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ABSTRACT if the situation were real; it is as if basic minimal cues are oper-

This paper presents a study of the fine grain physiological respon- 2tiona! th"’llt provide sensoryddatahthat IS iu;ﬁment for th? I';un:]an
ses of participants to an immersive virtual simulation of an urban pherceptua syste”m todrespon to_t emfas_l t ley were real. Fernaps
environment. The analysis of differences in participant responses att '€ Most compelling demonstrations of virtual environments come

various stages of the experiment (baseline recordings, training, ﬁrstfrom_smu_latlons O.f s';ressful situations. Meehan ?t. al. [12] used
half and second half of the urban simulation) are examined in de- Physiological monitoring to demonstrate that participants behave

tail. It was found that participants typically show a stress response with an apfprloprlat? phy_smloglcal stress response when subjected

during the training phase and a stress response towards the end dea str_ess ulvirtual environment. . . -

the simulation of the urban experience. In this paper, we expand the use of p_hyS|oIog|caI monltprlng to
There is also some evidence that variations in the level of visual look at the response of the participant in more general situations

realism based the texture strategy used was associated with changdb'@t do not contain stimuli designed to be shocking. The motiva-
in mental stress. tion is that by observing more of the physiological response of the

participant we may better interpret subjective ratings and obser-
. . . vations of the participants’ performance. The main idea is to use
Categories and Subject Descriptors the physiological response as a technique for the evaluation of the

1.3 [Computer Graphics]: Three-Dimensional Graphics and Re-  Stress level during virtual experiences. During different phases of
alism - Virtual reality; J.4 Computer Applications]: Social And the same virtual experience, the participant may have different res-
Behavioral Sciences - Psychology ponses to the environment and perceive the experience in different

mental and physical states.
This work exploits knowledge about how the nervous system
General Terms reacts to novel situations. In our study, we recorded physiolo-
Human Factors gical signals from 40 participants during a immersive experience
in a virtual street environment that contained virtual people walk-
ing through the street. We then analyzed the recorded reactions

Keywords of the participants during different time segments, in particular be-
Immersive Virtual Environments, Physiology, Human Response, fore and during the virtual experience, in order to determine the
Evaluation psychophysiological impact of the VE on the participant. We uti-

lized the physiological responses of the participant as an evaluative
method in determining the level of stress experienced by the par-
1. INTRODUCTION ticipant during the experience. The experiment also investigated
Today's virtual environment (VE) systems cannot produce sen- the impact of variations in the scene across two conditions: tex-
sory output that has fidelity close to physical reality. For exam- ture quality and visual realism of the virtual people. This aspect is
ple, it remains costly to obtain real-time global illumination for vi-  reported in [23].
sual outputs, although recent research have started to address this |n the following sections we discuss an overview of the most
problem ( see [8] in this volume). Similarly, realtime generation common techniques used in measuring participants’ reactions in
of sound and full body haptics remain problematic . Despite the 3 VE and some further background on the use of heart-rate and
relatively poor quality of the stimuli being created, evidence sug- heart-rate variability measures. Then, we describe the design of the
gests that people do tend to exhibit behaviours and responses agxperiment, we outline the methods used in analyzing the physiolo-
gical data followed by discussion of the findings. Finally, we briefly
present intentions for future work based on the current results.
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sence in the literature [4] [14]. Witmer et al. [25] defined presence particular by the activities of the Parasympathetic and Sympathetic
as“the sense of being there (in a virtual environment), even when Nervous Systems (PNS and SNS). The low frequency components
one is physically situated in another place (lab)h this paper we (LF) of the HRV (0.04Hz - 0.15Hz) are modulated by both the PNS
adopt a recent definition of presence introduced by Sanchez Vivesand SNS. The high frequency components (HF), between the range
and Slater [13], according to whicfresence occurs when there  of 0.15Hz and 0.4Hz, are mainly modulated by the PNS. The ra-
is a successful substitution of real sensory data by computer gener-tio LF/HF describes the balanced behaviour of the SNS and PNS.
ated sensory data, and .. .the person responds to the virtual stimuli In situations of mental stress, a rise in the LF components and a
as if they were real” The response should be considered at multiple decrease in the HF components is observed leading to an increase
levels ranging from physiological through to conscious behavioural in the LF/HF ratio. During dynamic exercise, or any activity in-
and cognitive responses. In this paper we focus only on physiolo- volving physical stress, an increase of the HR is noticed but this is
gical responses, in particular heart rate and heart rate variability. accompanied with a stable level of the HF components.

There are numerous physiological measurements that could be
recorded during a study using non invasive devices. The most com-
mon are heart rate (HR), skin conductance (otherwise known as
galvanic skin response or GSR) and skin temperature, electroen-
cephalogram (EEG) and electrocardiogram (ECG). Wiederhold at
al. [24] used physiological responses to analyze the behaviour of
“phobic” and “non-phobic” individuals in a virtual environment.
Meehan [11] used physiological responses to measure how believ-

i in&!‘\'nl -t inler-['al

able the experience of being at the edge of a virtual pit was. The HH Dt '
hypothesis was that if the people were present, the virtual pit would
have been able to evoke physiological responses similar to those of Figure 1: QRS complex in the HR signal.

a corresponding real environment. They also noted that HR and
GSR measure the arousal of the individual, therefore mlght Only be A typ|ca| ECG Signa| has a repeated wave with 6 peaks (named
used when such arousal is intrinsic to the task, e.g. fear. P,Q,R,S,T and U in fig. 1). The R-peak is the highest and the ref-
Other experiments have shown that GSR and HR could be usederence for the heart beat, but usually we refer to the QRS complex,
as objective measures in monitoring participant reactions to Vir- that includes the previous and the following small peaks . The RR
tual environments [7]. Recent evidence suggests a relationship be-interval is the distance in time between to following QRS com-
tween events during a virtual reality experience and physiological plexes, those represent the time it takes for depolarization of the
responses. In particular, breaks in presence (BIP) [17] are asso-ventricles. The NN signal is the normal to normal beat time dis-
ciated with detectable physiological responses in GSR and ECG tance. Generally the RR and NN intervals are taken to be the same

recordings [15, 16]. however in some individuals extrasystoles (premature contractions
S of the heart chamber) are recorded. The NN values reflect analysis
2.2 Heart Rate and Heart Rate Variability of cleaned up ECG data from the extrasystoles. The changes in the

The relationship between mental and bodily processes originatesRR (or NN) interval can be described in the time and frequency
in the central nervous system (CNS) which acts as an “interface” domains, and they determine the HRV.
between the external world and the internal organs [9]. In par-
ticular, it is the autonomic nervous system (ANS) that controls 3. THE EXPERIMENT
the activities of the internal organs, such as heart contraction and .
rate, sweat gland activity, skin temperature and many other vis- 3.1  Experimental Goals
ceral functions. Andreassi [2] reports on the relationship between  The object of this study was to examine if there were variations
physiological manipulations and corresponding physiological res- in the stress level during a VE experience. We were interested in
ponses. In stressful situations the body responds in a variety of whether physiological responses could useful as a tool for evaluat-
ways such as increasing the HR and electrodermal activity (EDA), ing what reactions the volunteers had and whether or not they had
decreasing the skin temperature or inducing rapid and shallow breatevent-related stress during the experience. As part of the exper-
ing and so on. These responses are generally modulated by thémental design we were interested in investigating whether there
Sympathetic Nervous System (SNS) and lead to the body experi- needs to be consistency between the levels of realism of the differ-
encing what is commonly termed stress. When the causative condi-ent elements within a scene, in particular buildings and characters
tions change and the body can recover, the nervous system reducegee 3.3 for the details).
the body stress level in an attempt to revert the body back to it's .
normal state using the Parasympathetic Nervous System (PNS). 3.2 Scenario
HR is a measure of the times per minute the heart contracts. The The VE explored by the participants was a replica of a street with
typical range is between 60 and 90 bpm (beats per minute). Usingvirtual people walking around. The layout of the street can be seen
the mean HR to evaluate the level of stress and presence in differentin Figure 2.
conditions can give an idea of the overall stress of the experience, During the experiment, at any one time, 8 out of set of 16 differ-
but it cannot determine what this stress has been caused by [12].ent virtual characters were seen walking along the street, avoiding
Therefore, we need to use a wider range of analysis on the HR, toany collision with each other and with the participant. Depending
understand the stress and its causes. on the condition of the experiment, the characters were cartoon-like
Heart Rate Variability (HRV) is computed from the raw ECG sig-  or semi photorealistic, as shown in Figure 3.
nal and it can then be used to describe the physiological behaviour .
of the individual under a specific situation. This form of analy- 3.3 Independent Variables
sis is particulary useful in understanding event related experiences The two main factors in the study were the texture quality of the
[1]. HRV is influenced, at different frequencies, by the ANS and in environment and the visual aspect of the virtual characters:



Figure 2: Top view of the street.

Figure 3: Cartoon(above) and Realistic (below) Avatars.

Texture quality of the environment

e Repetitive (20 textures, repeated twice on different build-
ings),

e Non-repetitive (40 textures, none repeated).
Visual aspect of the characters
e Cartoon-like in aspect and form,
e Visually semi photorealistic and humanoid-like.
In Section 4 we refer to the four conditions as:

e HH - High level textures (non repeated) aHigh level (re-
alistic) avatars

e LH - Low level textures (repeated) ahtigh level (realistic)
avatars

e HL - High level textures (non repeated) andw level (car-
toony) avatars

e LL - Low level textures (repeated) ahadw level (cartoony)
avatars

3.4 Dependent Variables

the recording, but no analysis has been planed on it. GSR analysis
is on going. This paper is only on the analysis of the ECG with

respect to HRV. ECG was sampled at 256 Hz. Measurements of
HRV parameters as discussed in Section 4.3 were performed using
the g.BSanalyze biosignal software package by Guger Technology

[6].
3.5 Explanatory Variables

A demographics questionnaire was administered about age, gen-
der, occupation, language proficiency, experience in computer games,
programming and virtual reality.

3.6 The System

Participants were placed inside a CAVE-like system [3], where
the VE was projected. The CAVE-like system used was a Trimen-
sion ReaCTor, consisting of three 3m x 2.2m solid acrylic walls
and a 3m x 3m floor. It was powered by a 300MHz Silicon Graphic
Onyx2 with 8 MIPS R12000 processors, 8GB RAM and 4 Infinite-
Reality2 graphics pipes. The participants wore lightweight Crys-
talEyes stereo glasses, tracked by a wireless Intersense 1S900 sys-
tem, with 6DOF ultrasonic sensors. The participants were able to
navigate in the VE using a wireless navigation joystick-like device,
with direction of movement determined by the pointing direction.
The frame rate of the simulation was around 45 Hz.

The software used was a derivative of Distributed Interactive Vir-
tual Environment (DIVE) version 3.3x [5, 19] which was ported
to support spatially immersive systems [19]. DIVE is an internet-
based multi-user virtual reality system in which participants can
navigate in a shared 3D space.

The ProComp Infinity, an eight channel device by Thought Tech-
nologies LTD [21], was used for physiological data acquisition.

3.7 Procedure

Forty individuals were recruited for the experiment. The parti-
cipants were distributed equally amongst the four conditions that
resulted: five males and five females for each group. Three differ-
ent experimenters helped with the running of the studies. In any
one session, two of the three experimenters guided the participant
through the study. The roles played by the experimenters were ran-
domized in order to minimize the impact of experimenter bias on
findings.

After initial greetings, the participants were asked to complete a
consent form after going through an information sheet. The par-
ticipant was then asked to answer an online questionnaire contain-
ing a series of demographic questions. After this, the participants
were trained to record breaks in presence following the method de-
scribed in [15], but the results of this analysis are reported in [23]
and a different study that examined the relationship between breaks
in presence and physiological responses is reported in [16].

The participant was introduced to the ReaCTor and fitted with
various devices: tracking sensors, shutter glasses and physiological
sensors. Initially the participant was asked to stand still for about
90 seconds in the dark in order to record a baseline for the physio-
logical signals in a relaxed and non-active state. After the baseline

During the experiment, the volunteers were asked to signal (by session, the VE appeared on the projection screen, at which point
pressing a button of the joystick) whenever they had a BIP. Af- on of the experimenters explained the use of the joystick-like navi-

ter the experiment, the SUS [17] and the ITC-SOPI [10] question-

gation device. The participant was asked to practice navigation in a

naires were completed by the participants as subjective measuredraining room (see Figure 4). The training room is a virtual room in
of presence. In addition the participant’s behavior during the ex- which free-standing single-digit 3D numbers were displayed float-
perience was recorded on video tape along with positional data ob-ing over the floor. The participant was asked to move through the

tained from the tracking sensors.

training room by following the number sequentially from 1 to 9

Three physiological signals have been recorded: respiration, GSRuntil he/she felt confident. Finally, the participant was reminded
and ECG. Respiration has been only used as a control signal duringto signal any transitions from the VE to the real world (breaks in



presence) by pressing buttons on the joystick-like device. Then 4.3 HRV Algorithm

the participant was asked to stand in front of a virtual door lead-  The RR time series were resampled at a frequency of 2 Hz. Then
ing to the virtual street. At this point the participant was instructed the power spectrum of the resampled time series was estimated us-
to complete an exploration task in the street once the virtual door jhg the Burg method [20] of order 15. The RR sequence was de-
opened.l . ) trended and a Hanning window was applied prior to the spectrum
The virtual experience lasted around four minutes for each par- estimation. The FFT length was 128 with an overlap of 64 and a
ticipant. After three minutes of virtual experience, the colour of the  sampling frequency of 2 Hz. Once all the measures are estimated,
sky turned dark to signal the end of the experience, and the par-\e have applied a sign test for paired couples, comparing the val-
ticipants returned to the starting point in the virtual environment es for the different four time segments (B, T, E1 and E2). The
following instructions given to them before the study. Each study atlabt tools used for the HRV analysis was the g.BSanalyze by
lasted about 30 minutes in total and each participant wasffaid  Guger Technology [6]. This analysis has allowed us to evaluate the

(pounds sterling). different mental and physical stress levels between the 90 second
segments.
meanRR mean of the RR interval (ms)
SDNN standard deviation of the NN interval (ms)
maxRR andminRR max and min values in the RR interval (ms)
MinMaxRR difference between MaxRR and MinRR (ms)
MeanHR andSDHR | mean and standard deviation of the HR (bpm)
SDANN stand.dev. of the average NN interval calculated oyer
short periods
SDNNindex mean of e.g. 1 min stand.dev. of NN intervals caldu-
lated over total recordig lenght
SDSD stand.dev. of successive NN differences (ms)
Figure 4: Training room with numbers. RMSSD square root of the mean squared difference of suc-
cessive NN intervals (ms)
NN50 number of intervals of successive NN intervals
greater than 50 ms
pNN50 NN50 divided by the total number of NN intervaIF
4. ANALYSIS AND RESULTS 06)

4.1 Introduction Table 1: Time domain parameters evaluated for the HRV.

In this Section we focus on the analysis of the ECG; in particu-
lar the HRV analysis in both the time and frequency domains. The
aim was to detect differences in the physiological responses of the4.4 Results

participants, in the different segments: baseline, training and the  |n this Section we present the resullts related to the HRV analysis
actual experiment segments. The state of the participants duringon the ECG signals. The sign tests show the significant variations

different segments of the study might give an interesting insight for the values in the comparisons between the four time segments:
into the stress level experienced by the participants during the ex-

perience. For instance the experience while recording the baseline e B/T - sign test comparing the values in the baseline and in
signal, quite a relaxing situation, is different to their experience in the training segments,

the training segment. The physical activity required of the partici-

pant changes through the different segments; for instance the base- ® T/E1 - sign test comparing the values in the training and in
line segment requires the least amount of effort in comparison to the first segment of the experiment,

the others. e E1/E2 - sign test comparing the values between the two seg-

4.2 Data Pre-Processing ments of the experiment,

For each participant, the baseline segment lasted for 90 seconds
and was used as a reference for comparison with the other S€0ic
ments. The training segment was not limited to a fixed time because
it was important to let the participants start the main part of the ex-
periment only when they felt comfortable enough. The exploration
of the street lasted 3 minutes. The maintenance of a stringent time-
line during the experiment was key to obtaining useable physio-

In Table 2, the raw results with the sign tests for all the 40 par-

ipants are shown, without gender or experimental factorials. We

can observe that comparing the baseline segment to the training
segments, there is an arising in the LF/HF ratio and no change in
the HR measures, showing an increase in the mental stress level.
When the participants started the experiment segment, the LF/HF
ratio decreases along with the stress level and the physical activity.

logical d?ta._ Cogdu;:tlgg HbRIVtanaIylfls r?_((qjuwes S'“?"af t|n*'1:e slotrs] In the second segment of the experiment, both the stress level and
(segments) in order to be able to make valid comparisons. From Cthe physical activity increases. In addition, there are significant dif-

complete recording of each participant we extracted four 90 secondf rences in terms of HR, between the training segment and the first
segments. The first of these segments was the baseline. The secon Lgment of the experim’ent There is a reduction in the mean HR

segme_nt_consi_sted of the Iast_ 90s of the_ training session, in p.rderHowever between the first and the second segments of the experi-
to avoid including the dramatic change induced by the transition ment. there is an increase in the mean HR

from th.e ;?ﬁet“ne pgrlgd,.whfl.ch r(tequ;re.(ti n(_)rrz:\ctlwty, to the .trat';:' The analysis indicates that there are different mental and physi-
|r][g pterlo d_a_dre((qulie : S|g(rj1_|f|fcan tac Ity N e“:ax?erl[e;(;:e in 3 cal stress levels in the different time segments of the experiment.
street was divided into two ditierent segments, the hirs SECONTS The mental stress seems to increase at the beginning of the virtual

and the last 90 seconds. The whole experience was thus treated a; . : L ; -
four segments: baseline (B), training (T), first 90 seconds of the gxperlence, during the training, then it decreases at the beginning of

experiment (E1) and second 90 seconds of the experiment (E2).  lwww.mathworks.com




the actual experiment, and it increases again at the end of the exper-
iment. The physical stress seems being higher during the training
and second half of the experiment.

The next step in the analysis was to evaluate different reactions
between the experimental factorials (see section 3.3). In Table 3,
only the significant p values of the sign test are shown. The corre-

spondent HRV variables are shown in Table 4. We can see signifi- C A
cant p-values indicating a significant variation in mean HR between BT T/EL ELE2 BT T/E1 ELE2
the training segment and the first experiment segment, in all the 1000 0021 0344 meanHR 0754 0.021 0.109
" - 0.109 0.021 1.000 SDHR 0754 0.109  0.109
conditions but HL (non repeated textures and non realistic avatars), 1000 0070 1000 NN50 0754 1000 0.727
where the SDHR decreases. An important aspect is the p-values 1.000 0.039 1.000 pNN50  0.754 1.000 0.508
for the rate LF/HF between training and the first segment of the 0.754 1000 0109 LFnorm 0754 0344  0.109
; ) v . 0.754 1.000 0.109 HFnorm  0.109 0.109  0.109
experiment, where the value decreases in the conditions with non 0754 1000 0109 LEdiVHE 0344 0109 0109
repeated textures (HL and HH). HL HH
The general effect of having less physical activity during the ex- B/T TEL ELE2 BT TEL EILE2
periment segment, comparing with the training segment, is also 0109 03t 109 meantR 0751 Q002 1O
confirmed between the conditions. The lower mental stress once 1000 0344 1000 NN50 0508 0508  1.000
they start the actual experiment is only verified for a subset of the 1000 0.344 1.000 pNN50  0.508 0.508  1.000]
i ; ‘At ; 0.344 0.344 0754 LFnorm  0.021 0.021 0.344
conditions, showing a variation due to the level of realism of the 0344 0021 0954 HFnomm 0109 0021 0344
avatars. 0.344 0.021 0754 LFdivHF 0109 0.021 0.344

The last step in the analysis was to split the data according to the
gender, to see whether or not females and males react in a differ-Table 3: Sign tests for the different factors, but no gender
ent way during such an experience. In none of the four conditions discrimination (HH means non repeated textures and realistic
where there strongly significant differences between males and fe-avatars; LH means repeated textures and realistic avatar, and
males. so for the others). p-values of the sign tests below 0.05 are sig-
4.5 Discussion nificant

The HRV variations provide good indications for stress level du-
ring real experiences [1]. One of the goals of this study was to
examine similar techniques in relation to VR experiences, and to
see if HRV analysis could be applied in order to determine whether
or not the participants had stress during the experience.

In the above analysis, we can observe how the mental and phy-
sical stresses changed during the virtual experience. When com-
paring the baseline to the training segment, we notice an increase
in the mental stress level. This finding has many possible explana-
tions. The participants find themselves in a novel situation, under-
going the first or one of few VE experiences of their life, so they
become curious, not knowing what is to come and whether they
would be able to adequately carry out their side of the experiment.

During the training segment, the participants are asked to move, T o
i I B T E1l E2 B T E1l E2
learn how to manage with thg te(_:hnology, but \_Nhen the experiment s ssis B tias menHR 860 8745 oot aivs
starts, observations from reviewing the recordings reveal that most 435 525 364 348  SDHR 441 585 430 374
.. . . . . 5.80 5.60 3.50 3.30 NN50 6.80 6.90 7.30 6.50
participants stand in the middle of the ReaCTor space while using 502 453 290 278 pNNSO 664 563 665 623
the joystick on the wand to navigate to the ends of the virtual street. 7254 T2B8 %916 T28L Lfnom 7oA 1828 8949 oo
This requires much less physical activity than was required in the 400 562 480 636 LFdvHF 5% o4 o4 62
training phase. During the actual experiment, we notice a decrease B T Bl E2 B T Bl E2
in the mental stress or in the physical activity. The participant may S5at oss mie eae Tomr s e am e
9.10 10.30 7.00 8.50 NN50 11.80 9.10 11.00 10.60
7.64 8.71 6.25 6.82 pPNN50 9.72 7.22 9.04 8.68
65.96 73.83 66.96 67.76  LF norm 58.98 68.83 56.09 62.08]
values p values 25.57 17.30 23.47 24.06 HF norm 32.76 20.85 30.93 25.41
B T E1l E2 BIT T/EL E1/E2 5.44 5.73 4.24 3.95 LFdivHF 3.12 4.43 2.97 4.05
69.015 67.488 70.681 69.679 mean RR 0.4296 0.0000 0.0166
40.675 46.113 38.074 35.000 SDNN 0.2682 0.0064 0.1539 . .
89.206 91132 86837  88.254 meanHR  0.4296 00000  0.0166 Table 4: HRV variables for the different factors, but no gender
5.060 6.022 4.582 4.401 SDHR 0.0166 0.0000 0.4296 . . . . I
23684 25354 23520 22083 RMSSD 06358  0.2682  0.0064 discrimination (HH means non repeated textures and realistic
23.782 25.455 23.618 22174 SDSD 0.6358 0.2682 0.0064 . ioti
e ove  aa00  aae nNmO 10000 oata0  oswor avatars; LH means repeated textures and realistic avatar, and
7254 6523 6210 6128  pNN50 1.0000  0.1877 0.6076 so for the others).
1.727 2.181 2147 1.922 SDANN 0.0385 0.8746 0.1539
17.139 16.840 16.394 15.607 SDNN index 0.6358 0.8746 0.0064
68.490 72.955 65.351 69.823  LFnorm 0.0807 0.0166 0.0385
23.713 16.437 23.110 19.935 HF norm 0.0064 0.0007 0.0385
4.671 6.299 4.606 5.650 LFdivHF 0.0166 0.0007 0.0385

Table 2: HRV values (the mean all over the participants) and p
values of the sign tests for the 40 participants. p-values of the
sign tests below 0.05 are significant.



become familiar with the technology and more confident therefore BIP increased in the second half of the experiment, but in this case

they start to relax in the virtual environment. Figure 5 outlines the the variation was not significant but it only gives an indication for

main variations in the stress level. the next studies. Further studies and investigations are required to
explore the implications of these results.

g Ty g 5. CONCLUSION AND FUTURE WORK
Lot \ ’ In our study, we recorded the ECG signals for all 40 participants

Stress
. [ ) . \ ) m before and during the experience of a virtual urban simulation. We
e Bement (el Ty Experment (7 hal> ran a HRV analysis in time and frequency domains on separate 90s
) o ) ) ] time segments selected from these recordings.
Figure 5: The variations of the stress during the virtual experi- Firstly, the analysis indicated that being introduced into an im-
ence. mersive virtual environment creates a stressful situation for the par-
ticipants, compared to the pre-experience baseline session. The
stress level decreases once they get inside the more natural-looking
One of the interesting aspects of the analysis is in the differencesand engaging environment that was designed for the experiment.
between the first and second experiment segments. The physicaWe hypothesize that this was because the participants began to get
activity increases and even the mental stress increases. Thereforaysed to the new technology and that they felt more comfortable as
in the second half of the experiment, the participants start moving time passed by. In the last segment of the experience, the parti-
more and also seem to become more stressed. One possibility iipants tended to become more stressed perhaps due to a lack of
that the participants start to notice more technical problems and theinterest in the environment, a mundane explorative task, or because
spatial limits of the environment. Another possibility is that some- the technological limits in the system become more apparent. Al-
thing about the “social interaction” disturbs them - since the vir- though our explanations of the change in stress levels can only be
tual characters uncharacteristically ignore them completely, which considered hypotheses, the fact that we can detect differences is
could be disturbing. There is some evidence of this reported in very promising and suggests that these types of time-varying res-
[22]. For example, in a preliminary analysis of behaviour in a pilot ponses should be taken into account when analysing participant be-
experiment using the same model, we have observed participantshavior in such VEs.
signalling BIPs when the notice that textures are repeated in the Secondly, comparing between the condition in the experiment
environment. This and similar faults are more likely to be detected design, we found that the condition with non repetitive textures,
the longer the participant is exposed to the Virtual Environment that is the more visually realistic environment, was one that most
[18]. As a consequence it may be possible that the mental stress,influenced the mental stress of the participant. Although a prelim-
during the complete experience of a virtual reality system, is high inary result, it suggests that the effects of visual fidelity are having
at the beginning when the participants do not know what to expect. an impact on much higher levels of response.
However once the participants become more relaxed, observation HRV analysis has proved itself an interesting tool for the evalu-
of faults in the model may become an important factor, and also of ation of mental and physical stress in participants during a virtual
course the content of the simulation would itself be significant. reality experience. It has highlighted that people respond respond
In [23], there is the presence analysis related to this experiment, with stress to a training period, which, for this experiment, reduced
based on presence questionnaires and BIPs. The authors made ance the main study started. This suggests that in future experi-
presence measurement during the whole virtual experience, expectments people should be allowed to continue training until they re-
ing the level of the textures and the behavior of the avatars to be port being very comfortable with the controls and understand their
the key determinants of the presence level. In particular, they sug-tasks. The study has also generated a hypothesis - that the longer
gest that the perception of the realism in the character behaviour isan experiment continues there is greater chance for participants to
positively correlated to the level of presence. The level of the tex- become aware of problems with the system, which itself may be a
ture (repeated or no-repeated) was also important for the differen stress inducer.
level of presence across the conditions: the condition with repeated

textures and realist avatars (LH in this paper) produced the lowerg ~ ACKNOWLEDGEMENT
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the level of presence. In particular, the conditions with no-repeated '
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