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Introduction

Gaze plays an important role in social interaction - it

reflects emotional responding and attention allocation
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Data Analysis

For each subject, we then
calculated: 1) the mean
offset of perceived look-ats,
and 2) SD of offsets of all
perceived look-ats (perceived
look-ats = look-ats perceived
as direct gaze by the user)
[15]. The means and SDs
represent the center and
radius, respectively, of the
tolerance range that is
considered direct gaze by
observers.

Subjective Measures
After the experiment, we
asked subjects to complete a
questionnaire, rating, for
each character, their 1) gaze
confidence (i.e. I felt
confident when I answered
that the character was
looking directly in my eyes”),
and 2) social presence (i.e.
the feeling of being with
another). We used the 5-item
social presence questionnaire
from Bailenson and
colleagues [6]; subjects
answered each question on a
5 point Likert scale ranging
from “Strongly Agree” to
“Strongly Disagree”. We then
averaged the answers across
5 items.

focused on determining the just noticeable deviation of
gaze, and the accuracy with which an observer can
distinguish between direct and averted gaze. A typical
experimental paradigm involves two individuals, an
acting “looker”, and a participant “observer” - who
makes judgements about the looker’s gaze direction
[14, 16, 15, 12, 1, 11]. The looker changes gaze
direction to look at different targets invisible to the
observer. The observer is asked where they perceive
that the looker is looking. This research shows that
people are sensitive to small deviations in another’s
gaze [9].

While the majority of gaze detection research is
performed with a human looker and observer, a virtual
human may be able to reproduce the key features of
gaze following from naturalistic settings and thus
provide insights into relevant features [3]. However,
users may be poor at judging gaze direction of virtual
humans in VR (i.e. [19], volumetric captured avatars).
Virtual human gaze has been shown to impact user’s
subjective experience and behavior, including: co-
presence and liking [5, 18], task performance [5],
avoiding collision while walking [17] or interpersonal
distance during an interaction [4]. Despite the
importance of virtual human gaze, paradigms for
evaluating the accuracy of gaze perception in AR/VR
are limited.

The contributions of this paper are: 1) the proposal of a
novel observer-looker paradigm to evaluate virtual
human gaze 2) suggestions for photorealism of social
AR/VR characters based on gaze perception. We show a
CG character in 3D via a Mixed Reality headset, and
assess the accuracy with which an observer can
discriminate between direct and averted gaze across
varying levels of virtual human photorealism and
viewing distance. Research suggests that, with less
visual information, observers tend to assume mutual
gaze [14]. We therefore hypothesized that observers
will have a wider tolerance range with increasing

viewing distance and with decreasing character
photorealism.

Methods

Twenty-six participants with normal vision wearing a
Magic Leap One headset viewed a virtual human in a
custom application. Each participant experienced 6
conditions: 3 characters of varying visual fidelity - High
fidelity Mica by Magic Leap, medium fidelity Kiteboy by
Epic Games, and low fidelity Quinn by Magic Leap
(Avatar Chat), and 2 viewing distances: 60cm and
150cm. The character heads were approximately that
of an adult human head shown at the participant’s
height.
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Figure 1: Experiment setup. The virtual looker (high fidelity
Mica, medium fidelity Kiteboy, low fidelity Quinn; shown in
randomized order) looks at randomly distributed invisible look-
at targets around the human observer. The sphere containing
the invisible targets is centered around the observer’s
headpose, demarcated by X. Viewing distance is varied (60cm,
150cm).




Results:
Subjective Measures
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Figure 3: Gaze Confidence (left)
and Social Presence (right) scores
by character.

A within subjects ANOVA
revealed that user’s
judgements of their Gaze
Confidence in the character’s
gaze increased with
increasing photorealism:
F(2,50) = 25.61, p < 0.001,
ne? = 0.51, as did social
presence (F(2,50) = 63.32, p
< 0.001, n,? = 0.72). See
Figure 3.

On-device hardware and algorithms were used to
predicate the participant's location (denoted by tracking
the point between their eyes). The character looked at
randomly selected invisible target points on and around
the participant, in all directions (X,Y,Z). The random
distribution of look-at targets was selected from a
distribution with target SD in each direction = 5cm,
min/max = -70/70. Virtual characters’ gaze was driven
by a realistic gaze system with a model of saccadic
motion [7]. Characters saccaded between 15 invisible
targets, holding each look-at for a duration of 2-3
seconds. Participants held a remote control and were
instructed to press the control trigger whenever they
felt that the virtual character is looking directly in their
eyes. The accuracy of perception can be quantified by
the degree with which the “perceived look-ats” (where
subjects pressed the trigger), clustered around the
observer’s headpose (the point between their eyes).
Participants also rated their confidence in the other’s
gaze and social presence (See Sidebar).

Results

We use the term “gaze cone” to describe the range
within which observers perceive a looker to be looking
directly at them [14].

Gaze Cone Center: We conducted a 2x3 (2 distances
X 3 characters) within-subject analysis of variance
(ANOVA) on the subject mean cm offsets of perceived
look-ats. Partial eta-squared effect sizes (np?) were
reported. We found a significant effect of viewing
distance F(1,25) = 28.88, p < 0.001, n,°> = 0.54,
character F(2,50) = 13.34, p < 0.001, n,° = 0.35, as
well as their interaction F(2,50) = 17.22, p < 0.001,
ne> = 0.41 on the mean offsets of perceived look-ats. A
posthoc Tukey test for character revealed significant
differences in gaze cone center (MD = mean difference)
between Mica and Quinn (MD = 1.38, p < 0.005),
Kiteboy and Quinn (MD = 1.14, p < 0.005), however
not between Mica and Kiteboy. Overall, observers made
more accurate (closer to 0) judgements when the
highly photorealistic character was looking directly at

them; the differences between characters was
particular apparent at a close viewing distance.

Gaze Cone Width: We conducted a second 2x3 within-
subject ANOVA on the subject SD of cm offsets of
perceived look-ats to identify differences in gaze cone
across conditions. We found a significant effect of
viewing distance F(1,25) = 55.93, p < 0.001, ny,? =
0.69 and of character F(2,50) = 15.92, p < 0.001,

ne®> = 0.39 on the SD of offsets of perceived look-ats.
A posthoc Tukey test revealed significant differences
between all pairs of characters. Mean differences (MD)
are: Mica-Quinn MD = 1.32, p < 0.005; Kiteboy-Quinn
MD = 0.76, p < 0.005; Mica-Kiteboy MD = 0.56, p <
0.05. There was also an interaction of distance and
character F(2,50) = 13.36, p < 0.01, n,°> = 0.35 . Thus,
observers have a smaller tolerance range for what is
perceived as direct gaze from a highly photorealistic
character, particularly when viewing the character from
a near distance.
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Figure 2: Offsets (in cm) from the observer’s headpose (0,0)
of all look-ats perceived as direct gaze, from Mica (high
fidelity), Kiteboy (medium fidelity), Quinn (low fidelity). The
ellipse centers represent the mean offset from the observer’s
headpose across subjects (i.e. gaze cone center). The width
and height of the ellipse represents the mean, across subjects,
of all SDs of all look-at offsets perceived as direct gaze (i.e.
gaze cone range) in the left/right and up/down direction. The L
and R column show results for 60cm and 150 cm viewing
distance conditions.
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Discussion

In the present study, we describe and test a gaze
evaluation paradigm for virtual humans in VR/AR. We
show that the observer’s tolerance range for
discrimination of a virtual human’s direct gaze varies
across photorealism and viewing distance. We found
that: 1) With increasing distance, observers were more
likely to assume that the virtual human is looking
directly at them, even when they are not (in line with
previous work [14, 21]); and 2) With decreasing
photorealism, observers were more likely to assume
that the virtual character was looking directly at them,
even when they were not. This was particularly true
when viewing the character from a near distance. At a
near distance, the difference between the characters’
visual fidelity may be more apparent, whereas at a
further distance, visual information is diminished, and
observers default to assuming direct gaze when they
are unsure. Observers also became more confident in
their judgements of gaze direction with increasing
photorealism. In line with previous work [22], higher
social presence was reported.

Together, our findings suggest that photorealistic
characters allow for improved gaze perception. Current
social VR applications are trending towards more
photorealism in computer generated (CG) avatars (at
the level of Kiteboy and beyond). The present study
suggests that photorealistic characters are indeed a
positive choice as a remote communication tool.

Interestingly, some of the present results are in
contrast to those of MacQuarrie and Steed (2019), who
studied how HMD resolution, distance and head
direction of volumetrically captured avatars impacts
gaze perception [19]. While distance similarly
negatively impacted gaze perception accuracy in the
two studies, HMD resolution did not. The difference
between studies may be due to the inherent differences
in capturing and representing humans (volumetric
capture and display vs CG avatar in our study). The
fact that participants were poor at judging gaze

direction based on eye direction [19] supports this
theory.

As eye-tracking technology in AR/VR continues to
develop for driving avatar gaze, this protocol can help
determine tracking accuracy requirements for varying
avatar photorealism. While the present experiment
examined modelled gaze, realistic (real-time, eye-
tracking) driven gaze can be studied in future work.
The tolerance range for judging direct gaze can be
taken as the threshold of allowed eye-tracking error for
a particular character. Thus, virtual characters can be
designed in line with the accuracy of the particular eye-
tracking system. Future experiments will additionally
examine the impact of head and body direction, as
these may have an impact on gaze perception [14, 19],
as well as (along with mutual gaze) on emotion
understanding and attention allocation [20].

The paradigm can be expanded to examine other
aspects of gaze-related communication beyond direct
eye contact. For instance, a follow-up test can easily be
modified to examine referential gaze perception; the
ability to discern visual attention towards a shared
virtual object, so that users of social VR are able to
communicate about shared content in a natural way.

More broadly, we envision measuring gaze perception
as a first order behavioral metric for assessing inter-
personal communication between humans and virtual
humans, prior to second order metrics that measure
outcome. While second order outcome metrics, such as
completion time on a joint task [10], provide a high-
level assessment of communication success, they do
not offer information on the specific aspects of
communication in which the system is lacking. The
present evaluation paradigm offers a means to assess
perception of mutual gaze, referential gaze, or other
foundations of nonverbal communication.
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