.72, p  .038]. As in the prior experiments, this interac-
tion occurred because people were faster with a valid fear-
ful face (M((  455 msec, SE  14.46) than with an invalid 
one (M(( 484.10 msec, SE 25.06) but were slower with
a valid happy face (M(( 478.92 msec, SE  19.00) than 
with an invalid one (M((  456.34 msec, SE  17.77). This 
interaction was no longer significant when only the last
72 trials [F(1,28)FF  2.87, p  .10] were considered, sug-
gesting that facial expressions of emotion have an impact 
on the effectiveness of a gaze cue but that these effects
habituate relatively quickly.

Fearful Versus Happy Trials
As in Experiments 1 and 2, paired t tests comparing 

RTs for trials with a valid happy face and an invalid fear-
ful face with trials with a valid fearful face and an invalid 
happy face showed no significant differences. This was 
true whether one analyzed the complete set of 768 trials
[t(30)  0.76, p  .45], only the first 72 trials [t(28)

1.44, p .16], or only the last 72 trials [t(28)  0.01,
p .99]. These findings extend the unexpected finding 
that presenting a happy and fearful face simultaneously
eliminates the attentional bias to follow the gaze of the
fearful face.

STAI Measures
An analysis of the STAI scores suggested that our par-

ticipants were a relatively nonanxious sample. The mean
state (M(( 34.23, SD 5.83) and trait (M((  38.4, SD
7.27) anxiety scores were consistent with published norms
(Spielberger et al., 1983). No participants scored in the 
clinical range on either measure. Although 3 participants 
scored in the borderline range on the trait scale, no partici-
pants were in the borderline range on the state scale.3

To determine whether individual differences in state or 
trait anxiety were associated with the size of the cuing
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fectiveness. On our consistent-emotion trials, the same
emotion was depicted on both faces; thus, these condi-
tions allowed us to evaluate the magnitude of the cuing ef-
fect when each emotion appeared in isolation. Consistent
with research using a single-face method, we found that
all three emotions produced gaze-cuing effects of similar 
magnitudes. Despite finding no magnitude differences
when each emotion was assessed in isolation, by having an 
emotional face compete with a simultaneously presented 
neutral face, we were able to demonstrate that the gaze of 
a fearful face was a more effective cue to attention than 
was the gaze of a neutral face. In so doing, this experiment 
demonstrates that the method of having two conflicting 
gaze cues compete provides increased sensitivity.

Finally, the STAI data suggest that these effects are
present even in a nonanxious sample and provide little 
evidence that the observed effects were related to anxiety
level.

GENERALRR DISCUSSION

Across three experiments, we found support for the fol-
lowing conclusions. First, when two faces expressed the 
same emotion, RTs were shorter when both faces were
valid cues than when they were invalid cues, establishing 
that the two-face method we employed was sensitive to
gaze-cuing effects.

Second, by pairing a neutral face that gazed in one di-
rection with an emotional face that gazed in the opposite
direction, we were able to demonstrate that gaze-cuing 
effectiveness was influenced by the facial expression dis-
played by the face. The gaze of a fearful face was a more 
effective cue than was the gaze of a neutral face. In addi-
tion, our results provide strong evidence that the moderat-

pant’s last 72 trials. By contrast, the influence of emotional 
expression on the effectiveness of gaze cuing habituated 
rather quickly. Emotional expressions influenced gaze-
cuing effectiveness when we analyzed the first 72 trials
of the experiment but disappeared when we analyzed the 
entire set of 768 trials or considered only the last 72 tri-
als. To further investigate how quickly the emotional ef-
fects habituated, we calculated the mean magnitude of the 
emotional effect [an index of the emotion  validity in-
teraction calculated as (fearful–invalid neutral–valid trials
minus fearful–valid neutral–invalid trials) minus (happy–
invalid neutral–valid trials minus happy–valid/neutral–
invalid trials)] for the first 40 trials, the first 80 trials, the 
first 120 trials, and so on. As is clear from Figure 4, the
magnitude of the emotional effect quickly habituated.

We had speculated that the emotional effects might ha-
bituate rapidly (Breiter et al., 1996; Wright et al., 2001)
and, thus, ran fewer trials in Experiments 1 and 2. Ex-
periment 3 validated our speculation and suggests that one
must be careful in interpreting negative results when the 
same emotional face is presented many times. The nega-
tive results might arise from people’s tendency to rapidly
habituate to facial expressions’ emotion (Breiter et al.,
1996; Wright et al., 2001), rather than from an initial in-
sensitivity to those emotions.

Experiment 3 also provided the most direct evidence
that the two-face method is more sensitive than the tradi-
tional single-face method. In the traditional method, re-
searchers calculate the magnitude of the gaze-cuing effect
for each emotion when it appears in isolation. Most of 
these researchers (e.g., De Groote et al., 2007; Hietanen & 
Leppänen, 2003) have reported similar gaze-cuing mag-
nitudes across emotions, thereby concluding that facial
expressions of emotion do not moderate gaze-cuing ef-ff
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Figure 4. The mean magnitude of the emotional-cuing effect (an index of the emo-
tion validity interaction for the emotion vs. neutral trials; see the text) is plotted as a 
function of number of trials completed. The data are fit with a power curve (the curve 
was plotted with a temporarily shifted scale so all values were positive).
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face method used was relatively insensitive. This insensi-
tivity was likely compounded by the fact that the number 
of trials typically used would result in habituation to the
emotional effects. The single-face method was able to de-
tect the effect only when dynamic stimuli (Putman et al., 
2006; Tipples, 2006) or select populations of anxious par-
ticipants (Fox et al., 2007; Holmes et al., 2006; Mathews
et al., 2003) were used. These two approaches may have 
increased the effect sizes or may have decreased the rate of 
habituation. In either case, the end result would be greater 
sensitivity to the effect. Thus, our results reconcile pre-
viously inconsistent results and provide strong support
for the claim that facial expressions of emotion moderate 
gaze-cuing effectiveness in a nonselected population.

Finally, the differential effectiveness of fearful and 
happy gazes when competing with a neutral gaze suggests 
that a fearful gaze would be a more effective attentional cue 
than a happy gaze when the two appeared simultaneously.
However, our results for these head-to-head comparisons 
of emotional faces produced an unexpected but intriguing 
result: The simultaneous presentation of two competing 
emotions eliminated the bias to follow the gaze of a fearful 
face. The reason for this finding is unclear and will require 
additional experimentation. It is possible that the simulta-
neous presentation of a happy and fearful face diminishes 
the threat associated with the fearful face or that the fear-
ful face is reinterpreted as surprise. Alternatively, it is pos-
sible that the simultaneous presentation does not alter the
perception of the facial expressions per se. Instead, it is
possible that attention follows a negative facial expression 
only when the environment produces a negative emotional
response within the participant. Perhaps the presentation 
of two competing emotions blocks the emotional response
of the participant. Of course, this is purely speculative, 
and more work needs to be conducted before any of these 
explanations are accepted.

However, this finding does suggest that competing emo-
tions interact with one another when they are presented 
simultaneously. As such, this finding is part of a growing
literature that suggests that the context in which a facial 
expression occurs can dramatically influence the percep-
tion of that expression (de Gelder et al., 2006; Righart 
& de Gelder, 2008) and highlights the importance of at-
tempting to investigate the influence of facial emotions in 
more complex environments. A better understanding of 
how competing emotions interact may be required if we 
are to fully understand how facial expressions of emotion 
influence attention in more complex ecologically valid 
environments.
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