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Abstract– The ability to predict whether people 
will experience anxiety is important for 
recruitment and selection in highly-stressful 
professions. Using a Virtual Reality Environment 
(VRE) can provide a tool to predict whether a 
person will experience anxiety. This paper 
reports several regression models which suggest 
observed and self-reported measures of anxiety 
during and after immersion in a VRE can be 
used to predict an individual’s anxiety response 
to a simulated stressful environment. We found 
that respiration was a poor predictor of anxiety, 
but that cardiac activity accounted for around 
39% of variance in self-reported anxiety 
responses using a four point scale. In contrast, 
responses from the Simulator Sickness 
Questionnaire (SSQ) accounted for 98% of 
variance in anxiety responses. However, only 
four out of eighteen measures in the SSQ made a 
significant contribution to the model. The 
implication for predicting an individual’s anxiety 
responses using self-report or physiological 
measures is discussed. 
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I. INTRODUCTION 

 
Predicting the risk of an adverse response to 

stressful environments would be a valuable 
asset for industry and defence sectors. Selecting 
suitable candidates for predictably stressful 
conditions has been the domain of 
psychologists who determine psychological 
fitness by interview and psychometric testing. 
The virtual reality environment (VRE) has 
recently become an instrument that is designed 
as an interactive, high precision tool in 
professional training [1, 2, 3, 4].  The use of 
VREs has been mainly limited to developing 
physical skills and cognitive proficiency [5, 6, 
7, 8, 9].  

A key consideration when using VREs for 
performance estimation or management is the 
anxiety that users might feel when immersed in 
a virtual environment. For example, a recent 
study [17] has indicated that exposure to 
simulated motion in a virtual reality 
environment increases anxiety. 

One methodological question which arises 
is whether or not it is feasible to monitor 
anxiety physiologically during immersion in a 
VRE, or whether it is better to expose users to 
a virtual task of short duration and then use a 
self-report questionnaire to determine whether 
the participant is anxious or not. 

Increases in heart rate and respiration have 
long been regarded as physical indicators of an 
anxiety response. VREs have been used to 
investigate changes in heart rate variability  as 
a predictor of autonomic nervous system 
(ANS) changes in response to perceived 
acceleration and report that experimental 
participants who had sufficient warning prior 
to acceleration were able to reduce the 
psychological load [10]. 

On the self-report front, the standard 
instrument for measuring cybersickness is the 
Simulator Sickness Questionnaire (SSQ) [11], 
but this does not directly measure anxiety. 
Other studies have used self-report measures 
of anxiety in addition to the SSQ [12]. 

The question is – which type of monitoring 
provides the best predictor of anxiety – 
physiological or the self-report SSQ? 

The approach we have taken in this study 
was to measure respiratory and cardiac 
activity, as known physiological predictors of 
anxiety, and compare a regression predicting 
anxiety from the measures with a regression 
model based on the prediction of anxiety using 
the SSQ.  

Once we have established the most 
predictive model, then it should be possible to 
predict which individuals are more or less at 
risk of significant responses when exposed to 
distressing situations. For example, could 
VREs be used in pre-deployment mental 
health risk assessments for recruits destined 
for predictably traumatic environments? 

Based on the physiological literature on 
cybersickness and anxiety, and the fact that the 
SSQ has not been shown to predict anxiety 
responses previously, we predicted that the 
VRE model using physiological measures 
(cardiac and respiratory) would account for a 
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higher proportion of variance in self-reported 
anxiety [12] than the SSQ responses [11]. 

 

II.  METHOD 
Twenty eight participants (10 female, 18 

male) aged between 18 and 30 years old, 
enrolled students at Macquarie University 
voluntarily participated in this study. All 
students were healthy and had normal or 
corrected to normal vision. All were naïve to 
VRE experiments. 

An information pack containing the 
Macquarie University Ethics Committee 
approved consent form, a health questionnaire, 
and a comprehensive letter informing the 
participant that they were required not to eat or 
drink for two hours prior to the experiment and 
not consume illicit drugs or caffeine 12 hours 
prior to the experiment was emailed to the 
student one week prior to the experiment. 

The consent form contained information 
that the experiment was investigating motion 
sickness. All participants were fluent in spoken 
and written English. 

Participants were tested individually in a 
repeated measure design, where the participants 
operated as their own control. Prior experience 
remained constant over the entire experiment 
thereby maximizing sensitivity to the 
independent variable, since all participants had 
not previously been exposed to a VRE.     

The procedure for the experiment was 
explained to the participant. Participants were 
advised that were at liberty to terminate the 
experiment at any time.  Prior to the experiment 
participants completed the Anxiety Scale [12] 
rating anxiety from 0 - no symptoms, 1 - some 
anxiety, 2 - mild anxiety, 3 – moderate anxiety, 
4 - severe anxiety, 5 – extreme anxiety. After 
the experimental condition, the participants 
completed the Anxiety Scale [12], and 
additionally the SSQ [11]. 

The Biopac Systems Inc. MP35 data 
acquisition unit was used to record the 
electrocardiogram (ECG) and respiration data. 
ECG data was recorded by placing electrodes 
on the right anterior forearm wrist, left leg  just 
above the medial malleolus (inner ankle) and 
the right leg just above the medial malleolus 
(ground electrode). Respiration data was 
collected using the Biopac respiratory 
transducer. The respiratory transducer was 
attached around the chest, below the armpits 
and above the nipples ensuring a slightly tight 
tension at maximal expiration. The transducer 
was worn over shirt or light top. Calibration 

procedures were followed as per the Biopac 
Instruction Manual [13]. 

The experimental condition involved a 
virtual rollercoaster ride travelling along a 
winding, ascending and descending track in 
the VRE, and ran for six minutes. The VRE 
involved a two minute continuous circuit 
which was played three times. The camera 
speed was constant at 20 meters per second in 
both the control and the experimental 
conditions.  

The VREs were projected by three cathode 
ray tube projectors on to a 160° curved 
projection canvas screen (6.2m x 1.7m). 
Participants wore Nuvision Stereo Shutter 
Goggles. 
 

III.  RESULTS 
Two regression models were built and 

assessed in this study: the physiological model 
(model PHYS) and the self report model 
(model SR). In model PHYS the dependent 
variable (DV) is anxiety and the two 
independent variables (IV) are ECG and 
respiration.  In model SR the DV is the anxiety 
measure and the IV is the SSQ. 

 
A.  Model PHYS  

 
Respiration and ECG were measured as 

number of breaths per minute and number of 
beats per minute respectively. Table 1 shows 
the results for the fit of the regression model 
(PHYS-1): 

 
anxiety = α1 respiration +  
          α2 ecg +  
          β                 (1) 
 

The fit of model PHYS-1 using linear 
regression was R2=0.3937, indicating that 
almost 40% of the variation in anxiety 
responses could be accounted for by the 
physiological measures. However, as can be 
seen from Table 1, respiration did not make a 
significant contribution to the model, 
t(19)=0.87, p=0.396, while cardiac activity 
made a very significant contribution, t(19)= 
3.29, p=0.004.  

Thus, a new model PHYS-2 was fitted, 
deleting respiration, to determine the amount 
of variability in anxiety responses accounted 
for by cardiac activity alone. Table 2 shows 
the results for the fit of the regression model 
(PHYS-2): 
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anxiety = α ecg + β         (2) 
 

The fit of model PHYS-2 using linear 
regression was R2=0.3667, indicating that 
almost 37% of the variation in anxiety 
responses could be accounted for by cardiac 
activity. 

In summary, 37% of the variability in 
anxiety responses can be attributed to cardiac 
activity measured through the EEG. 
 
B.  Model SR  
 

Responses to the SSQ comprise self-report 
measures of: 

• general discomfort (x1) 
• fatigue (x2) 
• headache (x3) 
• eyestrain (x4) 
• difficulty in focusing (x5) 
• increased salivation (x6) 
• sweating (x7) 
• nausea (x8) 
• difficulty in concentrating (x9) 
• fullness of head (x10) 
• blurred vision (x11) 
• dizziness eyes closed (x12) 
• vertigo (x13) 
• stomach awareness (x14) 
• burping (x15) 

 
A regression model for SR was fitted as 

follows, with the results shown in Table 3: 
 
 
anxiety = α1x1 + α2x2 + α3x3 +  

    α4x4 + α5x5 + α6x6 +  
          α7x7 + α8x8 + α9x9 +  

    α10x10 + α11x11 +  
    α12x12 + α13x13 +  
    α14x14 + α15x15 + β (3) 

 
The fit of model SR using linear regression 

was R2=0.9845, indicating that almost 99% of 
the variation in anxiety responses could be 
accounted for by the self-report SSQ measures. 
This means that SSQ measures account for 2.66 
times the variability in anxiety than 
physiological measures of cardiac and 
respiratory activity.  

Table 3 indicates some interesting features 
of the model, including that only four measures 
made a significant contribution to the model, 
including: 

 

• headache (x3) 
• difficulty in concentrating (x9) 
• fullness of head (x10) 
• burping (x15) 

This result suggests that a subset of four 
questions from the SSQ is sufficient to predict 
anxiety responses almost perfectly. 

 

IV. DISCUSSION 
In summary, we have demonstrated that: 

 
1. Respiratory activity does not predict 

anxiety responses in a VRE 
2. Cardiac activity (measured through 

ECG) accounts for 37% of variability 
in anxiety responses 

3. Self-report SSQ responses account 
for 98% of variability in anxiety 
responses 

4. Only four questions of the SSQ made 
a significant contribution to the 
model 

 
Clearly, the autonomic nervous system plays 
an important role in anxiety and stress, and 
this study does not at all suggest that anxiety is 
psychological rather than physiological. 
However, it may be that psychological 
awareness of anxiety is more acute during the 
stressful environment in which the participants 
were placed. Indeed, significant elements in 
the SR model – such as burping – suggest an 
important role for the parasympathetic nervous 
system in the anxiety response. Fullness of 
head, headache and difficulty concentrating 
may be related to the changes in blood flow 
bought about by the flight or fight response. 

In practical terms, this means that anxiety 
could be assessed in VRE’s by administering a 
4-question version of the SSQ, and not taking 
any physiological measures or administering 
any other anxiety scales, in order to predict 
anxiety. Of course, since the SSQ is used more 
generally to measure other cybersickness 
symptoms [17], it may be useful to administer 
the entire questionnaire to cover anxiety and 
other forms of cybersickness (included 
motion-related sickness). However, it is not 
necessary to administer a separate anxiety 
scale, nor is it necessary to use any invasive 
measures such as respirometry or the ECG. 
This finding should enable the wider uptake of 
VREs as assessment tools to determine if users 
might potentially become anxious in simulated 
environments, without the need for 
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administering numerous questionnaires or 
measuring physiological responses.  

There is a significant body of research using 
VRE for Cognitive Behavior Therapy (CBT) as 
a tool for managing anxiety conditions [5, 7, 8]. 
Little solid data, however, is available for 
predicting and quantifying anxiety responses in 
potentially traumatic scenarios. In addition, we 
have demonstrated how a non-invasive tool (a 
subset of the SSQ) could be used as part of a 
desensitization schedule to quantify the 
reduction in anxiety at each stage. This leaves 
the door open to predicting an individual’s 
response to threatening situations enabling the 
identification and perhaps habituation of 
anxiety responses in extremely stressful 
situations.  

Research has shown that United States 
combat deployed military personnel with low 
pre-deployment mental or physical health 
accounted for 35% of Post Traumatic Stress 
Disorder (PTSD) diagnoses post-deployment 
[14]. Reports also show that the startle reflex is 
larger in PTSD individuals than non-anxious 
controls [15], but what is not conclusive is 
whether these individuals were as responsive to 
startle response prior to deployment [15]. 
Research into heart rate variability as an 
indicator of emotional regulation and cognitive 
ability in military personnel exposed to high 
intensity stress in military survival school 
training, suggests that certain individuals may 
be able to suppress their heart rate variability 
under conditions of high stress [16].  

The research sample in our study consisted 
of non-stressed participants who were exposed 
to an experimental VRE condition which 
induced an increase in reported stress 
responses. Research in to VREs has described 
how even moderate movement displayed in a 
VRE can produce an increase in anxiety 
response [17]. The data presented in this paper 
confirms that anxiety responses can be 
identified using the self rating tools of the SSQ 
[11]. Further research is required to more fully 
understand the linkages between respiratory 
and cardiac correlates of anxiety, and their self-
report, in virtual environments. 

Using VREs to predict individuals that are 
more or less likely to respond to stressful 
environments by using the SSQ, is a potentially 
significant advance in anxiety assessment. By 
utilising a subset of this questionnaire, without 
requiring ANS data, we may be able to predict 
which individuals are likely to control their 
anxiety responses, and in turn their cognitive 
ability under stressful situations making this 
method of determining which personnel are the 
most suitable candidates for stressful 
engagement and less likely to be affected by the 

symptoms of PTSD a more accurate and 
suitable assessment instrument. 
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Table 1 – PHYS-1 Regression Model 
 
Equation    Obs  Parms        RMSE    "R-sq"          F        P 
--------------------------------------------------------------------- 
anxiety     20      3     0.9251488   0.3937    5.520323   0.0142 
 
--------------------------------------------------------------------- 

|    Coef.   Std. Err. t     P>|t|         [95% Conf. 
                                            Interval] 

-------------+------------------------------------------------------- 
 respiration |   0.0428  0.0492     0.87   0.396    -0.06100  0.14665 
         ecg |   0.0538  0.0163     3.29   0.004      0.0193  0.08843 
           β |   -3.773   1.552    -2.43   0.026     -7.0479 -0.49877 
--------------------------------------------------------------------- 
 
 
Table 2 – PHYS-2 Regression Model 
 
Equation     Obs  Parms        RMSE    "R-sq"          F        P 
-------------------------------------------------------------------- 
anxiety      20      2      .91889    0.3667        10.423   0.0047 
 
-------------------------------------------------------------------- 
             |    Coef.   Std. Err. t     P>|t|        [95% Conf. 
                                                       Interval] 
-------------+------------------------------------------------------- 
         ecg |  0.0520   0.0161    3.23   0.005   0.0181    0.0859 
           β |  -2.984    1.250   -2.39   0.028   -5.612   -0.3558 
--------------------------------------------------------------------- 
 
 
Table 3 – SR Regression Model 
 
Equation       Obs  Parms        RMSE    "R-sq"         F        P 
------------------------------------------------------------------ 
anxiety        20     16    .3050352    0.9845   16.92904   0.0072 

 

 Coef. 
Std. 
Err. t P>|t|

[95% Conf. 
Interval] 

x1 0.830292 0.305528 2.72 0.053 -0.01799 1.678573 
x2 -0.35492 0.253636 -1.4 0.234 -1.05913 0.349283 
x3 -1.85787 0.388405 -4.78 0.009 -2.93626 -0.77948 
x4 -0.20039 0.267058 -0.75 0.495 -0.94186 0.541084 
x5 -1.04799 0.598995 -1.75 0.155 -2.71106 0.615091 
x6 0.672909 0.6791 0.99 0.378 -1.21257 2.558393 
x7 0.06992 0.366611 0.19 0.858 -0.94796 1.087795 
x8 -0.25076 0.413102 -0.61 0.577 -1.39771 0.896195 
x9 1.889507 0.439119 4.3 0.013 0.670318 3.108697 
x10 1.296719 0.303585 4.27 0.013 0.453831 2.139607 
x11 0.217654 0.447087 0.49 0.652 -1.02366 1.458967 
x12 0.425413 0.476965 0.89 0.423 -0.89885 1.749681 
x13 -0.32254 0.343198 -0.94 0.401 -1.27541 0.630331 
x14 0.003368 0.487458 0.01 0.995 -1.35003 1.356767 
x15 -1.45746 0.43205 -3.37 0.028 -2.65703 -0.2579 

β 0.10793 0.18925 0.57 0.599 -0.41751 0.633371 
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