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a b s t r a c t

Public speaking is a well-known psychosocial stress to occur in social-evaluative situations. This study
examined self-reported, autonomic and endocrine stress responses to a 5-min public speaking task.
Participants were asked to present either in front of i) a real audience, or ii) a virtual audience or iii) an
empty virtual lecture hall. Thus, the main objective of this study was to examine the influence of real or
virtual social stimuli on stress reactivity. Additionally, possible sex differences in stress responses were
evaluated. Sixty-six women and men (20e33 years) underwent a multidimensional assessment of stress
including self-reported state anxiety, heart rate, heart rate variability and saliva cortisol secretion. Results
showed comparable increases in all stress responses in both the real and the virtual public speaking
group. These findings indicate that the Self Preservation Theory is not limited to physically present social
entities, but may also be extended to virtual social stimuli; as such this observation is also in line with the
so called Media Equation Concept. Implications of the current results for therapy and research are
subsequently discussed.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Psychosocial stress is a widely recognized phenomenon which
may occur in diverse social evaluative situations including for
instance public speaking. When confronted with a socially threat-
ening stimulus, two complementary mechanisms come into effect
and shape the individual's acute response, the autonomic nervous
system: the so called Sympatho-Adrenal-Medullary (SAM) axis and
neuroendocrine system: the Hypothalamus-Pituitary-Adrenal
(HPA) axis. Both axes “are instigated from the hypothalamus, where
sensory inputs and serum-based feedback mechanisms monitor
the level of environmental demand (i.e., stress) and the ‘internal’
state of the organism” (Bitsika, Sharpley, Sweeney, & McFarlane,
Psychology and Health Psy-
ienna, Austria.
O.D. Kothgassner).
ibuted equally to this paper.
2014, p. 1). In other words, the two mechanisms help the organ-
ism adapt to environmental influences by initiating physiological as
well as behavioral responses (e.g., the fight-or-flight response; c.f.,
Taylor et al., 2000).

While the SAM axis acts via the Sympathetic Nervous System
(SNS) and is generally known to show a considerably fast reaction,
the HPA axis is slower and mainly acts via the endocrine system. As
the autonomic stress reaction via the SAM axis includes an
increased blood flow and elevated heart rate as well as increased
sweating and pupil dilation, SAM axis responses may best be
assessed using measures such as heart rate or heart rate variability
(HRV; Bitsika et al., 2014). HPA axis reactivity, in turn, is closely
linked to the production and release of the stress hormone cortisol,
which activates a feedback-loop to regulate stress-related
physiological arousal. HPA axis activity may best be assessed us-
ing salivary cortisol as a biomarker as it reflects the amount of
unbound, biologically active cortisol and may be sampled using
non-invasive methods (Kirschbaum, Kudielka, Gaab, Schommer, &
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Hellhammer, 1999; Kudielka, Buske-Kirschbaum, Hellhammer, &
Kirschbaum, 2004; Kudielka, Schommer, Hellhammer, & Kirsch-
baum, 2004; Schommer, Hellhammer, & Kirschbaum, 2003).

1.1. Social Self-Preservation Theory

Ameta-analysis (Dickerson& Kemeny, 2004) has shown that if a
situation or task includes social-evaluative elements as well as
stimuli that are perceived as uncontrollable, cortisol changes are
the largest and cortisol recovery rates the lowest. To explain this
phenomenon, the authors make use of the so called Social Self-
Preservation Theory (Dickerson & Kemeny, 2004). According to
this theory, the HPA axis supports preservation of the social self by
monitoring the environment for threats to the individual's self-
esteem and social status; in case of a threat, it triggers self-
evaluative cognitions and emotions and increases the release of
cortisol in order to cope with the situation. Public speaking tasks,
which are perceived as both uncontrollable and a social-evaluative
threat because of the fear of failure and of being judged by others,
have especially been considered as highly effective in evoking this
chain of reactions (c.f. Dickerson & Kemeny, 2004).

The exposure to a social stressor has not only been shown to
have a wide-ranging immediate impact on the individual's physi-
ological response (c.f. Dickerson & Kemeny, 2004). It has also been
discussed to be associated with cognitive and affective processes
that may both directly and indirectly contribute to the develop-
ment of various diseases and disorders such as depression
(McEwen, 2005), cardiovascular diseases (Kemp, Quintana,
Felmingham, Matthews, & Jelinek, 2012; McEwen, 1998) and im-
mune dysfunction (Glaser & Kiecolt-Glaser, 2005). Furthermore,
psychosocial stress has also been considered to be closely linked to
the retention of anxiety disorders, obesity as well as obsessive
compulsive disorders, OCD (Dishman et al., 2000; Pittig, Arch, Lam,
& Craske, 2013).

1.2. Social stress and virtual reality

In light of its potent role in pathogenetic processes, the pre-
vention or treatment of psychosocial stress has therefore increas-
ingly been integrated in health promotion programs and in the
treatment of psychological disorders. Traditionally, therapeutic
exposition techniques are used to gradually decrease anxiety. Most
commonly, they include confrontation with a feared stimulus in
real-life (c.f., Wolpe, 1961). As an alternative to real-life exposure,
virtual reality has increasingly come into use over the past decades
(c.f., Krijn, Emmelkamp, Olafsson, & Biemond, 2004; Parsons &
Rizzo, 2008; Powers & Emmelkamp, 2008). Virtual reality expo-
sure therapy (VRET) provides a valuable intermediate step between
imagination and exposure in real-life. Thus, VRETmay be especially
well-suited to patients who may have problems imagining a fearful
stimulus or may not be ready to be exposed in vivo. Also, the
therapist has maximal control over the stimulus as s/he may stop
the simulation as soon as it becomes too overwhelming for the
patient. Apart from the apparent gains of reducing therapy costs
and time, VRET bears the additional advantage of increasing a pa-
tient's compliance and decreasing drop-out during exposure
(Garcia-Palacios, Botella, Hoffman, & Fabregat, 2007; Repetto et al.,
2011).

Among others, VRET has been developed to treat social anxiety:
patientsmay learn new adaptive strategies in virtual social contexts
and may then, in a next step, generalize these behaviors to a real-
life social setting (Bordnick, Traylor, Carter, & Graap, 2012).
Various studies support the assumption that virtual social scenarios
may be used to evoke substantial levels of social anxiety on
different levels, including cognitive, physiological or endocrine
responses (e.g. Anderson et al., 2013; Garau, Slater, Pertaub, &
Razzaque, 2005; Garcia-Lopez et al., 2006; Kampmann et al.,
2016; Klinger et al., 2005; Krijn et al., 2004; Morina, Ijntema,
Meyerbr€oker, & Emmelkamp, 2015; Opris et al., 2012; Owens &
Beidel, 2015; Sarver, Beidel, & Spitalnick, 2014).

Also, virtual simulations may be used to help the patient train
his/her social skills: Among existing programs are online social
skills trainings (e.g. Lehenbauer, Kothgassner, Kryspin-Exner, &
Stetina, 2013), virtual reality (VR), exposure applications (e.g.,
Gerardi, Cukor, Difede, Rizzo, & Rothbaum, 2010; Harris,
Kemmerling, & North, 2002; Klinger et al., 2005) or even ap-
proaches which revert to existing virtual environments such as
Massively Multiplayer Online Role-Playing Games (MMORPGs) or
Second Life (e.g., Yuen et al., 2013). Their successe similarly to real-
life exposure e relies on evoking social stress reactivity. Thus, it is
crucial that those virtual cues which are supposed to represent
social entities are perceived as such. According to evolutionary
perspectives, the human brain is prepared to automatically respond
to virtual entities in the sameway it would to ‘real’ human beingse
an assumption which has comprehensively been described in the
Media Equation concept (Nass &Moon, 2000; Reeves & Nass, 1996).

Although some studies have already collected data in support of
this theory (e.g., Kothgassner et al., 2014; Von der Pütten, Kr€amer,
Gratch, & Kang, 2010), only few have picked up on this notion in
the context of social-evaluative stress situations such as public
speaking tasks. Previous investigations have examined the stress
reaction to either a real audience (e.g., Kirschbaum et al., 1999;
Kudielka, Hellhammer, & Wüst, 2009) or a virtual audience (e.g.,
Felnhofer et al., 2014; J€onsson et al., 2010; Slater, Pertaub, Barker, &
Clark, 2006), but not to both. A comprehensive study comparing
multiple measures (including self-report anxiety, physiological and
endocrine responses) of social stress in a standardized experi-
mental setting using a control group to control for specific in-
fluences of the used VR technology is still pending.

Among existing studies, some have shown that virtual audi-
ences in a virtual public speaking task may provoke substantial
levels of autonomic stress (as measured by heart rate) and self-
reported anxiety (e.g. Felnhofer et al., 2014; Pertaub, Slater, &
Barker, 2002; Slater et al. 2006). For instance, Hartanto et al.
(2014) used three social scenarios, a neutral situation, a blind
date and a job interview to evoke social stress and succeeded in
achieving a substantial increase in heart rate (HR) and cognitive
appraisal. Also, the authors showed that positive feedback received
from virtual social entities leads to a reduction of anxiety and
arousal and that negative feedback has a contrary effect. Similarly,
Owens and Beidel (2015) found that a virtual environment may
provoke significant increases of HR and skin conductance level
(SCL) in comparison to a baseline condition and a control group. Yet
another study (Villani, Repetto, Cipresso, & Riva, 2012) demon-
strated heightened levels of SCL and self-reported anxiety in both a
virtual and real-life job interview setting.

In most studies, however, stress indicators are restricted to
measures of HR or SCL and subjective reports and do not account
for cortisol as a crucial indicator for social-evaluative stress situa-
tions (c.f. Dickerson & Kemeny, 2004). Those studies which
compare participants’ cortisol levels in similar social evaluative
scenarios have produced inconsistent results: Kelly, Matheson,
Martinez, Merali, and Anisman (2007) who introduced their par-
ticipants to simulated job interviews found a significantly lower
cortisol stress responses in the virtual group than in the real-life
group. In contrast, Kotlyar et al. (2008) reported no change in
cortisol concentrations during a speech task within a VR environ-
ment; and yet another study using a job interview showed both an
increase in SCL and HPA (Montero-L�opez et al., 2015). Finally, a
study by J€onsson et al. (2010) which focused on the habituation of
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cortisol stress responses in a virtual stress test found an increase of
salivary cortisol compared to the baseline only in the first exposure
session and a habituation of stress responses in the second session.
In sum, however, no study has to date compared stress responses
on all levels and used a standardized experimental design when
exposing participants to a real and virtual social stressor.

1.3. Sex, social stress and virtual reality

There is a definitive lack of knowledge about possible differ-
ences between men and women regarding both, their stress
response to a social stimulus and their reaction to a virtual social
entity. This is, however, all the more important, as differences in
either one of the above mentioned domains would require sex-
specific approaches to therapy. Past studies which exposed men
and women to a real-life social-evaluative threat such as a public
speaking task, found no sex differences in stress responses
(Kirschbaum et al., 1999; Kudielka, Buske-Kirschbaum et al., 2004;
Kudielka, Schommer et al., 2004; Kudielka, Hellhammer, & Wüst,
2009). Similarly, Kelly, Tyrka, Anderson, Price, and Carpenter
(2008) did not find any variations in HPA reactivity between their
male and female participants. However, the authors reported that
women showed greater increases in negative affect, fear and
confusion as well as decreases in happiness immediately following
the social stress challenge. A game-based virtual simulation
featuring competitive elements, social-evaluative threat and un-
controllability resulted in elevated cortisol levels and higher
negative affect only in socially anxious males, not females (Brom
et al., 2014). Similarly, Hemmeter et al. (2005) investigated a so-
cial evaluative threat in a virtual scenario and showed that males
had higher cortisol responses than females. Montero-L�opez et al.
(2015) in turn, found no sex differences in stress reactivity, but
instead reported differences in presence experiences between men
and women: their result that women report to be more present in a
stressful virtual situation, however, is in contrast to a study by
Felnhofer, Kothgassner, Beutl, Hlavacs, and Kryspin-Exner (2012)
who found men to have higher levels of presence in a virtual public
speaking task.

Also, research has implied sex specific interactions with virtual
entities. For instance, Szell and Thurner (2013) found that their
female users valued interactions in virtual environments differently
from their male counterparts; and in a study by Bailenson,
Blascovich, Beall, and Loomis (2003), sex differences were detec-
ted with regard to mutual gaze behavior and keeping interpersonal
distance to virtual avatars. Hence, in studies using virtual reality not
only the stress response per se should be considered, but also the
virtual entity itself in shaping an individual's stress reaction.

Furthermore, there is speculation that men and women might
substantially differ in their physiological and behavioral response
to a social stressor. Although all individuals show a (physiologically
bound) fight-or-flight reaction when acutely threatened, Taylor
et al. (2000) propose that females in contrast to males show a
behavior described as “tend and befriend” e tending entails ac-
tivities to promote safety and protect oneself as well as the
offspring, whereas befriending is aimed at creating and maintain-
ing social networks. Similarly, a study found women to show
greater cortisol changes in response to social rejection stressors,
whereas men were more responsive to achievement challenges
(Stroud, Salovey, & Epel, 2002).

1.4. Objectives

Given that most virtual scenarios are validated against real-life
scenarios using only one or a maximum of two stress indicators
(mostly HR and self-reported measures), the current study set out
to provide a more comprehensive and inclusive approach to vali-
date a virtual social stimulus. By examining HR, heart rate vari-
ability (HRV) and self-reported anxiety measures and salivary
cortisol, this study accounts for key indicators of a social-evaluative
stress response (c.f., Dickerson & Kemeny, 2004). Thus, it contrib-
utes to the further advancement of a field which to date has been
characterized by contradictory findings (e.g. J€onsson et al., 2010;
Kelly et al., 2007; Kotlyar et al., 2008; Montero-L�opez et al.,
2015). The corresponding research question (RQ) is the following:

RQ 1: Are there differences regarding stress responses be-
tween participants speaking in front of a real audience and
participants presenting in front of a virtual audience?

The verification of the Social Self-Preservation Theory (Dickerson
& Kemeny, 2004) and the Media Equation concept (Reeves & Nass,
1996; Nass &Moon, 2000) requires a careful experimental setup to
single out the influence of social cues among other non-social
stressors. As VR technology per se may provoke a significant
amount of stress it is, thus, crucial to control for its influence (c.f.,
Hartanto et al., 2014). By introducing an additional group to control
for the virtual scenario, the participant's motor reactions or the
apparatus used to immerse participants, this study allows for an
evaluation of the impact of virtual social stimuli on the stress
response (c.f., Kothgassner et al., 2014; Von der Pütten et al., 2010).

RQ 2: Are there differences regarding stress responses be-
tween the two groups speaking in front of an audience
compared to a control group speaking in an empty virtual
lecture hall?

Research focusing on sex differences in virtual scenarios using
social stressors is challenged by the fact that these observed dif-
ferences may be attributed to three sex specific responses: (1)
stress reactivity in social situations (e.g., social rejection vs. social
evaluation, Stroud et al., 2002), (2) experiences of virtual environ-
ments (Felnhofer et al., 2012; Montero-L�opez et al., 2015), and (3)
reactions to virtual social entities (Szell & Thurner, 2013). Hence,
the current field of research on sex differences and VR is in need of
carefully designed experiments which may disentangle these
different influencing factors (Montero-L�opez et al., 2015). This
study provides a first approach to this subject, the according
research questions are:

RQ 3: Are there differences between women and men
regarding the stress response to the public speaking task?

RQ 4: Is there a difference in stress response betweenwomen
and men with respect to the experimental condition (VR vs.
in-vivo vs. control)?
2. Methods

On the basis of the above mentioned research questions, a 3
(experimental groups) x 2 (sex) between subject designwas chosen
to compare participants' stress responses to (1) a real audience in a
real lecture hall, (2) a virtual audience in a virtual lecture hall and
(3) an empty virtual lecture hall. (1) The first experimental group
was asked to present in front of a physically present audience of a
standardized number of 20 people. The presentation took place in a
real university lecture hall and participants stood on a little podium
behind a speaker's desk with an integrated display to watch the
standardized presentation slides. (2) The second experimental
group was instructed to present in front of 20 virtual characters in a



Table 1
Means and standard deviations of control factors over all three groups.

Group Women Men

M SD M SD

Experience as speaker
Real audience 2.7 0.65 3.2 1.17
Virtual audience 2.6 0.67 2.7 0.65
Control 2.6 0.82 2.9 0.30

Computer experience
Real audience 3.3 1.42 3.6 1.04
Virtual audience 3.5 1.21 3.9 0.94
Control 3.2 1.17 3.6 0.69

Body Mass Index (BMI)
Real audience 20.9 2.40 21.3 1.97
Virtual audience 20.8 1.36 22.7 1.40
Control 21.1 1.93 22.9 1.93
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virtual lecture hall which was a simulation of the real university
lecture hall. (3) The control group presented in the same virtual
lecture hall, but the lecture hall in this condition did not contain any
audience in order to control for the influence of social stimuli. The
groups in the virtual lecture hall (2 and 3) were connected to a
virtual reality system while they stood in a 3 � 3 meter laboratory
room behind a speaker's desk which they were also able to see in
the virtual environment. Similar to the real lecture hall, participants
in the virtual environment were able to track their presentation
slides on a virtual display which was integrated into the virtual
speaker's desk.

2.1. Procedure

The experiment was conducted at the University of Vienna VR-
lab between March 2012 and June 2014; the experimental sessions
started between 13.30 h and 15.30 h and took approximately
20 min excluding 30 min of pre-testing and 30 min of post-testing.
The assessments were conducted according to a standardized
protocol. Upon arrival to the laboratory, participants were escorted
to a quiet, temperature-controlled room (23�-24 �C) where they
were introduced to the course of the experiment and were handed
the informed consent form. After signing it, participants were asked
to fill out a demographic survey, a short interview to assess inclu-
sion criteria (physical and mental illness) as well as psychological
questionnaires. Furthermore, relevant anthropomorphic measures
(e.g. height, weight) were recorded. Following this, the experi-
mental procedure consisting of four periods with 5 min duration
each started:

2.1.1. Waiting period
Prior to instruction, all participants were guided to the labora-

tory where they were asked to wait at a heightened table and
remain in an upright position during the whole experiment.

2.1.2. Preparation period
All participants were asked to give a 5 min speech about Bhutan

and its geography, culture and governmental form. Prior to the
speech they had 5 min to get acquainted with the 20 slides of their
presentation.

2.1.3. Public Speaking task (Stressor)
Participants were randomly assigned to one of the three

experimental groups. Depending on the group, participants were
guided to either the real lecture hall or the laboratory. After a short
instruction (and the attachment of the VR equipment for the
Groups 2 and 3), the participants started their presentations.

2.1.4. Recovery period
After the public speaking task the participants had 5 min to

recover in the waiting room and to fill out a psychological
questionnaire.

The current studywas conducted according to the Declaration of
Helsinki, and thus a comprehensive informed consent was pro-
vided to all participants prior to their voluntary participation. All
participants were allowed to withdraw from the experiment at any
time.

2.2. Participants

A total of 66 healthy women (n ¼ 33) and men (n ¼ 33) aged
from 20 to 33 years (mean age ¼ 24.17, SD ¼ 3.05) participated in
the current study. Female and male participants were equally
balanced over the three experimental groups (n¼ 22 per group). All
participants were students who received a course credit for their
participation. None of the female participants administered any
oral contraceptives and all were tested in the luteal phase of their
menstrual cycle in order to ensure a better comparability of the
females' endocrine stress responses to those of the male partici-
pants (Kirschbaum et al., 1999). An inclusion criterion for partici-
pation was an age ranging between 20 and 35 years to ensure
comparability of physiological indicators (see Bigger et al., 1995;
Kudielka, Buske-Kirschbaum et al., 2004; Kudielka, Schommer
et al., 2004) and exclusion criteria were medication, smoking and a
diagnosed medical or mental illness. Additionally, participants
were instructed to not ingest caffeine or alcohol in the morning and
not to eat for at least six hours prior to the start of the experiment.
Table 1 shows means (M) and standard deviations (SD) for de-
mographics. There were no significant differences between the
three experimental conditions (groups) or sexes regarding their
experience as a speaker assessed as the number of presentations
held over the period of the last 5 years (GROUP: F(2,60) ¼ 0.824;
p ¼ 0.443; par h2 ¼ 0.027; SEX: F(1,60) ¼ 1.515.; p ¼ 0.108; par
h2 ¼ 0.042) and the experience with computer systems measured
on a 5-point Likert-scale (“no skills” e “expert skills”) (GROUP:
F(2,60) ¼ 0.536; p ¼ 0.588; par h2 ¼ 0.018; SEX: F(1,60) ¼ 1.796;
p ¼ 0.189; par h2 ¼ 0.029). Furthermore, groups did not differ
regarding the participants’ body mass index (BMI) (F(2,60)¼ 1.348;
p ¼ 0.268; par h2 ¼ 0.043). Yet, resulting from the lower BMI values
of the female participants there was a sex difference
F(1,60) ¼ 8.337; p ¼ 0.005; par h2 ¼ 0.122) over all groups.

2.3. Apparatus and virtual reality environment

Participants were immersed into Virtual Reality (VR) using a
head mounted display (eMagin Z800 3D, Bellevue, Washington)
with an integrated head-tracking unit (360� horizontal, >60� ver-
tical) and two stereoscopic SVGA OLED displays (resolution:
800� 600 triad pixels). A F710Wireless Gamepad (Logitech Europe
S.A., Switzerland) was used by the experimental groups 2 and 3 to
flip the virtual presentation slides, while group 1 used a M185
Wireless Mouse (Logitech Europe S.A., Switzerland).

The virtual simulation was developed using Visual Studio Cþþ
Express as well as the Ogre3D graphics engine (http://www.ogre3d.
org/) in combination with Quick GUI. The virtual lecture hall was
modeled according to a typical university lecture hall (see Fig.1). All
3D-models and real-time rendering were achieved using Blender
3D; the textures were processed with GIMP (http://www.gimp.org/
). To create human faces and mimics, photographs from the front
and the side were loaded into Blender3D. The virtual audience
showed a standardizedminimum of emotions during the speech, to
keep it comparable to the behavior of the real audience. Audio files
from the real lecture hall were used in the virtual scenario to create

http://www.ogre3d.org/
http://www.ogre3d.org/
http://www.gimp.org/


Fig. 1. Virtual Reality environment (demo-version) was used with a standardized number of 20 virtual listeners: i) Birdseye view on the lecture hall ii) virtual lecture hall first
person point-of-view iii) point-of-view of the participants.
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an adequate sound environment for the virtual lecture hall; in the
empty virtual lecture hall only sizzling sounds could be heard at
irregular intervals. Participants were able to turn their heads but
they could not move freely around the virtual lecture hall.

2.4. Psychological measures

The Personal Report of Confidence as a Speaker (PRCS; Paul, 1966)
is a widely used assessment for fear of public speaking. The 12-item
questionnaire version of Hook et al. (2008) was used in the current
study to analyze possible differences in the groups at baseline level.
The 12 PRCS items (e.g. “I am fearful and tense all the while I am
speaking before a group of people”) are rated on a 4-point-Likert-
scale (“does apply” e “does not apply”). Internal consistency of the
measurement was high in this study (Cronbach's a ¼ 0.87).

The State Trait Inventory (State Subscale; STAI-S; Spielberger,
Gorsuch, & Lushene, 1970) was used to assess the situational anx-
iety level of each participant prior to and shortly after the public
speaking task. The STAI-S consists of 20 items (e.g. “I'm nervous”)
which were rated on 4-point-Likert-scale (“very” e “not at all”).
Internal consistency of the measurement in the current study was
high in the pre-assessment (Cronbach's a ¼ 0.87) as well as in the
post-assessment (Cronbach's a ¼ 0.88).

2.5. ECG measures

The electrocardiogram (ECG) was monitored via three elec-
trodes connected to a portable M-EXG (Schuhfried, M€odling,
Austria) linked via Bluetooth (10 mW) to a personal computer. ECG
was recorded at a sample rate of 1000 Hz. One-way electrodes
(Medica RedDot Electrodes, Perchtoldsdorf, Austria) were located
on the seventh intercostal space on the right and left side of the
body to measure heart activity. A common ground electrode was
placed on the neck of the participants. Electrodes were attached at
the beginning of the waiting period to record heart rate (HR) and
heart rate variability (HRV) through all periods of the experimental
session (20 min). HR reflects the stress-related sympathetic activity
(SAM axis) and was monitored at 5 ms intervals through the
speech. Data were computed to 60s intervals using KUBIOS HRV
software kit (Biosignal Analysis and Medical Imaging Group,
Finland). High HR values indicate more beats per minute (bpm) and
high physiological arousal, whereas low HR values reflect less bpm
and lower physiological stress. The root mean square of successive
differences (rMSSD) was obtained in accordance with the recom-
mendations of the Task Force of the European Society of Cardiology
and the North American Society of Pacing and Electrophysiology
(1996). The rMMSD is a time-domain measure reflecting a short-
time measure of HRV. In this study, it was used to detect pre-
dominantly changes in the parasympathetic tone (SAM axis) during
the experiment. Log-transformed rMSSD values were calculated
from the beat-to-beat intervals for four 5 min-periods according to
the experimental periods. High log-transformed rMSSD values
indicate low physiological arousal while low values are interpreted
as higher physiological arousal.

2.6. Salivary cortisol measures

To absorb saliva, commercial cotton swabs (Salivette®, Sarstedt,
Wiener Neudorf, Austria) without any saliva-stimulating additives
were used. Participants were thoroughly instructed how to collect
their saliva by putting a swab into the cheek pouch, letting it
saturate with saliva for approximately 60e80s and replacing the
swab in the device container. The collected material was immedi-
ately stored at �20 �C. Prior to analysis, samples were thawed on
ice and centrifuged at room temperature at 3000 g for 15 min to
obtain the clear saliva. Sample processing and analyses were car-
ried out with a highly sensitive cortisol enzyme immunoassay as
described in detail by Palme and M€ostl (1997) and previously
applied in humans (Brom et al., 2014). A total of 10 ml of a 1:10 clear
saliva dilution were used and all samples were assayed in dupli-
cates. If duplicates showed coefficients of variance >10%, the assay
was replicated and considered in the analysis only when a coeffi-
cient of variance <10% was achieved. If the sample volume fell
below the limit needed to run duplicates or ran out before reaching
a coefficient of variance <10%, the sample was dismissed from the
analysis. Average intra- and inter-assay coefficients of variance
were less than 10% and 15%, respectively. Salivary cortisol reflects
the activity of the HPA axis; while high levels of cortisol in the
human saliva indicate a high stress response, low levels are inter-
preted as a low response to a stressor. The first saliva samples were
taken about 30 min after arrival in the laboratory and during the
waiting period, the second saliva samplewas taken 20min after the
beginning of the speech period and the third and last saliva sample
was taken 20 min after the end of the recovery period.

3. Results

Statistical analyses were conducted using SPSS Version 20 (IBM,
Corp. Armonk, USA), considering a significance level of p < 0.05
(two-tailed). Univariate ANOVAs and repeated measures ANOVAs
with GROUP and SEX as between subject factors and TIME as a
repeated factor as well as Bonferroni post hoc analyses were con-
ducted to answer the four research questions. Data were tested for
homogeneity of variance using the Levene Test. Greenhous-Geisser
adjustments or the Huynh-Feldt correction were addressed to
consider violations of the sphericity assumption (Girden, 1992).
Partial Eta2 (par h2) was used as an effect size estimate for all
ANOVA results. Areas under the response curves were computed
using trapezoid formula (Pruessner, Kirschbaum, Meinlschmid, &
Hellhammer, 2003) with respect to the increase of the stress
response (AUCi). Salivary Cortisol AUCis were calculated over all
three sample points (40 min); log-transformed rMSSD AUCis were



Table 3
Means and standard deviations of the psychological measures for anxiety.

Group Women Men

Before stressor After stressor Before stressor After stressor

M SD M SD M SD M SD

PRCS 12
Real audience 19.3 5.35 e e 23.5 6.56 e e

Virtual audience 20.3 4.36 e e 21.4 7.80 e e

Control 21.5 6.80 e e 18.6 5.20 e e

STAI-S
Real audience 37.3 11.08 43.9 12.28 40.2 9.49 45.1 10.94
Virtual audience 34.8 7.33 41.2 7.97 36.5 5.09 39.6 7.39
Control 38.9 8.41 39.5 6.59 37.4 8.25 37.6 7.34
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computed for the experimental period (20 min). Table 2 displays all
increases of stress response before (baseline measures) and during
the public speaking task in percent (%) for direct comparisons and
additional descriptive information to the AUCi calculation.

3.1. Psychological measures

3.1.1. Fear of public speaking
To control the effect of general fear of public speaking, an

ANOVA was conducted to investigate baseline differences between
the three groups (real audience, virtual audience, control group/no
audience). Therewere no significant differences regarding the PRCS
self-report questionnaire measuring general fear of public speaking
between the three groups (GROUP: F(2,60) ¼ 0.256; p ¼ 0.774; par
h2 ¼ 0.009). Moreover, no significant differences were found be-
tween female and male participants regarding fear of public
speaking (SEX: F(1,60) ¼ 0.259; p ¼ 0.589; par h2 ¼ 0.005).

3.1.2. State anxiety
ANOVA calculations did not indicate any baseline differences

between GROUP (F(2,60 ¼ 0.824; p ¼ 0.443; par h2 ¼ 0.027) and
SEX (F(1,60¼ 0.230; p¼ 0.634; par h2 ¼ 0.004) concerning the self-
reported anxiety level (STAI-S) prior to the stressor. For the further
analyses STAI-S ratings were computed with respect to increase
(STAI-S pre-post differences). Univariate ANOVA revealed signifi-
cant effects of GROUP (F(2,60 ¼ 5.766; p ¼ 0.005; par h2 ¼ 0.161),
but again there was no significant influence of SEX (F(1,60 ¼ 1.110;
p ¼ 0.296; par h2 ¼ 0.018) or any interaction effect GROUP x SEX
(F(2,60 ¼ 0.207; p ¼ 0.813; par h2 ¼ 0.007). As indicated by the
results above, the two experimental groups presenting either in
front of a real (p ¼ 0.009) or a virtual audience (p ¼ 0.024), showed
significantly increases in self-reported anxiety levels in comparison
to the control group after the public speaking task. However, there
was no significant difference in self-reported anxiety between the
two experimental groups (p ¼ n.s.).

Table 3 shows all means and standard deviations of the psy-
chological measures.

3.2. ECG measures

Neither HR assessed for the first minute of the waiting period
(F(2,60 ¼ 0.038; p ¼ 0.963; par h2 ¼ 0.001) nor the log rMSSD
Table 2
Increases/Decreases of stress response in per-cent (women/men).

Group % (Women/men)

State anxiety
Real audience þ15% (þ18%/þ12%)
Virtual audience þ13% (þ18%/þ9%)
Control þ1% (þ1%/þ1%)

HRa

Real audience þ22% (þ24%/þ19%)
Virtual audience þ20% (þ24%/þ15%)
Control þ8% (þ9%/þ8%)

log rMSSDa

Real audience �11% (�12%/�10%)
Virtual audience �13% (�16%/�10%)
Control �3% (�2%/�4%)

Salivary cortisolb

Real audience þ47% (þ35%/þ57%)
Virtual audience þ43% (þ36%/þ51%)
Control �12% (þ1%/�21%)

Notes:
a HR and log rMSSD increases were computed using baseline measures from the

waiting period and the stress measures during the speech.
b Salivary Cortisol increases were computed using baseline measures �10 min

before and stress measure þ20 min after the speech.
computed over the 5 min of the waiting period (F(2,60 ¼ 0.100;
p ¼ 0.905; par h2 ¼ 0.003) showed significant group differences at
baseline level. However, log rMSSD data showed no significant ef-
fect (F(1,60 ¼ 2.428; p ¼ 0.124; par h2 ¼ 0.039) for SEX, but there
was a significant baseline difference regarding SEX for the HR re-
cordings (F(1,60 ¼ 5.078; p ¼ 0.028; par h2 ¼ 0.078).

3.2.1. Heart rate
HR recordings were Greenhouse-Geisser adjusted according to

results of the Mauchly Test for sphericity (c2 ¼ 0.39.374; p < 0.001;
є ¼ 0.712). To statistically compare the four experimental periods,
HR recordings were computed in 5 min intervals. HR data for each
minute over all four periods are displayed in Fig. 2. There was a
significant increase over the four experimental periods (TIME:
F(2.136,128.153) ¼ 154.030; p < 0.001; par h2 ¼ 0.720) as well as a
significant GROUP x TIME effect (F(4.272,128.153) ¼ 6.987;
p < 04001; par h2 ¼ 0.189), but no SEX x TIME effect
(F(2.136,128.153) ¼ 1.906; p ¼ 0.150; par h2 ¼ 0.031) or any TIME x
GROUP � SEX interaction effect (F(4.272,128.153) ¼ 0.932;
p < 0.452; par h2 ¼ 0.030). Participants did not show significant
differences in HR assessed in 5 min intervals during the first
waiting period (�10 min) or the preparation period (�5 min) (all
ps ¼ n.s.); however, all participants showed a significant HR in-
crease during the public speaking task and during the recovery
period (ps < 0.001). There was a higher increase in HR in the two
experimental groups than in the control group (ps < 0.001). Bon-
ferroni post hoc analyses reveal that the group presenting in front
of a real audience showed significantly higher sympathetic arousal
(p ¼ 0.012) than the group in the control condition. When
compared to the control group, the group presenting in front of a
virtual audience only showed differences with a tendency to sig-
nificance in case of an increasing threshold of a ¼ 0.10. There were
no significant differences between the two experimental groups
(p ¼ n.s.).

3.2.2. Heart rate variability
Mauchly Test of sphericity indicated that the assumption of

sphericity was violated for the log rMSSD calculation by repeated
measures ANOVA (c2 ¼ 25.756; p < 0.001; є ¼ 0.921). To correct
this, the Huynh-Feldt correction was applied. On the one hand log
rMSSD representing a HRV measure showed significant main ef-
fects regarding the decrease of parasympathetic tone (TIME:
F(2.762,165.72) ¼ 38.893; p < 0.001; par h2 ¼ 0.393) as well as
statistically relevant differences over the three groups (GROUP x
TIME: F(5.524,165.72) ¼ 3.700; p ¼ 0.002; par h2 ¼ 0.110). Never-
theless, post-hoc analyses indicate no significant group differences
for the public speaking period (ps¼ n.s.). On the other hand neither
a main effect of SEX x TIME (F(2.762,165.72)¼ 38.893; p¼0.624; par
h2 ¼ 0.009) nor an interaction effect between TIME x GROUP x SEX
(F(2.762,165.72) ¼ 0.912; p ¼ 0.482; par h2 ¼ 0.029) can be



Fig. 2. Heart rate recordings in bpm (mean ± SEM) over the course of different experimental phases.

Fig. 3. Heart rate variability assessed by the log rMSSD (mean ± SEM) for all experi-
mental periods (each 5 min). Data were computed to 5 min intervals.
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reported. According to the results of the AUCi calculations for the
log rMSSD, the data reveal a significant main effect of GROUP
(F(2,60 ¼ 4.369; p ¼ 0.017; par h2 ¼ 0.127) regarding the para-
sympathetic activity. As depicted in Fig. 3, both experimental
groups showed lower parasympathetic activity than the control
group, which should be interpreted as a higher stress response.
However, Bonferroni post hoc analyses indicated no differences
between the group presenting in front of the real audience and the
control group (p ¼ n.s.), but displayed significant differences be-
tween the control group and the group presenting in front of the
virtual audience (p ¼ 0.019). Yet, SEX had no statistically relevant
influence on the participant's parasympathetic tone
(F(1,60 ¼ 0.602; p ¼ 0.441; par h2 ¼ 0.010). Also, no interaction
effect GROUP x SEXwas found for the HRVmeasure (F(2,60¼ 1.219;
p ¼ 0.303; par h2 ¼ 0.039).

3.3. Salivary cortisol measures

ANOVA revealed that neither GROUP nor SEX showed signifi-
cant differences in salivary cortisol baseline levels prior to intro-
ducing the stressor (GROUP: F(2,60) ¼ 0.182; p ¼ 0.834; par
h2 ¼ 0.006; SEX: F(1,60)¼ 0.292; p¼ 0.591; par h2 ¼ 0.005). Overall
analysis for the salivary cortisol measurement was applied using a
repeated measures ANOVA; it revealed a significant main effect of
the stress response over the three salivary cortisol measurement
time points (TIME; F(2,120) ¼ 11.668; p < 0.001; par h2 ¼ 0.163). In
comparison to the baseline saliva cortisol measures (�10 min), a
notable cortisol increase to the public speech task for the experi-
mental groups was found in the saliva sample after the stressor
onset (þ20 min, p < 0.001) as well as for the recovery period
(þ30 min, p < 0.004). Regarding this increase of cortisol levels in
saliva, a significant main effect of the GROUP x TIME
(F(4,120) ¼ 4.247; p ¼ 0.003; par h2 ¼ 0.124) was shown, whereas
no significant main effect of SEX x TIME (F(2,120) ¼ 1.690;
p ¼ 0.189; par h2 ¼ 0.027) could be found in the current study.
Measures of cortisol showed no significant differences between the
experimental groups during exposure to the stressor (p ¼ n.s.), yet
the control group presenting in an empty virtual lecture hall
showed a significantly lower salivary cortisol stress increase than
the groups presenting either in front of a real audience (p ¼ 0.021)
or a virtual audience (p ¼ 0.032). Moreover, there was no TIME x
GROUP � SEX interaction effect (F(4120 ¼ 1.622; p ¼ 0.173; par
h2 ¼ 0.051). Additionally, results of the AUCi calculations from the
salivary cortisol data suggest a significant main effect of GROUP
(F(2,60) ¼ 7.462; p ¼ 0.001; par h2 ¼ 0.199), showing differences
between the control group and the real audience (p ¼ 0.003) as
well as virtual-audience-group (p ¼ 0.006), but no statistically
relevant differences between both experimental groups (p ¼ n.s.)
according to the results of the repeated measures ANOVA.
Furthermore, the analyses reveal no significant effect of SEX
(F(1,60 ¼ 0.075; p ¼ 0.785; par h2 ¼ 0.001) as well as no significant
interaction effect GROUP x SEX (F(2,60 ¼ 1.962; p ¼ 0.148; par
h2¼ 0.062). Fig. 4 shows all salivary cortisol data (means ± SEM) for
all groups and both sexes.
4. Discussion

Given that most virtual scenarios are validated against real-life
scenarios using only one or a maximum of two stress indicators,
the current study set out to provide a more holistic approach. Thus,
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amulti-dimensional assessment of stress reactions, including stress
reactivity of the HPA- and SAM-axis as well as self-report measures
of anxiety, was used. By considering salivary cortisol as a crucial
indicator of social-evaluative stress, we aimed to provide additional
evidence for the validity of virtual social stressors. A public
speaking task was chosen as it is regarded to be highly successful in
eliciting psychosocial stress due to its uncontrollable nature and its
inherent social-evaluative threat (c.f. Dickens & Kemeny, 2004).
Also, this study was designed to verify the claims of both the Social
Self-Preservation Theory (Dickerson& Kemeny, 2004) and theMedia
Equation concept (Nass & Moon, 2000; Reeves & Nass, 1996). It
singled out the impact of social cues and controlled for influences of
non-social stimuli (i.e. the VR technology) on the stress response by
introducing a group presenting in front of an empty auditorium.

Finally, this study made an effort to investigate sex specific
stress responses. A review of the corresponding literature suggests
differences between men and women in their stress response to
social situations (Stroud et al., 2002; Taylor et al., 2000), in their
experiences of virtual environments (Felnhofer et al., 2012;
Montero-L�opez et al., 2015) and in their reaction to virtual social
characters (Bailenson et al., 2003; Szell & Thurner, 2013). Thus, an
experimental design was chosen which would allow us to disen-
tangle these sex specific reactions. The corresponding results are
discussed in more detail below.

4.1. Social stress reactivity

In this study, the two groups presenting in front of a virtual or
real audience had higher overall levels of stress than the control
group. Both experimental groups reported a rise in state anxiety
levels (STAI-S) during their speeches and both showed significant
increases in cardiovascular activity (SAM axis) as well as salivary
cortisol concentrations (HPA activity). Also, there was no difference
in all stress measures between the groups presenting in front of a
virtual and a real audience but a large difference between these two
groups and the controls. These findings support the assumption
that the observed stress responses are a result of the confrontation
with a social stimulus and not with the virtual apparatus. For
instance, as HR reflects an ancestral behavioral activation system
that occurs when the organism has to prepare to fight or flight, the
significant increase of HR after the stressor onset may be attributed
to the socially threating nature of the public speaking task. Also,
when comparing the experimental VR group to the control group
presenting in front of an empty virtual audience, the group
Fig. 4. Salivary Cortisol (mean ± SEM) for i) a baseline measure 10 min before the
stressor, ii) a measurement of the stressor 20 min after the beginning of the stressor
and iii) a measure of recovery cortisol habituation 30 min after the beginning of the
stressor and 25 min after the beginning of the recovery.
presenting in front of a virtual audience showed significantly
higher stress levels. This direct comparison of the two VR condi-
tions further supports the assumption that it is the social stimulus
which increases stress responses during the speech. In sum, these
results help explain why prior studies using social virtual envi-
ronments were successful in evoking specific social stress re-
sponses (c.f., Morina et al., 2015; Opris et al., 2012). Below, our
findings shall be discussed in more detail and compared to current
research.

In our study, self-reported anxiety levels did not differ between
the two experimental groups, a finding that is perfectly in line with
prior research (e.g. Anderson et al., 2013; Klinger et al. 2005; Krijn
et al., 2004). This research also found participants to report com-
parable anxiety levels irrespective of whether they were con-
fronted with a virtual or a real anxiety inducing stimulus. Similarly,
Kampmann et al. (2016) found self-reported social anxiety to be the
same in an in vivo and a VRET group and to differ significantly from
a control group. However, the authors also reported general post-
exposure anxiety levels to be significantly higher in the in vivo
group than in the waiting-list controls or the VR group (with no
post-exposure difference between controls and VR). Another study
by Owens and Beidel (2015) seems to confirm this finding. In their
intervention study the authors succeeded in demonstrating that
affective appraisal of stress was significantly higher for the in vivo
group than for the VR group.

In an attempt to explain the disparities between these studies
and our experiment, one may first argue that while we examined
healthy adults, both Kampmann et al. (2016) and Owens and Beidel
(2015) conducted treatment studies with social anxiety disorder
(SAD) patients. Prior research has shown that individuals with SAD
e in contrast to healthy individuals e tend to overestimate their
anxiety reaction and to revert to maladaptive coping strategies
such as rumination (Hofmann, 2007). This may explain why these
studies (e.g. Kampmann et al., 2016) resulted in significant post-
exposure difference between the virtual and the real-life groups
and why our study failed to find such differences. Future research
focusing on disorder-specific coping strategies and subjective per-
ceptions of stress could shed more light on this issue and further
inform the usefulness of VR for therapy purposes.

In the present experiment, the SAM axis produced a stress
response in the two presenting groups but not in the control group.
However, the increase in the cardiovascular reactivity was not very
distinctive. Only when the statistical threshold was set to a higher
level, both experimental groups showed a significantly higher HR
than the controls. This is generally in line with a study by Hartanto
et al. (2014) who demonstrated that a job interview may trigger a
stronger stress response than other social stress scenarios. How-
ever, even though their paradigm represented a social evaluative
stressor like our public speaking scenario, the authors specifically
focused on a particular type of social stress, one that is evoked by
social interaction and especially by negative feedback from others.
In the current study, however, there was no direct feedback from
the audience. The virtual and real-life listeners followed a strict
protocol which prohibited reactions other than neutral facial ex-
pressions. Thus, the comparability between the two studies may be
diminished. Generally, our findings are supported by current
models of social anxiety (Chen, Ehlers, Clark, & Mansell, 2002;
Mansell, Clark, Ehlers, & Chen, 1999) which assume that an indi-
vidual with SAD is subject to an attentional bias away from positive
and negative facial expressions under social-evaluative threats.
This may explain why this study was so successful in provoking
social stress. Other research on physiological indicators of stress in
social-evaluative situations shows results that are similar to our
findings. Villani et al. (2012), for instance, reported a rise in SCL in a
virtual and real-life job interview, Owens and Beidel (2015) showed
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an increase in SCL and HR in both real-life and in virtual exposure
groups, and Slater et al. (2006) demonstrated a significant differ-
ence in HR between a virtual group and controls. However, looking
at the setups one notices differences in the characteristics of the
scenarios used. While our participants were asked to present in
front of a full audience, Owens and Beidel (2015) as well as Slater
et al. (2006) exposed their participants only to five audience
members, and the participants in the study by Villani et al. (2012)
were only exposed to one social entity. Future research should
consider the questionwhether the number of audiencemembers or
interview partners may influence the intensity of the stress reac-
tion. Also, studies should focus on the issue of whether the por-
trayed emotional expressions and gestures (c.f. Kang, Brinkman,
van Riemsdijk, & Neerincx, 2016) or the type of interaction
(direct negative or positive feedback, social-evaluative threats etc.)
have a stronger impact on the social stress response.

With regards to HPA reactivity, both groups presenting either in
front of a real or a virtual audience showed significant increases in
salivary cortisol concentrations when compared to the control
group. At the same time, the two experimental groups did not differ
in their response. Generally, results from the current study corre-
spond with prior research on VR exposure to social stressors
(J€onsson et al., 2010; Montero-L�opez et al., 2015). J€onsson et al.
(2010) found an 88% gain of cortisol concentrations in their male
participants during their virtual social stress task; in comparison,
our study showed a 47% (real) and 43% (virtual) cortisol increase
with no difference between the two groups. The almost double
increase in the study by J€onsson et al. (2010) may be due to the fact
that the authors implemented a highly immersive CAVE environ-
ment, while we used a conventional head mounted display.
Research (e.g., Montero-L�opez et al., 2015) comparing different
technologies such as desktop-screens vs. goggles points towards an
impact of mode of presentation on physiological reactivity during
stress tasks. The more immersive a technology, the more likely it is
that a person experiences presence in a virtual environment
(Cummings & Bailenson, 2015). Presence, in turn, is a precondition
for an emotional response; and a hallmark of presence is a reaction
(both emotional and behavioral) that is congruent with one ex-
pected in a comparable real-life situation (c.f. Felnhofer et al., 2014).
Hence, the highly immersive technology used by J€onsson et al.
(2010) could be responsible for the considerable cortisol increase.
Also, it is possible that the stimulus itself, a highly stressful job
interview task with a standardized experimental protocol (Trier
Social Stress Test; TSST, Kudielka, Buske-Kirschbaum et al., 2004;
Kudielka, Schommer et al., 2004), may have produced stronger
stress reactions than our public speaking task.

In sum, the hypothesis that real and virtual social stimuli may
evoke a similar endocrine stress reaction is clearly supported in the
current study. Because the control group lacked a comparable stress
response during the speech, it is safe to assume that the significant
increase in salivary cortisol in both experimental groups may be a
result of the confrontationwith a social stimulus. This is in linewith
the work of Dickerson and Kemeny (2004) who found that a situ-
ation which is perceived as a social threat by the individual may
evoke the highest cortisol increases. Their Social Self-Preservation
Theory (Dickerson & Kemeny, 2004) states that in situations in
which an individual is in danger of being negatively evaluated by
others and thus, faces embarrassment and detriment to his/her
social self and self-esteem, the HPA axis comes into effect by trig-
gering self-evaluative cognitions and emotions. All these mecha-
nisms eventually help the individual to handle the threatening
situation. Interestingly though, this self-preservative stress
response seems not only to account for physically present social
entities. As could be demonstrated in this study, virtual characters
may also elicit a substantial cortisol response. This observation is in
line with previous findings showing that individuals tend to engage
in social behaviors with computers and to attribute a social entity
to a machine when interacting with it (c.f. Bente, Kr€amer, &
Petersen, 2002).

TheMedia Equation Concept (Reeves& Nass, 1996; Nass&Moon,
2000) explains why we are prepared to react to non-human stimuli
e such as virtual characters e as if they were self-conscious social
entities. According to this approach, the human brain uncon-
sciously and automatically responds to human beings and virtual
characters in the same way. The precondition for a correspondence
in reactions to real and virtual social stimuli is that the latter
contain sufficient social cues. Hence, a social reaction to a virtual
entity does not necessarily require it to wear a human face but only
to display a number of social cues that point to its existence as a
social entity (Nass & Moon, 2000). In the current virtual environ-
ment, interactionwith the virtual characters was set to a minimum,
as the participants could not move around freely in the lecture hall
and were not engaged in a conversation with the avatars. Yet, the
virtual characters were not static, they displayed the usual be-
haviors of an audience: they were leaning on tables, their heads in
their hands, and emitting sounds such as quiet chatting and
coughing, thus facilitating the attribution of social characteristics to
them.

To date, the validity of the Media Equation Concept (Reeves &
Nass, 1996; Nass & Moon, 2000) has been demonstrated predom-
inantly in studies allowing direct interaction with virtual entities,
i.e. a study conducting a virtual ball tossing game (Kothgassner
et al., 2014) and a study using a virtual agent for conversation
(Von der Pütten et al., 2010). However, the concept has not yet been
validated with a social evaluation stressor. Hence, this study is the
first to provide strong support for the assumption that the mere
presence of virtual others who display characteristics of social en-
tities may lead to considerable social responses such as social stress
reactivity. Also, having controlled for influences of VR technology
on stress reactivity, this study has an advantage over past studies. It
is now clear that VR per se does not elicit a stress response and that
the observed social stress is due to the social influence of virtual
others. Given this evidence, this type of stimulus may have strong
promise for both the treatment of social anxiety and the assess-
ment of anxiety outcomes during VR treatment.

4.2. Sex differences

In the present study, no sex differences in self-reported and
physiological stress reactivity could be detected. Neither did male
and female participants exhibit different physiological arousal
levels or different self-reported levels of anxiety nor did their stress
reactions differ in relation to stimulus type represented by the
experimental conditions (virtual vs. real-life vs. control). The
absence of sex specific stress reactivity and recovery patterns
largely corresponds with results from several studies (e.g., Kelly
et al., 2008; Kirschbaum et al., 1999; Kudielka, Buske-Kirschbaum
et al., 2004; Kudielka, Schommer et al., 2004; Kudielka,
Hellhammer, & Wüst, 2009). Montero-L�opez et al. (2015), for
instance, also did not find any sex differences in HPA or SAM axis
activity in a VR adaptation of the TSST. Hemmeter et al. (2005)
however, reported higher cortisol reactivity for men than for
women in their dynamic VR. The contradiction between Hem-
meter's and colleague's findings and our results may be explained
by the fact that our female participants were all in the luteal phase
and reported no use of oral contraceptives. Past findings demon-
strate the crucial influence of the cycle phase on free cortisol re-
sponses (Kudielka& Kirschbaum, 2005).Women in the luteal phase
exhibit cortisol increases that are similar to those of men, whereas
women in the follicular phase and women taking oral
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contraceptives show lower cortisol responses than their male
counterparts.

In sum, our results demonstrate that neither men nor women
are influenced by the technological apparatus or type of condition
(virtual vs. real-life stressor). However, we may not conclude from
our data that the experience of the virtual environment was the
same for our male and female participants. Montero-L�opez et al.
(2015) also found no sex differences in stress reactivity, but re-
ported significant differences in presence experiences between
men and women. Recent research may explain the different results
for stress reactivity and virtual experiences: Two studies (Felnhofer
et al., 2014; 2015) directly correlated physiological indicators such
as HR and SCL to presence and found the physiological response to
be unrelated to self-reported presence experiences. The authors
conclude that presence and stress responses are logically distinct
and that presence rather constitutes a precondition for an emotion
to be at all elicited by VR. Furthermore, both sexes reacted similar to
the social stressor used in this study. Hence, it may be stated, that
male and female participants did not differ in their perception of
the virtual social characters; this finding differs from the ones re-
ported by Bailenson et al. (2003) as well as Szell and Thurner (2013)
who both demonstrated sex specific experiences with avatars. An
explanation for these disparities may be the fact that in our studye

contrary to the ones mentioned above e interaction with the vir-
tual characters was set to a minimum; participants could not move
around freely in the lecture hall and were not engaged in a con-
versation with the avatars. Thus, it is conceivable, that in future
scenarios with more virtual interaction, sex differences may be
more prominent; all the more if the type of interaction or social
stressor is considered as well (Kudielka & Kirschbaum, 2005).

Women have been shown to have greater cortisol changes in
response to social rejection stressors, whereas men are regarded as
more responsive to social evaluative challenges (Stroud et al.,
2002). However, we only investigated one specific social-
evaluative scenario in our study. Thus, it is conceivable, that men
and women might differ in their stress reactivity depending on the
type of social interaction used, e.g. social rejection vs. social eval-
uative challenges (c.f. Stroud et al., 2002). Also, some authors
(Taylor et al. 2000) propose that in situations involving interper-
sonal stress females especially tend to show a behavior described as
“tend and befriend”. Following this, a direct comparison of different
scenarios will most likely shed more light on this issue. Future
studies should carefully select and control the type of social stressor
used in order to shed more light on possible sex-specific reactions.
By transferring, for instance, the Cyberball-paradigm, a well
researched social rejection stimulus (c.f. Williams& Jarvis, 2006), to
virtual reality, sex specific interactions with virtual entities may be
studied under more standardized and clear-cut circumstances.
Some studies (e.g. Kassner, Wesselmann, Law, & Williams, 2012;
Kothgassner et al., 2014) have already implemented this para-
digm in VR, but have not explicitly explored differences between
male and female reactions to being ostracized by a virtual character.
A simulation containing different and clearly separable types of
stressors (i.e. social-evaluative stressors like the TSST and inter-
personal stressors like the Cyberball-Paradigm) would allow for an
examination of these assumptions. At the moment, however, “ […]
the hypothesis that women show higher responses in interpersonal
tasks remains speculative.” (Kudielka & Kirschbaum, 2005, p. 125).

Lastly, sex differences in facial expression recognition should be
taken into account in future research. Generally, studies support
the hypothesis of a better recognition of emotional facial expres-
sions in females compared to males (c.f., Kryspin-Exner &
Felnhofer, 2012; McClure, 2000). The fact that facial expressions
were limited in our study might explain the lack of sex differences
in stress responses. Research that experimentally manipulates
facial expressions of virtual others may provide additional evidence
on sex specific attentional processes and vigilance-avoidance
patterns.

5. Limitations

In sum, the current study only presents a particular type of so-
cial stimulus, a social-evaluative scenario with limited social
interaction; in other words, there was no complex or verbal social
interaction like in Hartanto et al. (2014). Thus, in future studies the
number of scenarios should be increased to include different kinds
of socially stressful situations (i.e. social-evaluative, social exclusion
etc.). Given that individuals’ reactions to social stimuli may differ
depending on the type of stimulus used (c.f. Kampmann et al.,
2016), presenting a range of situations, especially more complex
situation allowing verbal interaction with virtual social entities,
may provide a more customized approach to VRET and ensure its
effective use.

6. Conclusion

Our results are particularly encouraging with regards to the use
of VR applications in research and therapy. In neuroscience and
stress research VR stimuli may be validly and reliably used to
generate reactions in users that satisfy both the experimental rigor
and ecological validity. Furthermore, given that the mere presence
of virtual entities with limited facial expressions and interaction
possibilities may already evoke strong social stress responses in
users, VR is also valuable for therapeutic approaches. For instance,
in cognitive behavior therapy (CBT) based exposure, it is crucial that
the response to a stimulus is sufficiently strong to provide ground
for processes such as extinction (c.f., J€onsson et al., 2010; Krijn et al.,
2004). Finding strong responses on a multidimensional assessment
of social stress (self-report, HPA- and SAM axis), our study dem-
onstrates that virtual social stimuli may satisfy this precondition.

Another implication of the observed correspondence in stress
reactivity to both a virtual and a real-life stimulus becomes
apparent when reverting to MMORPGs and collaborative virtual
environments (CVEs) such as Second Life. These platforms provide
individuals with the unique possibility to engage in social in-
teractions with awide range virtual others; for instance, MMORPGs
have previously been shown to promote social acceptance and
social integration especially for lonely or shy individuals (Stetina,
Kothgassner, Lehenbauer, & Kryspin-Exner, 2011). On the basis of
the current results, however, it may be assumed that if a socially
threatening situation is experienced in MMORPGs or in CVEs it may
have a similar effect on an individual as a real-life social threat.
Studies examining the effects of virtual social exclusion and
ostracism support this notion (Kassner et al., 2012; Kothgassner
et al., 2014). They show that a virtually ostracized person has
comparable negative reactions to it as a person who is socially
excluded in real life.

With respect to the technological developments of the past
years, it can be assumed that immersive technology will play a
major role in future communication and entertainment applica-
tions. When social network sites will migrate to virtual reality, it
will profit from the rapidly growing enhancement of behavioral
realism and the higher degrees of interactivity in online gaming
what will continuously close the gap between the virtual reality
and physical reality (Bailenson & Blascovich, 2011). This underlines
the importance to understand social interactions in virtual reality
in general more deeply, especially compared to interactions with
physically present social entities in real life, to estimate the influ-
ence of virtual social stimuli on the experience of and behavior in a
person's real life.
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