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Two studies examined whether participant attitudes would bange
toward positions advocated by an ingroup member even if the
latter was known to be an embodied agent; that is, a human-
like representation of a computer algorithm. While immerse in
a virtual environment, participants listened to a persuasive com-
munication from a digital representation of another student. The
latter was actually an embodied agent (a computer-controked dig-
ital representation of a human). Study 1 examined the extentto
which gender of the virtual human, participant gender, and the
agent's behavior affected attitude change. Results revedl gender-
based ingroup favoritism in the form of greater attitude change
for same gender virtual humans. Study 2 examined behavioral
realism and agency beliefs; that is, whether participants &lieved
the other to be an agent or an avatar (an online representatio
of an actual person). Results supported Blascovich and celigue's
model of social influence within immersive virtual environments.
Specifically, the prediction that virtual humans high in behavioral
realism would be more influential than those low in behavioral
realism was supported, but this effect was moderated by thempder
of the virtual human and the research participant. Implications
of these findings for the model are discussed.
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INGROUP FAVORITISM AND PERSUASION: THE EFFECTS OF
AGENCY AND BEHAVIORAL REALISM

People are influenced more by similar others or members of #ir ingroups
than dissimilar others or members of outgroups (e.g., Cialdi, 2001; Cialdini
& Trost, 1998). For example, Brock (1965) demonstrated thaalespersons
who reported being similar to prospective customers on a diransion rele-
vant to the prospective purchase (paint) were more effectie sellers. Mackie,
Worth, and Asuncion (1990) found that participants were ma¥ open to per-
suasion on a counter-attitudinal message when the commurator was a
member of their ingroup. Guadagno and Cialdini (2007) repded that indi-
viduals highly identified with a communicator were more open to persuasion
though, notably, the effect was moderated by the communicén modality.
Bailenson, Garland, lyengar, and Yee (2005) demonstratetidt a political
candidate is more likely to receive a person's vote if he or ghlooks like
that person (i.e., digitally morphed photograph combiningthe candidate and
voter's faces).

This investigation examined how perceptions of a communictr's group
membership and agency impact attitude change, specificgllwhether people
change their attitudes in accord with a position advocatedyan apparent in-
group member even if that individual is known to be a computercontrolled
agent. Research conducted by Nass and colleagues (Nass & Mo@O0OQO;
Reeves & Nass, 1996) indicates that people often respond toroputers so-
cially, but the question of how people respond to computers hat look and
act human (i.e., virtual humans) has not been thoroughly adekssed. Blas-
covich and colleagues (Blascovich, 2002; Blascovich et a002) proposed a
model of social influence within immersive virtual enviromrments that predicts
that people will be more influenced by virtual representatons of humans to
the extent that they exhibit behavioral realism and/or are blieved to be
avatars, that is, online digital representations of actuaithers.

Immersive Virtual Environments

A virtual environment is a synthetic representation of a natal or imag-
ined environment (Blascovich et al., 2002; Biocca & Levy, P%; Kalawsky,
1993; Lanier, 2001). Although virtual worlds have existef millennia (ljs-
selsteijn, 2004), modern digital technology has advancedhém qualitatively
and quantitatively. Digital virtual worlds can be two- or three-dimensional
representations of a space (room, landscape, planet, etcontaining ob-
jects (chairs, flora, oceans, etc.) and representations dumans. The latter
can be online representations of actual persons (i.e., avafs) or computer
algorithms simulating persons (i.e., agents). Individualin an immersive vir-
tual environment (IVE) are typically experience visual aspcts of the virtual
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FIGURE 1 Single-user immersive virtual environment with computeicontrolled agent.

world via computer controlled head-mounted displays (HMD)that project
the world stereoscopically. See Figure 1.

For self-relevant social interactions involving consciosiresponses, Blas-
covich and colleagues (Blascovich, 2002; Blascovich et aR002) hypothe-
sized an interaction between behavioral or communicativeealism (the de-
gree to which human representations and objects behave as di would
in the physical world) and agency (the extent to which the paticipant be-
lieves they are interacting with another sentient human beig) such that the
higher the realism, the less perceived agency is necessaxy achieve social
influence, and vice versa. Thus, the more realistic the bek#r of virtual
human representations, and/or the more sentient they are peeived to be,
the more they will influence individuals with whom they interact. At the
extremes of perceived agency of virtual human representains are com-
puter algorithm-controlled ones (i.e., agents) and humarcontrolled ones
(i.e., avatars). Hence, equal levels of social influence ggiire more realistic
behaviors of agents than avatars.

Immersion, which occurs when the virtual environment percetually
envelopes an individual such that the individual perceivesim- or herself to
be interacting within that virtual environment rather thanwithin his or her
physical surroundings, is an important part of this processPeople who are
immersed feel a greater sense of social presence (the perdem that one
is really in the same environment with the other virtual humas) with both
computer-controlled agents and human-controlled avatarthan do individu-
als who are not immersed (Blascovich et al., 2002; Schroedet002; Short,
Williams, & Christie, 1976; Slater, Sadagic, Usoh, & Schdeae, 2000).

Social Influence in IVEs

Research examining social influence processes in IVEs hasnéirmed the
effects described earlier. Bailenson, Blascovich, Bealgnd Loomis (2003)
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conducted studies examining interpersonal distance in IN& The first exam-
ined the impact of gender, agency, and behavioral realism (@erationalized
by gaze or no gaze behavior on the part of a virtual human) on ta in-
terpersonal distance that participants maintained from wual others while
traversing virtual space to view a series of letters attactgo the virtual hu-
man's back. Results indicated that participants maintaidegreater interper-
sonal distance when they believed the virtual other was highn perceived
agency (human-controlled) and when it was high in behaviorérealism. The
results revealed an interaction indicating that computecontrolled agents re-
quired realistic gaze to elicit social influence, but humanavatars elicited
social influence regardless of gaze behavior. Their seconstudy examined
violations of personal space. In this case, participants med farther away
from the virtual human when they thought it was an agent as oppsed to an
avatar who violated their personal space. Bailenson and Ye@005) demon-
strated that agents who were high in behavioral realism and imicked the
head movements of participants were more persuasive than agts who did
not mimic (i.e., displayed other realistic movement behaxirs).

Swinth and Blascovich (2001) examined conformity in a virtal blackjack
game. Participants played blackjack in an immersive virtd&asino together
with two virtual humans. Agency was varied so that participats either be-
lieved they were playing with computer-controlled agents [ow agency) or
human-controlled avatars (high agency). The virtual playes either consis-
tently bet lower or higher in relation to participants' preestablished betting
norms. Results indicated that participants conformed to thbetting norms of
the virtual humans, particularly when they perceived them a avatars.

Finally, Garau (2003), as well as Bailenson et al. (2005), perted that
perceptions of social presence were lowest when there was afge mismatch
between the behavioral realism and photographic realism th (i.e., appear-
ance) of the computer-controlled agent. Specifically, theesults from these
studies indicate that when the behavioral realism of a virtal human is not
in line with the photograph realism—Dby either being extremdy realistic in
behavior (i.e., acts human) but not appearance (i.e., doesat look human)
or being extremely unrealistic in behavior (i.e., does not et human) but
realistic (i.e., looks human) in appearance—it can actuallreduce the per-
ception of being in a virtual environment with other sentiert beings. Thus,
behavioral realism may not always be more influential, partularly when
there is an incongruity between the realism of virtual humarbehavior and
appearance.

Gender Differences in Social Interaction in IVESs

Prior research has revealed that gender impacts perceiveegeptions of dig-
ital representations of humans. Specifically, effects ofemder in some exper-
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imental contexts have indicated that women are more sensite to perceived
agency. For instance, Swinth and Blascovich (2001) repodethat women
conformed more than men when they believed they were gamblig in an
IVE with other humans. Specifically, they found that men pleed larger bets
overall than women, but women conformed more than men, pargularly
when they believed they were interacting with avatars as oppsed to agents.
A second study replicated and expanded on this effect, dematrating that
both men and women conformed more to virtual humans of the samm gender
when no explicit expectations for agency were manipulated.

Other research indicates that women maintain greater intpersonal dis-
tance from avatars than agents, though men did not differerate between the
two (Bailenson et al., 2003) and that women yield more persoal space to
embodied agents who exhibit high behavioral realism than tagents who ex-
hibit low behavioral realism (Bailenson, Blascovich, Bea&l & Loomis, 2001).
Thus, the results of prior research suggest that individusitespond differently
to digital representations of humans as a function of agencgnd behavioral
realisms, and that gender of the perceiver impacts this press.

Overview of the Present Research

We examined whether the results of prior research on sociahfluence in
IVEs generalize to persuasion contexts. In both the experiemts here, partic-
ipants listened to a virtual human's persuasive communicemn regarding the
prospect of adopting a new security policy on campus. In Stug 1, gender
of the virtual human, participant gender, and behavioral ralism of the agent
were varied. Study 2 was a replication and expansion of therft study in
which we also manipulated agency (i.e., agent vs. avatar).

STUDY 1

The purpose of this study was to examine the interaction beteen the gen-
der of the virtual human and the gender of the participant. Geder was
varied for two reasons: (a) because prior research indicasethat men and
women respond differently to virtual humans (Bailenson et &, 2001, 2003;
Swinth & Blascovich, 2001), and (b) to explore whether gendedifferences
in persuasion previously reported in text-based computemediated contexts
(Guadagno & Cialdini, 2002; Guadagno & Cialdini, 2007) wodl occur in
an IVE context. We varied behavioral realism expecting thatirtual humans
high in behavioral realism would be more influential than trose low in be-
havioral realism. Participants were not told specificallywhether the virtual
humans with whom they interacted were agents or avatars.
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Method

Participants. Participants were 65 (29 female, 37 male) undergraduates
who either received course credit or were paid $5 for their pdicipation.
All were selected from a sample of the participant pool that hd filled out
measures of agreement, interest, and knowledge on the topiSpecifically,
the population means and standard deviations on these meases are as
follows: agreementM D 1.30,SDD 1.65), interest M D 0.66,SDD 1.63),
and knowledge (M D 0.85,SDD 1.78). Thus, the population was generally
opposed to, moderately interested in, and knew little aboutthe topic of
the persuasive communication. Participants who had compted the pretest
measures were eligible to sign up for the experiment for creil or pay and,
once they signed up, were randomly assigned to condition.

Design. The experimental was based a 2 (virtual human gender: male
vs. female) 2 (participant gender: male vs. female) 2 (behavioral real-
ism: high vs. low) between-subjects factorial design. Maland female partici-
pants were each randomly assigned to listen to a persuasivemmunication
on proposed changes to university security policy from a viual human
(in actuality, an agent). In the high behavioral realism codition, the agent
maintained mutual gaze with the participant by moving his orher head to
maintain eye contact with the participant, blinked his or he eyes, and moved
his or her lips in synch with the recorded persuasive commuration. The
low behavioral realism agent did not move his or her head, lig, and did not
blink.

Dependent variables. To determine whether the behavioral realism ma-
nipulation was successful, we asked participants to rate ¢hagent on a scale
ranging from 3 (strongly disagreé to C3 (strongly agreg on the following
four items: “"The virtual person acted like a real person”; The virtual person

moved like a real person”; I felt that the movement of the ivtual person
was controlled by a real person”; I felt like | was interaing with a real
person."

To assess participants' attitudes toward the security poy proposal,
we asked them to rate the security card proposal on items ad#gd from a
scale developed by Brinol and Petty (2003), ranging from 3 to C3 with the
following anchor points: good/bad, foolish/wise, negative/positive, benefi-
cial/harmful, effective/ineffective, and useful/not useul. Additionally, par-
ticipants were asked to rate how much they agreed with a stateent—""All
students should have to carry ID cards for a new university-ide security
system. These cards would be required for admittance into asses, the li-
brary, and any other public place on campus."—on a scale raging from 3
(completely disagrepto C3 (completely agrep A series of additional mea-
sures assessed the participant's impression of the virtualbman on a scale
ranging from 3 (Not at all ___ ) to C3 (Very ) on 13 dimensions
adapted from Guadagno and Cialdini (2002): friendly, compint, warm, ap-
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proachable, interesting, sincere, confident, honest, li&able, informed, cred-
ible, trustworthy, and modest.

Finally, to examine whether perceptions of social presencearied as a
function of the extent to which the agent displayed realist behavior, we
added the following four items adopted from Swinth and Blasovich (2001):
1 felt like other person could see me"; | felt like the dter person was
watching what | did"; *°I felt like the other person knew | was there"; *I felt
like the other person was looking at me."

To ensure that there were no differences in perceptions of # quality
of the presentation based on the voices of the male and femalagents, we
asked participants to rate the quality of the presentation m a scale ranging
from 1 (very low) to 9 (very high).

Apparatus. The IVE technology used is described in detail in Bailenson
et al. (2001) and is illustrated in Figure 2. Using this syste it is possi-
ble to create an IVE in which participants experience appropate sensory
input. The participant saw and heard a computer-generatedisual and au-
ditory rendering of the virtual world; when he or she turned his or her head
or moved, the rendition changed accordingly. The orientatin and location
of a participant's head was tracked by a three-axis orient@n (yaw, pitch,
and roll) and position sensing system. For this study, the I& was a simple
room.

Procedure. Participants were told that the purpose of this study was
to receive feedback from students on a potential change to capus secu-

FIGURE 2 A participant wearing an HMD in the experiment.
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FIGURE 3 The male and female virtual humans.

rity policy, one that would require them to carry an identification card that
they would need to access the campus grounds and facilitie€ach partici-
pant was told they were going to listen to another student's pinion on the
topic while in an IVE. The other student was actually an agenfa computer-
controlled digital representation of a human) that was eiter male or female.
See Figure 3 to view the models of the virtual humans.

The virtual human's persuasive communication contained aesies of
strong arguments in favor of the security card proposal addapd from Brinol
and Petty (2003). We translated the original communicatioffom Spanish to
English, edited the content to fit the specifics of our Univesity, and added
an opening and closing paragraph.

The male and female virtual humans were selected from a sanglthat
were pretested and found to be slightly above average in ratgs of perceived
attractiveness, friendliness, likeability, and intellignce—the range of means
was from 4.5 to 5.5 depending on item on a scale of 1INot at all ___ )
to 9 (Extremely ). A series of independent sample t-tests comparing
the ratings for the male and female virtual humans on the afementioned
dimensions revealed no significant differences between # two agents on
any of these dimensions (allp's > .25). Additionally, the pretest data on these
two faces indicated that there were no gender differences irparticipants'
ratings of the virtual humans.

After listening to the persuasive communication, particignts filled out
a computer-based questionnaire, using RiddleMeThis as odiata collection
tool (Loewald & Guadagno, 2004). The computer-based questinaire in-
cluded the dependent measures listed earlier. On completio of the ques-
tionnaire, participants were debriefed and dismissed.

Results

Behavioral realism manipulation check. The four items measuring per-
ceptions of behavioral realism formed a reliable composite D .72. A 2
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(virtual human gender: male vs. female) 2 (participant gender: male vs.
female) 2 (behavioral realism: high vs. low) analysis of variance (ROVA)
on the composite revealed a main effect for behavioral ream, F(1, 58) D
19.51,p < .01, g D .252. An examination of the means revealed that partic-
ipants rated the high behavioral realism virtual human higér than the low
behavioral realism virtual human on behavioral realismN D 1.28,SDD
0.83vs.MD 2.26,SDD 0.93). It is noteworthy that both means were far
below the scale midpoint of zero.

Attitude change. To determine participants' attitudes toward the pro-
posal, we formed a composite of the attitude items by averagg them to-
gether, D .85. A 2 (virtual human gender: male vs. female) 2 (participant
gender: male vs. female) 2 (behavioral realism: high vs. low) analysis of
covariance (ANCOVA) with pretest attitude toward the topias the covari-
ate revealed a gender of the virtual human by participant gester interaction
indicating that participants experienced more attitude cange when the vir-
tual human was the same gender as they werds(1, 57) D 5.45,p < .05,

g D .087. See Figure 4 for a breakdown of the adjusted means. Adidin-
ally, Table 1 reports pre- and posttest mean attitude towarthe security card
proposal. Men and women did not differ in their pretest attitde towards the
topic.

Trait ratings. We conducted a Principal Axis Factor Analysis with Vari-
max rotation on the 13 trait ratings of the virtual human andte analysis re-
vealed two distinct factors. We formed a composite of the tigs on these two
factors by averaging them. The first factor, which we refertas "likeability,"
contained the following traits: friendly, warm, approachdle, interesting, sin-
cere, confident, likeable, trustworthy, modest, D 0.89. The second factor,
which we refer to as " credibility," contained the followng traits: competent,
honest, informed, credible, D 0.83.

A 2 (virtual human gender: male vs. female) 2 (participant gender:
male vs. female) 2 (behavioral realism: high vs. low) ANOVA on the like-

* * B Female Agent
0 q T
O Male Agent

Attitude Change

Participant Sex

FIGURE 4 Study 1: Adjusted means for gender of the virtual human by p#cipant gender
interaction in attitude change. p < .05.
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TABLE 1 Preexperimental and Postexperimental Raw Means and StamdaDevia-
tions on Participants' Attitude Toward the Topic of the Persasive Communication

Raw agreement with the message

Preexperiment Postexperiment

Participant _

Study gender M SD M SD
Study 1 Women 2.66 0.48 0.00 0.84
Men 2.46 0.51 0.13 1.14
Study 2 Women 0.51 1.84 0.80 1.29
Men 0.89 1.75 0.43 1.20

ability composite revealed a main effect of gender of the viual human
indicating that participants rated the female virtual huma as more likeable
than the male M D 0.43,SDD 0.77vs.MD 0.05,SDD 1.13),F(1, 58) D
4.48,p < .05, g D .071. Again because we made predictions concerning
same- and cross-gender influence attempts, we examined theeans for this
measure broken down by gender of the virtual human and partiipant gen-
der, which revealed that this main effect was driven by the wmen who
showed an ingroup favoritism effect Msame gender agent® 0.69,SDD 0.67 vs.
Mopposite gender agentD 0.22,SDD 0.79),F(1, 62)D 6.28,p < .03, whereas the
men did not (Msame gender agentD 0.06,SD D 1.28 vS.Mgpposite gender agent D
0.21,SDD 0.89),F(1, 62) D 0.26,ns.

A 2 (virtual human gender: male vs. female) 2 (participant gen-
der: male vs. female) 2 (behavioral realism: high vs. low) ANOVA on
the credibility composite revealed a marginal interactiorbetween partici-
pant gender and gender of the virtual human in the predicted dection,
F(1, 62)D 2.90,p < .10, g D .048. Women showed an ingroup favoritism
effect (Msame genderD 1.44,SDD 0.59 vs.Mopposite gender D 0.53,SDD 1.28),

TABLE 2 Means and Standard Deviations for Liking, Credibility, an@resentation
Quality Broken Down by Participant Gender and Gender of the Wtual Human

Gender of the virtual human

Woman Man
Participant
Dependent variable gender M SD M SD
Agent liking Women 0.69 0.67 0.22 0.79
Men 0.21 0.89 0.06 1.28
Agent credibility Women 1.44 0.59 0.53 1.28
Men 0.91 0.66 0.93 1.39
Presentation quality Women 6.07 1.25 4.31 2.09
Men 5.30 1.89 5.51 1.89

p < .05.
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F(1,62)D 5.37,p < .03, whereas the men did not Msame genderD 0.93,SDD
1.39 vS.Mgpposite gender D 0.91,SDD 0.66),F(1, 58) D 0, ns. See Table 2 for
the breakdown of means by gender of the virtual human and gener of the
participant on the two trait composites.

Social presence.The social presence measures formed a reliable com-
posite, D .92. A 2 (virtual human gender: male vs. female) 2 (participant
gender: male vs. female) 2 (behavioral realism: high vs. low) ANOVA on
the social presence composite revealed a significant mainffect for behav-
ioral realism,F(1, 58) D 4.48,p < .05, 2 D .072, indicating that participants
experienced more social presence when behavioral realism as high as op-
posed to low (Mhigh sr D 0.95,SDD 1.7 vS.Mioyy gr D 1.76,SDD 1.45).
There were no significant effects for gender of the particignt or virtual hu-
man on this measure.

Presentation quality! A 2 (virtual human gender: male vs. female) 2
(participant gender: male vs. female) 2 (behavioral realism: high vs. low)
ANOVA revealed a main effect of gender of the virtual human idicating
that participants rated the presentation quality of the ferle virtual human as
higher than that of the male M female agentD 5.72,SDD 1.64 vS.Mmale agentD
4.79,SDD 1.99),F(1, 55)D 4.16,p < .025, g D .074. Because we made
predictions concerning same and cross gender interactionsve examined
the means for this measure by gender of the virtual human andasticipant
gender, which revealed that this main effect was driven by th women who
showed an ingroup favoritism effect Msame gender agent® 6.07,SDD 1.25 vs.
Mopposite gender agentD 4.306,SDD 2.09),F(1, 59)D 6.54,p< .02, whereas the
men did not (Msame gender agentD 5.30,SDD 1.89 VS.Mgpposite gender agent D
5.51,SDD 1.89), F(1, 59) D 0.17,ns. This suggests that the manipulation
check may have not operated as expected and is instead a refkon of the
overall trend toward ingroup favoritism. See Table 1 for thebreakdown of
means by gender of the virtual human and gender of the partipant on the
measure of presentation quality.

Discussion

The results of this study indicate that persuasive social filnence in IVEs
functions differently from other forms of computer-mediaed communica-
tion (Guadagno & Cialdini, 2002, 2007). Specifically, womein this study
did not display less attitude change than did men as has beereported in
prior research examining gender differences in attitude cinge in emailed
persuasion attempts. Instead, in the absence of explicit @ectations as to the
agency of a computer-controlled virtual representation o human, men and
women both exhibited an ingroup favoritism effect, displayng more attitude

1Data were missing for 2 participants on this measure.
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change when the communicator was a virtual human of the sameemder
as the participant. This effect was greater for women in thistudy, possibly
due to the fact that women identify more strongly with their gender than
do men (Cameron & Lalonde, 2001; Guadagno, Dimov, BailensoBeall, &
Blascovich, 2004).

Additionally, it appears that the high behavioral realism ranipulation
was not sufficiently realistic to produce the predicted e#ct. As hypothesized,
participants did rate the high behavioral realism agent as ame behaviorally
realistic and higher in social presence than the low behavi@l realism agent;
however, this did not produce more attitude change. The seand study at-
tempted to replicate and expand on these findings by examimig the impact
of perceived agency on the persuasion process.

STUDY 2

In the second experiment, we sought to replicate and expand o Study 1
by examining whether agency impacted attitude change. We tpothesized
that virtual humans perceived to be human controlled (i.e.avatars) would be
more influential than those perceived to be computer contrdled (i.e., agents).
Participants were given explicit information about the agecy of the virtual
human. Additionally, in the high behavioral realism conditon, the virtual
human made and broke eye contact with the participant in a maner that
was more behaviorally realistic than constantly establishg mutual gaze. As
in Study 1, the gender of the virtual human and the gender of th participants
were varied. All other aspects of the virtual human and the I were identical
to Study 1.

Method

Participants. Participants were 174 (89 female, 85 male) undergraduates
who either received course credit or were paid $5 for their peticipation.

Design. The experimental was based on a 2 (virtual human gender:
male vs. female) 2 (participant gender: male vs. female) 2 (behavioral
realism: high vs. low) 2 (agency: high vs. low) between-subjects factorial.
All participants were randomly assigned to condition. The wtual humans'
appearance and voices were identical to Study 1. The high befioral re-
alism was more interactive than in the first study: The virtal human only
tracked the gaze of the participant within a 15-degree fieldf view and
broke and reestablished eye contact at random intervals: Ehlow behav-
ioral realism was identical to Study 1. To manipulate agengyarticipants in
the low agency condition were told they were interacting with a computer-
controlled agent and participants in the high agency condion told that they
were interacting with a human-controlled avatar.
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Dependent variables. We used the same dependent variables as in
Study 1.

Procedure. The procedure was identical to that reported in Study 1 ex-
cept for the agency manipulation. Participants in the agentondition were
told that the virtual person was a computer-controlled aget not a real per-
son. Participants in the avatar condition were told the vital person was an-
other research participant. To reinforce this manipulatio, participants saw
a mixture of live video of themselves and prerecorded video bthe virtual
others. As participants walked into their lab room, they sawideo displaying
live footage of their movements on one fourth of a computer seen. The
other three quarters of the computer screen displayed preperded footage
of two confederates who were settling into other lab rooms ad the third
fourth of the screen displayed white noise.

Results

Behavioral realism manipulation check. The four items measuring per-
ceptions of behavioral realism formed a reliable composite D 87. A 2
(virtual human gender: male vs. female) 2 (participant gender: male vs.
female) 2 (behavioral realism: high vs. low) 2 (agency: high vs. low)
ANOVA on the composite revealed a main effect for behaviorakalism in-
dicating that the high behavioral realism virtual human wasperceived as
higher than the low behavioral realism virtual human,F(1, 158) D 65.05,
p< .001, 2D .29 (Mhigh sr D 0.90,SDD 1.23 vS.Mjow gr D 2.23,SDD
0.96). It is important to note that, although the mean for thénigh behavioral
virtual human was higher than the high behavioral realism viual human in
Study 1, it was still below the scale midpoint of zero.

This analysis also revealed a main effect for agency, inditiag that par-
ticipants who believed the virtual human was human controktd rated it as
higher in behavioral realism as compared to participants wh believed the
virtual human was computer controlled,F(1, 158)D 6.9, g D .042,p <
.01, (Mhuman perceived agencyD 1.36,SDD 1.29 VS-Mcomputer perceived agencyD

1.79,SDD 1.25). Finally, there was additionally a significant foumway in-
teraction on this measure, which will not be discussed furthr because this
interaction was not interpretable.

Attitude change. Table 1 reports pre- and posttest mean attitude toward
the security card proposal. As can be seen in the table, men dnvomen who
participated in this study did not differ in their pretest atitude toward the
topic. As in Study 1, the attitude measures formed a reliabmposite, D
.89. A 2 (virtual human gender: male vs. female) 2 (participant gender: male
vs. female) 2 (behavioral realism: high vs. low) 2 (agency: high vs. low)
ANCOVA on the composite of attitude measures with pretest @ude toward
the topic as a covariate revealed two significant effects.ifist, there was a
significant gender of the virtual human by perceived agencyinteraction,
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F(1, 155)D 3.70,p D .05, g D .023, indicating that for male virtual humans,
there was more attitude change when participants believeddawas an agent
than when participants believed he was an avatary| D 0.98 vs.M D 0.45).
When the virtual human was female, there was no significant iference
based on perceived agency, although it trended toward morettitude change
when participants perceived the virtual human to be human catrolled than
computer controlled (M D 0.86 vs.M D 0.63).

Second, there was a significant three-way participant gerd by virtual
human gender by behavioral realism interactionF(1, 155)D 4.72,p < .05,
g D .03. See Figure 5 for a display of the adjusted means by conigit.
Post hoc interaction contrasts indicated that male partigants reported more
attitude change in the high behavioral realism condition wien the agent was
male than female t(164) D 1.09,p < .05. No other post hoc contrasts probing
this interaction were statistically significant. Thus it jgpears that the ingroup
favoritism effect only occurred for male participants wherthe virtual human

was high in behavioral realism.
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FIGURE 5 Study 2: Adjusted means for three-way gender of the virtualuman by participant
gender by behavioral realism interaction in attitude chang. p < .05.
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Trait ratings. The same items used in Study 1 were averaged to form
two reliable composites: liking, D .90, and credibility, D .81. A 2 (virtual
human gender: male vs. female) 2 (participant gender: male vs. female)

2 (behavioral realism: high vs. low) 2 (agency: high vs. low) ANOVA on
the liking composite revealed a significant main effect forgender of the
virtual human indicating that the female virtual human was ated as more
likeable than the male,F(1, 158)D 6.29,p < .02, g D .038 (Mtemale D 0.73,
SDD 1.08 vs.Mnae D 0.34,SDD 0.94). This was qualified by a significant
gender of the virtual human by perceived sentience intera@n, F(1, 158)D
5.40,p < .05, 2 D .033. Simple effects tests revealed that when participants
believed they were interacting with a computer, there was nodifference
in liking for the virtual human based on its gender Miemale D 0.57,SD D
1.05 vs.Mmae D 0.53,SDD 0.88). However, when participants believed that
they were interacting with a human-controlled avatar, paitipants rated the
female agent as more likeable than the male agentemae D 0.88,SD D
1.11 vS.Mmaie D 0.14,SDD 0.97).

A 2 (virtual human gender: male vs. female) 2 (participant gender:
male vs. female) 2 (behavioral realism: high vs. low) 2 (agency: high vs.
low) ANOVA on the credibility composite revealed no signifcant effects.

Social presence.The social presence measures formed a reliable com-
posite, D .95. A 2 (virtual human gender: male vs. female) 2 (participant
gender: male vs. female) 2 (behavioral realism: high vs. low) 2 (agency:
high vs. low) ANOVA on the social presence composite reveate several
effects. First, as in Study 1, there was a main effect for beliaral realism,
F(1, 158) D 43.91,p < .001, g D .217, indicating that participants in the
high behavioral realism condition reported experiencing nore social pres-
ence than those in the low behavioral realism condition, Mhigh sr D 0.15,
SDD 1.78 vs.Mjow Br D 1.76,SDD 1.52). Next, there was a main effect
for agency indicating that participants who believed they vere interacting
with an avatar reported more social presence than participgs who believed
they were interacting with a computer agent Mhyman D 0.60,SDD 1.82
VS. Mcomputer D 1.31,SD D 1.80), F(1, 158) D 8.54,p < .01, g D .051.
Finally, there was a significant gender of the virtual humarby perceived
agency interaction,F(1, 158)D 9.61,p < .01, g D .057. Simple effects tests
revealed that participants reported feeling more social @sence with the fe-
male virtual human when they thought she was an avatar humansaopposed
to an agent Mhyman D 0.19,SDD 1.88 vS.Mcomputer D 1.60,SDD 1.77),
F(1, 172) D 12.99,p < .001. However, there was no difference in social
presence ratings when the virtual human was maleMhyman D 0.97,SDD
1.71 vS.M computer D 1.03,SDD 1.8), F(1, 172)D 0.03,ns.

Presentation quality. The 2 (virtual human gender: male vs. female)

2 (participant gender: male vs. female) 2 (behavioral realism: high vs.
low) 2 (agency: high vs. low) ANOVA on participants ratings on theuality
of the presentation revealed no significant effects. Thisugigests that, in this
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study, the manipulation check did not interact with any of tre independent
variables and instead operated as expected by demonstragrihat there was
no difference in the quality of the presentation based on thevoice of the
virtual humans.

Discussion

The results of this study indicate that when perceived agelycis explicitly
manipulated, other factors impact an individual's receptiity to a persuasive
communication from an agent. Specifically, it appears thatas in prior re-
search (Bailenson et al., 2003; Swinth & Blascovich, 2001he gender of the
audience interacts with perceived agency and behavioral edism to produce
differential levels of attitude change, possibly due to dierences in men and
women's expectations for interacting with virtual humans a evidenced by
gender differences in computer gaming experience (Lucas &@rry, 2004). It
is noteworthy to point out that an ingroup favoritism effectdid reveal itself in
this study as well, but this effect interacted with other inépendent variables
producing a more narrow ingroup favoritism effect. Speciftally, men in this
study showed an ingroup favoritism effect when the behavioal realism of
the virtual human was high.

One interpretation of these data is that there was no ingroufavoritism
effect when participants were given explicit expectationsabout the agency
of the virtual human. An examination of the attitude change dta broken
down by the full design reveals that it was affected by perceied agency.
Women reported the most positivity toward the message in thénigh be-
havioral realism, female virtual human, high agency condion (M D 1.30),
whereas men reported the most positivity in the high behavical realism,
male virtual human, low agency condition M D 1.02). It appears that there
is an ingroup favoritism effect but it is moderated by partipant's beliefs
about virtual humans.

Another interpretation of these results is that there may ba relationship
between expectations for interacting with a computer verss a human and a
man versus a woman. It may be that men and computers are both pected
to be competent relative to women and humans, which are both epected
to be warm. In support of this notion, there is evidence in thestereotyping
literature that men are perceived as more competent than woen whereas
women are perceived as more warm (Fiske, Cuddy, Glick, & Xu,@2). This
could also be the case for virtual humans who are agents versavatars. The
finding that the female virtual human was perceived to be mae likeable than
the male, particularly when participants believed themsefes to be interact-
ing with another agent, support this interpretation and geerally indicates
that the social influence effects with virtual humans is modrated by level of
perceived agency, behavioral realismand the gender of the virtual human.
The finding that participants reported experiencing more scial presence
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with the female virtual human than the male when they believd they were
interacting with another human also support this interpredtion. This is par-
ticularly interesting given that all aspects of the interamon with the virtual
human were identical except that one virtual human appearedo be male
and the other female. Thus, it appears that participants' pexisting existing
expectations for the men and women and computers and humansripact
the impressions formed of a virtual human and the level of saal influence
that occurs. Future research should further address thislagionship.

Finally, as in Study 1, the measures of social presence andetbehav-
ioral realism manipulation check indicated that the behawral realism ma-
nipulation was successful at producing higher levels of sdal presence. Also,
agency beliefs interacted with behavioral realism such thagatrticipants who
thought they were interacting with a human perceived the vitual human to
be higher in behavioral realism and experienced more socighresence than
when they thought they were interacting with a computer.

GENERAL DISCUSSION

These results illustrate how important agency is for inteions with virtual
representations of humans in IVEs. Specifically, the regslof Study 1 sug-
gest that social behavior in IVEs functions differently frmm other forms of
computer-mediated communication such as e-mail (Guadagné& Cialdini,
2002, 2007) and that in the absence of explicit informationteout the nature
of a virtual human, men and women both show an ingroup favoritsm ef-
fect most likely because they are making decisions based ome similarity
heuristic (Cialdini, 2001). Thus, participants were more grsuaded when the
virtual human was the same gender as they were. The results &tudy 2
indicate that an individual's responses to virtual represgations of humans
vary in part by behavioral realism and perceived agency buthiat is not the
whole picture: gender interacts with these variables. In tis case, only men
in the high behavioral realism condition showed greater pesuasion when
interacting with a virtual human of the same gender when theyelieved him
to be an agent. Thus it appears that participants show an ingup favoritism
effect when the nature of the virtual human is unknown (Studyl) or when
there is a match between the expectations and experiences dtfie partici-
pant and what they are told about the nature of the virtual huran (Study
2). That is, in Study 1, participants were more swayed by thegvsuasive
arguments of a virtual human that matched their gender thanree who did
not. In Study 2, the relationship was more complex. Specifally, the gender
of the virtual human interacted with perceived agency in a wg that suggests
that participants were in part swayed by preexisting expeettions based on
the nature (human vs. computer) and gender of the virtual huran. For in-
stance, the male virtual human was more persuasive when it vgaperceived
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to be computer than human, whereas the opposite trend occued for the
female virtual human. As stated earlier, these differencesay be due to par-
ticipants' expectations for interacting with a computer beng more consistent
with masculine stereotypes (e.g., competent), whereas exgetations for in-
teracting with a human are more consistent with feminine steeotypes (e.g.,
warm). This is certainly one aspect of this research that shitd be addressed
in future work.

Additionally, the gender differences reported may be a rediction of gen-
der differences in interaction with virtual humans in onlire contexts such as
games and online communities (Lucas & Sherry, 2004; Yee, B)0Women
and men have different goals and engage in different activés while in-
teracting with virtual humans. Specifically, women engagen more social
interaction and cooperative activities than men. Women sp&l also less time
in virtual environments than do men. These differences mayehd men and
women to form different expectations about interacting wih virtual humans.
Future research should explicitly examine this issue by mearing expecta-
tions about and experience with virtual humans and environrents in their
participants.

These results may also be explained by gender differences attention to
nonverbal behavior. Much research has indicated that womeare more sen-
sitive to nonverbal cues than are men (Hall, 1978). Additioally, in research
on social interaction in IVEs, many studies have found that en and women
respond differently to manipulations of behavioral realisn (e.g., Bailenson
et al., 2003; Bailenson et al., 2005; Swinth & Blascovich, @D), with women
responding more strongly to such manipulations than men. Tas, it may be
possible that women are more sensitive to the realism of theanverbal be-
havior. Although a virtual human may be more or less realigtiin behavior,
we are not yet at the point where technology will enable us to ceate a virtual
human that behaves exactly like a human. Thus, for women, a ual human
that is high in behavioral realism may violate their expectiéons about non-
verbal behavior leading them to resist persuasion. This mage why there
was only an ingroup favoritism effect for men but not women in Study 2.
Furthermore, although we did find differences between the igh and low
behavioral realism virtual humans across both studies, welso found that
the high behavioral realism agent was not perceived as padilarly high in
behavioral realism. In both studies, the means for the high &havioral real-
ism condition were below the scale midpoint of zero. Future esearch should
continue to seek to refine the behavioral realism of virtuarepresentations
of humans and seek to further understand the mechanisms thatetermine
when men and women will respond differently to agents and avéars.

The findings in terms of social presence and behavioral reisim are con-
sistent with Blascovich and colleague's (Blascovich, 200Blascovich et al.,
2002) social influence model of immersive virtual environrants. Participants
in both studies experienced more social presence when behéoral realism
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of the agent was high as compared to low. Additionally, in Stdy 2, the find-
ing that individuals rated the virtual human higher in behaioral realism and
experienced more social presence when they believed the vinal human to
be an avatar rather than an agent is strong support for the medl

Limitations of this Research

One limitation of this research is that we examined this issiwith only one
male and one female virtual human rather than several virtddaumans. So,
although we pretested the photographs used for the virtual imans and
found no differences between them on key variables relateda persuasion,
it remains an open question as to whether these results wouldeneralize to
other faces. We recommend that future research in this areanploy more
than one virtual human of each gender. An additional limitaibn to the gener-
alizability of this work concerns the persuasive communiction—specifically
that we used just one topic for persuasion. Future work showd examine
these issues using a wider range of topics.

Implications of this Research and Future Directions

Overall the results of this research provide further suppdrfor Blascovich
and colleagues' (Blascovich, 2002; Blascovich et al., 200&hodel of social
influence in immersive virtual environments and suggest tht certain aspects
of the model may need to be revised. Specifically, although igher levels
of behavioral realism and the perception that one is interaing with a sen-
tient being do produce more social presence, it does not neasarily mean
that more social influence will occur. In this research, it ppears that two
additional factors impacted the social influence processhe gender match
between the human research participant and the virtual huma and per-
ception that virtual human that was the high behavioral ream condition
was not very realistic in behavior. Thus, we would recommendhat future
revisions of the model take gender into account. Additiondy, we recom-
mend that future work continue to refine the realism of behaior exhibited
by virtual humans.

Furthermore, Blascovich and colleagues' (Blascovich, 2@0 Blascovich
et al., 2002) model would predict a positive relationship baveen the be-
havioral realism of virtual humans and the impressions fored by human
observers such that the more realistic the behavior of a viral human, the
more influential they are. However, there are two issues thtamust be con-
sidered. First, it is important to recognize that the behawral realism of a
virtual human is distinct from the photographic realism of avirtual human.
That is, a virtual human may look human but not act very human omay not
look human but act very human. Second, when there is a mismatcbetween
the appearance and behavior of a virtual human, social inflence processes
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may actually decrease because of the uncanny valley (Mori9Z0). The un-
canny valley is a theoretical perspective in robotics, whic predicts that, as
a robot becomes more human in appearance and movement, the estional
reaction of human observers will transition from positive © repulsion then
back again. Applied to social interactions with virtual hunans in immer-
sive virtual environments, this suggests that the uncannyalley occurs when
a virtual human looks human (is high in photographic realism but does
not act human enough (is not quite right in behavior). This isa topic that
has not been investigated empirically but merits empiricainvestigation on
future work.
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