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Abstract. In this chapter, we report an investigation the inﬂuence of
the saliency of another person’s direction of gaze on an observer’s eye
movements through real-world scenes. Participants’ eye movements were
recorded while they viewed a sequence of scene photographs that told a
story. A subset of the scenes contained an actor. The actor’s face was
highly likely to be ﬁxated, and when it was, the observer’s next saccade
was more likely to be toward the object that was the focus of the actor’s gaze than in any other direction. Furthermore, when eye movement
patterns did not show an immediate saccade to the focused object, observers were nonetheless more likely to ﬁxate the focused object than a
control object within close temporal proximity of ﬁxation on the face.
We conclude that during real-world scene perception, observers are sensitive to another’s direction of gaze and use it to help guide their own
eye movements.

1

Introduction

During the exploration of a visual scene, our eyes change ﬁxation position about
three times a second via saccadic eye movements. This active process of gathering visual information is necessary because high visual acuity at the center of
ﬁxation falls oﬀ rapidly and continuously into a low-resolution surround. Eye
movement control is the process of directing ﬁxations through a scene in real
time to serve ongoing perceptual, cognitive, and behavioral activities [22]. Early
studies demonstrated that from the ﬁrst ﬁxation on a scene, areas that are interesting and informative are ﬁxated, whereas uniform, uninformative areas are
not [35,37]. Speciﬁc scene areas are selected for further scrutiny using two main
sources of information: stimulus-based information generated from the image,
and top-down, memory-based information generated from visual and cognitive
systems [20]. For example, stimulus-based information that is salient such as
discontinuities in luminance and color are known to aﬀect how ﬁxations are
deployed over a scene [27,45]. In addition, ﬁxations are often biased toward
particular regions of interest due to top-down factors such as task demands, attentional sets, context eﬀects, and knowledge of scene schemas [8,15,21,23,52,54].
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Another potential source of top-down information concerning what is interesting and informative in a scene is the focus of another person’s attention. The
direction that another person is looking is known to elicit a reﬂexive response in
our own gaze [14,38,47], but whether this social cue is used to direct attention
during the exploration of a novel visual scene remains unknown. Although not
adequately addressed in the literature, the role of gaze perception in the allocation of attention within real-world scenes remains an important issue in both
theories of attentional control and scene perception [28,34,50,51]. The present
study investigates how perception of another’s gaze inﬂuences the control of eye
movements during real-world scene perception.
1.1

Gaze Perception in Children and Infants

Gaze perception has traditionally been studied in the context of the development
of theory of mind [5,7,9,48] and for its inﬂuence on social interactions [6,29,30,53].
Gaze detection and perception in infants has been proposed to be one of the
initial building blocks toward an understanding of intentionality, ”mindreading”,
and theory of mind [5,11,14,46]. Infants have been shown to ﬁxate on the eyes
of a face more than any other facial feature [39,41], and have also been shown
to use the gaze of others (as well as body and head movements and orientation)
to redirect their attention appropriately [9,12,48].
1.2

Gaze Perception in Machines

The role of developmental learning in robots has allowed researchers to rethink
how learning takes place and joint attention has played an important role in this
[36,40,42,43]. Researchers found that joint attention accelerates robot learning
[42] and can emerge as a process without the need of direct task evaluation
from an external observer (thus, more closely mimicking infant learning) [40].
Although the mechanisms behind how infants and robots learn joint attention
may diﬀer [49], each points to the importance of joint attention in extracting
relevant and important information from the surrounding environment.
1.3

Gaze Perception in Adults

In adults, the importance of gaze perception has been highlighted in interpreting the intentions of others. For example, direct gaze is linked both to negative
and positive intentions, while averted gaze is linked to avoidance or taken as a
sign to end the current interaction [3,29,30]. Moreover, gaze perception has been
explored in the context of classical visual attention paradigms. These studies
demonstrate that as adults, humans are very eﬃcient at detecting direction of
gaze [53] and tend to direct their own attention automatically (both with and
without eye movements) in the direction of the perceived gaze of another. The
latter eﬀect is observed regardless of the relationship of the perceived gaze to the
task at hand, and even when it is detrimental to performance [13,16,17,33,38,47].
Additionally, the deployment of attention due to gaze perception (vs. other symbolic, central cues such as arrows) has proven to have a stronger cueing eﬀect
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and leads to a more eﬃcient deployment of attention [18,31]. The idea that gaze
cues may play a special and diﬀering role in attentional control was further
supported by the ﬁnding that this type of deployment has diﬀerent underlying
cortical structures and may be a result of diﬀering cognitive processes aimed at
speciﬁcally integrating social information [25].

2

Experiment

In the present study, we explored whether a person’s face is salient within a scene
in the presence of other salient objects, and furthermore whether viewed gaze
direction is another important factor controlling an observer’s eye movements
during scene exploration. It is commonly assumed that faces in scenes attract
ﬁxations [15,54], but there is little direct empirical support for this belief. The
current experiment will allow us to investigate the question of how salient an
actor’s face is compared to other objects in a scene.
We are also interested in how the gaze cue is interpreted and whether it has
an eﬀect on the subsequent allocation of attention in real-world scenes. On the
one hand, past studies have shown that to encode the details from a scene,
ﬁxations must land on or near those details [44,24,26]. Based on these ﬁndings,
we would expect that an actor’s face to be ﬁxated if that actor’s direction of gaze
is to inﬂuence an observer’s attention. On the other hand, we also know that
observers can readily pick up on gaze information from luminance diﬀerences
between the iris and sclera [1,2] as well as body and head positions [4,10,19,32],
and it is also possible that attention could be directed to the location receiving
attention by another person without explicitly ﬁxating the other person’s gaze
beforehand. We will look at whether there is a direct link between ﬁxating the
gaze and region of the actor’s focus or whether ﬁxating the eyes is necessary for
the inﬂuence of gaze to take eﬀect.
More importantly, we will examine whether an object that is the focus of
attention of an actor does in fact receive ”priority” when exploring the various
contents of a real-world scene. It is not yet clear whether the direction of an
actor’s gaze in a scene will inﬂuence the attention of an observer at all. Studies
of gaze perception suggest that observers will most likely use the direction of gaze
of another as an attentional cue [13,16,17,33,38,47] and reﬂexively orient in the
direction of perceived gaze. However, another possibility is that in interpreting a
scene, the reﬂexive tendency seen with gaze perception in simpler stimuli can be
over-ridden, allowing attention to be directed to other aspects of the scene. In
the present study, we used eye movement measures to assess the inﬂuence of the
direction of gaze of a depicted actor on an observer’s eye movement behavior.
In the current study, participants viewed a sequence of scenes presented like
a slide show that portrayed the story of a janitor (the actor) cleaning an oﬃce.
Of the scenes presented, only a subset had the actor gazing at a particular
object within the scene. For these critical scenes, when actor was looking at a
particular object (the focused object), we examined how that fact aﬀected where
the observer looked in the scene.
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Methods

Participants. Fifty-three undergraduates from Michigan State University participated in the study for credit in an introductory psychology course. All subjects had normal or corrected to normal vision.
Apparatus and Stimuli. The stimuli consisted of 54 full-colored photographs
depicting the story of a janitor cleaning an oﬃce (see Figure 1). The scenes were
presented on an NEC Multisync XE 15-in. (38.1 cm) color monitor driven by a
Hercules Dynamite Pro super video graphics adapter card. The scenes subtended
22 x 29 of visual angle viewed from 55 cm away. Participants’ head movements
were restricted using a bitebar and headrest, and eye movements were recorded
by an ISCAN RK-416HS eye movement monitor operating at a sampling rate of
120 Hz.
Procedure. Participants were ﬁrst calibrated on the eyetracker, and were recalibrated when necessary. A sequence of 54 scenes was then presented in the form
of a slide show that told a story. Each scene was presented for 5 s. Participants
were instructed to view the sequence of scenes to understand the story, paying
attention to the details.
2.2

Results

Twenty-seven critical scenes containing the actor were analyzed. An example
of a critical scene is shown in Figure 1, and includes the scan pattern of one
participant. For each critical scene ﬁve regions were deﬁned: the actor’s face, the
focused object (the object that the actor was looking at), a non-focused control
object (an object about the same size as the focused object but that the actor
was not looking at), and two additional control regions constructed by reﬂecting
the face and focused object regions around the horizontal midline of the scene
(thus, including the same total area as these regions, and controlling for their
distance from the scene center). We examined two questions: First, would the
actor’s face attract ﬁxations? Second, would the actor’s direction of gaze aﬀect
the observer’s eye movements in the scene?
To examine whether faces attract attention in scenes, we generated four measures for each of the 27 critical scenes containing the actor: (1) The latency from
onset of the scene to the initial ﬁxation on the actor’s face, compared to the
latency from onset of the scene to the initial ﬁxation on the control regions, (2)
The total ﬁxation time on the actor’s face compared to the control regions, (3)
The number of new gazes on the actor’s face, deﬁned as the number of times
that the observer’s ﬁxation moved from another area of the scene to the actor’s
face (given that the face was ﬁxated) compared to the control regions, and (4)
The percentage of trials that the face was looked at in comparison to the control
regions.
Figure 2 shows the means for the four measures for each of the deﬁned regions
of interest. We found that for every measure, the face was viewed signiﬁcantly
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Fig. 1. Example of one scene containing the actor, with one participant’s eye movements over the scene depicted in white; lines represent saccades and circles represent
ﬁxations

longer and sooner than the control regions: (1) Latency to Face Fixation (face vs.
non-focused object: t(52) = −16.68, p < .01; face vs. face control: t(52) = −2.66,
p < .01); (2) Total Fixation Time (face vs. non-focused object: t(52) = 7.67,
p < .01; face vs. face control: t(52) = 6.56, p < .01); (3) Number of New Gazes on
the face (face vs. non-focused object: t(52) = 8.45, p < .01; face vs. face control:
t(52) = 5.64, p < .01); (4) Percentage of Trials Fixated (face vs. non-focused
object: t(52) = 16.81, p < .01; face vs. face control: t(52) = 13.44, p < .01).
However, as is shown in Figure 2, ﬁxations to the focused object occurred at
an even shorter latency than those to the face. It is the analysis of the focused
object that we turn to next, followed by further examination of the relationship
between examination of the face (gaze) and focused object.
To examine the question of whether the actor’s direction of gaze aﬀect the eye
movements of an observer, we used four measures like those used to investigate face
ﬁxation: (1) The latency from onset of the scene to the initial ﬁxation on the focused object, compared to the latency from onset of the scene to the initial ﬁxation
on the control regions, (2) The total ﬁxation time on the focused object, compared
to the control regions, (3) The number of new gazes on the focused object, deﬁned
as the number of times that the observer’s ﬁxation moved from another region of
the scene to the focused object (given that the object was ﬁxated) compared to
the control regions, and (4) The percentage of trials that the focused object was
looked at in comparison to the control regions.
First we examined ﬁxation patterns on the focused object in comparison to
the object controls and found that for all measures, the focused object was
attended more than any other region: (1) Latency To Fixation (focused object
vs. non-focused object: t(52) = −20.48, p < .01; focused object vs. control
object: t(52) = −12.40, p < .01); (2) Total Fixation Time (focused object vs.
non-focused object: t(52) = 14.67, p < .01; focused object vs. control object:
t(52) = 13.72, p < .01); (3) Number of New Gazes on the focused object (focused
object vs. non-focused object: t(52) = 16.76, p < .01; focused object vs. control
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Fig. 2. Eye movement measures by region. (a) Latency to ﬁrst ﬁxation, (b) Total ﬁxation time, (c) Average number of times gaze moved to each region, and (d) Percentage
of trials each region ﬁxated. Error bars represent the standard error of the mean.

object: t(52) = 12.74, p < .01); (4) Percentage of Trials Fixated (focused object
vs. non-focused object: t(52) = 22.74, p < .01; focused object vs. control object:
t(52) = 19.10, p < .01).
Secondly, we also compared the latency of ﬁxating the focused object to
the latency to the face area and found that as was the case for the focused
object versus control regions, the focused object was ﬁxated sooner than the
face, t(52) = −10.32, p < .01, and as is expected based on the cuing paradigm,
observers did spend more time examining the focused object than the face as
shown by the total ﬁxation time (t(52) = 12.17, p < .01), number of new gazes
(t(52) = 9.66, p < .01), and percentage of trials that these regions were ﬁxated
(t(52) = 7.96, p < .01). Thus, it seems that in some cases, the gaze of the
person was perceived without directly looking at the actor’s face or gaze. As
was mentioned, there are a number of cues (head position and body orientation)
that can cue which way the actor’s gaze was pointed. However, we also know
that with scene stimuli (as opposed to simple cuing paradigms) that there
may be a number of candidate objects that can be interpreted as the focused
object. Thus, we would expect that despite the other cues to the direction of
the actor’s gaze, that there would be a tight link between ﬁxations on the gaze
and on the focused object. In the following analyses, we further explore this link.
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Fig. 3. (a) Direction of saccades away from the actor’s face, in polar coordinates. Each
point indicates the mean percentage of saccades falling within a 40 degree arc centered
on each direction. Direction 1 is the direction from the face to the focused object, with
consecutive directions plotted clockwise in the picture plane.

To provide a more detailed examination of the observer’s eye movement behavior related to the direction of the depicted actor’s gaze, we measured the
direction of each saccade that immediately followed ﬁxation on the actor’s face.
The results for this analysis are depicted in Figure 3. In this analysis, regions
were deﬁned around each ﬁxation point on the face in each scene, with Region 1
always representing the direction in which the focused object was located with
respect to that point, and the other directions deﬁned clockwise in the picture
plane from that direction. Each saccade from the actor’s face was then assigned
to one of these nine discrete 40o regions. The value for each region represents
the percentage of saccades that fell into it, when subjects were saccading away
from the face.
A one-way ANOVA revealed that the pattern of saccade proportions was
diﬀerent across the regions (F (8, 468) = 71.92, p < 0.01). A Dunnett’s pairwise
multiple comparison t-test (comparing each region to Region 1) indicated that
the largest proportion of saccades fell into Region 1, with the exception of Region
2 (all comparisons with Region 1 were signiﬁcant, with the exception of Region
2). These results strongly indicate that observers were most likely to move their
own eyes in the general direction of the depicted actor’s gaze after ﬁxating the
actor’s face than in another direction.
To investigate the dynamics of eye movements between the focused object
and the face, we calculated the percentage of times that the focused object was
ﬁxated soon after ﬁxating the face (within 4 ﬁxations). Given that the face
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was ﬁxated, the focused object was ﬁxated within 4 ﬁxations on 35% of the
trials. This value compares to ﬁxating the non-focused object on 8% of the trials
(t = 10.91, p < .01) and ﬁxating the control region on 4% of the trials (t = 8.97,
p < .01) following ﬁxation on the face.
There was also a strong tendency for participants to move back and forth from
the focused object to the face, as shown by the fact that given the focused object
was ﬁxated, the face was ﬁxated within the next 4 ﬁxations on 43% of the trials.
These eye movement patterns illustrate that ﬁxation tended to move between
the face and the focused object. As discussed above, due to the complexity of
scenes and multiple object candidates that could be the focus of the actor’s gaze,
it seemed that viewers were adopting a checking strategy to make sure that they
had found the object that the actor was focused on. This check required moving
from the object back to the face to see if they had correctly determined the
actor’s gaze direction.

3

Discussion

The purpose of the present study was to explore whether a viewed person’s gaze
direction is an important factor in determining the eye movements of an observer
during real-world scene exploration. We also sought to determine whether a
viewed person’s face would attract ﬁxations in the presence of other salient
objects within a real-world scene as an enabling condition for asking our primary
question. Given the strong social cues that another person’s gaze provides, we
predicted that despite the increased complexity of scenes, an actor’s gaze would
direct an observer’s ﬁxation to the region of focus. To investigate these questions,
we presented participants with a series of scene photographs in the form of a
slide show that told a story. We asked whether a depicted actor’s face would
tend to be ﬁxated, and if so, whether following ﬁxations would be aﬀected by
the direction of the actor’s gaze.
There were two main sets of results. First, observers showed a strong tendency
to ﬁxate the actor’s face when it was present in the scene. More speciﬁcally, the
face of the depicted actor was more likely to be ﬁxated than control regions. Furthermore, when the face was ﬁxated, it was ﬁxated sooner, for longer duration,
and more often than control regions. These results support the observation that
has been made by other investigators in qualitative analyses of eye movements
during scene viewing: Observers tend to look at faces when they are present in
scenes (e.g., [8,15,54]). Unlike prior studies, however, the present results provide
initial quantitative support for this conclusion.
Second, the main ﬁnding of the present study was that the eye movements
of an observer were inﬂuenced by the direction of gaze of the viewed actor. We
found that the object that was the focus of the actor’s gaze was ﬁxated on a
larger percentage of trials than any other deﬁned region, including the actor’s
face. Furthermore, given that it was ﬁxated, the focused object was ﬁxated with
shorter latency, more often, and for a longer duration, than any other scene
region including the actor’s face. It is interesting that it was ﬁxated sooner than
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the actor’s face because it suggests that observers were picking up on other gaze
cues (such as head and body position) to determine the focus of the actor’s
gaze. These results suggest that the focus of another person’s gaze has a strong
inﬂuence on an observer’s own gaze behavior. In addition, when the gaze of the
actor was directly ﬁxated, participants were more likely to look in the direction
of the actor’s gaze than in any other direction. This is the ﬁrst demonstration
that an observer’s eye movements are inﬂuenced by the direction of gaze of an
actor in an image of a real-world scene.
An important current topic in eye movement control is the degree to which
eye movements in real-world scenes are determined by stimulus properties versus
by top-down factors such as the meaning of the scene and the task of the viewer
[20,22]. Current saliency models of eye movement control in scenes place the
emphasis on stimulus properties such as discontinuities in luminance and color
[27]. While these types of models do a reasonable job of predicting eye movements under some conditions, particularly when the images are not meaningful
and/or the viewing task is not active [45], the present study suggests that when
the observer is engaged in an active viewing task, eye movements are driven by
the need to interpret the meaning of the scene. In the present case, scene interpretation was strongly tied to looking at a human actor’s face, determining the
actor’s own direction of gaze, and following that gaze to understand what that
actor was looking at. Therefore, it seems that social cues provided in the form
of perceiving an actor’s gaze plays a large role in the direction of an observer’s
gaze, even within complex, real-world scenes that may have other competing
regions of interest.
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