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This research investigates the impact on social communication quality of using anonymous avatars dur-
ing small-screen mobile audio/visual communications. Elements of behavioral and visual realism of ava-
tars are defined, as is an elaborated three-component measure of communication quality called Social
Copresence. Experimental results with 196 participants participating in a social interaction using a sim-
ulated mobile device with varied levels of avatar visual and behavioral realism showed higher levels of
avatar Kinetic Conformity and Fidelity produced increased perceived Social Richness of Medium, while
higher avatar Anthropomorphism produced higher levels of Psychological Copresence and Interactant
Satisfaction with Communication. Increased levels of avatar Anonymity produced decreases in Social
Copresence, but these were smaller when avatars possessed higher levels of visual and behavioral
realism.
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1. Introduction

Mobile communication devices are a central technology in social
networking. Ample documentation of such devices’ importance in
fostering social connectedness can be found in the literature (Boyd,
2010; Cumiskey, 2007; Eagle & Pentland, 2005; Humphreys, 2007;
Ling, 2004; Smith, 2005; Tomita, 2006). At present, most users
of mobile communication devices for social networking rely on
voice and text communication. Current use of video is primarily
for viewing downloaded or streamed files of recorded video
content. However, the emerging generation of mobile communica-
tion devices, especially those using true 4G network technology
(cf. http://www.wirelessinternet.org/4G-network.php), will almost
certainly feature increased use of direct person-to-person real-time
video connections (e.g. the Apple iPhone 4 with FaceTime video
chat).

Direct video connection between individuals raises some seri-
ous questions about ways to effectively communicate while still
maintaining a modicum of privacy. While two-way video conver-
sations hold the promise of making more emotionally connected
and accurate person-to-person communication possible, they also
present the problem of managing this communication when at
least one of the persons does not desire to completely reveal his
or her visual identity, as might be the case in casual conversations
between non-acquaintances.
ll rights reserved.

: +1 310 574 5725.
ng).
The obvious answer to this problem, ‘‘just turn off the video,’’ re-
duces the 4G device to a simple mobile telephone and foregoes the
potential positive benefits of the added visual information provided
by a full videophone. These benefits come from adding nonverbal
visual information to the auditory speech information, which addi-
tion likely improves the interpretive accuracy and possibly the
emotional connection between communicators (cf. Bailenson, Yee,
Merget, & Schroeder, 2006; Garau, 2003; Garau et al., 2003).

One frequently proposed way to add visual information to the
communication without revealing visual identity is to use an ab-
stract visual representation of the communicator, an avatar, in-
stead of a full video presentation. Using avatars poses the central
question investigated in this study: do avatars used with mobile
communication devices improve communication outcomes, and if so,
what kind of avatar best provides the nonverbal information impor-
tant for psychologically and emotionally connecting communicators
while still providing visual anonymity?

There is a fairly large body of research into the impact of ava-
tars’ characteristics on the communication process, some of which
is reviewed in the following section. But almost uniformly, this
research has been conducted with computer-based communica-
tion systems using large display screens rather than the small
and fairly low-resolution screens of mobile communication devices
(Mosmondor, Kosutic, & Pandzic, 2005). Visual information like fa-
cial expression may be very different when communicators use
low or medium visual resolution devices with very small display
areas. In addition, prior research has tended to focus on task-
oriented communication among collaborating group members
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rather than on social communication that relies more on affective
elements, a point made by Kang, Watt, and Ala (2008a, 2008b) and
Kang, Watt, and Isbister (2006). This kind of social communication
dominates the use of mobile devices. Both these limitations point
to the need for new research into the effect of different avatar
realism on social interactions via technologies that afford only
limited visual displays, and which are used for socio-emotional
purposes as well as focused tasks.

Although small display mobile devices do not have enough space
for fairly good quality visual displays, we argue that it is important
to display the nonverbal information of interaction partners. Con-
ventional wisdom tells us that nonverbal communication is a key
part of effective human-to-human communication because it adds
important information beyond what’s expressed verbally. There-
fore, we first conducted a literature review to investigate how cru-
cial a role visual displays play in mediating interactions through
relaying the nonverbal information of interaction partners.
Fig. 1. A taxonomy of avatar characteristics.
2. Literature review

2.1. Importance of visual nonverbal information in mediated
interactions

Argyle (1972) argues that emotional states can be more effec-
tively communicated when appropriate verbal signals are accom-
panied by nonverbal information and that people use nonverbal
communication to manage their social relationships. Burgoon,
Buller, and Woodall (1996) point out that ‘‘Nonverbal communica-
tion can express what verbal communication can’t or shouldn’t.’’
Ekman and Friesen (1969) state that a nonverbal cue is a primary
way of communicating emotions and indicating changes in the
quality of interpersonal relationships. Many other theorists and
researchers stress the importance of nonverbal cues, and particu-
larly facial expressions, in producing accurate and effective
communication (cf. Ekman & Friesen, 1969; Izard, 1997; Knapp &
Hall, 2007; Littlejohn, 2002).

Similarly, the importance of facial and other visual cues convey-
ing nonverbal information in Computer-Mediated Communication
(CMC) has been emphasized. Media richness theory (Daft & Lengel,
1986; Dennis & Kinney, 1998) argues that richer media can facili-
tate tasks that have high equivocality, presumably by providing
more cues to reduce uncertainty. This view is supported by re-
search into affective communications by other researchers (Garau
et al., 2003; Poggi & Pelachaud, 2000). Biocca, Harms, and Burgoon
(2003) argue for the significance of nonverbal cues in establishing
people’s psychological access to the other beings, that is, as an
important factor in producing interactants’ ‘‘feelings of being con-
nected’’ and ‘‘feelings of being together’’ in mediated interactions.
Mediated visual cues are also used to assess communicator credi-
bility (Nowak, 2004). However, it is not always the case that adding
a visual element to mediated communication improves interac-
tants’ positive perceptions of success. Bengtsson, Burgoon, Ceder-
berg, Bonito, and Lundeberg (1999) found that people reported
slightly lower ratings of sociability when looking at static human-
oid faces while communicating than when looking at a text-only
presentation. But in other studies, the opposite has been found.
(cf. Bickmore & Picard, 2003; Sproull, Subramani, Kiesler, Walker,
& Waters, 1996). On balance, most studies have reported higher so-
cial presence, preference, liking for interactant partners, and other
measures of effective communication for interactions using higher
information media (audio, graphics, full motion video), as opposed
to a text-based medium (Poggi & Pelachaud, 2000; Rice, 1993;
Walker, Sproull, & Subramani, 1994).

These studies and others generally support the idea that adding vi-
sual nonverbal information improves the effectiveness of mediated
social communication. This argues for the inclusion of a video channel
for communications whenever possible, and against simply turning
off the video in 4G devices as a strategy for preserving privacy. An
alternative method of providing some degree of anonymity while pos-
sibly retaining the benefits of a visual presentation is to employ a vi-
sual avatar.

Therefore, we explored an avenue that would allow interactants
to enjoy socially rich communication while securing their anonym-
ity through the use of a visual avatar.

2.2. Avatar realism

Bailenson and colleagues (2006) define avatars as ‘‘digital mod-
els of people that either look or behave like the people they repre-
sent.’’ Existing research has illustrated the impact of specific visual
or behavioral characteristics of avatars on differing communication
outcomes. These characteristics can be roughly described as differ-
ing dimensions that can take on a range of values. A simplified
taxonomy of these is provided in Fig. 1.

Realism could range, for example, from full-motion photo-
graphic quality 3D video to a plain text ‘‘screen name’’ made up
of random digits. Avatar realism is the degree to which the avatar
accurately resembles the communicator it is representing. Overall,
avatar realism can be characterized as possession of visual and/or
behavioral attributes of a human being. Realism has two major
subdimensions: visual realism and behavioral realism.

2.2.1. Visual realism
This is the degree to which the depiction of the avatar retains

the visual characteristics of the communicator. It is also sometimes
called iconicity. It, in turn, has two major subdimensions: fidelity
and anthropomorphism.

2.2.1.1. Fidelity. This refers to the visual quality of the avatar image,
that is, the degree to which the avatar reproduces the sensory
experience of actually viewing the object which it represents. This
object might be the communicator, but it also might be another en-
tity like a unicorn or a building. Fidelity could range from a very
simple abstract line drawing to a full quality photograph.

2.2.1.2. Anthropomorphism. This is the degree to which the avatar
has a human-like visual appearance, ranging from none at all
(e.g., a non-human graphic logo) to a fully-realized human
depiction.

2.2.2. Behavioral realism
This is the degree to which the avatar acts in a way that con-

forms to the norms of human-to-human interaction. Its two major
sub-dimensions are kinetic conformity and social appropriateness.
Kinetic conformity is the degree to which dynamic movement of
the avatar resembles the expected motion of the object that the
avatar appears to be, e.g., if the avatar is a human representation,
how closely it mimics real human movement over time. Social
appropriateness is degree to which the avatar responds verbally
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and nonverbally in ways that conform to social norms of commu-
nication. This subdimension is extremely complex and is not inves-
tigated in the research described here.

Investigations of avatar realism (Bailenson, Blascovich, Beall, &
Loomis, 2001; Bailenson et al., 2006; Garau et al., 2003) found that
interactants’ feelings of social presence were lower when they expe-
rienced a discrepancy between behavioral realism and visual real-
ism of highly anthropomorphic virtual characters controlled by a
computer, particularly when the characters did not display correct
facial expressions or eye gaze movements. In general, research sug-
gests that avatars’ higher anthropomorphism also requires higher
kinetic conformity to increase interactants’ sense of social presence.
This may be related to the ‘‘uncanny valley’’ phenomenon reported
in robotics research (Seyama & Nagayama, 2007), in which anthro-
pomorphic robots whose behavior (kinetic realism) is slightly inap-
propriate, but whose visual realism is high. These robots are seen
negatively as somewhat ‘‘creepy.’’ McGloin, Nowak, Stiffano, and
Flynn (2010) have presented some evidence that expectancy viola-
tion may produce the uncanny valley effect. Users expect more real-
istic behavior from realistic anthropomorphic avatars, and if this
expectancy is violated, evaluate the avatars more negatively than
less realistic ones. In fact, some researchers (Blascovich, 2002;
Ehrlich, Schiano, & Sheridan, 2000; Swinth & Blascovich., 2002)
contend that kinetic conformity (realistic movement) is more
important than anthropomorphism if there are any technical limita-
tions that prevent fully implementing both types of avatar realism.

However, communicators’ preferences for anthropomorphic
avatars appears to be situational. Hamilton and Nowak (2010),
Nowak (2004), Nowak and Biocca (2003), Nowak and Rauh
(2005, 2006) report that interactants were in general more at-
tracted to high anthropomorphic avatars and perceived them as
higher in credibility and attractiveness, with the exception of those
that produced the uncanny valley effect. Walker et al. (1994) re-
ported that the anthropomorphic image of an avatar representing
a software agent was one of the most attractive components in a
computer interface, but other researchers (Koda & Maes, 1996)
have found a preference for nonhuman avatars in different con-
texts. Preference for an anthropomorphic avatar appears to be
shaped by factors beyond a simple desire for effective nonverbal
communication. Importantly, it is not clear that users’ preferences
for avatars coincide with avatar choices that produce the most
effective communication outcome.

2.3. Social presence and social copresence in mediated communication

The usual desideratum of mediated interpersonal communica-
tion is reproduction of a face-to-face situation. This implies that
some sense of ‘‘being in each others’ presence’’ is produced as a re-
sult of the communication, and this holds regardless of whether or
not avatars are used to provide some level of anonymity.

Early theories of remote presence developed from virtual reality
research and defined presence as a feeling of physical collocation
(see Lee, 2004), e.g. of ‘‘being in the same room’’. This has been
called ‘‘telepresence’’ by some researchers (Nowak & Biocca,
2003). Short, Williams, and Christie (1976) extended this definition
to ‘‘social presence,’’ defined as the ‘‘degree of salience of the other
person in a mediated communication and the consequent salience
of their interpersonal interactions. . .it is a subjective quality of the
communications medium’’ (p. 65). The definition seems to be influ-
enced by Goffman’s notion of ‘‘copresence’’ (Goffman, 1963), which
can be seen broadly as mutual awareness, but adds the idea of a
psychological connection as a product of the characteristics of
the communication medium. Rice (1993) also emphasized that
within the scope of technologically-mediated communication, it
is important to consider the nature and abilities of the mediating
technology in producing effective communication.
Biocca and Harms (2002), Biocca et al. (2003) propose a defini-
tion of social presence that focuses more strongly on its psycholog-
ical basis and extends beyond the concept of physical awareness or
the medium’s capabilities. This includes interactants’ models of
each other and their sense of access to the other’s internal state.
They argue that copresence should be part of definition of social
presence. In general, the terms ‘‘social presence’’ and ‘‘copresence’’
are used interchangeably in research. Kang and her colleagues con-
structed a measure of ‘‘Social Copresence’’ (Kang, Watt, & Ala,
2008b) that added a dimension of ‘‘emotional credibility.’’

There are thus three main themes in prior conceptualizations:
the feeling of physical collocation; production of psychological con-
nection, both physical and emotional, that produces a mental model
of the other interactant; and evaluation of the technology as appro-
priate for producing that connection. In this research study we will
use a definition of ‘‘Social Copresence’’ that includes all of these ele-
ments, but in a somewhat different arrangement, and with a focus
on socio-emotional outcomes appropriate to social interaction with
a mobile device. The three psychological and social elements of So-
cial Copresence are described in detail in Section 4.3 and their indi-
vidual measurement items are presented in Appendix A.

3. Hypotheses and research question

The cited studies generally (although not uniformly) predict that
higher realism avatars should be associated with perceptions of great-
er copresence and satisfaction with a communication, with some
exceptions like the ‘‘uncanny valley’’ that is produced when there
are discrepancies between an avatar’s visual and behavioral realism.

In this research we investigate the impact of different types of
avatar realism on the three dimensions of Social Copresence: Psy-
chological Copresence, Social Richness of the Medium, and Interac-
tant Satisfaction with Communication. The investigation is done in
the context of a small-screen portable communication device being
used within an interaction that is focused on social connection,
rather than on accomplishing a concrete task. The findings in the
above discussed literature provide the theoretical bases for our
hypotheses. These formal hypotheses are shown graphically in
the diagram shown in Fig. 4, where the paths are labeled with
the corresponding hypothesis numbers listed above.

H1. People will report greater Social Copresence (H1.1: Psycho-
logical Copresence; H1.2: Social Richness of Medium; and H1.3:
Interactant Satisfaction with Communication) when their interac-
tion partners are represented by higher behavioral realism avatars.

Existing studies demonstrate that nonverbal cues are a key fac-
tor for affective communication as they deliver emotional signals
that allow communicators to present their emotional intention.
Garau and colleagues (2003) point out that avatars incorporate a
high level of behavioral realism in order to augment the users’ per-
ception of copresence with their interaction partners. Other studies
(Bailenson et al., 2001, 2006; Garau, 2003; Nowak & Biocca, 2003)
note that the communicators’ perceived level of social presence de-
creases when they experience a large discrepancy between the vi-
sual realism and behavioral realism of an avatar.

H2. People will report greater Social Copresence (H2.1: Psycho-
logical Copresence; H2.2: Social Richness of Medium; and H2.3:
Interactant Satisfaction with Communication) when their interac-
tion partners are represented by higher fidelity avatars.
H3. People will report greater Social Copresence (H3.1: Psycholog-
ical Copresence; H3.2: Social Richness of Medium; and H3.3: Inter-
actant Satisfaction with Communication) when their interaction
partners are represented by more anthropomorphic avatars.
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These hypotheses result from the reasoning that a human’s face
would be able to better present emotional signals using sophisti-
cated facial expressions compared to an animated character’s face.
Even among animated characters, those able to demonstrate high-
er fidelity or anthropomorphism are able to show more sophisti-
cated facial expressions.

H4. People will report greater Social Copresence (H4.1: Psycho-
logical Copresence; H4.2: Social Richness of Medium; and H4.3:
Interactant Satisfaction with Communication) when their interac-
tion partners are represented by non-anonymous avatars.

Another way that avatars may differ is in their ability to pre-
serve the identity of the communicator. A non-anonymous avatar
has a photographic representation of the communicator, whereas
a more anonymous avatar might be a video or photo with degraded
features in order to mask the communicator’s identity. An example
of a highly anonymous avatar, on the other hand, would be a car-
toon caricature that does not resemble the communicator.
Although anonymous avatars are less likely to carry meaningful
nonverbal information that can be traced back to the communica-
tor, non-anonymous avatars convey more nonverbal cues to the
conversational partner as a result of the more accurate visual rep-
resentation of the communicator.

H5. Interactants’ Social Copresence (H5.1: Psychological Copres-
ence; H5.2: Social Richness of Medium; and H5.3: Interactant
Satisfaction with Communication) will be greater when their
interaction partners are represented by avatars compared to a
communication in which there are no avatars.

The literature reviewed in Section 2 is based on the idea that vi-
sual cues of any sort produce more effective communication. This
comparative hypothesis tests that proposition.

Since the research involves use of a proposed rather than actual
communication technology with which participants might have
had prior experience, there is an interesting research question con-
cerning the impact of the first use of the new technology during
the experiment on users’ perceptions of the technology’s suitability
for social interaction. This possibility is investigated in the Re-
search Question below. The answers to this question may have
some implication for the adoption of the actual video telephone
technology, as perceptions preceding actual use are likely to drive
adoption.

RQ1. Do people report different levels of Social Richness of
Medium after actual use of a simulated video telephone which
displays the images of their interaction partners compared to their
perceptions before use?

Experience with the simulation may affect perceptions of the
potential usefulness of an actual device, but in absence of prior re-
search with such a simulation there is no clear reason to predict
either higher or lower ratings, so this proposition is stated as a
non-directional research question to be answered with data
analysis.
4. Method

The basic study design is a 2 (behavioral realism) � 5 (visual
realism) � 3 (gender dyad) between-subjects factorial experi-
ment. As gender pairings can affect social interaction, equal
numbers of M–M, F–F, and M–F dyads were used in each exper-
imental group, and the type of gender dyad was added as a pos-
sible additional control factor in the analysis to remove the
potential confounding effects of gender pairings. In addition,
the study included an additional no-avatar ‘‘audio-only’’ compar-
ison condition.
In the conditions of low behavioral realism, interactants looked
at a static visual avatar displayed on a laptop screen presenting a
simulated mobile telephone (see Fig. 2). The simulated telephone
had a realistic small screen size (�3.000) and low visual resolution
(240 � 320 pixels). In the conditions of high behavioral realism,
the interactants looked at video or dynamic animations of avatars
on the identical simulated screen. High visual realism conditions
used actual pictures (screen-capture) or video of the experimental
subjects. The laptop was put at a normal arms-length distance
from the interactants, simulating the visual angle of a display on
an actual mobile video telephone.

The experiment used the three self-report measurements of
Social Copresence, as described in detail in Section 4.3, as depen-
dent variables. Scale items from the studies cited there were se-
lected and the resulting scales tested for reliability. The items
and scale reliabilities are shown in Appendix A.
4.1. Experimental participants and procedure

One hundred 98 college students (M = 19.76, SD = 1.411; 50%
women, 50% men) at a northeastern U.S. university were recruited
from different undergraduate courses to participate in the experi-
ment (see Table 1 for N’s in each experimental condition). Some
earned extra course credits as a reward for participation. All partic-
ipants were entered into a drawing for ten $20 gift certificates as
further motivation for participation. Participants were paired to
form gender dyads and the dyads were randomly assigned to an
experimental condition. Participants were unlikely to know each
other beforehand (only eight of the 198 reported that they thought
they knew the other person in their dyad).

Participants were scheduled to arrive for the experiment at dif-
ferent times and were placed in physically separated rooms so that
they did not meet each other before the beginning of the experi-
ment. Participants completed an informed consent form and a
pre-test questionnaire with demographic and mobile telephone
use questions. This questionnaire included the scales of Pre-Use
Social Richness of Medium used to test RQ1. The items are listed
in Appendix A.

The experimental interaction took place in two isolated rooms.
Participants were asked to imagine themselves in a hypothetical
communication situation (see Appendix B for the scenario) which
was designed to stimulate interactants’ self-disclosure and emo-
tional discovery. Participants were instructed to play the role of a
student (not hard, since all were actually students) who wanted
to discover whether his/her interaction partner would be an appro-
priate match with whom to share a four-room apartment and pos-
sibly shape a future friendly relationship. Anonymity in this type of
self-revealing communication with a stranger may be critical,
especially if the interactants realize that they do not like each
other, but might have to have future face-to-face interactions.
4.2. Apparatus and avatar design

Participants were given a laptop computer on which the mock-
up of a mobile telephone screen and avatars were displayed and
operated. A hands-free, mobile telephone head-set was connected
to the laptop to provide the audio channel. The video and audio
were combined within a custom software application that imple-
mented the real-time video processing for each experimental con-
dition, and conveyed the video telephone signal over a high
bandwidth Local Area Network connecting the two isolated rooms
in which the interactants were placed (see Fig. 2).

The interaction typically lasted about 10 min. When the partic-
ipants completed the conversation, they were asked to fill out a
post-test questionnaire with the Social Copresence scale items.



Fig. 2. Mock-up of a mobile telephone and its control panel used in experimental conditions. The control panel on the right was used to set up the experimental condition and
was not seen by interactants during the experiment.

Table 1
Experimental conditions with examples of avatars.

High visual realism,
non-anonymous
avatar

High visual realism
anonymous avatars

Low visual realism
anonymous avatars

No visual avatar

(Audio Only)

High behavioral realism
(video or animation)

N = 18 (3 gender
dyads � 3 replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)

Low behavioral realism
(photo or drawing)

N = 18 (3 gender
dyads � 3 replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)

N = 18 (3 gender
dyads � 3
replication)
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Avatars included an unmodified video image (high fidelity and
high anthropomorphism) and video processing and real-time
graphical animation were used to create avatar variations with dif-
ferent levels of visual realism. Sample avatars are shown in Table 1.

4.2.1. Processed videos
Zhao and Stasko (1998) evaluated the ability of four kinds of vi-

deo-filtering techniques to accomplish interactants’ identity mask-
ing, and found that an edge-detected figure provided lower facial
recognition than the fuzzy block pixelized technique frequently
applied for identity hiding (Boyle et al., 2000). This was verified
in pretest study that asked 17 people to identify the person shown
in the edge detected photograph shown in Fig. 3 from an array of
16 unmodified photos.1 Only 3 succeeded, a result that was not sig-
nificantly different from chance.
1 These 16 photo images were collected randomly via Google Images (http://
images.google.com/).
Based on these results, real-time edge detection was used in
this study. A second type of modified video added an outer-
facial-masking effect to construct a higher anonymity avatar. It
was based on the conclusions of Jarudi and Sinha (Jarudi & Sinha,
2005). They discovered that central facial cues were less critical
than external cues—hair shape, foreshadow, chin, and so forth—in
identifying a person at low visual resolution. This higher anonym-
ity avatar was created by masking the peripheral features of the
edge-detector filtered image.

4.2.2. Animated graphics
To construct lower fidelity graphical avatars that were both

anthropomorphic and nonanthropomorphic, a commercial webcam
(Logitech QuickCam Orbit MP) equipped with Logitech Video Effects
software using Neven Vision tracking and real time avatar animation
technology was used. This system tracked 22 facial points on the
interactant and produced dynamic facial expressions on avatars that
partially mimicked the human interactant’s facial expressions.



Fig. 3. ID grid for pilot test of recognition of an edge detected image. Correct identification is indicated by the arrow.
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4.3. Measurements

The individual measurement items are presented in Appendix A.
4.3.1. Psychological copresence
This construct borrows freely from the conceptualizations of

Nowak (2001) and Nowak and Biocca (2003), who based their con-
ceptualization and measures partially on the work of McCroskey
and McCain (1974), Goffman (1963), and Horwitz (1958). Nowak
and Biocca (2003) described copresence as ‘‘the sense of connec-
tion with another mind’’ and ‘‘connection with another human,’’
which leads to the measurement of the degree to which ‘‘interac-
tants feel they were able to perceive their interaction partner
and that their interaction partner actively perceived them.’’ The
operational expression of this construct measures both an individ-
ual’s perception of their interaction partner’s involvement in the
communication and their own feelings of engagement and involve-
ment with their interaction partner.
4.3.2. Social richness of medium
The notion of Social Richness of Medium is rooted in the original

concept of social presence presented by Short et al. (1976). It as-
sesses communicators’ subjective judgments of the ability of the
medium itself to produce a feeling of effective copresence, and is
essentially a measure of the social and emotional capabilities of
the communication medium as perceived by the user (Biocca
et al., 2003). In addition, it includes user reactions to the nature
of the technology’s appropriateness for the particular kind of so-
cio-emotional communication that the technology is mediating.

4.3.3. Interactant satisfaction with communication
The notion of interactant satisfaction (Kang et al., 2008b) in-

volves subjective judgments by communicators of the outcome
of the communication. It combines elements of social attraction
(Nowak, 2004; Nowak & Rauh, 2005) and emotional credibility
(Kang et al., 2006, 2008b). The latter element is especially impor-
tant in evaluating a communication that has the primary goal of
establishing social connection, rather than accomplishing a task.
It is based on the evaluation dimensions of an emotional intelli-
gence test developed by Smith (2004), which originated in the
studies of Salovey, Brackett, and Mayer (2004).
5. Results

5.1. Preliminary analyses

The impact of each type of gender dyad was first analyzed in
three 2-way ANOVAs (experimental condition x gender dyad type)
using each of the three variables making up Social Copresence as
dependent variables in separate analyses. There was no significant
effect of gender dyad for Psychological Copresence, F(1; 176) = .02,
p > .10, Social Richness of Medium, F(1; 176) = .08, p > .10, or Inter-
actant Satisfaction with Communication F(1; 176) = 1.91, p > .10.
As the type of gender dyad did not covary significantly with any
of the three dependent variables, all gender dyads in the
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experimental conditions were pooled and gender dyad type was
not introduced as a variable in subsequent analyses.

Hypotheses 1–4 were tested using a path analysis, also called an
observed variable (OV) structural equation model (Holbert &
Stephenson, 2002). Each hypothesis is represented by a separate
path whose significance is tested with a t-test (see Fig. 4, where
the paths are labeled with the hypothesis numbers introduced in
the Hypotheses section). The coefficient for each path is compara-
ble to a regression coefficient and tested against a null effect by
associated t-test. Testing the hypotheses simultaneously in a path
model isolates the effect of the single independent variable in each
hypothesis from the indirect effects of all other independent
variables, and thus prevents spurious significances that might
result if the hypotheses were tested by multiple independent tests
that do not offer this control.

Path analysis using summed indices as observed variables by-
passes the benefits of constructing and testing a measurement
model for each latent construct, and makes rather strong assump-
tions that the construct is internally consistent (exhibits conver-
gent validity) and is distinct from other variables (exhibits
discriminant validity). These assumptions should be verified for
each construct, and if they hold, justify use of the OV model rather
than a full structural equation model (SEM) in which questionnaire
items are treated as separate observed variables.

There are additional benefits to using the OV approach in an
analysis involving a relatively small number of observations and
a high number of observed items. In this case, a full SEM model
combining measurement and path models is susceptible to errors
of inference equivalent to Type II error, that is, concluding that
the model structure is inconsistent with the data as a result of a
very large number of degrees of freedom for the many measure-
ment items in the full model, coupled with large errors of estima-
tion of the individual path coefficients due to small N’s (Bagozzi &
Heatherington, 1994). With N = 198 and 40 observed items, this is
a serious concern in this experiment and suggests use of the OV
model if the validity assumptions can confidently be made.

A formal analysis of the validity of the summed indices was
conducted and the results supported use of the OV model with this
data. Details of this methodological procedure can be obtained by
contacting the authors.
5.2. Hypothesis tests

Given the results of these validity tests, the use of the computed
indices for the path analysis in an OV model is deemed justified.
Descriptive statistics for these 8-point scale indices of Social
Copresence in each experimental group are shown in Appendix C.
Fig. 4. Symbolic structural diagram of hypotheses, includ
As the three constructed variables making up Social Copresence
are correlated, the use of three separate multiple regressions or
simple analysis of variance (ANOVA) to test the hypotheses is
undesirable, as correlated dependent variables may exhibit spuri-
ous indirect covariance via paths among the dependent variables.
Multivariate analysis of variance (MANOVA) could appropriately
be used in the hypothesis tests, but an OV path analysis gives a
clearer view of the results of the tests by its partitioning of covari-
ance into discrete paths.
5.2.1. Hypotheses 1–3
The first three hypotheses are shown in the path diagram in

Fig. 4 as the causal arrows linking the avatar characteristics to the
three correlated Social Copresence dependent variables. The inde-
pendent variables are assumed to be correlated as well, as the re-
search design was not a full factorial design incorporating
crossing of all levels of the independent variables, with equal cell
N’s, both of which conditions would be required to produce uncor-
related independent variables (Cohen, Cohen, West, & Aiken, 2003).

Hypotheses 1–3 were tested in two ways. In the first analysis,
the levels of fidelity and anthropomorphism were arbitrarily mag-
nitude scaled as shown in Table 2. The assumption of equal interval
scale points for the experimental manipulations is a bit strong, but
is probably not more extreme than the common assumption that
Likert scale points with floating verbal anchors like ‘‘some’’ and
‘‘more’’ are interval scales, an assumption that is commonly made
in correlational analyses of scales. But to check this assumption, a
second parallel analysis was conducted in which each of the exper-
imental conditions were dummy coded as nominal variables. This
eliminates the equal-interval scale assumption of the first analysis
and is the equivalent of ANOVA assumptions for nominal indepen-
dent variables.

Initially all paths in Fig. 4 were included. This is essentially a
regression with correlated dependent variables and is an exactly
identified model that cannot be tested for goodness of fit (no de-
grees of freedom for the structural test), although individual coef-
ficients can be tested against the null. The t-test for significance of
each path is a test of each individual hypothesis. The paths reach-
ing a p < .05 significance level are shown in Fig. 5.

The significant paths provide partial support for Hypotheses
1–3, with H1.2, H2.2, H3.1, and H3.3 supported. It is interesting to
note that two of the avatar components, Kinetic Conformity and
Fidelity, affect only the perceived appropriateness of the medium
for social interaction (Social Richness of Medium), while the other
(Anthropomorphism) affects only the participants’ feelings of
Psychological Copresence and Interactant Satisfaction with
Communication.
ing correlated independent and dependent variables.



Table 2
Levels assigned to avatar characteristics.

Experimental condition Fidelity Anthro-pomorphism Anonymity Kinetic conformity

Unmodified video-full motion 5 1 0 1
Edge-detector processed video- full motion 4 1 1 1
Outer-masked processed video-full motion 3 1 2 1
High anthropomorphism graphic-full motion 2 1 3 1
Low anthropomorphism graphic-full motion 1 0 4 1
No avatar (audio only) 0 0 5 0
Unmodified video-static 5 1 0 0
Edge-detector processed video-static 4 1 1 0
Outer-masked processed video-static 3 1 2 0
High anthropomorphism graphic-static 2 1 3 0
Low anthropomorphism graphic-static 1 0 4 0

Fig. 5. Significant standardized path coefficients for avatar characteristics’ effects on Social Copresence variables. All coefficients are significant at p < .05.

1176 S.-H. Kang, J.H. Watt / Computers in Human Behavior 29 (2013) 1169–1181
Nonsignificant (p > .05) paths corresponding to unsupported
hypotheses from this first analysis were then deleted in a revised
analysis. As expected, the dependent variables are correlated sig-
nificantly, as are the Fidelity and Anthropomorphism independent
variables.

Overall, this simplified model is a very good fit for the data, Chi-
sq = 6.6 (7 d.f.), p > .40, with RMSEA less than .1 percent and GFI = .99.
Fig. 6. Significant relationships between experimental conditions coded as dummy va
significant at p < .05.
The parallel analysis using nominal dummy coded independent
variables to test Hypotheses 1–3 is shown in Fig. 6, and leads to
equivalent results. The no-avatars (audio-only) experimental
group was coded as the dummy variable reference group in this
analysis, so tests of significance represent contrasts of other
experimental conditions with this group, and the values of the path
coefficients represent standardized differences between the means
riables (DV prefix) and Social Copresence variables. All standardized coefficients
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of other experimental groups and this audio-only reference group
(Cohen et al., 2003).

Kinetic conformity (static vs. dynamic avatars) remains signifi-
cantly associated only with increases in Social Richness of Medium
over the audio-only group, as do the experimental conditions with
the two with highest fidelity and anthropomorphic avatars
(unmodified video and edge-detected processed video). Experi-
mental conditions associated with lower levels of fidelity are not
associated with social richness assessments greater than those ob-
served in the audio-only group. Notably, the two graphic avatar
conditions which are lowest on anthropomorphism and fidelity
are associated with significant decreases in Interactant Satisfaction
with Communication and Psychological Copresence, as compared
to the audio-only group. These results are consistent with the par-
tial support of Hypotheses 1–3 found in the first analysis.
5.2.2. Hypothesis 5
The analysis with nominally-coded independent variables

also provides a test of Hypothesis 5. As Fig. 6 shows, the groups
with dynamic avatars (Kinetic dummy variable) and higher
fidelity and anthropomorphism (the unprocessed video and the
edge-detected anonymized video) scored significantly higher
on Social Richness of Medium as compared to the audio-only
group. These results provide partial support for Hypothesis 5.
Edge masked video and anthropomorphic graphic avatars did
not differ significantly from voice-only results. Again, non-
anthropomorphic graphic avatars scored significantly lower than
the voice-only condition on Psychological Copresence and Inter-
actant Satisfaction with Communication, in contradiction of the
prediction of Hypothesis 5. The results indicate that in this
experiment the impact of avatars is dependent on the character-
istics of the avatar and may be positive, null, or negative, with
the positive effects occurring with more ‘‘life-like’’ visual
representations.
5.2.3. Hypothesis 4
The effect of anonymity on Social Copresence (Hypotheses

4.1–4.3) could not be tested in the first analysis, as the fixed
experimental levels make the anonymity variable a linear combi-
nation of the other avatar characteristics, leaving no remaining
independent covariance in the anonymity independent variable
to be associated with the dependent variables (i.e., the covariance
matrix is singular). To test Hypothesis 4, a separate path analysis
was conducted, considering only the anonymity provided by the
avatar. As with the tests of Hypotheses 1–3, two equivalent anal-
yses were done, first assuming an equal interval scale represent-
ing magnitude levels of anonymity in the different experi-
mental conditions, followed by a second parallel analysis treating
anonymity as a nominal variable. Again, the analyses produced
Fig. 7. Impact of magnitude scaled anonymity level on social copresence variables.
All standardized coefficients significant at p < .05.
almost identical results, so only the results of the first are
shown here.

All paths in Fig. 7 are significant at p < .05, resulting in a fully-
identified regression model that cannot be tested for structural
goodness-of-fit. Coefficients should be interpreted as partial regres-
sion coefficients, with control for covariance among the Social
Copresence dependent variables.

The models support Hypothesis 4, with increasing levels of ano-
nymity associated significantly with lower levels of all three Social
Copresence variables.
5.2.4. Research question 1
To investigate the research question, subjects were asked for

their perceptions of the appropriateness of a video telephone for
different social purposes (Social Richness of Medium) before they
used the simulation in the experiment, and then again after the
experimental manipulation. The difference between these two
measurements represents the change in perception of the medium
due to experience with it.

A dependent t-test (repeated measure) analysis revealed a
very large and statistically significant increase in positive per-
ception of the Social Richness of Medium in the two time peri-
ods, t(197) = 10.33, p < .001, Mean (before) = 3.09, Mean
(after) = 4.24. As this test did not isolate the effects of different
types of avatars, a more detailed repeated measures ANOVA with
the experimental conditions as the independent variable was
conducted. This analysis confirmed the effect of experience on
the increase in positive perception of the Social Richness of Med-
ium F(1; 187) = 127.3, p < .001, eta-squared = .45, but also re-
vealed a significant interaction between the experimental
condition and the before and after perceptions F(1; 187) = 4.80,
p < .001. This interaction indicates that changes in perception
of Social Richness of Medium were more dramatic with some
avatars than with others. The estimated marginal means shown
in Table 3 shows that perceptions increased more in conditions
with higher kinetic conformity (dynamic avatars) than those
with lower kinetic conformity, and decreasing fidelity and
anthropomorphism of avatars was associated with lower
improvements in perception of the social utility of the medium
with both types of avatar.
6. Conclusions and discussion

The results generally support the idea that more realistic ava-
tars improve Social Copresence which corresponds to existing find-
ings that generally conclude that richer media enhance
communication efficiency (Poggi & Pelachaud, 2000; Rice, 1993;
Walker et al., 1994), but with some important distinctions. The Ki-
netic Conformity and Fidelity of the avatar improved only the per-
ceptions of the suitability of the medium for social interaction
(Social Richness of Medium), but did not produce positive effects
on the other factors of Social Copresence (Psychological Copres-
ence and Interactant Satisfaction with Communication). This does
not replicate previous findings (Biocca et al., 2003) that demon-
strated nonverbal signals played key roles in establishing commu-
nicators’ psychological access to each other in mediated
communications. In contrast, increased Anthropomorphism im-
proved both Psychological Copresence and Interactant Satisfaction
with Communication, while not affecting the perceived social use-
fulness of the technology.

The results of this study, provided they generalize beyond the
single communication setting used in this laboratory experiment,
provide a critical consideration for a designer of communication
technology who must make decisions in the face of technological
limitations like limited bandwidth. If the designer wishes to



Table 3
Estimated marginal mean improvement in perception of Social Richness of Medium
after use of simulation.

Experimental condition Improvement in perception
of social richness of medium

DynamicRawVideo 2.31
DynamicEdge 2.21
DynamicEdge&Mask 1.56
DynamicHighHumanoid 1.10
DynamicLowHumanoid 0.90
StaticRawVideo 1.15
StaticEdge 1.58
StaticEdge&Mask 1.10
StaticHighHumanoid 0.24
StaticLowHumanoid �0.04
VoiceOnly 0.56
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present a medium that appeals to users as a means of social
communication, he/she should emphasize Kinetic Conformity
(realistic motion) and Fidelity (quality of image) of avatars. But if
the priority is subsequent satisfaction with communication using
the device, the designer should use highly Anthropomorphic ava-
tars. Optimizing social communication appeal is essentially an ini-
tial marketing consideration, while psychological connection and
satisfaction with communication may produce post-purchase
long-term use.

As technical limitations like bandwidth are eased, the implica-
tion is that all three avatar realism factors should be provided to
the greatest extent possible. Providing full motion, highly realistic
video in a mobile communication device will result in the highest
user evaluation on all three factors of Social Copresence. Person-to-
person full-motion video interaction is thus an important product
feature that might spur wide adoption of newer generations of mo-
bile communication devices, while also providing long-term user
satisfaction.

But this begs the question of how to preserve privacy while still
obtaining the benefits of the highly realistic video avatar. To inves-
tigate this, we looked at the two experimental groups with the
highest realism avatars but differing in anonymity level (the non-
anonymous dynamic raw video and the anonymous dynamic
edge-detected video). The results are shown in Fig. 8.

Although the positive coefficients indicate higher levels of two
of the three Social Copresence variables in the non-anonymous vi-
deo condition, a finding consistent with the hypothesis test results,
the difference between anonymous edge-detected video and
non-anonymous video is not sufficient to reach significance.
Providing anonymity resulted in reduced Social Copresence when
considering all levels of avatar realism, but the effect was more
Fig. 8. Comparison of unmodified video with edge-detected anonymized video as
the reference group. All causal coefficients not significantly different from zero,
p > .05.
pronounced in the conditions using less realistic avatars than in
the two most realistic conditions.

On its surface, the finding of non-significant differences be-
tween anonymized and unmodified video would seem to indicate
that little is lost in modifying the video, but this result must be
interpreted with great caution, as the test involved only N = 36
subjects. The null result may be due to low statistical power, rather
than the equivalence of the two types of avatar.

Given the importance of privacy issues, coupled with the results
of this experiment that indicate avatar anonymity in general re-
duces communication effectiveness, the impact of anonymity on
effective mediated communication needs to be investigated in a
more powerful research design.

One surprising finding was the negative effects on some aspects
of Social Copresence that was produced by lower realism graphic
avatars. These avatars produced scores on Psychological Copres-
ence and Interactant Satisfaction with Communication that were
lower than those observed with an audio-only telephone. This
finding suggests the possibility of some potential deleterious ef-
fects on communication effectiveness with use of lower realism
avatars. The reason for this negative outcome is not clear, although
it might be related to the incongruity of the less realistic avatar
coupled with the voice of a real human, violating interactant
expectations in a kind of an ‘‘uncanny valley’’ effect. Confirmation
of this negative outcome and explanation of its mechanism are
important research agenda items.

This research, like most controlled laboratory studies, trades
external validity (generalizability) for internal validity (con-
trolled conditions that allow isolation of individual causal fac-
tors). The general results do not contradict prior research
findings, but instead add additional detail and caveats to current
knowledge. This consistency with earlier research that used dif-
ferent tasks, user groups and research methods is reassuring. But
the data reported here are from a single non-random sample of
homogenous users not representative of the general population
and whose use of the technology was for a prescribed single
communication task. Nor was the technology presented in a fin-
ished product, but rather in a prototype form. The results and
conclusions of this study must thus be qualified in light of these
limitations.

Using the simulated video telephone devices in this experiment
resulted in improved users’ perceptions of the technology as
appropriate for social purposes. Further, higher realism avatars pro-
duced the largest improvement in this evaluation. From a
technology adoption standpoint, this result suggests the potential
value of product promotional methods that encourage trial usage
of mobile devices that provide video. Our results imply that the util-
ity of the visual medium for social purposes becomes clearer with
their use.
Appendix A. Social copresence index items

All items were presented using a Likert-type scale with an
8-point metric for each item, with only end points anchored by
the appropriate verbal pair:

1 = Very Little; 8 = Very Much,
1 = Very Unlikely; 8 = Very Likely,
1 = Strongly Disagree; 8 = Strongly Agree.

Final variables were constructed by summation of the item
scales, with reverse coded scale values transposed from negative
to equivalent positive scale points.
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Psychological copresence (Cronbach’s alpha = .93)

S/he was intensely involved in our interaction.
S/he seemed to find our interaction stimulating.
S/he communicated coldness rather than warmth. (reverse
coded)
S/he created a sense of distance between us. (reverse coded)
S/he seemed detached during our interaction. (reverse coded)
S/he was willing to share personal information with me.
S/he made our conversation seem intimate.
S/he created a sense of closeness between us.
S/he acted bored by our conversation. (reverse coded)
S/he was interested in talking to me.
S/he showed enthusiasm while talking to me
I did not want a deeper relationship with him/her. (reverse
coded)
I wanted to maintain a sense of distance between us. (reverse
coded)
I was unwilling to share personal information with him/her.
(reverse coded)
I wanted to make the conversation more intimate.
I tried to create a sense of closeness between us.
I was interested in talking to him/her.

Social richness of medium (before device use) (Cronbach’s alpha = .63)

To what extent do you feel like you are having a face-to-face
meeting when you communicate via a mobile phone?
To what extent do you feel you are in the same room with your
conversation partner when you communicate via a mobile
phone?
How likely is it that you would choose to use a mobile phone for
a conversation in which you wanted to persuade the other per-
son of something?
To what extent do you feel you can get to know someone that
you meet only through a mobile phone?

Social richness of medium (after device use) (Cronbach’s alpha = .86)

To what extent did you feel able to assess your partner’s reac-
tions to what you said?
To what extent was this like a face-to-face meeting?
To what extent was this like you were in the same room with
your partner?
How likely is it that you would choose to use a mobile tele-
phone interaction for a meeting in which you wanted to per-
suade other person of something?
To what extent did you feel you could get to know someone that
you met only through a mobile telephone?

Interactant Satisfaction with Communication (Cronbach’s alpha = .90)

I think s/he could be a friend of mine.
I would like to have a friendly chat with him/her.
We could never establish a personal friendship with each other.
(reverse coded)
S/he just wouldn’t fit into my circle of friends. (reverse coded)
S/he would be pleasant to be with.
Avatar type Statistic Interactant satisfaction
communication

Dynamic Mean 5.86
I don’t care if I ever get to interact with him/her again. (reverse
coded)
S/he recognizes my feelings and emotions.
S/he expresses feelings and emotions appropriately for the
situation.
S/he uses feelings and emotions to create or organize thinking.
S/he uses feelings and emotions to make a decision or
judgment.
S/he uses feelings and emotions to facilitate problem solving
and creativity.
S/he responds appropriately to positive and negative emotions.
S/he understands complex feelings.
S/he knows how to control his/her own feelings and emotions
effectively.
S/he handles others feelings and emotions sensitively and
effectively.

Appendix B. Instructions to experimental subjects

Thank you for participating in this experiment.
The intent of the experiment is to simulate a situation where

you want to get to know a person a bit better and are going to
do it via telephone. To do this you will make a call, or be called
by the other person, on a mock-up of a cell telephone screen on
a laptop.

Here’s the situation:
Suppose you are transferring to another distant university (for

personal reasons not defined in this scenario). This university is lo-
cated in an urban area in which off-campus housing is very difficult
to obtain. Many students live in co-ed housing that is listed with
the university. You applied for housing with the university housing
office but failed to get it and had to find any off-campus housing.
Fortunately, you could find one decent apartment which has been
advertised through the mobile telephone service BOND�. This
apartment has four bedrooms, with a shared living and kitchen
space. You must make a decision about whether or not you will
move in the apartment in about a week before the next semester
starts. Your budget does not allow you to travel to the city until
the beginning of the semester, so you have to make this decision
without being able to meet the advertised apartment mates in per-
son. The advertisement shows the telephone numbers of the peo-
ple to be contacted, thus you’ve decided to make a call to one of
them. Both your telephone and your conversation partner’s tele-
phone are equipped with cameras. Therefore, you and the other
person can share each other’s face. However, you may not want
to expose your face to your conversation partner until you decide
whether s/he is a decent person and a possible friend.

You’re now going to talk to another person who is also applying
for the apartment and deciding whether or not s/he wants to share
it with you. You want to find out if you think the other person is a
compatible apartment mate in a 10 min telephone conversation.

Please use only your FIRST name if necessary and remember that
you’re trying to remain anonymous in case you don’t like your poten-
tial apartment-mate.

Appendix C. Descriptive statistics for social copresence
variables in experimental conditions
with Social richness of
medium

Psychological
copresence

5.38 5.99

(continued on next page)



Appendix C (continued)

Avatar type Statistic Interactant satisfaction with
communication

Social richness of
medium

Psychological
copresence

UnprocessedVideo N 18 18 18
Std.
Deviation

1.01 1.43 1.04

DynamicEdge Mean 5.60 5.52 5.71
N 18 18 18
Std.
Deviation

0.73 1.25 0.74

DynamicEdge&Mask Mean 5.65 4.91 5.81
N 18 18 18
Std.
Deviation

0.67 1.18 0.82

DynamicHighAnthro Mean 5.29 4.43 5.19
N 18 18 18
Std.
Deviation

0.75 1.00 1.23

DynamicLowAnthro Mean 5.20 4.64 5.21
N 18 18 18
Std.
Deviation

0.80 1.51 1.00

StaticUnprocessedVideo Mean 5.34 4.31 5.51
N 18 18 18
Std.
Deviation

1.15 1.18 1.14

StaticEdge Mean 5.61 4.53 5.98
N 18 18 18
Std.
Deviation

0.95 1.26 0.84

StaticEdge&Mask Mean 5.40 4.16 5.52
N 18 18 18
Std.
Deviation

1.06 1.61 1.00

StaticHighAnthro Mean 5.80 3.73 5.90
N 18 18 18
Std.
Deviation

0.71 0.98 0.84

StaticLowHumanoid Mean 4.94 3.49 4.63
N 18 18 18
Std.
Deviation

0.79 1.09 1.00

VoiceOnly Mean 5.47 3.83 5.58
N 18 18 18
Std.
Deviation

0.94 1.67 1.09

Total Mean 5.47 4.45 5.55
N 198 198 198
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