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Abstract
Joint gaze—the shared gaze by the individuals
toward a common object/point of interest—
offers important non-verbal cues that allow
interlocutors to establish common ground in
communication between collocated humans.
Joint gaze is related to but distinct from mutual
gaze—the gaze by the interlocutors towards
each other such as during eye contact, which
is also a critical communication cue. We
conducted a user study to compare real human
perceptions of a virtual human (VH) with
their expectancy of the VH’s gaze behavior.
Each participant experienced and evaluated
two conditions: (i) VH with mutual gaze only
and (ii) VH with mutual and joint gaze. We
found evidence of positive responses when
the VH exhibited joint gaze, and preliminary
evidence supporting the effect of expectancy
violation, i.e., more positive perceptions when
participants were presented with VH’s gaze
capabilities that exceeded what was expected.
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1 Introduction
Expectancy violation (EV) is a well-known phe-
nomenon in human communications and psy-
chology [1]. The phenomenon of EV arises
when one encounters an unexpected behavior,
and as a result experiences either positive or neg-
ative feelings. For example, if a child is given a
gift, she will likely be happier if the gift was un-
expected (e.g., “out of the blue”) than if the gift
was expected (e.g., it was her birthday). This
would be a positive violation. Conversely, not
receiving a gift on her birthday, when she clearly
expected it, would be a negative violation that
could cause her to have an unfavorable response.

Figure 1: Virtual human exhibiting mutual gaze (left) and joint
gaze (right).

In this paper, we conduct a user study that in-
dependently varies a virtual human’s (VH) joint
gaze behavior (Fig. 1), and investigate the ef-
fects of a mismatch between user expectations
of the VH’s gaze behavior and the VH’s ac-
tual gaze behavior, with respect to the user’s
perceptions of the VH. Joint gaze is the shared
gaze that interacting interlocutors typically ex-
hibit when attending to a common object of in-
terest. Joint gaze is an important aspect of estab-
lishing common ground, so interlocutors gener-
ally expect joint gaze when attempting to es-
tablish joint attention to a shared object. For
example, if you explain directions to a partner
while pointing toward features on a map, you
would expect your partner to look at the map. If
your partner does not look at the map, you might
be puzzled and wonder whether your partner is
paying attention. A positive (or negative) viola-
tion corresponds to when a subject initially hav-
ing a low (or high) expectation of a VH’s joint
gaze later evaluates the VH more positively (or
negatively) after they actually meet a VH with
(or without) joint gaze. We hypothesize that an
expectation violation related to the VH’s joint
gaze will influence one’s perceptions of the VH.

Among the prior research looking at the im-
portance of gaze behavior in VH systems, some
work has looked at the gaze behavior between
VHs in a virtual environment [2, 3], while other
work has looked at gaze between real humans
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and VHs in real/mixed environments [4, 5, 6, 7,
8]. Our interest is in the latter due to the involve-
ment of real objects in the interaction, as op-
posed to interactions in a purely virtual environ-
ment. Previous research supported the impor-
tance of VH eye gaze (mostly mutual gaze, i.e.
eye contact) in human perception (e.g., social-
presence) or task performance. However, there
is relatively little research narrowing the focus
down to joint gaze and one’s expectancy. This
paper presents preliminary results about the ef-
fects of VH’s joint gaze and its expectancy vio-
lation in one’s perceptions of the VH.

2 Virtual Human
A remote human controller manipulated our VH
from a separate room (Wizard of Oz). We pro-
vided the controller with a video feed of the
experimental space so he could see the experi-
mental environment and affect the VH gaze ei-
ther toward the subjects face or toward the map,
depending on the current trial/subject (Fig. 1).
The controller used an interface with an infra-
red camera (TrackIR) and a magnetic tracking
device (Razer Hydra) to perform the VH’s fa-
cial expressions, mouth movement, and change
of gaze direction effectively via our system de-
veloped previously [9]. The upper torso of our
VH was displayed in near human-size on a 55”
2D flat screen, and a table with black curtains
blocked the place where the lower torso should
have been, so subjects could feel that the VH
was behind the table (Fig. 2). In our scenario,
the VH expressed a normal or slightly pleasant
facial expression during the interaction, so that
the subjects could feel the VH’s emotional state
was consistent. The VH generally initiated the
conversation unless the subject started talking
first, but did not say anything proactively dur-
ing the interaction. In other words, the VH only
made positive reciprocal answers (e.g. “Yes, I
understand.”) to the subject’s affirmative ques-
tion “Do you understand?”.

Figure 2: Virtual human setup (left) and facial expressions (right).

3 Experiment
3.1 Scenario and Manipulation
Our human subjects were introduced to a VH
and told his name (“Michael”). They were then
told that the VH was a new student at the uni-
versity who was currently in a building off cam-
pus, but needed to return for a lecture on cam-
pus, and that he was late. The subjects were
then asked to staff a “help desk” and to pro-
vide the VH with directions using a Campus
Map and a pen. We had two conditions of the
VH’s gaze behavior: (i) mutual gaze only and
(ii) mutual gaze with joint gaze (Fig. 1). While
the VH always looked at the subject’s face with-
out looking down to the map in “mutual-only”
condition, he looked at the map occasionally
in the “mutual+joint” condition. In both con-
ditions, the VH exhibited small natural upper-
torso movement and eye blinks. Subjects expe-
rienced both conditions and evaluated the two
VHs. The overall procedure is illustrated in
Fig. 3. First, subjects saw the VH verbally ex-
plaining the situation that he would look for
directions to the campus, and completed a de-
mographic pre-questionnaire. They experienced
both interaction 1 and 2 explaining the map,
but the VH performed a different gaze behav-
ior in each interaction—either “mutual-only” or
“mutual+joint.” After each interaction, subjects
were asked to complete a questionnaire about
their perceptions of the VH and sense of their
EV with respect to the VH’s gaze behavior (5-
scale Likert). Finally, they compared two condi-
tions and reported their preference in question-
naire 3. To prevent the subjects from familiariz-
ing themselves with the same set of directions,
we counter-balanced a different destination on
the map as well as the VH’s gaze behavior for
each interaction.

Figure 3: Overall procedure.
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3.2 Human Subjects
A total of 28 subjects were recruited from The
University of Central Florida, and received $15
of monetary compensation for the experiment.
Subjects were 75% male (n = 21, mean age =
19.95, range = 18–26) and 25% female (n = 7,
mean age = 20.71, range = 18–24). Most of
them (n = 26) had previous experience of vir-
tual characters through video games or virtual
reality applications. All the subjects were aware
that what they interacted with was a VH.

4 Results and Discussion
Joint Gaze: We evaluated subjects’ responses
from (comparison) quesionnaire 3 to check
which gaze condition of VH subjects pre-
ferred. More than 50% of subjects chose “mu-
tual+joint” VH as their preference in all the
questions, which indicates the importance of
joint gaze feature in VH system (Table 1). How-
ever, there were still considerable number of
people who did not feel any difference between
two conditions. According to informal discus-
sion with subjects after the study, a majority
of the subjects addressed that the VH’s ver-
bal response capability far exceeded what they
had previously experienced although our VH
merely responded their affirmative questions.
We guess that highly engaging verbal communi-
cation might overwhelm the effect of joint gaze,
so subjects could not feel any difference be-
tween two conditions.

Expectancy Violation (EV): Although we
used the same questions for questionnaire 1 and
2 (perception / sense of EV) for experiment con-
sistency, we only analyzed subjects’ responses
from questionnaire 1 to evaluate EV effects, be-
cause their expectation might be biased for the
multiple interactions. After the first interaction,
we asked for their sense of EV with respect to
the VH’s gaze behavior, e.g., “How would you
rate the capability of virtual human’s gaze com-

Figure 4: Population by subject-reported sense of EV in VH’s
gaze behavior. Population with “mutual+joint” VH
tends towards the highest (5) in the sense of EV while
population with “mutual-only” is more towards (4) in
the sense of EV, which can be interpreted that VH’s joint
gaze encourages more positive violation.

pared to what you expected?” (5-scale, 1: more
negative than what I expected, 3: same as what
I expected, 5: more positive than what I ex-
pected). We expected both negative and positive
responses, but the responses were mostly posi-
tive, so we focused on positive violations. The
results indicated that “mutual+joint” VH en-
couraged more positive violation than “mutual-
only” VH. In other words, subjects with “mu-
tual+joint” VH tended to evaluate the VH’s gaze
behavior more positively, compared to what they
expected before, than with “mutual-only” VH
(Fig. 4). T-tests showed a significant difference
in subject-reported EV of VH’s gaze behavior
for “mutual-only” (M = 3.643, SD = 0.842) and
“mutual+joint” (M = 4.500, SD = 0.650) condi-
tions; t(24) = -3.01, p = 0.006.

When we analyzed the relationship between
subject’s perceptions and their sense of EV, we
observed high-reliability between the responses
from 9 questions in Table 2 (Cronbach’s alpha
> 0.80), so we averaged their responses into a
single value and used it as their perception re-

Table 1: Subject’s responses from comparison questionnaire 3. The value indicates the number of people who preferred the condition, and
its percentage out of total 28 subjects in parentheses.

Question Mutual+Joint Mutual-Only No Difference
Which virtual human did you like more? 17 (61%) 2 (7%) 9 (32%)
Which interaction did you enjoy more? 16 (57%) 8 (29%) 4 (14%)
Which interaction were you more engaged with? 14 (50%) 3 (11%) 11 (39%)
Which virtual human did you think more pay attention to what you were explaining? 21 (75%) 2 (7%) 5 (18%)
Which virtual human did you feel that more understood what you were explaining? 17 (61%) 6 (21%) 5 (18%)
Which virtual human did you feel more as if it was a real human? 16 (57%) 3 (11%) 9 (32%)
Which virtual human gave you more sense of physical presence? 14 (50%) 2 (7%) 12 (43%)
Which virtual human was more natural (human-like)? 18 (64%) 3 (11%) 7 (25%)
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sponse. In Fig. 5, we found evidence of a ten-
dency that a subjects’ perception became more
positive (i.e. larger values in y-axis) as their ex-
pectancy of gaze was more positively violated
(i.e. more towards 5 in x-axis) when we com-
pared 3, 4, and 5 columns. Although the sam-
ple size (N) was small and varied, the tendency
could be interpreted that subject’s perception
was influenced by their expectancy, which was
positively violated after the interaction.
Table 2: Nine questions for subject’s perception responses from

questionnaire 1 (5-scale, 1: strongly disagree, 5: strongly
agree). Subject’s responses from these questions were
correlated (Cronbach’s alpha > 0.80).

1. You liked the virtual human.
2. You enjoyed the interaction with the virtual human.
3. You were engaged in the interaction with the virtual human.
4. You had the feeling that the virtual human was paying

attention to what you explained.
5. The virtual human seemed to understand what you explained.
6. You had the feeling that the virtual human was a real human.
7. You had the feeling that the virtual human was physically

present in real space.
8. The interaction with the virtual human was natural.
9. You had the feeling that the virtual human looked at the map.

Figure 5: Mean of subjects’ perception responses over self-
reported sense of EV. In both “mutual-only” and “mu-
tual+joint” conditions, a higher positive EV (x-axis) re-
sulted in a higher value of perception (y-axis).

5 Conclusions
We have presented a user study aimed at under-
standing the effects of a VH’s joint gaze behav-
ior and the phenomenon of expectancy violation
(EV) with respect to a human’s perception of
the joint gaze behavior of a VH. As expected,
joint gaze was found to be an important charac-
teristic for subjects to build positive responses to
the VH during a map explanation scenario. We
also discovered preliminary evidence of a posi-
tive EV effect—subjects evaluated the VH more
positively corresponding to how much the VH’s

gaze behavior exceeded their expectation (posi-
tively) regardless of the presence of joint gaze.
In the future, we will consider a large-sample
study investigating the effects of a user’s previ-
ous experience and expectations related to var-
ious features of virtual or robotic humans. If
we find a certain feature that causes a negative
violation in general, which means people nor-
mally have high expectations about the feature,
it would indicate that the feature should be care-
fully considered for future VHs.
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