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Abstract 
 
The current study was performed to assess the phenomenon known as Presence, to measure Anxiety responses, simulator sickness and 

autonomic activation in subjects of the general population. 

The sample consisted in 37 Argentine participants (15 male, 22 female) between ages 20 and 40; who were exposed to 3 virtual 

environments designed to research and treat phobias. Instruments utilized for this study were the Symptom Checklist 90-R, Acrophobia 

Questionnaire, Fear of Spiders Questionnaire, The Claustrophobia Questionnaire, Igroup Presence Questionnaire, Simulator Sickness 

Questionnaire and the State-Trait Anxiety 

Inventory. 

All virtual environments generated sufficient feeling of presence. Cybersickness was only registered in the Elevator scenario. The Apartment 

and Spiders environments have shown not to be anxiety triggers within this population. As for Elevator, a significant increase in the level of 

state anxiety was generated. A possible hypothesis to account for this fact might be that reported anxiety responds to movement simulated in 

the virtual scenario while on the other two scenarios the subjects remained static. 

The existence of a correlation between HRV and state anxiety has been analyzed and no significant relation has been found between the 

variables. 

Even though there is a relation between anxiety and presence, no significant relation has been found between anxiety and presence. 

Regarding sensory conflict, a follow up study in the Elevator environment should be done, eliminating movement and exposing subjects to 

the stimuli while static at different heights. 

Future studies should consider broadening the size of the sample and studying clinical population to compare results. 
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Introduction 
 

Virtual reality is a computer generated simulation in which the individual 

moves from the place of a spectator to become an active participant who 

interacts and manipulates a synthetic and tridimensional universe [1]. It is 

a technology that provides the creation of computer simulated and 

interactive environments - cyberspaces similar to real spaces- which 

create the feeling of being physically present in them and allow 

interaction with it, with its diverse scenarios, objects and beings in real 

time [2,3,4]. In these tridimensional environments where an individual 

can find himself dynamically interacting, outstanding stimuli can be 

manipulated and presented in a context which is significant for the 

individual; and such stimuli can be systematically [5] controlled. For this 

reason, VR offers a powerful tool for the approach to diverse problems. 

 

1.1. Virtual Reality and Anxiety Disorders 
 

Virtual reality (VR) allows to bring the world inside the therapy and to 

carry out one of the chief techniques of cognitive-behavioral therapy, the 

exposure, which offers the possibility to expose an individual to anxiety-

triggering situations allowing an alteration in the structures which 

perpetuate avoidance and fear [6]. Since the situations for the individual 

to face are artificial, gradual exposure tasks can be repeated the times it 

may be deemed necessary in a context controlled by the professional 

while diverse patient reactions are live monitored [7]. 

As for the most relevant advantages, it is worth pointing out the 

opportunity to carry out the exposure to the virtual environment without 

having to wait until certain circumstances occur in the real world; the 

possibility to graduate the difficulties on an accuracy level which reality 

does not permit; keep each of the elements and occurrences under the 

therapist’s control; and to manipulate certain variables such as the length 

of time and repetition [2,8].On the other hand, research in the field reveal 

that certain patients would rather be exposed to VR than to a real live 

situation [9,10] a fact which also preserves the intimacy and privacy of the 
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patient who does not need to go outdoors for the purpose of working to 

face his feared situations[2,11]. 

Meta-analytic studies have proved clinical efficacy of the VR for the 

anxiety disorder spectrum in adults, children and adolescents [12, 13, 14, 

15]. The use of VR as an exposure technique in anxiety disorders covers 

claustrophobia[16], flying phobia[17,18,19], acrophobia[]20,21], fear of 

small animals[22,23,24], panic[8], agoraphobia[8], posttraumatic stress 

disorder[3 ]and stage fright[25], among many others. 

 

1.2. Presence 
 

Presence is not the same as immersion. Immersion is related to the 

quantity and quality of sensorial stimuli coming from the environment 

[15], and is considered as a product of the technological devices offering 

the user a sensorial and multimodal input [4,26]. 

Presence is considered a state of consciousness, a state of being in an 

environment27. It is the psychological perception of being there, inside 

the virtual environment (VE)[28]; the subjective perception of a 

synthetic environment “forgetting” technology’s influence[4]. 

According to Riva and his team, the illusion of presence requires three 

elements: firstly, the possibility of putting the multisensory signals of the 

virtual environment into coherent perceptual categories, thus adding 

reality to the experience; secondly, the aforementioned task to be carried 

out in an egocentric frame of reference constituted by the individual and 

the environment in which he or she is immersed; lastly, the capacity of 

making the virtual experience meaningful and relevant [29]. 

For some specialists, presence is considered an internal and psychological 

phenomenon which is independent from the means employed to achieve 

it, and whose purpose is to control the activity of the subject in the 

context in which he or she is and feels immersed[30,31,32]. In this sense, 

a subject feels present in a place as long as he or she feels capable of 

interacting with it and, even more, doing it successfully. That is to say, 

action is more important than perception. Hence, presence means “the 

non-mediated (pre reflexive) perception of the use of the body to 

successfully transform intentions into actions” (Riva et al, 2014. p. 15) 

[29]. 

 

1.3. Cybersickness 
 

An adverse aspect of virtual reality is sickness provoked by the simulator 

or cybersickness. It is the way of referring to a group of adverse 

symptoms such as visual fatigue, cephalic, nausea and dizziness, among 

others. Lawson, Graeber, Mead and Muth (2002) [33] deem this type of 

physiological response as typical due to the exposure to unusual stimuli. 

The most accepted theory to explain said cybersickness is the sensory 

conflict between the vestibular system and the visual system. The 

vestibular system is the non-auditory part of the inner ear and provides 

information about the position, orientation and acceleration of a subject; 

while the visual system refers to the subjective perception of movement 

from visual stimuli and the visual field generated by the virtual reality 

viewer. The sensory conflict arises when the information provided by the 

visual system does not coincide with what the vestibular system registers, 

that is to say, the simulated visual stimulus generates a sensation of 

movement while the vestibular system does not register any change 

[34,35]. Only 5% of the general population experiences adverse 

symptoms in high intensity while the remaining 95% presents few 

symptoms or none [36]. 

 

1.4. Anxiety 
 

Anxiety is an emotional, natural and necessary response which has an 

adaptive function. However, once certain thresholds have been 

exceeded, it starts to interfere in the daily performance and activity to the 

point it might become pathological [37]. 

It is presented in a three-level response scheme: cognitive, physiological 

and motor. The cognitive aspect includes thoughts, preoccupations or 

images accompanying the emotional state. The physiological response, 

related to an activity in the nervous system, is manifested in variations in 

the breathing rate, cardiovascular activity, electro-dermal response and 

muscle tone, among others. These two reactions, the cognitive and 

physiological type, lead to different behavioral responses such as motor 

restlessness, unnecessary gesticulations, slowdown, inhibition, 

avoidance or flight, among others [38]. 

Spielberger (1972) [39] describes anxiety as a transitory emotional state 

associated with an increase in autonomic activity, feelings of tension, 

nervousness and apprehension. Such state fluctuates depending on the 

stressors the subject may be presented with. Unlike state anxiety, trait 

anxiety is defined in relation to individual differences which are 

relatively stable in frequency and appearance of anxiety states. 

 

1.5 Heart rate variability 

 

The autonomic nervous system is in charge of controlling bodily non-

voluntary processes. The sympathetic branch of the autonomic nervous 

system prevails in alert and stressful situations, while the 

parasympathetic branch prevails in a restful situation such as sleep [40]. 

The Heart Rate Variability (HRV) analysis allows for the assessment of 

the autonomic activity. Sympathetic-parasympathetic interaction 

determines that the heart rate length fluctuates throughout time. These 

oscillations present different frequencies. High frequency (HF) is 

related to a respiratory sinus arrhythmia and is a reflection of the 

parasympathetic modulation. Low frequency (LF) is related to 

baroreflex and reflects sympathetic and parasympathetic stimuli. LF/HF 

relation is deemed a sympathetic modulation indicator. SampEn and 

Alpha 1, which respectively are increased and decreased in 

parasympathetic prevalence conditions, fall within the most used 

indicators  [41,42]. 

 

1.6 Current study 

The current study is a pilot study which consisted in the exploration of 

basic and necessary variables of three environments designed for 

specific phobias treatment: presence, cybersickness and anxiety in the 

general population. The questions to be answered are: Will the designed 

environments generate a necessary feeling of presence for the subjects 

to feel the environment as real? Will they be friendly experiences? Won’t 

they provoke cybersickness? Will they provoke anxiety responses in the 

subjects? Will the anxiety responses taken from self-reports correlate 

effectively with physiological reports? 

 

2.0 Methods and Materials 
 

2.1. Participants 
 

An open call has been made through social media and email. The final 

sample has been constituted by 37 participants of Argentine nationality 

(15 male and 22 female) between ages of 20 and 40 (M=28,59, SD=6,61). 

The inclusion criteria were: scores below T65 in all and each SCL-90R 

scale [43, 44, 45]; and non-clinical scores in questionnaires of 

acrophobia[46], fear of spiders[47] and claustrophobia[48,49]. And the 

exclusion criteria were: pregnancy (for female participants), epilepsy 

antecedents, severe visual difficulties, cardiovascular diseases, being 

under the effects of alcohol or drugs, sleep deprivation, vertigo, serious 

medical conditions. 
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2.2 Hardware. 
 

The virtual environments were displayed on a PC and it´s visualization 

was made through an Oculus Rift DK2 headset, complemented with 

stereo headphones. For cardiologic monitoring, an Eccosur HT103 

Holter was used. 

 

2.3.Software. 

The subjects were exposed to three of the PHOBOS’ virtual reality 

environments. 

 

Elevator. An urban environment with high rise buildings surrounding 

and overlooking a central square surrounded by streets with traffic and 

crowds. A cargo elevator was placed on the outside of one of these 

buildings with a maximum height of 70m. Subjects started the scene 

inside the elevator at ground level and were lifted up to the top, waited 

for 2.5 minutes then brought down to ground level. (Figure 1) 

 

Figure 1. Elevator Environment 

Small Apartment. The scenario includes a small, modular apartment 

which consisted of a 2x4m area. Within this area, there was a sink, a 

bathroom which view was occluded by a door and a closet embedded on 

the wall. (Figure 2) 

 

Figure 2. Apartment Environment 

 

Spiders Scene. This scenario includes a large apartment. The exposure 

took place in the kitchen where subjects were seated at the end of a table. 

On the opposite end of the table was a rectangular fish bowl with a rolled 

towel within it, functioning as a visual barrier between the subjects and 

the spider behind the towel. To increase sense of presence, a virtual 

beheaded avatar was placed on the chair with both hands positioned open 

over the table. The subjects´ point of view was situated above the neck 

of the virtual avatar. 

When the virtual reality experience was initiated, the fish bowl´s front 

wall opened which triggered a scripted 3 minute animation where the 

spiders moved out of the fish bowl, approached the subject´s end of the 

table and stopped 5cm away from the subjects´ virtual hands. (Figure 3) 

Figure 3. SPIDERS ENVIRONMENT 

 

2.4 Instruments 
 

Symptom Checklist 90-R (SCL-90R) [43,44,45]. This inventory was 

created to assess the presence of 90 symptoms on subjects between 13 

and 65 years old, and it can be used to screen for psychiatric disorders. 

The instrument has fair psychometric properties of reliability and 

validity. The internal consistency of different dimensions fluctuates 

between alpha .77 coefficients for Psychoticism and .90 for Depression 

[45]. 

 

Acrophobia Questionnaire (AQ) [46]. This questionnaire consists of 40 

items which present different situations purpose of which is to evaluate 

phobia of heights by means of two subscales: an anxiety subscale; and 

another avoidance subscale. This instrument shows reasonable internal 

consistency and test-retest reliability (r=.82 for the anxiety scale and 

r=.70 for the avoidance scale) [46]. 

Fear of Spiders Questionnaire [47]. Self-administered questionnaire for 

the assessment of the fear of spiders. It consists in 18 items. Scores may 

vary from 0 to 126. Having a Cronbach's alpha value of 0.92, the 

instrument shows a very good internal consistency [47]. 

The Claustrophobia Questionnaire [49]. This questionnaire consists of 

26 items which describe claustrophobic situations and have to be scored 

in relation to the degree of anxiety which will be experienced in each of 

them. The instrument shows a very good internal consistency, having a 

Cronbach’s alpha value of 0.95 in its original version [49]; and 0.88 in a 

study addressed to a Spanish population [48]. 

 

I group Presence Questionnaire (IPQ) [50]. This questionnaire was 

designed to assess the feeling of presence achieved in virtual 

environments. It consists of 14 items that can be grouped into three 
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subscales which assess three dimensions of the presence experience 

(involvement, spatial presence and realness) or can be taken as a 

compound global value. 

                      The IPQ has shown fair psychometric properties50 with a 

mean of 38.16 (SD=17.53) [51]. 

 

Simulator Sickness Questionnaire (SSQ)[52]. This questionnaire 

consists of 16 items which show symptoms associated with the use of 

VR. For this study, the version carried out by Bouchard et al (2007)[53] 

has been taken as a reference since it dealt with general population, it 

was the most recent version and it used environments which were more 

similar than those of this study. Moreover, the instrument offers a global 

cybersickness score (M=3.86; SD=4.6)[53] which was taken into 

account in this study. 

 

State-Trait Anxiety Inventory (STAI)[54]. Self-administered inventory 

designed to assess anxiety by means of two subscales, each of them 

consisting of 20 items: one for trait anxiety as a subject’s stable 

inclination towards anxiety; and the other for state anxiety considered a 

transitory emotional state. The instrument has a proper internal 

consistency showing a Cronbach’s alpha between 0.9 and 0.93 in state 

subscale; and between 0.84 and 0.87 in trait subscale [54]. 

A STAI-R normative study carried out in general Argentine population, 

in adults of both genres and of ages between 18 and 76, showed a median 

of 37.65 (SD= 8.81) for state anxiety subscale; and 39.56 (SD= 8.91) for 

trait subscale. Cronbach’s alphas (0.93 for state subscale and 0.86 for 

trait subscale) also show good internal consistency [55]. 

 

Instruments which do not have a Spanish version were translated into 

Spanish, reviewed by bilingual psychologists and translators for the 

purpose of obtaining the most accurate translation. Later they were 

translated again into English, reviewed for the second time by other 

bilingual psychologists and translators in order to check the accuracy of 

the back translation. 

 

2.5 Procedure 
 

Once the informed consent has been signed, subjects who accepted being 

part of the research were submitted to an initial screening in which the 

Symptom Checklist 90-R has been used, and to questionnaires on 

acrophobia, fear of spiders and claustrophobia. Once they have been 

entirely administered, an immediate analysis was carried out, which 

allowed for the identification of the non-clinical population, excluding 

those who did not meet the exclusion criteria. 

Later, subjects were invited to put on a holter according to the 

indications provided by a researcher and its proper installation and 

operation were tested. 

The exposure phase started upon the placement of a virtual reality viewer 

in which a neutral environment was projected. At the same time, 

headphones were put on by means of which sounds inherent to the 

environment were transmitted for the subject to achieve a deeper 

immersion in the virtual environment. 

Basal measures (HRV and STAI-S) were taken after six minutes of 

exposure to a neutral environment previously tested. 

Then, the subject was exposed to each of the three experimental 

environments in a random order to avoid the occurrence of a bias due to 

the environments’ sequence. Each exposure consisted of three minutes 

in the neutral environment and another three minutes in the experimental 

environment. Afterwards, the viewer and headphones were removed and 

post- test instruments (IPQ, SSQ y STAI-S) were administered. Once the 

three sequences were finished, the holter was removed and the 

experimental phase was considered finished. The average length of the 

entire procedure was of one hour and a half. 

 

2.6 Measures 
 

For each environment, means and standard deviations of variables 

pertaining to presence and cybersickness were calculated. 

In order to assess changes in state anxiety before and after the exposure 

to every environment, a Wilcoxon test has been used since it had a non-

homogeneous sample distribution. 

For the HRV variable, significant differences between PRE, EXP and 

POST exposure to every environment were searched through an 

ANOVA with repeated measures, followed by a Bonferroni post-hoc 

analysis. 

One-way ANOVAS of each variable were calculated with the purpose 

of analyzing differences between genres. 

 

3.0 Results 
 

3.1 Presence 

The virtually designed scenarios generate a reasonable and necessary 

feeling of presence so as to achieve a good experience in immersive 

VRE. Average presence values found in this research are higher in all 

the environments than those calculated with the data provided 

by IPQ authors, M=38.16; SD=17.53[51]. No significant differences 

between male and female participants have been found (Table 1). 

Elevator has been the environment which generated the most significant 

feeling of presence in the participants according to its global value as 

well as each of its factors: feeling of presence, involvement (attention 

component), spatial presence and judgment on realism (Table 1). 

 

 

Table 1. Presence Experience 

                                          Global                                                                                    Components 
   Total                       male                           Female                                     Involvment               Spatial Presence    Realism            Presence 

Freque
ncy 

 3

7 
  1

5 
  2

2 
 37   3

7 
  3

7 
  3

7 
  3

7 
 

 M  SD M  S

D 

M  SD F 

(1,3

5) 

 M  S

D 

M  S

D 

M  S

D 

M  S

D 

Elevator 59.

81 

 9.6

9 

60.

87 

 7.0

5 

59.

09 

 11.

25 

.29  3.9

5 

 4.6

5 

9.

92 

 3.5

8 

1.8

4 

 4.0

1 

5.

11 

 1.0

2 

Spiders 55.

24 

 14.

92 

59.

53 

 11.

43 

52.

32 

 16.

50 

2.1

5 

 2.8

9 

 5.7

0 

8.

24 

 6.6

7 

.4

6 

 4.3

8 

4.

65 

 1.6

5 

Apartme
nts 

54.

38 
 10.

60 

56.

87 
 9.5

8 

52.

68 
 11.

14 

1.4

1 
 1.7

6 
 4.2

3 

7.

97 
 4.5

3 

.9

2 
 4.0

2 

4.

73 
 1.1

7 
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3.2 Cybersickness 
 

Spider and Apartment environments have not generated cybersickness since means below the indicated by Bouchard (2007) have been found, M=3.86; 

SD=4.6[53]. As for the Elevator environment, cybersickness symptoms were generated in subjects with a mean slightly higher than the indicated by 

the author. As regards cybersickness, no significant differences between genres have been found (Table 2). 

 

                                     Total                                Male                                   Female 

Frequency 37  15  22  

 M SD M SD M SD F (1,35) 

Elevator 4.03 4.72 3.33 3.35 4.50 5.48 .539 

Spiders 3.00 3.65 3.13 3.22 2.9 3.99 .014 

Apartment 3.05 3.70 3.33 3.56 2.86 3.87 .033 

 

Table 2. Simulator SicknessAnxiety 

 

3.3. Anxiety 

A comparison has been carried out between basal state anxiety and state 

anxiety measured after exposure to each virtual environment but making 

reference to what has been experienced during exposure. For that 

purpose, the Wilcoxon Test has been used since the subjects’ distribution 

according to state anxiety in all the environments was not homogeneous. 

Apartment and Spiders environments have shown not to be anxiety 

triggers in general population. As for Elevator, a significant increase in 

the level of state anxiety has been generated (Z = -2.05; p = 0.04) (Table 

3). 

No significant differences in state anxiety according to genre have been 

found in any scenario.  

 

                                                                Total                                            Male                                Female  

Frequency   37   15   22 

 Med Z M SD M SD M SD F (1,35) 

Elevator 30 -2.05* 32.97 11.23 29.67 9.19 35.23 12.12 2.26 

Spiders 31 -1.60 32.89 11.88 29.27 
7.44 35.36 

13.76 2.44 

Apartment 28 -.26 29.65 8.08 27.2 
6.11 31.32 8.94 2.40 

 

* p<0.05 

Table 3. Anxiety State 

 

3.4 Heart rate variability 
 

A subgroup of 19 cases with clean and complete record has been taken 

for the analysis of HRV. Elevator and Apartment environments showed 

similar autonomic activation patterns in the experimental situation. Both 

presented a decrease in HRV in general, which was compatible with a 

parasympathetic withdrawal (RRM, SDNN, VLF, HF, HF_nu, Alpha1) 

(Table 4). As for the Spider environment, no signs of a significant 

autonomic activation have been found in the experimental situation 

(Table 4). 
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Table 4. Heart Rate Variability 

 

(1) Repeated measures ANOVA. p<0.05 

 

The existence of a correlation between HRV and state anxiety has been 

analyzed in the experimental situation. No significant relation has been 

found between the variables. 

 

4. Discussion and Conclusions 
 

This has been a preliminary study to give ecological validity to the 

aforementioned environments. A study in basic variables has been 

carried out, and its behavior has been analyzed so as to determine it 

appropriateness in order to move on to another experimental study on 

clinical population so as to finally carry out a study on the effectiveness 

of the use of these environments for specific phobias treatment. 

Firstly, the variable presence in each environment has been explored. It 

has been found that said variable reflects values which are expectable 

and necessary for an adequate experience in VE. Moreover, no 

significant differences between female and male subjects have been 

found. Among the explored environments, Elevator has been the 

environment which generated the strongest feeling of presence on the 

participants as for its global value as well as each of its factors: feeling 

of presence, involvement, spatial presence and judgment on realism. 

However, 

this fact has not showed any significant relation with the degree of 

anxiety perceived by the subjects nor the cybersickness provoked. 

No signs of cybersickness in virtual environments were expected, 

although it is known that only between 5% and 20% of the subjects who 

experience VR do not present them36. The three environments studied 

herein have revealed means which were similar to those indicated by 

Bouchard (2007)53, although Elevator has been the environment which 

reflected the highest value. The latter might be due to what is known as 

sensory conflict. There are several theories regarding sensory conflict, 

one which explains that cybersickness is produced by a conflict between 

visual, vestibular and proprioceptive stimuli. The fact is that there is no 

correspondence between visual, vestibular and proprioceptive stimuli, 

that is to say, between the input the visual system perceives and the input 

the vestibular system processes [56,57,58,59] . In the case of the 

Elevator environment, the subject receives a visual stimulus of 

ascending but without any feedback provided by the vestibular system 

since the subject stays physically in the same place. 

In order to verify the hypothesis that the however mild but existent 

cybersickness is provoked by a sensory conflict, it will be necessary to 

carry out a new study in which two static situations are compared 

without any transition in between. That is to say, to compare 

cybersickness standing on the cargo elevator on the ground floor and 

repeating the situation standing at the top of the terrace. This way, the 

movement variable and its sensory conflict consequence is removed. 

Another hypothesis is that, since some of the SSQ items are influenced 

by anxiety symptoms26, it is possible that the cybersickness perceived 

(however mild and within the expected range) has been concealed under 

state anxiety symptoms informed in the Elevator.In accordance with 

previous studies which showed that female participants tend to present 

more cybersickness symptoms than male participants[36], women’s 

mean on cybersickness has been higher than men although the difference 



J Psychology and Mental Health Care                                                                                                                                                            Copy rights@ Maria Jose Distefano 

 
 

 
 
Auctores Publishing – Volume 4(1)-068 www.auctoresonline.org  
ISSN: 2690-1897   Page 7 of 9 

has not been substantial. 

 

Regarding subjective anxiety informed by the subjects, the Apartment 

and Spider environments have shown not to be anxiety triggers in 

general population. As for Elevator, a significant increase on the level of 

anxiety has been reported. A possible hypothesis to account for this fact 

might be similar to the former in which the reported anxiety responds to 

a movement simulated in the virtual scenario while on the other two 

scenarios the subjects remain static even in the VE. 

On the other hand, the relation between state anxiety and reported 

cybersickness has been explored and a correlation between both 

variables (r=.564; p<0.01) has been found. It would be necessary to 

explore its relation deeply and ratify their reciprocate independency or 

one’s influence of upon the other. In other words, it would be necessary 

to verify if the reported state anxiety is the product of an anxiety 

response induced by fear of heights or by the cybersickness produced; 

or, in reverse, that the reported cybersickness is an effect of the triggered 

anxiety, as it has been previously pointed out. 

Even though there is a relation between anxiety and presence by means 

of which higher levels of presence lead to higher levels of anxiety [60], 

no significant relation has been found between both variables in this 

study. 

Lastly, an autonomic activation has been observed in the Elevator and 

Apartment environments during the experimental situation. Because of 

state anxiety and higher levels of presence and cybersickness reported in 

Elevator, the reflected autonomic activation is not an extraordinary 

occurrence while it does draw attention in the Apartment environment. 

Ahypothesis might be that the virtual reality experience itself might be 

stimulating. However, this is compared to what happened in the Spider 

environment, in which something counterintuitive happens since lesser 

activation in the experimental situation is observed. 

Another hypothesis for this discrepancy might be attributed to the 

experimental experiences since in the Elevator environment as well as 

in Apartment, the subjects were standing, while in Spider they were 

seated. A path to clear this situation might be to replicate the study, 

maintaining the subjects standing during the three experimental 

situations and compare the HRV. Furthermore, Spider has been the only 

environment in which a bodily representation has been added to the 

virtual environment, a fact which might be acting as a strange variable, 

although it did not affect the reported feeling of presence. At the same 

time, subjects might visually avoid spiders by observing other parts of 

the environment, which might also have affected the experience. On the 

other hand, however, this was the only environment in which two 

subjects asked for an interruption of the exposure. 

 

5. Limitations and Further Research 
 

Future studies should consider broadening the size of the sample; 

advancing on clinical population and comparing the results. 

Regarding the sensory conflict, a study in the Elevator environment 

should be done, in which the same variables of this study are explored 

but in two situations where no movement or displacement is generated: 

on the building’s ground floor and terrace. 

Replicating the research is also suggested, maintaining the experiences 

in each environment as similar as possible in order to disregard possible 

strange variables (e.g.: subjects’ position). 

Lastly, it would be interesting to monitor in real time the subjects’ 

anxiety experience (and not afterwards as it has been done in this study) 

so as to compare them to HRV objective 

variable measured in real time. In order to do so, a SUDS scale could 

be used. However, it would be necessary not to interrupt the virtual 

experience immersion. 
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