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Abstract. In this article, we provide the nontechnical reader with a fundamental understanding of the components of virtual redity (VR)
and a thorough discussion of the role VR has played in social science. First, we provide a brief overview of the hardware and equipment
used to create VR and review common elements found within the virtual environment that may be of interest to social scientists, such
as virtual humans and interactive, multisensory feedback. Then, we discuss the role of VR in existing social scientific research. Specif-
ically, we review the literature on the study of VR as an object, wherein we discuss the effects of the technology on human users; VR as
an application, wherein we consider real-world applications in areas such as medicine and education; and VR as a method, wherein we
provide a comprehensive outline of studies in which VR technologies are used to study phenomena that have traditionally been studied
in physical settings, such as nonverbal behavior and socia interaction. We then present a content analysis of the literature, tracking the
trends for this research over the last two decades. Finally, we present some possibilities for future research for interested social scientists.
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Virtual reality (VR) was originally conceived asadigitally
created space that humans could access by donning sophis-
ticated computer equipment (Lanier, 1992; Rheingold,
1991; Sutherland, 1968). Once inside that space, people
could betransported to adifferent world, asubstitute reality
in which one could interact with objects, people, and envi-
ronments, the appearance of which were bound only by the
limits of the human imagination. Images of peoplein bulky
headgear, heavily wired gloves, and space age clothing be-
came symbolic of the emergent technological revolution of
computing and the possibilities of transforming the capa-
bilities of the human mind and body. Futuristsheralded VR
as an imminent transition in the ways humans would expe-
rience media, communicate with one another, and even per-
form mundane tasks. In the early nineties, pioneering sci-
entists began considering new ways this groundbreaking
technology could be used to study socia interaction and
other psychological phenomena (Bente, 1989; Biocca
1992a,b; Loomis, 1992). In subsequent years, VR has con-
tinued to capture the imagination of scientists, philoso-
phers, and artists for its ability to substitute our physical
environment and our sensory experiences — what we un-
derstand as reality — with digital creations.

In the current paper, we seek to provide the reader not
familiar with virtual reality technology with afundamental
understanding of its components and provide all readers
with a comprehensive analysis of the role VR has played
in social science. First, we define the nature of virtua re-
aity and virtual environments. Next, we present an over-
view, designed for the nontechnical reader, of the hardware
and equipment used to create virtual reality. Then, we dis-
cussthe history of VR research in the social sciences. From
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thisliterature, we delineate three ways in which social sci-
entists have studied virtual reality: Asatechnology or me-
dium in and of itself, wherein scientists pose questions
about nature of the virtual experience and its effects; asan
application, in which VR is used to create a more effective
or efficient treatment or training environment to be imple-
mented in areal world setting; and finally, as a method for
studying social scientific phenomena in a novel, more ef-
fective, or more controlled manner. Next, we present our
findings from a content analysis of this literature. Finaly,
we discuss future directions for VR research within the so-
cial sciences.

What Is a Virtual Environment?

A virtual environment (VE) is a digital space in which a
user’s movements are tracked and his or her surroundings
rendered, or digitally composed and displayed to the sens-
es, in accordance with those movements. For example, in
acomputer game, a user’s joystick motions can be tracked
and his or her character moves forward, rendering a new
environment. Or, a Nintendo Wii player can physically
swing the Wii remote, and the screen shows a bowling ball
rolling down the lane. The goal of avirtual environment is
to replace the cues of the real world environment with dig-
ital ones. According to Biocca and Levy (1995), “The
blocking of sensory impressions from physical reality isa
crucial part of the most compelling VR experiences. The
senses are immersed in the virtual world; the body is en-
trusted to areality engine” (p. 135). The psychological ex-
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Figure 1. An example of a virtual environmental setup.
Cameras (A) track an optical sensor (B) indicating the par-
ticipant’s position in the room. An accelerometer (C) gath-
ers information about the participant’s head movements.
Thisinformation isrelayed to the computer (D), which de-
termines how the room isrendered and what the participant
sees in the head-mounted display (E).

perience of losing oneself in the digital environment and
shutting out cues from the physical world is known as in+
mersion (Witmer & Singer, 1998). A VE can beimplement-
ed on any number of computer-based platforms, from acel-
lular telephone screen to a desktop monitor to a fully im-
mersive virtual environment (IVE) in which a user can
move around a physical space while wearing computer
equipment. See Figure 1 for an example of a virtual envi-
ronment.

Thetracking and rendering process allows a much great-
er level of interactivity than traditional media. Unlike other
media, a user in avirtual environment has arole within the
medium, and his or her actions have an immediate and ob-
servable impact on the content of the medium. This inter-
activity may augment the effects of virtual environments
becausethe user istypically active and cognitively engaged
throughout the experience, in contrast to more passive me-
diaactivities such astelevision viewing. Indeed, interactiv-
ity isonefeaturewhich contributesto making virtual reality
so perceptualy realistic because it reacts to our natural be-
haviors.

Because of the claims of many futurists in the early
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1990s, when people hear the words “virtual reality,” it is
often with a dose of skepticism and technological trepida-
tion: What happened to that bizarre world where everyone
sits at home and experiences life in a funky helmet? The
fact isthat much of the high-end virtual reality technology
featured in these futuristic fantasies has not diffused as
quickly as other emergent technologies (e.g., cellular
phones) because it remains too costly and cumbersome for
everyday use. In the meantime, more simple virtual envi-
ronments have become increasingly prevalent. People are
generally unaware that low-end virtual reality using the cy-
cleof tracking and rendering isadaily experience for many
via computers, videogame consoles, and cellular phones.
Considering that almost one of every four people world-
wide (nearly 1.6 billion) uses the Internet (Internet World
Stats, 2009), three of every five people use cellular phones
(Jordans, 2009), and over 400 million videogames were
sold last year (NPD Group, 2009), it is clear that low-im-
mersive virtual environments are becoming a significant
part of human existence around the world. The prevalence
of exposure to VEs, and particularly their increasingly
common use for social interaction, suggests that they are a
necessary topic of social scientific study.

Why is VR of Interest to Social
Scientists?

Many scholars have been involved in the introduction of
VR to the social sciences, but three are notable for their
contributions. Communication scholar Frank Biocca pop-
ularized the approach of studying VR asamedium through
aseries of influential journal articles (Biocca, 1992a,b; La-
nier & Biocca, 1992) and the subsequent publication of
Communication in the Age of Virtual Reality, coedited with
Mark Levy, in 1995. Jack Loomis brought one of the first
VR labsto apsychology department in the late eightiesand
published alandmark paper on the construct of presencein
1992 (Loomis, 1992). In the late nineties, Jim Blascovich
joined Loomis and established a major research center at
the University of California at Santa Barbara based on us-
ing immersive VR to study the social sciences. Blascovich
and colleagues developed the theoretical and structural
foundation to foster numerous research programs. It is
worth noting that these scholars not only performed pio-
neering research in their own labs, but also focused their
efforts on reaching out to other scholarsin their respective
disciplines and encouraging them to explore the possibili-
ties of these new technologies.

Asall three of these scholars argue, the utility of virtual
reality for socia science is inherent in the nature of the
technology. One of the major goals driving the design and
development of VR was to provide a space for people to
interact without the constraints of the physical world (La-
nier, 1992). As Biocca and Delaney (1995) noted, “VR is
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amedium for the extension of body and mind” (p. 58). Giv-
enthe ability to recreate both real and fantasy environments
and the multitude of sensory experiences within each, VR
presents the opportunity to explore many social and psy-
chologica phenomena — both those that occur in the phys-
ical world as well as novel experiences unique to VR.

In addition, social scientists are taking interest in VR as
an emergent medium that is playing a growing role in our
everyday lives, facilitating both traditional mass media
functionsand interpersonal interactions. Although we have
yet to enter an age where our communication occurs mostly
in fully immersive virtual environments, the widespread
adoption of the Internet and reliance on mobile media de-
vices indicates that this transition may be imminent.

Hardware Setups

Virtual environments come in many forms, and often these
are determined by the capabilities of the platform or hard-
ware with which one is experiencing the VE. Virtual envi-
ronment hardware may be something assimpleasacellular
phone or as complex as a fully immersive virtual reality
setup, which incorporates wearable equipment that allows
the user to move in the physical environment.

The most rudimentary VEs are those available on desk-
top computers, mobile devices such as cellular telephones
and handheld gaming devices, and traditional videogame
consoles. These environments may be two- or three-dimen-
sional. Typically, keypresses and mouse or joystick move-
ments are employed by the user to move a viewpoint or a
representation, thus providing a simple form of tracking.
The monitor then reflects these changes via appropriate
rendering. For example, a user may press the right arrow
key or tilt ajoystick to the right to move avideogame char-
acter from left to right on the screen and progress through
adepicted virtual environment. New technologies have in-
creased the tracking ability and movement veridicality in
desktop setups viawebcams and remotes (e.g., the Ninten-
do Wii). More immersive VES often use a head-mounted
display (HMD) to render virtual environments. An HMD
is comprised of a helmet or headpiece with LCD screens
affixed in front of the eyesto provide awide, stereoscopic
view of the computer-generated environment (Chung et al.,
1989; Furness, 1987; Sutherland, 1968).

An HMD may be used in a simple, nonmobile setup,
wherein the user’s body remains stationary and only head
movements are tracked. Head orientation is typically
tracked through a device, such as an accelerometer, which
provides feedback regarding the pitch, yaw, and roll of the
user’s head. If the user isin afully immersive virtual envi-
ronment and permitted to move around in the physical
space, optical (light-based) or magnetic trackers may be
attached to the user to send information about the user’s x,
y, and z position (Meyer, Applewhite, & Biocca, 1992; also
see Welch, 2009, for a history of tracking technologies).
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Some recent developments, such as the HIVE (huge im-
mersivevirtua environment; Waller, Bachmann, Hodgson,
& Beall, 2007), feature portable, untethered equipment that
enables users to move around in much larger spaces. An-
other type of fully immersive environment, such as the
CAVE® (computer-assisted virtual environment; Cruz-
Neira, Sandin, DeFanti, Kenyon, & Hart, 1992; Sutcliffe,
Gault, Fernando, & Tan, 2006), involvesthe use of multiple
cameras and projection screensin an enclosed roomto give
users the impression that they are surrounded by the VE.

More complex VEsemploy hardware that addresses dif-
ferent sensory modalities beyond visual stimuli (Turk &
Raobertson, 2000). For example, auditory aspects of a vir-
tual environment can be transmitted through headphones
or speakers. Sound isinterpreted by the brain three-dimen-
sionally, so the ability for a virtual environment to create
spatialized sound (e.g., a virtual human’s voice coming
from the direction of the speaker and growing louder asthe
speaker approaches) enhances the realism of the VE expe-
rience (Kalawsky, 1993; Loomis, Hebert, & Cicinelli,
1990; Zahorik, 2002). Matching appropriate auditory cues
with visual cues aso enhances realism; for example, the
sound of a door slamming should coincide with the visual
depiction of the slamming door.

The sense of touch has also been incorporated in VES
through the use of sensory gloves and other haptic devices
(Lanier, 1992, 1997; Salisbury & Srinivasan, 1997; Tan &
Pentland, 1997). Some haptic devices may be employed to
allow a user to exert touch and grasp or move a virtual
object. Other haptic devices enable the user to fedl the tex-
ture of a surface or receive force feedback, a felt reaction
that can occur, for example, when trying to depress an ob-
ject and having it bounce back (Basdogan, Ho, Srinivasan,
& Slater, 2000; Tan & Pentland, 1997).

Inside the Virtual Environment

VEs are usually characterized by the same basic elements
we observe in our physical environment: ground, sky, and
other components of external landscapes; the floors, ceil-
ings, and walls of internal spaces; and both realistic and
fantastic objects.

From the perspective of social science, the most inter-
esting virtual objects are representations of people. Rep-
resentations of peoplein VEs can vary from a high-fidel-
ity virtual human to an anthropomorphized animal in an
online role-playing game (see Nowak & Rauh, 2006, for
a review), and this representation can have effects on
both the user and observers (Castronova, 2004, 2005;
Schroeder, 2002; Schroeder & Axelsson, 2006; Yee &
Bailenson, 2007; Yee, Bailenson, & Ducheneaut, 2009).
Beyond their appearance, these representations are dis-
tinguished by who or what controlstheir actions. Avatars
are controlled by a human user, whereas agents are con-
trolled by an algorithm (Bailenson & Blascovich, 2004).
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When avirtual human is controlled by an algorithm, itis
referred to as an embodied agent (Cassell, 2000). This
distinction is worth noting because research has shown
that people react differently when they believe a virtual
representation is controlled by a human as opposed to a
computer. Notably, when people believe they are inter-
acting with an avatar, their physiological responses and
behaviors are more similar to how they would interact
with a real person (Hoyt, Blascovich, & Swinth, 2003;
Okita, Bailenson, & Schwartz, 2008)

According to Reeves and Nass's (1996) media equation,
humans have a limited ability to distinguish between real
and mediated representations, as the brain has not evolved
in response to the latter. Additionally, advancements in
photorealistic facial modeling (Bailenson, Beall, Blasco-
vich, & Rex, 2004), computational emotional models (Bad-
ler, Phillips, & Webber, 1992; Gratch & Marsella, 2005),
and artificial intelligence to direct conversation (Bickmore
& Cassell, 2005; Cassell, 2000) have enabled the creation
of increasingly lifelike and interactive virtual humans,
which has been shown to have an impact on users’ experi-
ences within the virtual environment (Bailenson et al.,
2005; Bailenson, Yee, Merget, & Schroeder, 2006). Thus,
virtual humans are a particularly compelling subject to
study because research indicates that participants often re-
act to virtual humans similarly to how they react to real
people (Donath, 2007; Garau, Slater, Pertaub, & Razzaque,
2005).

VES may aso provide sensory information beyond the
visua; for example, sound effects and ambient noise are
often implemented to bolster the user’s feelings of immer-
sioninthe VE (Vastfjall, 2003). Social scientists may wish
to use these cues to enhance the user’simmersion, or they
may wish to examine the role of such cues within the
unique space of a VE. For example, Williams, Caplan, and
Xiong (2007) found that in collaborative virtual environ-
ments (CVEs), VEs in which multiple people are net-
worked and share tasks, participants voices can have an
effect on task outcomes as well as perceptions of others.
Touch may also be incorporated in virtual interactionswith
haptic devices (Haans & ljsselsteijn, 2005; Lanier, 1997).
Like human touch, virtual touch may be used to apply force
and move virtual objects (Tan & Pentland, 1997), to per-
form acollaborative task (Basdogan et al., 2000) or to com-
municate and express emotions (Bailenson, Yee, Brave,
Merget, & Koslow, 2007). These technologies enable so-
cial scientists to create rich virtual environments in which
they can study a range of multisensory phenomena.

VEs in Social Science

There are three primary ways virtual environments have
been incorporated in the social sciences. First, VEs have
been studied by social scientists as objects in and of them-
selves. What isthe human experience like within aVE that
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issimilar to or different from the experiences in the phys-
ical world? For example, researchers are interested in how
VESs can be used to evoke emotional reactions. Secondly,
VEs have been created with the intention of application
outside of the laboratory in order to achieve real world
goals. For example, surgical VES have been developed to
familiarize doctors with new medical procedures. Finaly,
VESs have been used as a method to study social scientific
phenomena, enabling the replication and extension of real
world experiments in a more controlled environment and
also helping researchers create stimuli that may betoo cost-
ly or impractical to achieve in the real world. For example,
several researchers have used VEsto study how people re-
act to certain forms of nonverbal communication or wheth-
er stereotyping of interactants occurs. These different cat-
egories of research present severa angles from which a
social scientist may beinterested in studying or implement-
ing VEs.

In our discussion here we focus predominantly on im-
mersive virtual environments as opposed to online VEs or
videogames (for these topics, see Anderson, Gentile, &
Buckley, 2007; Barab, Hay, Barnett, & Squire, 2001; Cas-
sell & Jenkins, 1998; Castronova, 2005; Dede, 2009; Vor-
derer & Bryant, 2006; Williams, 2006; Yee, 2006a,b), be-
cause there is no current literature that reviews the extent
of social scientific work on and in IVES.

Virtual Environments as Objects of Social
Scientific Study

When virtual reality first emerged in social science, it was
because researchers were interested in studying the differ-
ent aspects of VR asapotential new medium. Aswith other
media, research became focused on evaluating the form
and content of VR and how variations in each affected the
user (Petersen & Bente, 1991).

One variable of interest is presence (also referred to as
telepresence), the user’s fedlings that the mediated environ-
ment is real and that the user's sensations and actions are
responsiveto themediated world asopposedtothered , phys-
ical one (Biocca, Harms, & Burgoon, 2003; Lee, 2004; Lom-
bard & Ditton, 1997; Loomis, 1992; Riva, Davide, & ljssel-
steljn, 2003; Slater & Steed, 2000; Steuer, 1992; Wirth et al.,
2007; Witmer & Singer, 1998). The user experiences pres-
ence as “being there” or “losng onesalf” in the mediated
environment (Lombard & Ditton, 1997). Although presence
has been examined in the context of other media such as
television and books, because of theimmersive nature of the
virtual experience, it is of particular importance to VE re-
searchers. Presence may be aresult of characteristics of the
technology used (ljsselsteijn, de Ridder, Freeman, Avons, &
Bouwhuis, 2001), aspectsof theenvironment such asgraphic
realism (deKort & ljsselsteijn, 2006; Ivory & Kayanaraman,
2007), or individua differences among users (Sacau, Laarni,
& Hartmann, 2008). The examination of presence isimpor-
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tant as previous studies have shown that the subjective expe-
rience of presence can impact the effectiveness of virtual
treatments (Villani, Riva, & Riva, 2007) and the degree to
which these stimuli trandate into real world behavior (Fox,
Bailenson, & Binney, in press; Persky & Blascovich, 2008;
Price & Anderson, 2007). In a review of the research, Lee
(2004) identified three different aspects of presence, includ-
ing physical, spatial, or environmental presence (the fedling
that you are in a particular virtual space; Lee, 2004), social
presence (thefeeling that another personissharing thevirtual
space with you; Biocca et al., 2003), and personal or self-
presence (the experience of avirtua self-representation asan
extension of the self; Ratan, Santa Cruz, & Vorderer, 2008).

V Es can also be designed to evoke emotional responses.
The EMMA project, for example, was created to explore
the utility of VEs as “mood devices’ to manipulate users
feelings while in a virtual space (Rivaet a., 2007). A VE
can be designed to evoke a particular emotion by depicting
scenes such as a sad-looking park with an empty play-
ground and a gloomy sky (Alcafiiz, Bafios, Botella, & Rey,
2003), a relaxing park with sunshine and soothing cues
(Riva et al., 2007), or an anxiety-inducing room full of
snakes (Bouchard, St-Jacques, Robillard, & Renaud,
2008). Virtual humans can also be used to influence users
emotions through their actions, dialog, and portrayed ex-
pressions (Gratch & Marsella, 2005; Kamada, Ambe, Hata,
Yamada, & Fujimura, 2005; Nijholt, 2004; Rizzo, Neu-
mann, Enciso, Fidaleo, & Noh, 2001).

In addition to the psychological effects of VES, users
may also experience physiological effects. One well-docu-
mented effect is cybersickness or simulator sickness. Some
users, particularly those susceptible to light-based stimuli,
may experience dizziness, light-headedness, and nausea af-
ter spending time in VEs, particularly if the VEs are fully
immersive (Stanney & Salvendy, 1998). Several studies
have demonstrated that beyond individual sensitivities
(e.g., susceptibility to motion sickness or a history of mi-
graines), the type of technology, itslevel of sophistication,
and the time spent immersed may also play arole (Sharples,
Cobb, Moody, & Wilson, 2008; Stanney, Hale, Nahmens,
& Kennedy, 2003). For example, an increase in lag, or the
time delay between the user’s actual motions and the up-
dating of the visual scene, isanissue of the technology that
may cause illness. A recent longitudinal study, however,
has demonstrated that cybersickness tends to decrease over
time as participants become more familiar with the experi-
ence of immersion (Bailenson & Yee, 2006).

Beyond simulator sickness, researchers have also inves-
tigated other physiological responses to VES, as they may
be indicators of psychologica states (Blascovich, 2000).
Macedonio, Parsons, Diguiseppe, Weiderhold, and Rizzo
(2007) successfully used virtual environments to induce
anger, leading to increases in heart rate, blood pressure,
galvanic skin response, respiration, and skin temperature.
Bullinger et al. (2005) found that combining a provocative
VE with a stressful cognitive task caused an increase in the
generation of the stress hormone cortisol, whereas neither
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stimulus a one affected cortisol. Meehan, Razzaque, Insko,
Whitton, and Brooks (2005) were able to increase partici-
pants' heart rate and skin conductance (i.e., perspiration)
with avirtual height simulation, and also found that these
increases served as good measures for participants expe-
rience of presence. Slater, Guger et al. (2006) found that
participants responded physiologically to interaction with
avirtual human as if it were area person. Additionaly,
Slater, Antley et al. (2006) found that heart rate and gal-
vanic skin response can also be used to identify breaksin
presence, or when participants are reminded of the fact that
they are physicaly in the real world while they are im-
mersed in the virtual world. Baumgartner, Valko, Esslen,
and Janke (2006) tracked brain activation as participants
were exposed to avirtua roller coaster that made a contin-
uous loop as well as amore realistic ride that made twists,
turns, and dives. In addition to experiencing increased el ec-
trodermal activity, participants reported greater spatial
presence in the realistic condition. An EEG also revealed
greater activation of the brain areas related to spatial nav-
igation during the redlistic coaster. As the measurement of
brain activity and physiological responses becomes in-
creasingly accurate and mobile, it islikely that researchers
will continue to explore these effects within the context of
virtual environments using technologies such as fMRI
(Baumann et al., 2003; Mraz et al., 2003).

The unique nature of virtual environmentsalso led to the
discovery of new theoretical constructs. Virtual technolo-
gies enable us to modify interpersonal communication in
novel ways that we could not achieve in the real world,
resulting in transformed social interaction (TSI; Bailenson,
Beall, Loomis, Blascovich, & Turk, 2004; Bailenson, Beall
et a., 2005). According to Bailenson, Beall, Loomis et al.
(2004), TSI presents advantages over traditional forms of
communication in three realms. First, TSI presents users
with the opportunity to enhance their normal perceptual
abilities (Bailenson & Beall, 2006). For example, partici-
pants might be able to see other participants’ names, affil-
iations, or other relevant personal information hovering
over their avatars. Participants can aso view an environ-
ment from different pointsin the room through multilateral
per spective taking. Second, V Es al so enable manipulations
of the context of the interaction including time and space
(Bailenson & Beall, 2006); participants may choose to “re-
wind” a conversation to hear part of it again, or “pause”
while they collect their thoughts. Third, and perhaps the
most fruitful realm for TSI research, iscontrolling self-rep-
resentation, namely “decoupling the rendered appearance
of behaviors of avatars from the human driving the avatar”
(Bailenson & Beall, 2006, p. 3). For example, identity cap-
ture entails obtaining the participant’s image and using
softwareto morph it with other individuals’ images. Blend-
ing the two representations gives the other individual some
of the more familiar features of the self; the resulting sim-
ilarity and familiarity breeds more liking of thisindividual
(Bailenson, Garland, lyengar, & Yee, 2006).

The Proteus effect is a particular application of TS| in
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which a user’s self-representation is modified in a mean-
ingful way that is often dissimilar to the physical self.
When the user then interactswith another person, theuser’s
behavior conforms to the modified self-representation re-
gardless of the true physical self or the other’simpressions
(Yee & Bailenson, 2007; Yee et al., 2009). For example,
when participants embody attractive avatars, they disclose
more personal information and approach ancther avatar
more closely. When participants embody taller avatars,
they are more confident in a negotiation task (Yee & Bai-
lenson, 2007).

Another method of transforming the self-representation
involvesthe use of avirtual human that is photorealistically
similar to the physical self but behaves independently of
the self. This representation can be modified to have an
experience or perform a behavior that the user has not or
currently cannot. After this exposure, users are morelikely
to imitate the behavior that the virtual self modeled. For
example, Fox and Bailenson (2009) found that users who
had seen their virtual selves exercisein aVE reported per-
forming more exerciseinthefollowing 24 h than those who
had not. Simply transforming the self-representation in the
virtual world led to a desirable behavior in the real world.

Asthese studies have shown, the manipulation of differ-
ent characteristics of avirtual environment can have a pro-
found impact on the user, both psychologically and physi-
ologically. Not only do these features of VEs have imme-
diate effects within the environment, but these effects can
carry over into the real world, indicating that VVEs have the
potential to become powerful toolsin the applied realm.

Applications of Virtual Environments

Asvirtual reality has gained traction in the social sciences,
innovative scholars have begun exploring its viability in
the creation of novel stimuli, treatments, and learning en-
vironments for use outside of the laboratory. One of the
most common applications of VEsisviavirtua reality ex-
posure therapy (VRET; Gregg & Tarrier, 2007; Parsons &
Rizzo, 2008; Powers & Emmelkamp, 2008; Riva, 2005;
Rothbaum, Hodges, & Kooper, 1997). Psychiatric re-
searchers realized that VEs could be used to treat patients
suffering from a specific anxiety or phobias. In the virtual
environment, patients are gradually introduced to the neg-
ative stimulusin avirtual setting until they become desen-
sitized or are able to cope with their fear or anxiety. VRET
has been used to treat acrophaobia (the fear of heights; Coel-
ho, Santos, Silvério, & Silva, 2006), agoraphaobia (fear of
open spaces; Botella et a., 2007), arachnophobia (fear of
spiders; Cote & Bouchard, 2005); aviophobia (fear of fly-
ing; Rothbaum, Hodges, Smith, Lee, & Price, 2000); public
speaking anxiety (Harris, Kemmerling, & North, 2002),
panic disorder (Botellaet al., 2007) and social phobia (Roy
et al., 2003). VRET has also been employed in the success-
ful treatment of combat-related posttraumatic stress disor-
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der (PTSD; Reger & Gahm, 2008; Rothbaum, Ruef, Litz,
Han, & Hodges, 2003).

VESs have also been explored as atool for cognitive be-
havioral therapy. Researchers have found that virtual cues
can be used to stimulate alcohol cravings (Cho et al., 2008)
and nicotine cravings in cigarette smokers (Baumann &
Sayette, 2006). Thus, it is expected that these stimuli may
be used therapeutically to teach addicts to cope with crav-
ing-inducing cuesin avariety of situations. VEs have also
been used in studying patients with eating disorders by ex-
posing them to high-anxiety environments such as akitch-
enfilled with fattening foods and examining patients' emo-
tional reactions (Gutiérrez-Maldonado, Ferrer-Garcia,
Caqueo-Urizar, & Letosa-Porta, 2006). Researchers expect
that these environments will be incorporated in therapy in
which patients learn to cope with anxiety-inducing situa-
tionsin a healthy manner.

Another increasingly common application is the use of
virtual reality therapy in physical rehabilitation (Schultheis
& Rizzo, 2001; Sveistrup et al., 2003). Virtual environ-
ments have two features that uniquely facilitate physical
rehabilitation: The ability to capture and review one’'s
physical behavior three-dimensionally, thus enabling a
close and interactive examination of one's progress and
failures, and the ability to see one’s own avatar rendered in
real time from a third-person point of view (Bailenson et
al., 2008). Additionaly, virtual environments can be used
to safely recreate real environmentsthat might be challeng-
es for those who have suffered an injury (e.g., crossing a
busy intersection). VEs have been used to help stroke vic-
tims regain a sense of balance while walking (Deutsch &
Mirelman, 2007) and help children with cerebral palsy de-
velop muscular coordination (Bryanton et al., 2006). The
visual nature of VEs has also facilitated novel treatments
for children with amblyopia (“lazy eye’; Eastgate et a.,
2006).

Aside from these applications, VEs have been employed
in a variety of other medical contexts. VEs have been
shown to be an effective distraction method for helping
patients manage pain (Gold, Belmont, & Thomas, 2007;
Hoffman et al., 2008). Children exposed to an interactive
distraction in an HMD as opposed to other forms of dis-
traction significantly increased their pain tolerance and
pain thresholds (Dahlquist et a., 2007). Virtual models of
the human body have become popular interactive tools for
teaching medical students, nurses, and doctors the basics
of human anatomy as well as complicated surgical proce-
dures (O'Toole et al., 1998; Spitzer & Ackerman, 2008).
VEs have also been used to teach medical personnel com-
munication and decision-making skills because they can
portray a variety of situations, from a regular checkup to
the chaos of an emergency room, that practitioners may
face (deLeo et al., 2003; Johnsen et a., 2006; Kenny, Riz-
zo, Parsons, Gratch, & Swartout, 2007; Mantovani, Castel-
nuovo, Gaggioli, & Riva, 2003).

The military has also taken an active interest in the de-
velopment of training environments. One of the earliest ap-
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plications of VR was the development of flight simulators,
which provided pilots with a safer and less expensive way
to learn flying skills (Furness, 1987; Pausch, Crea, & Con-
way, 1992). Virtual simulations of conflict scenarios have
been used to teach soldiers how to make quick and effective
decisions under stressful circumstances (Hill et al., 2003).
V Eshave also been used to hel p soldiers devel op cross-cul -
tural communication skillsto prepare for their deployment
to adifferent country (Deaton et al., 2005).

Asidefrom medical and military interests, several indus-
tries have taken interest in the ability to create VEs for
training purposes and networked collaboration spaces. Al-
though the initial development is rather involved, creating
a VE for training employees is an overall less expensive,
lessrisky, lessvariable, and possibly more effective method
than hands-on training (which may interfere with produc-
tivity or present a safety issue) or traditional media (which
do not permit interactivity or “hands on” practice; Brough
et al., 2007). Another opportunity to incorporate VEs is
through the development of virtual workplaces (Wilson &
D’ Cruz, 2006) or collaborative virtual environments that
allow interaction via avatars (Benford, Greenhalgh, Rod-
den, & Pycock, 2001; Joslin, Di Giacomo, & Magnenat-
Thalmann, 2004; Normand et al., 1999; Reeves, Malone,
& O'Driscoll, 2008).

Because both training and collaboration can be facilitat-
ed by avirtual environment, it is unsurprising that a great
deal of research energy is going toward the development
of virtual classrooms (Moreno & Mayer, 2007). Digital en-
hancements offer unlimited opportunities for infusing the
subject matter directly into the classroom, whether that en-
tails making a Tyrannosaurus Rex appear next to the teach-
er during a science lesson or having Mark Twain lead a
literature class about Huck Finn’sadventures. Additionally,
classroom variables can be manipulated to create the opti-
mal learning environment. For example, sitting at the front
of the classroom and receiving the mgjority of theteacher’s
eye gaze both enhance student learning, but these factors
are not achievablefor every student in aphysical classroom
asthere are only so many seats and so much time ateacher
can spend attending to asingle student. In the virtual class-
room, however, these factors can be manipulated so that
every student receives these benefits; indeed, research has
demonstrated that these virtual manipulations result in
greater learning (Bailenson, Swinth et al., 2008).

VEs as a Method to Study Social Scientific
Phenomena

The pioneering work of Jim Blascovich and colleagues led
to the use of virtual environments to study social and psy-
chological phenomena. Blascovich et a. (2002) cited sev-
eral advantagesto using VR in studies. First, VR alowsthe
researcher to create experimental situations with more
mundane realism, thus making participants’ reactionstothe
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stimuli more genuine than the typical combination of writ-
ten vignettes and questionnaires (Blascovich et al., 2002).
For example, rather than invoking fear by asking partici-
pants to imagine standing at the edge of a precipice or giv-
ing them a written passage describing the scenario, VR al-
lows participants to be immersed in that situation and to
see the precipice in front of them. VR and other networked
technologies may also help aleviate the problem of non-
representative sampling (Blascovich et al., 2002). Rather
than relying on immediately available participants, net-
worked environments allow the inclusion of samples from
distal locations, thus providing variation in the participant
pool. Another issue VR helps resolve is the lack of exact
replication of the experimental setting and stimulus (Blas-
covich et al., 2002). Consider, for example, the use of con-
federates. When the confederate stimulusis computer-pro-
grammed, the variability of that presentationislimited and
precisely replicated down to the second and millimeter
(Bailenson, Blascovich, Beall, & Loomis, 2001). Inthereal
world, however, multiple confederates may vary on their
demographic characteristics, appearance, or nonverbal be-
haviorsin a way that causes unintentional variation in the
stimulus. Even the same confederate may vary from day to
day on eye contact, manner of dress, or degree of precision
in adherence to the experimental script. VR can provide
more control for such fluctuations to ensure that uninten-
tional cues are avoided. Additionally, VR can be used to
create a variety of environments (e.g., a shopping mall, a
doctor’s office, a movie theater, or an airplane cabin) in a
controlled manner, thus providing the advantage of being
able to study occurrences in these places without interfer-
ence from other cues that might disrupt studies in corre-
sponding real world environments (e.g., the smell of food
or ringing cell phones). In the same vein, VR can be used
to create stimuli that are unavailable or difficult to manage
inthereal world, such aslarge crowds, snakes, or children.

This ability to selectively craft stimuli is part of the re-
verse engineering approach (Bailenson et al., 2001; Bente,
Kréamer, Petersen, & de Ruiter, 2001; Bente, Petersen, Kré&-
mer, & de Ruiter, 2001). In the physical world it is very
difficult to filter out the multitude of cues that contribute
to any given experience. For example, if communication
researchers want to study the effect of body posture on per-
ceptions of aspeaker’s credibility, they must deal with sev-
eral confounding cues, such as the speaker’s natural facial
expressions, head movements, and gestures. Using avirtual
stimulus, however, these cues can all be removed or neu-
tralized; also, the exact same stimulus can be created ini-
tialy, with only aslight changein the programming to cre-
ate the body posture manipulation. The main advantage of
this approach is that the variable of interest is effectively
isolated and can be examined without confounds.

Another benefit of the reverse engineering approach is
the ability to replicate traditional theoretical studiesin a
more “pure’ fashion given this control. Socia scientists
may take their pick of theories and put the relevant con-
structsto the test using VEs. For example, Fox and Bailen-
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son (2009) implemented social cognitive theory (Bandura,
1977, 2001) in a study of exercise behavior modeling and
were ableto uniquely examine the concept of identification
by using a virtual stimulus that varied only in the presen-
tation of the model’s face, which was either the self or an
unknown other. Human modelswould have varied on other
dimensions, such as height, weight, and body shape, which
might have confounded the manipulation of interest.

Several methods for studying socia scientific phenom-
enawithin virtual environments have been proposed (Blas-
covich et al., 2002; Loomis, Blascovich, & Beall, 1999;
Schroeder, 2002; Schroeder, Heldal, & Tromp, 2006). Typ-
ical methods of assessment and data gathering such as sur-
vey responding, observation, and audiovisual recording
work in VEs as easily as in other contexts, but VESs offer
several advantages for data collection. Scripts for created
virtual environments can be written to automatically record
data regarding the user’'s movements, gaze, and gestures,
alleviating the subjective and often painful process of hav-
ing coders review videotape. These functions also gather
dataamost continuously, reporting at fractions of a second
that are too minute for human coders to distinguish. VEs
also enable this data to be integrated in real time with mul-
tiple networked participants (e.g., Bente, Rliggenberg, Kré&-
mer, & Eschenberg, 2008). Automatic data collection from
online virtual worlds can provide information on task per-
formance and social and economic exchange (Bainbridge,
2007). Additionally, many online environments permit the
launch of specific modules that can be custom-built by
computer programmersto record the exact data aresearch-
er wants and filter out unwanted metrics (e.g., Friedman,
Steed, & Slater, 2007; Yee & Bailenson, 2008; Yee, Bai-
lenson, Urbanek, Chang, & Merget, 2007).

These advantages in stimulus creation and data collec-
tion have enabled researchers to examine awide variety of
sociopsychological phenomena. In the following section,
we review in detail the findings of studiesin virtua envi-
ronments on nonverbal behavior, including eye gaze and
proxemics,; behavioral mimicry; interpersonal persuasion;
social anxiety; social facilitation and inhibition; leadership;
prosocial behavior; and prejudice and stereotyping.

Nonverbal behavior was one of the first subjects of so-
cial scientific study invirtual environments. Bente and col-
leagues (Bente, 1989; Bente, Feist, & Elder, 1996; Bente,
Kramer et a., 2001; Bente, Petersen et al., 2001) were
among the first to use computer animated humans to study
nonverbals. The researchers videotaped dyadic interactions
and then rendered the nonverbal behaviors of the partici-
pants using virtual humans. Participants were asked to
judgetheir impressions of theinteractionsfor the video and
animation, and only marginal differences were identified
between the two stimuli. Bailenson et al. (2001; Bailenson,
Blascovich, Beall, & Loomis, 2003) replicated some work
on proxemics using a VE. Similar to real world findings,
the researchers observed that participants who approached
avirtual human treated it like areal person and maintained
its“personal space’ by not getting too close. Alsoreflective
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of real world proxemic behavior, participants maintained
more space in front of the avatar when facing it than when
asked to walk around to its back side. The researchers also
found support for equilibrium theory with virtual humans:
That is, participants came closer to an avatar that was not
looking at them, but when the avatar made eye contact and
they shared gaze, participants maintained a greater dis-
tance. Friedman et a. (2007) reported that users of Second
Life abided by proxemics that paralleled those in the real
world when interacting with other avatars. Yeeet al. (2007)
found a replication of real world proxemics and eye gaze
in astudy conducted in Second Life: Male pairs exhibited
larger interpersonal distances and less eye gaze, whereas
female pairs maintained smaller distances and used more
direct eye gaze. In another study on eye gaze, Bente,
Eschenberg, and Krémer (2007) found that, similar to face-
to-face interactions, participants evaluated those that gave
longer gazes more favorably than those who gave shorter
gazes.

Bailenson and Yee (2005, 2007) incorporated nonverbal
communication in their V E-based studies examining Char-
trand and Bargh's (1999) chameleon effect, the notion that
an individual is more persuasive if he or she mimics the
nonverbal behaviors of the target. They found that if avir-
tual human undetectably mimicked a participant’s head
movements, the participant rated the agent more positively
and was more likely to agree with the persuasive message
than if no mimicry occurred (Bailenson & Yee, 2005). This
result was also replicated using another form of nonverbal
communication, a virtual handshake (Bailenson & Yee,
2007).

These findingsindicate that users can implement aspects
of virtual technology to facilitate persuasive outcomes. Be-
cause of the prevalence of online persuasive environments
such as shopping websites and political chatrooms, as well
as the transition of many of our daily communications to
digital venues such as email and instant messaging, it is
natural that virtual social influence has been agrowing area
of study. Now that 3-D environments and more lifelike
agents and avatars are being implemented in these interac-
tions, we can expect that increasing numbers of these per-
suasive messages will be delivered using a virtual human
(Nijholt, 2004). Themodel of social influenceinimmersive
VEs proposed by Blascovich (2001; Blascovich et al.,
2002) has provided the groundwork for alarge number of
such studies.

Several researchers have explored the use of virtual hu-
mans as mechanismsfor social influence. Guadagno, Blas-
covich, Bailenson, and McCall (2007) found that same-sex
in-group favoritism, acommon effect in thereal world, also
occurred in a virtual persuasive environment. Participants
demonstrated greater attitude change when they heard the
persuasive message from a virtual human of the same sex
asthemselves. Skalski and Tamborini (2007) used interac-
tiveand noninteractive agentsto deliver apersuasive health
message. Participants who encountered an interactive
agent demonstrated a greater change in attitudes and inten-
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tions: They placed greater importance on the value of get-
ting one’s blood pressure checked and were more likely to
schedule an appointment for a blood pressure reading.
Read et a. (2006) found that men who role-played in an
interactive virtual environment in addition to receiving safe
sex counseling reduced their risky sexual behaviors more
than those who only received counseling. Eastwick and
Gardner (2009) explored sequential request techniques in
virtual worlds. As in the real world, using a foot-in-the-
door or a door-in-the-face technique to gain compliance
was more effective than merely making a direct request.

In addition to their use as agents of influence, virtual
humans can be used to €licit the same psychological re-
sponses peopl e experience in the presence of real humans,
such as social anxiety. Garau et al. (2005) found that so-
cially anxious people were more likely than nonanxious
people to avoid contact with agents in an IVE, indicating
that the virtual humans also evoked apprehension in social-
ly anxious participants. Slater, Pertaub, Baker, and Clark
(2006) put confident and phobic people in a public speak-
ing IVE and had them deliver a speech to either an empty
room or a group of people. Confident speakers showed no
difference in self-reported anxiety or heart rate, whereas
phobic speakers demonstrated significantly more psycho-
logical and physiological anxiety in the populated room
than in the empty room.

Because virtual humans evoke such responses, several
studies have used them to examine social facilitation and
social inhibition, the effects that an audience may have on
task performance. Hoyt et al. (2003) asked participants to
complete easy or hard tasks in the presence of two avatars,
in the presence of two agents, or alone. When people were
told the virtual humans were human-controlled avatars
rather than computer-controlled agents, the hypothesized
social facilitation effects occurred: Avatars boosted partic-
ipants' performance on easy tasks but hindered their per-
formance on difficult tasks. Park and Catrambone (2007)
presented participants with similar tasks and tested them
alone, in the presence of another person, or in the presence
of avirtual human. The easy tasks were completed signif-
icantly faster when in the company of another person or a
virtual human compared to the alone condition, but the dif-
ficult tasks took longer when another person or virtual hu-
man was present as opposed to being alone. Zanbaka, Ulin-
ski, Goolkasian, and Hodges (2007) performed the same
mani pulation and found that these effects occurred whether
the virtual human was projected or presented in an immer-
sive environment. Blascovich et al. (2002) reported a sim-
ilar finding in a virtual card-playing scenario: Participants
playing with virtual humanstended to conform more to the
virtual humans' betting behavior when told the other play-
ers were human-controlled avatars as opposed to comput-
er-controlled agents.

Other interpersonal and group processes have been ex-
plored using VR. Gilliath, McCall, Shaver, and Blascovich
(2008) studied prosocial behavior. They found that approx-
imately the same proportion of people help out or express
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concern for avirtual needy person as has been observed in
real world studies. Slater, Sadagic, Usoh, and Schroeder
(2000) compared face-to-face and virtual groupsand found
that, despite the rudimentary nature of the VE, natural
group processes such as leadership emergence and embar-
rassment occurred in both environments. Hoyt and Blasco-
vich (2003, 2007) examined leadership using virtual envi-
ronments. They manipulated transactional and transforma-
tional leadership styles in an IVE and found that
participants group performance and cohesiveness were
equivalent to those who engaged in the same activity inthe
physical world (Hoyt & Blascovich, 2003). In another
study, the authors used an IVE to activate sex stereotypes
regarding leadership abilities and found that women with
high levels of efficacy experienced reactance and outper-
formed low efficacy women (Hoyt & Blascovich, 2007).

Stereotyping and prejudice have been explored in other
studies as well. Fox and Bailenson (2009) found that par-
ticipants exposed to a stereotype-confirming virtual female
in an IVE later expressed more sexism and antiwoman at-
titudes than participants who encountered a nonstereotyp-
ical virtual female. Groom, Bailenson, and Nass (2009)
found that participants embodied in Black avatars in an
IVE expressed more negative implicit attitudes toward
Blacks than participants embodied in White avatars.
Dotsch and Wigboldus (2008) placed Dutch participantsin
a CAVE® in which they encountered a White or aMoroc-
can agent. Participants maintained more personal distance
with a Moroccan agent. Also, participants showed an in-
crease in skin conductance level s when approaching aMo-
roccan in contrast to a White virtual human. Eastwick and
Gardner (2009) noted that the effects of race carried over
to online virtual environments aswell; in their experiment,
Black avatars were less successful using the door-in-the-
face compliance technique than White avatars.

In sum, VEs have been successfully implemented to in-
vestigate a wide range of phenomena. In addition to this
detailed literature review, we conducted a study to deter-
mine how many articles had been published about VR and
what trends could be observed.

A Content Analysis of Social Scientific
Research on VEs

To get a better sense of the waysin which virtual environ-
ments have been used in the social sciences, we undertook
a content analysis of a sample of empirical articles about
VEsin social science research. For each articlein our sam-
ple, we determined which of the three previously described
categories the article fit into, i.e., whether the VE studied
in the article was the object of basic research, an applica-
tionintended for real world use, or amethod for facilitating
the observation of some psychological phenomena that
were the main focus of study. We also captured the institu-
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tional affiliation of the first author of each article so that
we could investigate trends regarding dispersion of VE re-
search among various academic disciplines over time.

Criteria for Article Selection

We created a coding scheme by specifying that we wanted
to limit our analysis to empirical articles about virtual en-
vironments (VES) in socia science research. This specifi-
cation has three key elements, which we codified as fol-
lows. If the article did not meet these three criteria, they
were coded as false positives. First, the study must be em-
pirical and report the collection of data that have not been
published elsewhere. An article that summarized or re-
viewed relevant literature would not be included, nor
would an article that describes various properties of a new
VE without reporting results about its use. Second, the en-
vironment reported in an article must render some sort of
virtual space that is presented to the user (thisisusualy a
visual representation, but some such representations might
be auditory or haptic) and must include some tracking
mechanism for updating its rendering based on user input.
An environment that would not qualify for inclusionisone
in which users watch movement through a virtual space as
“passengers’ without any ability to change the rendered
space or perspective, such asinanonline 3-D movie. Third,
we focused solely on social scientific research; that is, the
data must include the behavior of at least one person other
than the researcher(s). Thus, qualitative accounts of an in-
dividual’s experience in a VE were excluded. Also, an ar-
ticle about a new peer-to-peer multicast system that only
reported network latency measurements would not count
associal science, because no results of human participation
are reported.

Coding Criteria

Articles that met our criteria were then placed into one of

the following three categories:

1) Object: Theresearch iscentrally concerned with the na-
ture of the user’s experience regarding the VE itself and
the possible effects of that experience.

2) Application: The research is centrally concerned with
creating and using a VE outside of the laboratory, for
examplein apsychiatrist’s office or a corporate training
center, to change how people behave in the real world.

3) Method: The research is centrally concerned with using
aVEto examinereal world phenomena. Researchinthis
category may use the VE to manipulate variables that
are not easy to replicate in the laboratory (e.g., simulat-
ing a crowd of people), potentially harmful in the real

world (e.g., abusy intersection), or hard to control (e.g.,
the number of cues in a shopping mall that might en-
courage smokers to crave a cigarette).

Sample

Having established criteriafor inclusion and categorization
of articles, we next needed a master data set of scholarly
articles from which we would sample. To create the data
set, we searched the Web of Science from the online aca-
demic database ISl Web of Knowledge (http://www.we-
bofknowledge.com/) for all journal articles or proceedings
papers published before 2009 that included any of theterms
“virtual environment(s),” “virtual world(s),” or “virtual re-
alit(y/ies)” intheir title, abstract, or keywords. On Monday,
23 Feb 2009, thissearch returned 6,617 articles, which con-
stituted our population of articles.

Method

Using a coding scheme and a data set, we recruited ateam
of nine undergraduate research assistantsto serve as coders
for our analysis. We then performed two rounds of reliabil-
ity training with these coders, using random samples of
articles from our master data set (50 articles in the first
round and 100 in the second). In each round, we had all
coders categorize al articlesin the sample as object, appli-
cation, or method (or as a false positive if the article was
not empirical, did not involve a VE, or was not social sci-
ence); we then debriefed and came to consensus about how
to code articles for which there had been disagreement.

After our second round of training, we divided our team
so that five coders could concentrate on categorizing arti-
cleswhile another four coders could concentrate on finding
first-author institutional affiliations. We then conducted a
third and final training round with another random sample
of 133 articles from our master data set. By the end of this
third round of training, we cal culated intercoder reliability
using Fleiss'sextensionto Cohen’s k! (Fleiss, 1971) for our
five-person categorization team and found an estimate of
reliability of 0.61, which although somewhat low has been
described as a “substantial” level of agreement (Landis &
Koch, 1977) and was determined to be high enough for our
purposes.

Because we had debriefed and come to consensus for
every article about which there was disagreement in the
three rounds of training, we already had 283 articles cate-
gorized with 100% agreement. We then assigned to each
member of our 5-person categorization team another ran-
dom sample of 100 articles, bringing the tally of catego-
rized articlesto 783; of these, 553 were coded as fal se pos-

1 Wealso caculated Krippendorff’s o (Krippendorff, 1980) to assess intercoder reliability; because our estimates using Krippendorff’so. were
extremely close to those using Fleiss's extension to Cohen’s k, we report only the latter throughout.

Journal of Media Psychology 2009; Vol. 21(3):95-113

© 2009 Hogrefe Publishing



J. Fox et al.: Virtual Reality for Social Scientists 105

itives, leaving 230 articles that were coded as either object,
application, or method. We divided these up among the
members of our four-person affiliation team to find first-
author affiliations. We did not further examine false posi-
tives or include them in the subsequent analysis.

Results

Examining our data, we were able to identify some trends
in publications about VR. To determine these values, the
number of relevant articleswas divided by the total number
of articles (230) to yield the percentages. First, as can be
seen in Figure 2, social scientific studies examining VR as
an object were most popular (41.3%), followed closely by
VR applications (38.7%); only 20% of articles concerned
the use of VR asamethod for studying existing social sci-
entific phenomena. Figure 3 demonstrates that VR studies
began to emergein the social scientific literaturein the ear-
ly nineties. All three categories have increased steadily
over time, although in the last decade object and applica-
tion studies have grown more rapidly than method studies.

Thefirst author affiliation coding, seenin Figure 4, dem-
onstrates that medical affiliations, including medicine, sur-
gery, and psychiatry, were the most common (33.5%). This
finding may be due to the fact that medical studiesinvolve
applications that are actively implemented in the training
of medical students and doctors (Burdea & Coiffet, 2003),
and such implementations present additional opportunities
to collect and report data on the effectiveness of a system.

Proportion of Publications
By Category

Object
(41.3%)

Application Method
(38.7%) (20.0%)

Figure 2. The distribution of articles categorized as object,
application, and method.
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Socid scientific affiliations (e.g., psychology, communica-
tion, or education) were the second most common (31.7%).
Becausewe were searching for social scientific studies, this
finding is not surprising. Engineering studies (including
computer science) were the third most common (29.1%);
however, if we had not required human subject participa-
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Figure 3. An examination of the three categories of VR
studies over time.
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Sciences Sciences
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Figure 4. Thefirst-author affiliations of our article sample.
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Figure 5. First-author affiliations over time.

tion, these studies would have likely predominated as en-
gineering and computer science journals are rife with arti-
cles on emergent display, sensing, and tracking technolo-
gies. Since the early 1990s, all three of these categories
have grown, although social sciences have remained steady
since 2001 while engineering and medi cine have continued
to increase (see Figure 5). Finally, management sciences
(e.g., business;, 3%) and environmental sciences (2.6%)
wererepresented in acouple of articlesin our sample; how-
ever, they have not demonstrated much growth over time.

Future Directions: Where Can Social
Scientists Go from Here?

We have seen that the social scientific study and implemen-
tation of virtual environments is becoming increasingly
common. Because virtual technologies are still under de-
velopment and testing, it is unsurprising that a large pro-
portion of articles are devoted to the study of VEs as ob-
jects. We still have much to learn about the characteristics
of the technology and their individual and cumulative so-
ciopsychological impacts. The large number of application
articlesis also to be expected because the entities that wish
to create V E applications, such as corporations and medical
institutions, typically have more funding and personnel
available to support such projects.

The results of the content analysisindicate that VEs are
being underused as a method in the social sciences. The
lack of usageislikely due to severa factors. For example,
many social scientists do not have a background in com-
puters and technology. VEs are becoming increasingly
user- and creator-friendly (Bartle, 2004), however, so a
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computer science degree is no longer necessary to under-
stand and implement them. Computer literacy has become
afundamental aspect of education and essential to contem-
porary academia; thus, increasing numbers of scholars are
emerging with the basic skill set needed for VE research.
Another hindrance isthat researchers are under the impres-
sion that VE research is cost-prohibitive. Although high-
end equipment and fully immersive environments remain
expensive, their costs are decreasing. Of greater interest is
the availability of several onlinevirtual environments, such
as Second Life, that are free to use, accessible to any par-
ticipant with an Internet connection, and relatively easy for
researchers to modify.

With the technological and cost barriers removed, the
individual scholar’s question remains. “How can VESs ben-
efit my line of research?’ We can specul ate about a number
of future directions for the study of VEs as objects, the
implementation of V Es as amethod, and the application of
VEs.

Communication researchers are presented with several
different virtual media to explore as objects, perhaps im-
plementing atraditional media effects paradigm and exam-
ining the characteristics of the medium, its content, and the
cognitive, attitudinal, emotional, and behavioral effects on
users (Bryant & Oliver, 2008). Although some basic ques-
tions have been addressed, little is known on the effects of
different types of hardware setups on psychological and
socia outcomes. Inthefuture, new explanatory modelsand
theoriesfor virtual experienceswill emerge. Can we expect
different effects on emotions, persuasive outcomes, aggres-
sion, and behavior from desktop VEs, physically tracked
videogames like the Wii, and fully immersive virtual envi-
ronments? What roles do interactivity and presence play in
moderating or mediating these effects? It is possible that
new theories and models addressing these specific aspects
of new media will emerge, and VEs will be an effective
platform with which to test them. Another issueisVE-spe-
cific content. What sort of trends in content are we seeing
in existing VES? Does this content reflect traditional media
content, and will those trends continue with the emergence
of new forms of VR technology? What novel forms of sen-
sory content can we expect to emerge, and how will they
be studied?

Media effects researchers should also consider trans-
formed social interaction and the Proteus effect as fertile
ground for examining how manipulations within the VE
impact behaviors both inside and outside the virtual world.
These concepts may be implemented to understand how
traditional communication concepts may beateredin VES.
For example, CMC (computer-mediated communication)
researchers have investigated the effects of different forms
of self-presentation in online dating and social networking
profiles (Gonzales & Hancock, 2008; Toma, Hancock, &
Ellison, 2008; Walther, 2007; Walther, Van Der Heide,
Kim, Westerman, & Tong, 2008). A study might investi-
gate how transformed self-representations in 1VEs affect
others’ perceptions of credibility or interpersonal trust.
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We have demonstrated the utility of VESs for studying
various social scientific phenomena. For researchers, the
possihilities for replications of previously conducted stud-
ies are endless, or they may want to explore novel ways of
testing existing theories. Social identity theory, for exam-
ple, looks at the processes and strategiesinvolved in estab-
lishing and bolstering one's group identity (Tajfel &
Turner, 1986). An interesting study might involve experi-
mentally manipulating various features of avatars, assign-
ing them to participants, and observing if this affects how
ingroups and outgroups develop in a collaborative virtual
environment or an online VE such as Second Life. Con-
flicts and competition could then be introduced to see if
virtual groups behave similarly to those observed inthereal
world. Persuasion theories could also be studied within
VESs. Researchers have been plagued by the inconsistency
between attitudes and behaviors (Ajzen & Fishbein, 1977,
1980), which is often observed in health initiatives (Armi-
tage & Conner, 2000; Fishbein & Cappella, 2006). A treat-
ment can be successful in shifting attitudes, and perhaps
even behavioral intentions, but these effects often do not
carry over to behavior. A VE may help resolve that link by
providing participants with the opportunity to perform the
behavior virtualy.

Online and networked V Es also present opportunitiesto
study macro-level behaviorsonthe community level. Some
research has been conducted on economics (Castronova,
2005), theroleof law (Lastowka & Hunter, 2004), task-ori-
ented socia networking (Williams, 2006), relationship for-
mation (Yee, 2006a,b), and the potential for democratic
processes (Noveck, 2003) within virtual communities.
With the ability to collect vast amounts of data over time,
researchers have the opportunity to explore a number of
evolving and emergent phenomenathat are difficult totrace
in the real world, particularly in real time.

Beyond explorations of the technology itself, social sci-
entists may also be interested in collaborating with educa-
tors, doctors, military personnel, or industry to help create
effective applications for use in the real world. There are
many opportunities to help create, test, and implement vir-
tual treatments and training environments using social sci-
entific constructs and theories. For example, VES have
been devel oped for medical students to practice their com-
munication skills in patient-provider scenarios. A social
scientist could contribute to this effort by incorporating
persuasion techniques to facilitate patients compliance
with medical advice. Similarly, if a nonprofit organization
were creating a virtual workplace, a social scientist might
suggest ways to use a virtual environment’s capabilitiesto
enhance small group performance, perhaps by implement-
ing atracking system to decrease social |oafing or arewards
structure to facilitate goal -setting.

Inthisarticle, we have provided an overview of thetech-
nological aspects of VR and laid out the possibilities for
socia scientific research using virtual environments. Al-
though we have presented arich body of literature that has
begun to explore the nature and utility of VR, there are a

© 2009 Hogrefe Publishing

multitude of questions and future directions for study that
have yet to be addressed. Asin virtual redlity, the only lim-
its are the researcher’s imagination.
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