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Abstract

Studies investigating the effect of emotional expression on spatial orienting to a gazed-at location
have produced mixed results. The present study investigated the role of affective context in the
integration of emotion processing and gaze-triggered orienting. In three experiments, a face gazed
nonpredictively to the left or right, and then its expression became fearful or happy. Participants
identified (Experiments 1 and 2) or detected (Experiment 3) a peripheral target presented 225 or
525 ms after the gaze cue onset. In Experiments 1 and 3 the targets were either threatening (a
snarling dog) or nonthreatening (a smiling baby); in Experiment 2 the targets were neutral. With
emotionally-valenced targets, the gaze-cuing effect was larger when the face was fearful compared
to happy -- but only with the longer cue-target interval. With neutral targets, there was no
interaction between gaze and expression. Our results indicate that a meaningful context optimizes
attentional integration of gaze and expression information.

Keywords
gaze direction; emotional expression; visual attention; affective context

Dynamic information from faces provides us with a rich source of data about our
environment. For example, shifts in other people’s direction of gaze tell us where they are
attending and can serve to direct our attention to potentially important objects or events that
might be outside our current line of sight. Moreover, other people’s facial expressions can
indicate how they feel about the object or event to which they are attending. Being sensitive
to these social visual cues should help us respond more efficiently to events when it is
advantageous to react quickly.

There is ample evidence that both gaze direction and emotional expression are processed
quickly and automatically. Numerous attentional cuing studies have demonstrated that gaze
direction cues can trigger an automatic shift of spatial attention to a gazed-at location (e.g.,
Driver et al., 1999; Friesen & Kingstone, 1998; for a review, see Frischen, Bayliss, &
Tipper, 2007). This orienting effect occurs even when the gaze direction cues are not
predictive of target location, and when the interval between the onset of the gaze cue and the
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onset of the target (stimulus onset asynchrony, SOA) is very short. Similarly, many studies
have shown that facial emotional expression is processed quickly and automatically (e.g.,
Batty & Taylor, 2003; Eimer & Holmes, 2007; for a review, see Vuilleumier & Pourtois,
2007).

An important outstanding question is when and how gaze direction information and facial
expression information are integrated. It seems reasonable to expect that humans would have
the ability to combine these two sources of information for optimal processing of social
facial signals. In particular, seeing another person looking off to the side with a frightened
expression should enhance one’s natural tendency to shift attention to the gazed-at location
because the combination of averted gaze and a fearful expression typically indicates the
location of a potential threat in the environment. Consistent with this idea, the cognitive
neuroscience literature suggests that gaze processing and expression processing are
subserved, to some extent, by common brain areas. In particular, there is evidence that the
superior temporal sulcus (STS) is involved in processing both gaze direction (Engell &
Haxby, 2007; Hadjikhani, Hoge, Snyder, & de Gelder, 2008; Hoffman, Gothard, Schmid &
Logothesis, 2007; Hoffman & Haxby, 2000; Hooker et al., 2003; Kingstone, Tipper, Ristic,
& Ngan, 2004) and facial expression (Engell & Haxby, 2007; Furl, van Rijsbergen, Treves,
Friston, & Dolan, 2007; Hasselmo, Rolls, & Baylis, 1989). There is also evidence that the
amygdala is involved in processing both gaze and expression information (e.g., Adams,
Gordon, Baird, Ambady, & Kleck, 2003; Hadjikhani et al., 2008; Hoffman et al., 2007;
Hooker et al., 2003; Kawashima et al., 1999; Rolls, 1984), although a recent study using
high-resolution fMRI suggests that gaze and expression may be processed in separate
regions of the macaque amygdala (Hoffman et al., 2007).

Given both the intuitiveness of the idea that facial expression should modulate gaze-
triggered orienting and the fact that gaze and expression information are known to be
processed in common brain areas, one would expect an interaction between the two in
behavioral gaze cuing studies. Interactions between gaze and expression have been observed
in several behavioral studies that did not measure gaze-triggered orienting (e.g., Adams &
Kleck, 2003; Ganel, Goshen-Gottstein & Goodale, 2005; Graham & LaBar, 2007) and in the
electrophysiological results of one gaze cuing study (Fichtenholtz, Hopfinger, Graham,
Detwiler, & LaBar, 2007).

However, attempts to demonstrate behavioral interactions between gaze cuing effects and
expression effects have produced surprisingly mixed results. In some of these studies, either
no effect of expression on gaze-triggered orienting was observed (e.g., Hietanen &
Leppénen, 2003), or an effect was observed, but only in a subset of participants (e.g.,
anxious participants, Mathews, Fox, Yiend, & Calder, 2003). Collapsing across participants
ranging from low to high in trait fearfulness, Tipples (2006) found a larger gaze cuing effect
for fearful faces than for neutral faces, but contrary to what one might expect, he found no
difference between fearful and happy faces. In contrast, Putman, Hermans, and van Honk
(2006) found larger gaze-cuing effects across participants for fearful faces compared with
happy faces at a short SOA of 100 ms. We also recently observed the same effect, but only
at a longer SOA of 525 ms and not at a shorter SOA of 225 ms; however, this effect was
evident in only one of two very similar experiments (Graham, Friesen, Fichtenholtz, &
LaBar, 2009, Experiments 5 & 6).

The incongruous results across and within studies suggest that the effects of facial
expression on gaze-triggered orienting are tenuous under the experimental conditions that
have been used to date. One reason for this is that there is considerable variation in the
timing of stimulus presentation across these studies, in terms of gaze cue and expression
presentation, and in terms of cue-target SOA. For example, some studies used cuing
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sequences that may have minimized perceived cue-target contingencies (e.g., the face
displays an emotion and then gazes to the side) and some may have presented the target too
soon (i.e., before gaze and expression information could be integrated). But a more likely
reason for weak or absent interactions between gaze and expression may be the
meaninglessness of the context in which the gaze and expression cues were presented. In the
behavioral studies mentioned above the targets were always neutral: expressive faces
repeatedly looked toward locations where neutral objects such as asterisks or letters might
subsequently appear.

In the present study, we hypothesized that for expression processing to be fully engaged in a
gaze-cuing experiment (i.e., for expression to have an optimal effect on gaze-triggered
orienting), it might be necessary to present targets that would be likely to elicit emotional
expressions in a gazing face. For example, when a participant is presented with a fearful
gazing face, it might matter that an upcoming target be could be threatening, such as a man
with a gun or an attacking dog. In this context, it is perhaps worth mentioning that in the
studies discussed above, not only was there usually no enhanced cuing effect for fearful
faces, but in many cases no effect of expression was observed (e.g., Hietanen & Leppénen,
2003; Mathews et al., 2003; but see Graham et al., 2009). It is possible that because the
emotional expression of the cue was not task relevant or meaningful within the context of
the cuing sequence, emotional expression was not fully processed, thus minimizing the
likelihood of observing both an emotional expression effect and an interaction between gaze
cue validity and emotional expression.

In support of this notion, a recent study that used emotionally-valenced words as targets
observed gaze-cuing effects for fearful and disgusted faces (and not for happy and neutral
faces) when a group of participants evaluated the target words as positive or negative
(Pecchinenda, Pes, Ferlazzo, & Zoccolotti, 2008). When a separate group of participants
judged whether the same target words were in upper or lower case letters, there were
equivalent cuing effects for all expressions, and the cuing effects for the negative
expressions were significantly smaller than they had been in the evaluative task. The authors
concluded that the enhancement of attentional orienting to gazing faces with negative
expressions requires that participants be engaged in a task that involves having an explicit
motivational goal to evaluate affective valence. This conclusion is consistent with the results
of a gaze-cuing study conducted by Bayliss, Frischen, Fenske, & Tipper (2007) in which
participants gave more positive evaluations to neutrally-valenced household objects that had
been gazed at by a happy face compared with a disgusted face.

However, the idea that facilitated integration of gaze-triggered orienting and a fearful facial
expression occurs only when people are engaged in an explicit affective evaluation is
somewhat counterintuitive: in the real world, a fearful gazing face should enhance orienting
to the gazed-at location rapidly and automatically regardless of the viewer’s current goal
state. Thus, we investigated the possibility that to produce enhanced orienting to objects
gazed at by the fearful gazing faces, it might be sufficient to simply have fearful and happy
faces look at objects that might induce fear or happiness in the gazer, and that an explicit
evaluative goal might not necessarily be required. In other words, we used target images for
which a fearful or happy reaction would be appropriate.

We also used a cuing sequence that was more ecologically valid than those used in most of
the previous studies. In the studies published to date, the cuing sequences varied in the
degree to which they represented what normally occurs in real life. For example, both
Hietanen and Lepéannen (2003) and Mathews et al. (2003) presented their expressive faces
first before introducing a gaze shift. Tipples (2006) and Putman et al. (2006) made their cue
presentation more realistic by having gaze direction change (from direct to averted) and

Cogn Emot. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Friesen et al.

Page 4

facial expression change (from neutral to emotionally expressive) simultaneously. However,
it is natural for people to look at something first and then react to it. Therefore, we began
each trial with a face with a neutral expression looking straight ahead that subsequently
looked to the left or the right and then changed its expression to fearful or happy, as though
in reaction to what it had just seen.

In order to investigate the timing of the integration of gaze and expression information, we
used both a fairly short SOA of 225 ms and a longer one of 525 ms. One possible reason for
the mixed results from previous studies is that different SOAs, ranging from 100 ms
(Fichtenholtz et al., 2007) to 700 ms (Mathews et al., 2003; Tipples, 2006), were used across
studies. Although ERP findings indicate that both gaze direction (e.g., Klucharev & Sams,
2004; Schuller & Rossion, 2001) and expression (e.g., Pizzagalli, Regard, & Lehmann,
1999; for a review, see Vuilleumier & Pourtois, 2007) are processed rapidly, there is
evidence suggesting that their integration may occur relatively late. For example, ina TMS
study, Pourtois et al. (2004) provided evidence that the processing of both a change in gaze
direction and a fearful expression begin early, less than 200 ms after stimulus onset, and in
nonoverlapping areas of the brain. In an ERP study, Klucharev and Sams (2004) observed
early effects for both gaze and expression, and an interaction between the two after
approximately 300 ms. Similarly, in a behavioral study, Graham and LaBar (2007) showed
temporal asymmetries in gaze and expression processing that could be indicative of separate
processing at early stages. Consistent with this, a recent fMRI study by Engell and Haxby
(2007) has demonstrated that gaze and expression processing are carried out by overlapping
but dissociable areas of the STS. Similarly, evidence for dissociations between gaze and
expression processing have been reported in the macaque amygdala (Hoffman et al., 2007),
a structure that has been implicated in the rapid and automatic processing of emationally
significant events (Vuilleumier & Pourtois, 2007).

In Experiment 1, fearful or happy gazing faces were followed by targets that were either
nonthreatening (a smiling baby) or threatening (a snarling dog). Given the evidence that
both gaze and expression are processed rapidly but that the integration of gaze information
and expression information takes time, we predicted that we would observe separate gaze
and expression effects at the short SOA, and an interaction between the two at the long
SOA, consistent with the results of Graham et al. (2009, Experiment 6). Specifically, we
expected that at the long SOA, the facilitatory effects of gaze on target identification would
be greater with fearful faces than with happy faces. In Experiment 2, we reran Experiment 1
with emotionally neutral targets in order to rule out the possibility that the effects observed
in Experiment 1 could be attributed to other specific characteristics (such as our cue stimuli,
our cuing sequence, the SOAs we used, and the response task) rather than reflecting the
effect of the context provided by emotionally meaningful targets. In both experiments,
participants performed a non-evaluative target identification task. Finally, in order to rule
out a depth-of-processing explanation (i.e., that deeper processing of the target rather than
its meaningfulness enhances expression and gaze interactions), in Experiment 3 we reran
Experiment 1 as a target detection task.

Experiment 1

Method

Participants—Forty-four undergraduates (27 female; mean age = 20 years) participated
for course credit. All reported normal or corrected-to-normal vision.

Stimuli—Examples of cue and target stimuli are presented in Figure 1(a). The face stimuli

were adapted from neutral, happy, and fearful faces of a single individual (PE) from Ekman
and Friesen’s (1976) Pictures of Facial Affect, and were identical to those described in
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Graham et al. (2009). The image used prior to each cuing sequence was a face with a neutral
expression, gazing straight ahead. Images used during the cuing sequences were faces with
gaze averted to the left or right. These faces displayed a neutral expression, then an
intermediate (55% emotional) happy or fearful expression, and then a full intensity (100%
emotional) happy or fearful expression. Our target images were a baby (#2070) and a dog
(#1300) taken from the International Affective Picture System (Lang, Bradley, & Cuthbert,
1999). All face images were equated for contrast and luminance, and the two target images
were equated for contrast and luminance.

Stimuli were presented on a black background. A white cross that served as the fixation
stimulus at the beginning of each trial was positioned at the center of the screen, subtending
0.50° x 0.50° visual angle. The face images were positioned in the center of the screen, and
were 8.3° wide by 12.0° high. The eyes of the face were 2.3° above the horizontal midline.
Target images were 5.0° x 5.0°, and were positioned 7.5° from the vertical midline, as
measured to the nearest edge of the target image. The targets were positioned with their
centers 2.3° above the horizontal meridian, directly to the left or right of the face’s eyes.

Design—-Participants performed an identification task, in which they indicated whether the
target was a baby or a dog by pressing a left or right button. Response-side mapping was
counterbalanced across subjects. Twenty practice trials were followed by 576 test trials
presented in six blocks of 96 trials. Gaze direction (left, right), target location (left, right),
facial expression (happy, fearful), target identity (baby, dog), and cue-to-target interval (175,
225, 275, 475, 525, 575 ms) were selected randomly and equally within each block. On
valid trials, the target appeared on the side of the screen toward which the eyes of the face
were looking; on invalid trials, the target appeared on the side opposite to where the eyes
were looking. The cue-target intervals were divided into two SOA (stimulus onset
asynchrony) categories: short (225 ms +/— 50 ms) and long (525 ms +/— 50 ms).

Procedure—~Participants sat approximately 57 cm from the monitor. Figure 1(b) provides
an illustration of the trial sequence. Each trial began with the presentation of the fixation
cross for 1000 ms. The cross was then replaced by the following face images presented in
succession: neutral expression with straight-ahead gaze (1000 ms); neutral expression with
left or right gaze (50 ms); partial happy or fearful expression with the same left or right gaze
(50 ms); and full happy or fearful expression with the same left or right gaze (125 ms +/— 50
ms for the short SOA; 425 ms +/— 50 ms for the long SOA). This cuing sequence was
followed by the target display, which consisted of the baby or the dog appearing on the left
or right side of the screen while the final face image from the cuing sequence remained on
the screen. The trial ended when a response was made or 1000 ms had elapsed, whichever
came first. The next trial began immediately with the presentation of the fixation cross.

Participants were instructed to keep their eyes fixated at the location of the cross throughout
each trial and to respond as quickly and accurately as possible to the appearance of a target
by pressing the appropriate left or right button to indicate whether the target was a baby or a
dog. The experimenter emphasized that the face’s gaze direction and facial expression did
not in any way predict the location or identity of the target. Targets were referred to simply

as “a baby” and “a dog”; i.e., no affective (e.g., “cute”, “scary”) or evaluative (e.g.,

“positive”, ‘negative™) terminology was used.

Keypress selection errors, anticipations (RTs < 100 ms), and timed-out trials (no response
within 1000 ms of target onset) were excluded from statistical analysis. Keypress selection
errors accounted for 3.2% of the total trials; anticipations, 0.03%; and timed-out trials, 1.6%.
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Results for all conditions are presented in Table 1. An ANOVA on mean RT with cue-target
validity (valid, invalid), SOA (225 ms, 525 ms), emotional expression (happy, fearful), and
target identity (baby, dog) as within-subject factors revealed: a main effect for validity,
F(1,43) = 32.99, p < 0.0001, with RT shorter on valid trials (M = 489 ms, SD = 61)
compared to invalid trials (M = 499 ms, SD = 61); a main effect for SOA, F(1,43) = 108.03,
p <.0001, with RT shorter at the long SOA (a standard foreperiod effect in which
participants respond more quickly when they have had more time to prepare to respond; e.g.,
Mowrer, 1940); and a main effect for target, F(1,43) = 24.92, p < 0.01, with RT shorter for
the baby (M =486 ms, SD = 59) than for the dog (M =502 ms, SD = 62). The main effect for
expression was not significant, F(1,43) = 0.73, p > 0.39.

There were several significant interactions. First, there were two interactions not involving
gaze cuing. There was a significant SOA x target interaction, F(1,43) = 18.96, p < 0.0001,
apparently indicating that the RT advantage for baby compared with dog was greater at the
long SOA (M = 22 ms) than it was at the short SOA (M = 10 ms). There was also a
significant expression x target interaction, F(1,43) = 12.53, p < 0.001, apparently reflecting
an emotional valence congruency effect: for the baby, RTs were numerically shorter with a
happy face (M = 483 ms) than with a fearful face (m = 489 ms), and for the dog, RTs were
numerically shorter with a fearful face (M = 500 ms) than with a happy face (M = 504 ms).
The expression x target x SOA interaction was not significant, F < 1.0.

The interactions of primary interest were those involving gaze cuing and expression. The
validity by expression interaction was marginally significant, F(1,43) = 3.04, p < 0.09.
Critically, however, this interaction was modulated by a significant three-way expression x
validity x SOA interaction, F(1,43) = 11.55, p < 0.002. As can be seen in Figure 2(a),
expression and validity appeared to interact only at the long SOA. No other interactions
approached significance.

Planned t-tests confirmed that valid RT was significantly shorter than invalid RT for all
combinations of expression and SOA, all p’s < 0.016. Thus, the significant validity x
expression x SOA interaction indicates that there were gaze cuing effects of different
magnitudes in different conditions. To examine this, we calculated cuing effects (invalid
minus valid RT) for each condition, and compared the cuing effects for fearful vs. happy
face cues at each SOA (Bonferroni corrected t-tests, two-tailed, alpha = 0.025). There was
no statistical difference between fearful face cuing (8 ms) and happy face cuing (10 ms) at
the short SOA, p > 0.49; but there was a difference at the long SOA, with fearful face cuing
(15 ms) significantly greater than happy face cuing (5 ms), p < 0.003.

An inspection of Figure 2(a) suggests that the fearful face cuing effect increased over time,
whereas the happy face cuing effect may have decreased. To test this, we compared happy
face cuing effects at the short vs. the long SOA, and fearful face cuing effects at the short vs.
the long SOA (Bonferroni corrected t-tests, two-tailed, alpha = 0.025). These tests
confirmed that with an increase in SOA, the gaze cuing effect for fearful faces was
enhanced, p < 0.01; however, the apparent attenuation of the gaze cuing effect for happy
faces was not statistically significant after Bonferroni correction, p > 0.03.

The purpose of Experiment 1 was to explore the relationship between facial expression and
gaze direction in a cuing experiment with emotionally valenced targets. Using a dynamic
cuing sequence and both short and long SOAs, we observed evidence of early and separate
gaze and expression processing. The significant gaze cuing effect for both happy and fearful
expressions at the short SOA indicates early gaze direction processing, and the significant
interaction between expression and target across both SOAs indicates early and sustained
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emotional expression processing in this target identification task. The fact that gaze cue
validity and expression did not interact at the short SOA supports the proposal that these two
types of information are integrated later in processing.

One might wonder whether our use of a single target image to represent each of the two
emotional valences is problematic in that (1) we may have produced a stimulus-specific
effect, and (2) participants may have habituated to the target stimuli over the course of the
experimental trials, thereby resulting in an underestimation of the effect of expression on
gaze-triggered orienting. With regard to the first point, our strategy was to use only two
target images in order to keep our experimental design straightforward. Although it remains
for future research to determine the generalizability of findings such as ours with other
threatening and nonthreatening target images, we are fairly confident that our effects are not
stimulus-specific, as the target images we used are well-normed for emotional valence (Lang
et al., 1999). With regard to the second point, we checked for habituation effects by
conducting a first half vs. second half ANOVA. This analysis revealed no significant
differences between reaction times obtained during trials from the first half and last half of
the experiment (all ps > 0.05), thus indicating that habituation to the target images did not
occur.

A critical difference between our experiment and those previously reported in the literature
is that ours used emotionally valenced targets rather than emotionally neutral targets.
However, our experiment differed in a number of other ways (e.g., timing of stimulus
presentation, SOASs used, response task) from the variety of previous studies that either did
or did not observe effects of expression on gaze-triggered orienting. To explore the extent to
which including emotionally-valenced targets was responsible for producing the enhanced
orienting for fearful gazing faces in this particular version of a gaze cuing paradigm, we
reran Experiment 1 with emotionally neutral targets (the letters T and L), but otherwise
using the same the same stimuli, task, and design.

Experiment 2

Method

Participants—Forty-three undergraduates (35 female; mean age = 22 years) reporting
normal or corrected-to-normal vision participated for course credit.

Stimuli, Design, and Procedure—The face stimuli were identical to those used in
Experiment 1. The target stimuli, the capital letters T and L (50% grayscale), were
approximately 1.5° high by 1° wide. The experiment was otherwise identical to Experiment
1.

Results and Discussion

Errors were excluded as in Experiment 1. Anticipations accounted for 0.3% of the total
trials; keypress selection errors, 3.0%; and timed-out trials, 2.9%.

The results for all conditions are presented in Table 2. An ANOVA revealed: a main effect
for validity, F(1,42) = 30.527, p < 0.0001, with RT shorter on valid trials (M =530 ms, SD =
75) compared to invalid trials (M =538 ms, SD = 77); a main effect for SOA, F(1,42) =
117.18, p <.0001, with response time shorter at the long SOA; and a main effect for
expression, F(1,42) = 4.28, p < 0.05, with slightly shorter RTs for fearful (532 ms) than for
happy faces (535 ms). The main effect for target identity was not significant, F < 1.0.

There were several significant interactions. First, there was a significant expression x SOA
interaction, F(1,42) = 8.14, p < 0.007, indicating that the advantage for identifying targets
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preceded by a fearful face was enhanced at the long SOA. Second, there was a significant
validity x SOA interaction, F(1,42) = 4.77, p < 0.035, revealing a greater gaze cuing effect
at the long SOA compared with at the short SOA. There was also a marginally significant
expression x validity interaction, F(1,42) = 3.18, p < 0.09, indicating a trend toward greater
cuing effects for fearful faces compared with happy faces. No other interactions were
significant. Notably, in contrast to our Experiment 1 results, the expression x validity x
SOA interaction, which is illustrated in Figure 2(b), did not approach significance, F < 1.0.

In order to determine whether cuing effects (invalid minus valid trials) varied systematically
across the two experiments, cuing effects for Experiment 1 and Experiment 2 were
compared in a mixed ANOVA with expression (fearful, happy) and SOA (short, long) as
within-subject factors and experiment as a between-subjects factor. With the added power
afforded by the increase in sample size, a significant expression by SOA interaction was
observed, with fearful cuing greater than happy cuing, F(1, 85) = 5.15, p < 0.05). The three-
way expression x SOA x experiment interaction fell short of significance, F(1, 85) = 2.80, p
< 0.10. As shown in Figure 2a and 2b, this nonsignificant trend seems to be driven by
differences in the cuing effect for happy faces across the two experiments: while the cuing
effect for happy faces was reduced at the long SOA relative to the short SOA in Experiment
1, the opposite was true in Experiment 2.

The main purpose of Experiment 2 was to determine the extent to which the interaction
between gaze cuing and expression observed in Experiment 1 at the long SOA was a
function of the presence of emotionally-valenced targets. We found that with neutral targets,
the enhanced gaze cuing effect for fearful faces at the long SOA disappeared. Instead, there
was a trend for the cuing effect to be larger for happy faces at the long SOA. This result was
unexpected and is inconsistent with previous results reporting larger cuing effects for fear at
longer SOAs (e.g. Graham et al., 2009). Although we can offer no ready explanation for this
finding, it does attest to the inconsistent nature of gaze and expression interactions and their
sensitivity to task demands (Bindemann, Burton & Langton, 2007), and it indicates that the
lack of a three-way interaction between validity, expression, and SOA in Experiment 2 was
not due to a lack of statistical power. Nonetheless, given the consistency of the stimuli,
design, and procedure across the two experiments and the strikingly different results in
Experiment 2 compared with Experiment 1, it appears that the integrated processing of
facial expression and gaze direction is enhanced by the context provided by the emotional
meaningfulness of the targets. In other words, it may be important that the expression on the
gazing face is relevant to the objects being gazed at.

There is, however, another possible explanation for the differences we observed between
Experiment 1 and Experiment 2 of the present study, and for the differences observed by
Pecchinenda et al. (2008) between cuing effects when participants made an evaluative
judgment about emotionally-valenced words compared with when they made a perceptual
judgment about the same words. In both studies, the experiment in which enhanced orienting
was observed with fearful faces compared with happy faces was the experiment that
required deeper processing of the target stimuli. It could be argued that in our study,
identifying the complex images of biologically-relevant targets in Experiment 1 required
more processing resources than identifying the simple target letters in Experiment 2.
Similarly, it could be argued that in Pecchinenda and colleagues’ study, evaluating the
emotionally-valenced words required more processing resources than identifying the case in
which the words were presented. Thus, it is possible that the differences in results between
experiments in both studies reflect not the importance of meaningful context (as our results
suggest) and not the importance of an evaluative goal (as Pecchinenda et al.’s results
suggest), but simply the importance of deeper cognitive processing for producing enhanced
orienting with fearful gazing faces.
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Experiment 3

Method

Experiment 3 was run to rule out a difference in cognitive resources requirements as an
explanation for our observation of enhanced orienting for fearful faces in Experiment 1 but
not in Experiment 2. Here we reran Experiment 1, but changed the response task from target
identification to target detection. We reasoned that if the enhanced orienting with fearful
faces observed in Experiment 1 were attributable to deeper processing of the target
compared with Experiment 2, this enhanced orienting effect would not be observed in
Experiment 3 because with a simple detection task the targets would require minimal
processing. Alternatively, if the enhanced orienting with fearful faces were to be observed
despite the low target processing requirements, this would support our conclusion that the
emotional meaningfulness of the targets is important. Additionally, this experiment provides
the opportunity to make a similar type of comparison as was made in the Pecchinenda et al.
(2008) study: our Experiments 1 and 3 allow us to compare performance with the same
targets but a different response task.

Participants—Forty-four undergraduates (19 female; mean age = 19 years) reporting
normal or corrected-to-normal vision participated for course credit.

Stimuli, Design, and Procedure—The face stimuli (fearful or happy faces with left or
right gaze) and target stimuli (baby or dog appearing to the left or right of the face) were
identical to those used in Experiment 1. In this experiment the response task for participants
was to press the center key of the button box with the index finger of their preferred hand
when a target appeared, regardless of its identity or location. In addition to the 576 target-
present trials that comprised Experiment 1, there were 48 catch trials in which no target
appeared (eight in each of the six blocks) that were selected randomly and equally within
each block from the four possible combinations of gaze direction and expression. Thus,
participants completed a total of 624 test trials (576 target-present trials as in Experiment 1,
plus 48 catch trials). On catch trials the face cue with averted eyes and full emotional
expression remained on the screen for 1000 ms or until a response was made. Participants
were instructed not to respond on these trials. Experiment 3 was otherwise identical to
Experiment 1.

Results and Discussion

Errors on target-present trials were excluded as in Experiments 1 and 2. Anticipations
accounted for 0.60% of the target-present trials; keypress selection errors, 0.00%; and timed-
out trials, 0.56%. The false alarm rate on catch trials was 1.76%.

The results for all conditions are presented in Table 3. An ANOVA revealed: a significant
main effect for validity, F(1,43) = 50.31, p < 0.0001, with RT shorter on valid trials (M =
304 ms, SD = 51) compared to invalid trials (M = 315 ms, SD = 53); and a significant main
effect for SOA, F(1,43) = 106.27, p < 0.0001, with response time shorter at the long SOA.
There was no significant main effect for either expression or target identity (Fs < 1.3). In
contrast to Experiments 1 and 2 in which the expression x validity interaction was only
marginally significant, here the expression x validity interaction was significant, F(1,43) =
7.63, p < 0.009. However, this was qualified by a significant expression x validity x SOA
interaction, F(1,43) = 7.33, p < 0.01, similar to that observed with emotionally valenced
targets in Experiment 1. As can be seen in Figure 2(c), expression and validity appeared to
interact only at the long SOA. No other interactions were significant.
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Planned t-tests confirmed that valid RT was significantly shorter than invalid RT for all
combinations of expression and SOA, all p’s < 0.003. Thus, the significant validity x
expression x SOA interaction indicates that there were gaze cuing effects of different
magnitudes in different conditions. To examine this, we calculated cuing effects for each
condition as in Experiment 1, and compared the cuing effects for fearful face vs. happy face
cues at each SOA (Bonferroni corrected t-tests, two-tailed, alpha = 0.025). There was no
statistical difference between fearful face cuing (11 ms) and happy face cuing (10 ms) at the
short SOA, p > 0.75; but there was a difference at the long SOA, with fearful face cuing (17
ms) significantly greater than happy face cuing (6 ms), p < 0.0003.

As was the case with Experiment 1, it appeared that the fearful face cuing effect increased
over time, whereas the happy face cuing effect may have decreased (see Figure 2(c)). To test
this, we compared happy face cuing effects at the short vs. the long SOA, and fearful face
cuing effects at the short vs. the long SOA (Bonferroni corrected t-tests, two-tailed, alpha =
0.025). Consistent with the results observed in Experiment 1, these tests revealed that with
an increase in SOA, the gaze cuing effect for fearful faces was enhanced, p < 0.025, and that
the apparent attenuation of the gaze cuing effect for happy faces was not statistically
significant, p > 0.14.

A notable difference between the results of Experiments 1 and 3 was the presence of a
significant expression x target interaction in Experiment 1 that was not observed in
Experiment 3. In order to confirm this observation, the data from these two experiments
were compared in a mixed ANOVA with experiment as a between-subjects factor and with
cue-target validity (valid, invalid), SOA (225 ms, 525 ms), emotional expression (happy,
fearful), and target identity (baby, dog) as within-subject factors. There was a main effect of
experiment, F(1,85) = 270.12, p < 0.001, reflecting the fact that target detection occurred
more quickly than target identification (310 vs. 495 ms). The analysis also yielded
interactions involving experiment and target type, including: a target x experiment
interaction, F(1, 85) = 24.80, p < 0.001; a target x SOA x experiment interaction, F(1, 85) =
19.39, p < 0.001; and most importantly, an expression x target x experiment interaction,
F(1, 85) =9.77, p < 0.01. This particular interaction confirmed that the emotional valence
congruency effect (i.e., for the baby, RTs were shorter with a happy face than with a fearful
face, and for the dog, RTs were shorter with a fearful face than with a happy face) was
present only in Experiment 1, suggesting that this effect may depend on deeper processing
of the target.

Importantly, no interactions involving cue-target validity and experiment were observed (ps
> 0.05). Indeed, apart from the absence of the emotional valence congruency effect, the
results of Experiment 3 look very similar to those of Experiment 1, with enhanced orienting
triggered by fearful gazing faces compared with happy gazing faces emerging at the longer
SOA. Thus, the present experiment replicates our finding that this enhanced orienting can
occur with emotionally meaningful targets in the absence of an evaluative goal; and it adds
the new finding that deep processing of the target is not required to produce it.

General Discussion

The ability to infer the potential presence, location, and importance of an unseen stimulus in
the environment from facial information alone involves the integration of information about
both gaze direction and emotional expression. To date, the conditions under which these two
stimulus dimensions interact to influence attentional orienting to gaze are not well
delineated. It is clear from the literature that people are very sensitive to changeable aspects
of the face such as emotional expression and gaze direction and that we extract a great deal
of socially relevant information from these dynamic cues. Thus, intuitively, one would
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expect that varying the information contained in these critical facial components should
produce differential results. In particular, one would expect that the gaze direction of a
fearful face would produce enhanced orienting to a gazed-at object because the combination
of gaze direction and a fearful facial expression would signal the location of a potential
threat (e.g., Fichtenholtz et al., 2007; Hadjikhani et al., 2008). Surprisingly, however, the
gaze cuing studies that have sought to explore the relationship between gaze-triggered
orienting and facial expression have, as a whole, generated inconsistent findings, ranging
from no effect of expression on gaze cuing (Hietanen & Leppénen, 2003), through enhanced
cuing by fearful faces but only in anxious individuals (Mathews et al., 2003), to enhanced
cuing by fearful faces at a short SOA (Putman et al., 2006).

In the present study, we investigated whether using emotionally meaningful targets would
optimize our ability to observe enhanced orienting to the gaze direction of a fearful face. To
this end, we presented nonpredictive directional gaze cues in a face whose expression
changed from neutral to either fearful or happy, followed by a target that was either
emotionally valenced (Experiment 1) or neutral (Experiment 2). To maximize our chances
of observing clear results we used a natural trial sequence in which an initial gaze shift was
followed by a change in expression (as if the model were reacting to the stimulus), and to
examine the time course of the attentional effects of gaze and expression we included both a
short and long SOA.

With the emotionally-valenced targets in Experiment 1, we found clear evidence of both
gaze processing and expression processing at the short SOA, but no interaction between the
two. We also observed clear evidence of the integration of gaze and expression information
at the long SOA, with an enhanced gaze cuing effect for fearful faces compared with happy
faces. These findings converge with the results of several neuroimaging studies that have
suggested that gaze direction information and emotional expression information are
dissociable, at least at early stages of processing (e.g., Fichtenholtz et al., 2007; Hoffman et
al., 2007; Klucharev & Sams, 2004; Pourtois et al., 2004). We had hypothesized that the use
of neutral targets in previous studies might have led to mixed results because a face
repeatedly having an emotional reaction to neutral targets might not have fully engaged
emotion processing (i.e., emotional expression is irrelevant with respect to the targets). Our
finding of an enhanced gaze cuing effect for fearful faces at the long SOA in Experiment 1
might indeed have been due in large part to the addition of valenced targets; however, it was
also possible that this finding was due to other particular characteristics of our experimental
design. To explore this issue we ran Experiment 2 with an identical cuing sequence but with
emotionally-neutral targets, and we found that the interaction between gaze cuing and
expression was only marginally significant and that these factors did not interact with SOA
as they had in Experiment 1. This result suggests that although our cuing sequence may have
enhanced (relative to the cuing sequences used in previous studies) our ability to produce an
effect of facial expression on gaze cuing, the presentation of meaningful targets in
Experiment 1 was important. Finally, Experiment 3 replicated our critical finding from
Experiment 1 with the same emotionally meaningful targets but with a low-demand
response task. Enhanced orienting with fearful faces was again observed at the longer SOA,
indicating that the level of processing of the target was not responsible for the differences
we observed between Experiment 1 and Experiment 2.

It should be noted that our results do not suggest that emotional context is necessary for
processing the emotion on the gazing face; in Experiment 2 we observed a significant main
effect of expression despite the lack of emotionally-valenced targets. Overall, participants
responded more quickly to targets cued by fearful faces, regardless of cue-target validity. It
should also be noted that our results do not demonstrate that emotional targets are necessary
for the enhancement of the gaze cuing effect. In Experiment 2 of the present study, we
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observed a marginal interaction between gaze and expression across the two SOAs. And in
two recent experiments that were very similar to Experiment 2 of the present study (except
that they included gazing faces with a neutral expression in addition to happy and fearful
faces), we observed enhanced cuing for fearful gazing faces compared with happy gazing
faces in one experiment but not another (Graham et. al., 2009). These mixed findings under
almost identical stimulus conditions within the same study suggest that some integration of
gaze and expression information will sometimes occur in the absence of meaningful targets.
What the results of the present study do seem to indicate is that emotional context is
necessary for optimal integration of gaze direction and expression information. A question
for future research is why this is might be the case. One possibility is that the combination of
both emotional expression and motivationally relevant targets engages top-down processing
(e.g., the creation of cue-target expectancies) that facilitates the integration of information
about these two facial dimensions for transmission to the spatial orienting system.

Although our results indicate that the presence of an emotional context does matter for the
integration of gaze cuing and facial expression, it seems to be the general context that
matters and not the context on an individual trial. In Experiment 1, the gaze cuing effect for
a given expression did not interact with target valence; that is, the fearful face produced
statistically equivalent cuing effects regardless of whether the target was appropriate for a
fearful expression (the dog) or inappropriate for a fearful expression (the baby), and the
same is true for the happy face. This is in contrast to the fact that cue valence and target
valence interacted on a trial by trial basis in Experiment 1; i.e., a cue-target emotional
valence congruency effect was observed (although it was not observed in Experiment 3).
Moreover, our basic finding regarding the effects of expression and SOA on gaze cuing
from Experiment 1 was not affected by reducing the depth of processing of the target in
Experiment 3. This more general affective context effect on gaze cuing suggests that for
expression to optimally modulate gaze-triggered orienting, what the gazing face is looking at
must be potentially meaningful with respect to the expression displayed. Such a processing
tendency would of course be appropriate in the natural environment where any number of
threatening or nonthreatening creatures or events that are not in the viewer’s line of sight
might be seen and reacted to emotionally by another person nearby.

Our results with emotionally-valenced target images replicate the results of Pecchinenda et
al. (2008) with emotionally-valenced target words by demonstrating that the presence of an
emotional context can be important for observing enhanced orienting for fearful gazing
faces, but our findings also extend theirs by demonstrating that explicit evaluation is not
necessary to observe modulation of the cuing effect by expression. It may simply be enough
that what is gazed at could potentially evoke an emotional reaction in the gazer. This notion
is consistent with findings from the macaque literature that face-selective and body posture-
selective cells in the STS are sensitive to perceptual history and may play a role in the
formation of expectations about the future behavior of others (Jellema & Perrett, 2003).
When emotional gazing faces were consistently followed by emotionally meaningless
targets in Experiment 2 of the present study, the fearful expression may have lost its
emotional potency because it was not embedded in any relevant context.

A major difference between Pecchinenda et al.’s (2008) study and the present study is that
Pecchinenda and colleagues observed an interaction between gaze and expression at a short
SOA of 200 ms and we observed ours at a long SOA of 525 ms (and not at 225 ms).
Moreover, the only other study to observe a clear enhancement of the gaze cuing effect with
fearful faces vs. happy faces (but with neutral targets) also used a short SOA of 100 ms
(Putman et al., 2006). We have outlined our reasons for expecting to see the interaction at a
longer SOA (in particular, the likely importance of allowing observers enough time to
integrate the two dimensions), and our results are in line with these expectations and
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consistent with our previous behavioral results that facial expression and gaze information
have dissociable effects on target detection and identification when a short interval
intervenes between the gaze shift and the appearance of the target (Fichtenholtz et al., 2007,
Graham et al., 2009).

We had hypothesized that our natural cuing sequence and our choice of SOAs would
maximize our chances of observing the often-elusive interaction between gaze and
expression, and we did indeed observe the interaction at our long SOA (but, importantly,
only with emotionally-valenced targets). In the end, though, the results of the present study
offer no ready explanation for the discrepancy in terms of timing between our findings and
those of the two other studies (Pecchinenda et al., 2008: Putman et al., 2006) that observed
enhanced orienting with a fearful gazing face at a short SOA. Systematic investigations of
the timing of the integration of gaze and expression information are necessary to resolve this
issue.

In summary, in order to maximize our chances of observing clear results in Experiments 1
and 3 of the present study, we used a more natural trial sequence, we included both a short
SOA and a long SOA in order to examine the time course of the attentional effects of gaze
and expression, and we used emotionally-valenced targets that might actually produce happy
or fearful expressions in the real world. We observed unambiguous evidence of an effect of
facial emotional expression on the magnitude of the gaze cuing effect, with a fearful face
producing enhanced orienting relative to a happy face. Consistent with findings from other
studies in the cognitive neuroscience literature (e.g., Graham & LaBar, 2007; Klucharev &
Sams, 2004; Pourtois et al., 2004), this effect occurred only at the longer SOA, suggesting
that time is required for the integration of gaze and expression information. While providing
an ecologically valid animated cuing sequence and allowing sufficient processing time
before target onset may have been necessary to reveal this interaction, our results with
neutral cues in Experiment 2 suggest that emotional context is an important factor for the
integration of gaze and expression information. In natural situations, gaze and expression
cues are inherently meaningful and permit inferences about the relative importance and/or
safety of other objects and events in the environment. Our results indicate that in
experimental situations, the presentation of fearful gazing faces that signal the location of
emotionally meaningful visual targets can modulate the deployment of spatial attention; and,
more generally, they demonstrate that the mechanisms underlying joint attention and social
orienting are sensitive to emotional context.
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Figure 1.

Example illustrations of (a) Experiment 1 cue and target stimuli, and (b) Experiment 1 trial
sequence. On each trial, a central fixation cross (not illustrated) was replaced by a face with
a neutral expression gazing straight ahead for 1000 ms. The face’s eyes looked to the left or
right for 50 ms, and then its expression changed to fearful or happy. A target (baby or dog)
appeared on the left or right 225 (+/— 50) or 525 (+/— 50) ms after the gaze cue onset. In
Experiment 2, the stimuli and trial sequence were identical to those in Experiment 1 except
that the target stimuli were the capital letter T or L. In Experiment 3, the stimuli and trial
sequence were identical to those in Experiment 1 except that on a minority of trials (catch
trials) no target appeared after the onset of the final cue display. Target images depicted are
for illustrative purposes; they are not the images that were presented.
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Mean response times (RT) for valid and invalid trials as a function of SOA (stimulus onset

asynchrony) and facial expression, and collapsing across target identities, for: (a) the

Experiment 1 target identification task with emotionally valenced targets (baby and dog); (b)
the Experiment 2 target identification task with emotionally neutral targets (the letters T and
L); and (c) the Experiment 3 target detection task with emotionally valenced targets (baby

and dog).
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