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Abstract
Important social information can be gathered from the direction of another person’s gaze,
such as their intentions and aspects of the environment that are relevant to those intentions.
Previous work has examined the effect of gaze on attention through the gaze cueing effect: an
enhancement of performance in detecting targets that appear where another person is looking.
The present study investigated whether the physical self-similarity of a face could increase its
impact on attention. Self-similarity was manipulated by morphing participants’ faces with
those of strangers. The effect of gaze direction on target detection was strongest for faces
morphed with the participant’s face. The results support previous work suggesting self-
similar faces are processed differently from dissimilar faces. The data also demonstrate that a
face’s similarity to one’s own face influences the degree to which that face guides our
attention in the environment.

Keywords: gaze-cueing, self recognition, face processing, eye-tracking
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Physical Self-Similarity Enhances the Gaze Cueing Effect

Gaze direction provides a visual signal indicating where a person’s interest
lies within their environment. The gaze cueing effect (GCE) is typically measured by
presenting a face with the eyes diverted to the left or right, followed shortly by a
peripheral left or right target. Targets appearing in the gazed-at location tend to be
detected faster than those appearing in other locations. This effect has been used to
demonstrate that humans rapidly and automatically shift their visual attention in the
direction of another’s gaze (Friesen & Kingstone, 1998; Kuhn & Kingstone, 2009).

The GCE is observed after brief (100-300ms) viewing times of the cueing
face (Driver, Davis, Ricciardelli, Kidd, Maxwell, & Baron-Cohen, 1999), suggesting
that the information provided by the face is processed rapidly and involuntarily by the
observer. The involvement of higher-level social cognition in the GCE is difficult to
imagine given the brief timecourse of the effect. Indeed, several studies have found
that certain changes in the social features of a cueing face have no effect on gaze
cueing. For instance, increasing the familiarity of a face through repeated exposure to
an individual’s photo did not change the GCE (Frischen & Tipper, 2004), nor did
presenting faces with varying emotional expressions (Bayliss, Frischen, Fenske, &
Tipper, 2007; Hietanen & Leppanen, 2003). However, under certain circumstances,
the social features of a face have been found to modulate the GCE. For example,
individuals with high levels of social anxiety show larger effects of the gaze direction
of fearful faces (Fox, Mathews, Calder, & Yiend, 2007). A stronger GCE has also
been reported in response to faces manipulated to reflect higher subjective social
dominance (Jones, DeBruine, Main, et al. 2009), or masculinity (Jones, Main,
DeBruine, Little, & Welling, 2010). Familiar faces also increased the GCE, both for

faces within one’s social sphere (Deaner, Shepherd, & Platt, 2007, although only
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amongst female participants) and of cultural celebrities (Frischen & Tipper, 2006; a
facilitation found to extend for over three minutes). This latter body of work suggests
that the information carried in a cueing face can be influenced by certain socially-
relevant facial features.

A person’s gaze communicates the location of something that is likely to be of
interest to other humans, provided they share common goals and priorities. From this
perspective, gaze cueing may involve a process of mentalization, whereby rapid and
intuitive inferences of another person’s perspective and motives are made based on
one’s own experience and internalized schemas (Keysers & Gazzola, 2007). This
process may be facilitated when the perceived similarity between the self and other is
high. Indeed, evidence from neuroimaging studies indicates that similar brain
networks are activated during introspection as during perception and judgment of a
similar other, but not a dissimilar other (Jenkins, Macrae, & Mitchell, 2008; Mitchell,
Banaji, & Macrae, 2005; Mitchell, Macrae, & Banaji, 2006). This has led to the
proposal that a similar other’s actions can be reflexively linked to one’s own
experience, triggering a sense of social relation with similar others that differs from
dissimilar others. The perceived similarity of a cueing face may likewise influence the
degree to which we use their gaze direction to guide our own attention. In a similar
vein, information about a person’s membership in one’s in-group or family has been
found to be cued by physical similarity, as well as more general ethno-cultural cues of
skin colour and facial structure (DeBruine, 2002; DeBruine, Jones, Little, & Perrett,
2008). Thus, a self-similar face may indicate that individual is family or other in-
group relation, whose social communication would hold more relevance to the

observer.
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Theories of social learning provide further support for the idea that self-
similarity may influence non-verbal social cues such as the GCE. One mechanism of
social learning in primates and humans involves imitating family members, with
humans in particular found to emulate familial behaviours without much questioning
or subjective modification (Tomasello, 1996, 2000). Along with the behavioural
evidence of social learning occurring through physical imitation, a rising number of
studies has begun linking imitative learning to a region of the pre-frontal cortex
referred to as the mirror-neuron system (Rizzolatti & Graighero, 2004). Mirror
neurons respond both when the subject performs an action and when the subject
observes that action being performed by another individual (e.g. di Pellegrino, Fadiga,
Fogassi, Gallese, & Rizzolatti, 1992). The system to which these neurons belong,
though controversial (e.g. Hickok, 2009), is thought to use our own repertoire of goals
and associated actions to simulate the goal of another person’s behaviour (Gallese,
Keysers, & Rizzolatti, 2004; Van Overwalle, & Baetens, 2009).

As an extension to this body of literature, the current study examines the
impact of physical self-similarity on the extent to which we are influenced by another
individual’s gaze direction. Self-similarity was manipulated by using faces morphed
to physically resemble the observer. We predicted that self-similar physical features in
another person’s face would increase the effect of that person’s gaze on attention, or
lead to an increased tendency to emulate the other person’s behaviour, both of which
should lead to enhanced cueing effects for self-similar faces.

Method
Participants
Seven female and five male students from the University of Aberdeen

psychology department (mean age = 22.21 yrs, SD =4.19 yrs) completed the
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experiment for either course credit or £5 compensation. All participants were
Caucasian with normal or corrected-to-normal vision. Data from one participant were
excluded due to a high number of eye movement errors.

Stimuli

Photographs of ten “stranger” individuals (5 female, 5 male) were taken
looking forward, left, and right (by fixating dots affixed to the walls of the room while
keeping the head directed forward). All portraits were photographed under the same
conditions, using a Sony a-230 digital SLR camera (10.2 megapixel resolution and 3x
optical zoom) in a room with controlled lighting. Using Adobe Photoshop® software,
each photograph was cropped into an oval encircling the eyes, nose, and mouth to
remove visual cues about hairstyle and clothing.

Each participants’ photograph was also taken and cropped as described above
(forward, left, right gazing). Participants’ photographs were taken in a separate
session, usually the day before the gaze-cueing session. For each of the gaze
directions, the participant’s face was morphed with each of the 10 strangers’ faces
using Fantamorph software (Abrosoft V.4). Two morphed images were created, one
made up of 30% participant and 70% stranger, and one of 50% participant and 50%
stranger. This process generated 60 morphed face stimuli out of each participant’s
photograph (ten strangers by two morphing levels by three gaze directions).

The choice of 30% and 50% was made in order to examine what level of self-
recognition is required to observe the hypothesized effects. Conscious self-recognition
of a self-morphed face seems to begin with faces made up of around 25% of ones own
features (Turk, et al., 2002). Thus, the 30% self faces used in this study may stimulate
self-recognition just above this threshold, while the 50% self faces may stimulate

more explicit, conscious self-recognition. We chose not to use 100% self-faces in the
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experiment in order to avoid an overarching self-capture effect (e.g., Bargh &
Pietromonaco, 1982) interfering with the cueing effect.

The morphing process decreases the image resolution and smoothes out the
original face’s skin complexion. To match the smoothed appearance of the self-
morphed faces, control faces were created by morphing two stranger photographs
together. Five random pairs from the male stranger faces and five from the female
stranger faces were selected. These pairs were then morphed to represent
approximately 50% of each face, and used as the final stranger control stimuli
(referred to as 0% self). Figure 1 shows one example from the set of 0% self, 30%
self, and 50% self stimuli used for one participant.

Apparatus

The experiment was displayed on a 17 inch CRT monitor (1024/768px
resolution, 85Hz refresh rate) at a viewing distance of 50cm. Participants sat with
their head stabilized in a chin and head rest, and their right eye movements were
recorded using an Eyelink 1000 (SR Research Ltd, Mississauga, Canada) running
Experiment Builder (SR Research Ltd, Mississauga, Canada), and controlled by a
Macintosh running Windows XP. Responses were recorded using a hand-held button
box.

Procedure

Each trial began with a black dot (0.63°) in the center of the display.
Participants fixated the dot and pressed the left thumb-button to initiate the trial. If a
stable fixation was detected, a forward-gazing face appeared in the centre of the
screen (9.1° by 6.8°). The face was flanked by two black outlined boxes (1.7° by 1.7°)
appearing at the level of the face’s eyes, at a distance of 12.4° to the left and right of

the centre of the display. After 1000ms, the face’s eyes shifted randomly to the left or
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the right. One hundred milliseconds after the gaze shift, a grey target dot (0.60°)
appeared in one of the two boxes. The task was to respond as quickly and accurately
as possible to the appearance of the target dot. See Figure 2 for an example of a trial
sequence.

During one block participants indicated the target location with a left or right
button press (manual response), and during another block participants made a left or
right eye-movement towards the target (saccadic response). The order of these blocks
was counterbalanced. Participants were instructed to maintain fixation on the central
face at all times, except during saccadic response trials where a left or right saccade
was to be made from the central face only after the target appeared. Saccadic trials
were excluded from analysis if a saccade was made away from the central face before
the target appeared on screen (defined as a shift beyond the oval circumference of the
face). Manual trials were excluded if a saccade was made away from the central face
at any point during the trial.

Each block consisted of 480 trials, preceded by a brief calibration sequence
and 20 practice trials. Participants were given breaks after every 80 trials. Gaze-cue
direction (left, right), target location (congruent with gaze-direction or incongruent),
face type (0%, 30%, or 50% self), and the stranger face used during morphing (5
male, 5 female) were randomly intermixed within each block.

After completing the two experimental blocks, participants were asked to look
at each of the 30 stimuli presented during the session (ten 0% self, ten 30% self, ten
50% self), and state whether they recognized themselves in the face or not.

Results

Response Time
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We excluded saccadic responses occurring less than 80 ms or more than 550
ms after target onset (0.08%), and manual responses occurring less than 150 ms or
more than 600 ms after target onset (0.02%). Incorrect responses were also excluded
from RT analysis.

A three-way within-subjects ANOVA was run with response type (manual vs.
saccadic), congruency (congruent vs. incongruent), and proportion of self in the
cueing face (0, 30, or 50%) as factors. A significant GCE was found [F(1, 11) =
145.8, p <.001], with significantly longer RTs on incongruent trials (M = 265.7 ms,
SD = 88.7) than congruent trials (M =234.9 ms, D = 85.9). There was also a main
effect of response type [F(1, 11) =719.0, p <.001], reflecting significantly longer
RTs for manual responses (M = 333.4 ms, SD = 39.0) than saccadic responses (M =
167.3 ms, SD =40.1), and a main effect of face type [F(2, 11) =4.7, p<.05], with
increasing RT as the proportion of self in the cueing face increased from 0% (M =
248.7 ms, SD =31.4), to 30% (M = 249.5 ms, SD = 31.3), to 50% (M = 252.8 ms, SD
=31.9). Although small, the RT increase between 0% and 50% self faces was found
to be significant [t(11) =4.03, p <.001], and that between 30% and 50% to be
marginally significant [t(11) =2.00, p<.1].

Finally, and most interestingly, an interaction between face type and
congruency was observed [F(2, 22) = 5.9, p <.05]. A t-test on the GCE (incongruent
RT — congruent RT) revealed a significantly larger GCE in the 50% self-faces than
both the 0% self [t(11) = 3.34, p <.05], and the 30% self faces [t(11) = 3.12, p <.05].
No significant GCE difference was observed between the 0% and 30% self faces
[t(11) = 0.77]. The mean RT for each condition is presented in Figure 3, split by
manual and saccadic response type. Because morphing different genders could

produce faces that appear androgynous, a follow-up analysis was run examining only



Downloaded by [University of Aberdeen] at 01:45 09 May 2012

SELF-SIMILARITY AND GAZE CUEING 10

trials in which participants’ faces were morphed with their own gender. The
interaction of cueing with self-similarity was replicated in this analysis [F(2, 22) =
5.78, p <.05], with a larger cueing effect for 30% and 50% self-faces than 0% faces
([t(11)=2.19, p<.05] and [t(11) = 3.68, p <.05] respectively). Another possible
concern is that responses were slower to self-similar faces, so a further split-half
analysis was run comparing the strength of the GCE between the slower and the faster
half of responses. The interaction of GCE with self-similarity was significant only in
the faster responses [F(2, 22) = 4.23, p <.05], and was lost in slower responses [F(2,
22) <1]. This rules out slower responses to self-similar faces as an explanation for the
interaction effect.
Accuracy

The same ANOVA as was run on RT was also run on error rates. A main
effect for response type was revealed [F(2, 11) = 12.4, p < .05] with more errors on
saccadic than manual trials (4.6% vs. 2.4%). A main effect for congruency was found
[F(2, 11)=12.3, p <.05], with more errors on incongruent trials. Finally, an
interaction arose between response type and congruency [F(2, 11) = 14.7, p<.001],
due to a larger effect of congruency for saccadic responses [t(11) =3.84, p <.001]
than manual responses [t(11) = 2.84, p <.05]. No significant effect was observed
between face type [F(2, 11)<1], or interaction effect between congruency and face
type [F(2, 20) <1]. Table 1 summarizes these results.
Check for Self-Recognition in the Face Stimuli

Participants recognized themselves in none of the ten 0% self controls, and on
average in 2.6 out of the ten 30% self faces, and 7.6 out of the ten 50% self faces.
Table 2 summarizes individual participants’ recognition proportions. There was a

significant positive correlation between the proportion of each participants’ self-
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recognition in the 50% self faces and the size of the cueing effect difference between
the 50% and 0% self condition (Spearman’sr = 0.74, p < .05) but not the 30% self (r
=0.19). Figure 4 depicts this correlation.

Discussion

The current results demonstrated that the GCE increased with physical self-
similarity in the cueing face, supporting the idea presented in the introduction that
self-similar faces may be processed differently from other faces, and thus may have
different consequences for directing attention. Although the modulation of the GCE
with self-similarity was small, especially when compared to the overall main effect of
cueing, its impact was significant. This increase in the cueing effect was correlated
with the participant’s explicit recognition of themselves in the cueing face, suggesting
overt self-recognition may be an important factor.

The GCE in error rates was overall larger for saccadic responses than manual
responses, demonstrating that a diverted gaze is more likely to trigger an erroneous
eye movement than an erroneous key-press. The increased error rate in the saccadic
responses may have two possible explanations; that the response mode matches the
observed behavior, and that saccades are faster and more reflexive than manual key-
press responses. Regardless of why response modalities differ, the important point for
the current study is that the interaction of self-similarity with gaze cueing was
observed for both manual and saccadic responses alike, suggesting that it is a general
consequence of attentional orienting rather than a motor-specific effect. This is a
particularly interesting observation because the saccade response directly mimics the
behaviour of the face being observed, so might have been expected to be particularly
enhanced for faces that are more similar. The fact that self-similarity influenced both

response modalities to a similar extent suggests the results are more likely to be
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related to attentional control than to motor mimicry, and also provides support for the
robustness of the effects.

One concern for interpreting the results is the possible transparency of the
experimental manipulation. Having photographed participants on the day prior to their
running the task may have primed them to look for their own faces, thus mediating the
increased self-cueing effect. To some extent this interpretation matches the study’s
hypothesis, which is that self-similar faces are perceived as more “important” than
non-self faces, and consequently have a larger influence on attention. Nonetheless, it
is important to discern whether the increase in cueing effects is driven by the visual
characteristics of the face itself or by the top-down knowledge that the face has been
morphed with one’s own. The former interpretation would suggest the effect is a
broader reflection of how faces influence our attention outside the laboratory, while
the latter interpretation would suggest that the effect is constrained to these
experimental conditions. We believe an interpretation based on visual characteristics
is more likely, given that each “self” face was blended with ten different strangers at
two different levels (30% and 50%). Without explicit labeling, the category of each
final stimulus was ambiguous. Despite this variability in the visual characteristics of
each individual face, the gaze cue strength subtly increased across the morph levels.
It’s also important to consider that previous work has failed to find a consistent effect
of emotional expression (Bayliss et al, 2007; Hietanen & Leppanen, 2003) and
familiarity through repetition (Frischen & Tipper, 2004) on gaze cueing, and both of
these are features which could trigger more transparent demand characteristics than
our self-morph manipulation.

Another potentially important consideration for the current study’s results is

self-capture. Previous studies examining the influence of self-recognition on attention
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have provided evidence that self-stimuli both grab attention (Wood & Cowa, 1995;
Bargh et al.,, 1982) and hold it for longer than non-self stimuli (Devue, Van der
Stigchel, Brédart, & Theeuwes, 2009). This was one reason that we decided not to
include 100% self-faces in the experiment; to see one’s own face, particularly with an
averted gaze, is a novel experience which we assumed would capture attention and
slow responses to peripheral targets. We were also concerned the very presence of
100% self-faces would cause subjects to prioritize the remaining faces differently.
That is, expecting to see your own face on any given trial might change the way you
respond to other faces. We therefore used the more subtle manipulation of morphing
smaller proportions of the self with a set of stranger faces to avoid self-capture.
Nonetheless, responses were slightly but significantly slower overall to self-morphed
faces, suggesting some self-capture may have occurred. We obtained an interaction
with the cueing effect despite these self-capture effects, but an interesting question is
whether and how self-capture and gaze cueing would interact in 100% self-faces.

A final concern is that, although the self-morphed faces are not familiar to the
participants in the sense that they had been seen before, they do contain more familiar
facial features. This was another reason to avoid 100% self-faces, since they are both
self-similar and highly familiar. Past studies have reported stronger cueing effects for
personally familiar faces, but only among female participants (Deaner et al., 2007), so
it seems unlikely that a subtle familiarity effect in our experiment is driving the
interaction with gaze cueing. Nonetheless, familiarity could contribute to our results,
and it would be interesting to know whether familiarity and self-similarity increase

the GCE through similar mechanisms.
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Follow-up study with 100% self-faces. To begin to address some of the above
concerns about demand characteristics, self-capture, and familiarity, we ran a follow-
up study using manual button press responses only, in which we directly compared a
100% self-face, a stranger’s face, and a familiar other face. The face of one of the
experimenters (ARH) was used as the “familiar other” face, and the stranger was one
of the stranger faces used in the main experiment, so none of the faces in this
experiment were morphed. The spatial and temporal parameters of the experiment
were otherwise similar to the gaze-cueing experiment above. The eight participants
recruited from the psychology department of the University of Aberdeen were all
personally familiar with ARH. A within-subject ANOVA on RT with congruency and
face type as factors revealed a significant GCE in response times [F(1,7) =34.23, p<
.01, congruent M = 304.6ms, incongruent M = 339.3ms], and response times were
significantly slower for self faces [M=324.5] than for familiar faces [M=315.5, {(7) =
3.41, p < .05] and familiar faces were faster than stranger faces [M=322.2, t(7) = 2.45,
p <.05]. However, unlike in the main experiment, no interaction between the strength
of the GCE and face type was observed. On the other hand, the same analysis on the
error rate data revealed both a gaze-cueing effect [F(1,7) =8.22, p<.05] and a
significant interaction between face-type and congruency [F(2,14) = 4.55, p<.05];
with the error rate cueing effect (that is, the difference in the proportion of erroneous
responses between congruent and incongruent trials) being larger for self faces than
for both familiar faces [t(7) = 3.48, p <.01)] and for stranger faces [marginally, t(7) =
1.95, p<.1, see Table 1].

These results confirm that self-faces enhance the GCE. However, that this
effect was observed only in the error rates suggests that self-capture (e.g., Devue et

al., 2009) may have shifted the effects from RT to errors rates. We also did not
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observe an enhancement of the GCE for personally familiar faces. As mentioned
above, in previous work (Deaner et al., 2007), this effect is small and only observed in
female participants. Moreover, as suggested above, the presence of the self-face in our
experiment, which is both very familiar and self-similar, may have influenced how
participants prioritized the other faces in the set. In general, results support our choice
of using morphed faces in the original study, and are in line with our interpretation
that physical self-similarity drives the interaction with GCE that we observed, rather
than self-capture or familiarity.
Conclusions. In showing a modulation of the GCE with self-similarity in the current
study, our results are consistent with previous research demonstrating the importance
of self-similarity in social cognition. Faces with self-similar physical features are
typically identified as familial or in-group (Maloney & Dal Martello, 2006), leading
to increased trust (DeBruine, 2002), and cooperative behaviour (Krupp, Debruine, &
Barclay, 2008). Making judgments about self-similar others has also been shown to
activate a distinct subregion of medial prefrontal cortex relative to making judgments
about others that are perceived to be dissimilar (Mitchell et al., 2006). Our results
suggest that these two areas of pre-frontal cortex may engage with attentional
networks differently. Similarity was manipulated in the above neuroimaging study
using sociopolitical attitudes rather than physical self-similarity. Whether perceived
shared attitudes could also influence the GCE to a similar extent as physical similarity
is an interesting question for future research to explore.

The significant correlation between self-recognition rates and the size of the
GCE suggests that self-recognition at a conscious, rather than unconscious, level
plays the important mediating role in the enhancement of gaze cueing. However, it is

possible that the self-recognition task we used overestimated the amount of overt self-
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recognition which occurred during the cueing task, in which self-recognition was not
an overt goal. Another interesting open question is therefore what role overt versus

covert self- recognition may play in the enhancement of GCE.
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Figure 1. Example of the three face types used as gaze cueing stimuli, seen in
contrast with the participant’s original, unmorphed ‘self” photograph. The control
stimulus (A) was created by morphing two randomly selected stranger faces. Self-
morph stimuli (B) and (C) were created by morphing the participant’s original
photograph (D) with each of the 10 stranger faces. Permission was given by persons

in this figure to have their picture displayed in a research publication.
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Figure 2. Example layout of a (A) congruent, and (B) incongruent trial used in the

current experiment. The cue face shown is one of this study’s 10 control stimuli (0%

self).
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Figure 3. Plot of reaction time means for both manual and saccadic response modes.

The results across both response modes show a significant interaction of congruency

with face type, with cueing effects increasing across the proportion of self morphed

into the face. Error bars were calculated to reflect the 95% confidence intervals within

each subject (Loftus & Masson, 1994).
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Figure 4. Plot of interaction between proportion of 30 and 50% self-face stimuli
recognized in self-recognition task and the difference in GCE between self and other
faces cues. Proportion of self-recognition of 50% self faces was significantly

correlated to an increase in GCE difference between self and other.

Table 1

Average proportion (%) of erroneous responses made in each
condition

Saccadic responses

Trial Type 0% self face 30 % self face 50 % self face

Congruent 0.4 % 0.5 % 0.4 %
Incongruent 9.1 % 8.8 % 8.4 %

Manual responses

0 % self face 30 % self face 50 % self face

Congruent 0.5% 0.1% 0.4 %
Incongruent 4.2 % 3.8% 5.5%
Manual responses: Follow-up experiment
Stranger Familiar 100 % self face
Congruent 0.9 % 1.5 % 1.0 %

Incongruent 5.8% 4.5 % 7.3 %



Downloaded by [University of Aberdeen] at 01:45 09 May 2012

SELF-SIMILARITY AND GAZE CUEING

Table 2

Proportion (%) of the ten 30% self and ten 50% self faces that
each participant recognized themselves in after running in the

experiment.
Self-recognition of 30 Self-recognition of 50
Participant % %
self faces self faces
1 50 % 100 %
2 10 % 40 %
3 50 % 90 %
4 20 % 70 %
5 30 % 30 %
6 40 % 90 %
7 0% 90 %
8 20 % 70 %
9 10 % 100 %
Group 26 % 76 %
mean

Note. Self-recognition data was not collected from three participants due to time-

constraints in their experimental session.





