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In recent years there has been an increasing interest in the effects of relaxation. Experiencing nature, 

even in virtual reality (VR), has been shown to decrease stress and improve well-being. But research 

into the exact mechanisms of how relaxation has its positive effects is scarce. This project aims to 

answer the question if an individual’s ability to immerse in sensory environments has an influence on 

their ability to relax. Immersion ability was collected by the immersion tendency questionnaire, devel-

oped by Witmer and Singer (1994). For this study 60 participants took part in a relaxation intervention. 

Throughout the exposure, heart rate variability (HRV) was measured, and subjective re-laxation was 

recorded. 57 datasets were included in the results. The VR only inflicted an increase in relaxation in 

subjective relaxation. The HRV markers “High Frequency” (HF) and “root mean square of successive 

differences” (RMSSD) values did not show in-creased parasympathetic activity in reaction to the re-

laxation task. Repeated measure ANCOVA did not find an influence of an individual’s immersion 

ability on their ability to relax, neither subjective nor objective. As the markers of physiological relax-

ation did not increase, the results are inconclusive. Problematic factors in this study could be that the 

VR environment was not immersive or long enough. Additional limitations are discussed. 

Keywords: Relaxation, immersion ability, VR nature environment, heart rate variability,                                   
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In recent years there has been a growing interest in 

research about relaxation and stress with 50% of papers 

about “physiological relaxation” being published in the 

last ten years (https://www.webof-

science.com/wos/woscc/basic-search, 06.07.2023). 

This can be due to multiple factors, including the in-

crease of stress an individual is facing in our society 

(e.g., Gillespie et al., 2001) and an increase in mental 

disorders (e.g., Bor et al., 2014). These have been found 

to have a negative impact on our physical and psycho-

logical health (Lucassen et al, 2014), which also in-

cludes high costs for our health system (Ramaciotti &  

Perriard, 2000). As it is not always possible to re-

duce the source of our stress, it has become increas-

ingly important to find ways to relax and decrease the 

body’s stress response. This can be partly achieved by 

mindfulness training and other relaxation interventions, 

as they seem to be a protective factor against anxiety, 

working memory effects and negative mood (e.g., Abe-

navoli et al., 2013; Banks et al., 2015). 

Many techniques have been studied to achieve 

relaxation, with virtual reality (VR) and other 

immersive technologies emerging as a popular area of 

research (reviewed by Riches et al., 2012). While there 

has been a large amount of research on the effective-

ness of different relaxation techniques, there has been 

a neglect of exploring potential interindividual 

personality traits that may exist. This thesis aims to 

explore the influence that an individual’s immersion 

ability has on their ability to relax in a virtual natural 

en-vironment. By investigating this, we hope to 

contribute to the understanding of how im-mersive 

technology can be used to promote relaxation and 

reduce stress. 
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Relaxation interventions have been found to influ-

ence our body and mind in different ways. It can im-

prove mood and reduce depression and anxiety in older 

adults (Klainin-Yobas et al., 2015). Additionally, relax-

ation interventions have been found to decrease overall 

stress (Kaspereen, 2012). 

With the increased research on relaxation, there has 

been a focus on identifying effective and feasible tech-

niques for individuals. One of these techniques is 

breathing exercises. They have been shown to not only 

reduce perceived stress and improve mood, but also to 

positively influence physiological parameters of stress, 

such as cortisol and heart rate variability (HRV) (Per-

ciavalle et al., 2017). Slow breathing exercises have 

been found to increase the low frequency parameter of 

HRV, due to an increased vagal (parasympathetic) ac-

tivity (Kromenacker et al., 2018). Additionally, Van 

Diest et al. (2014) found that the optimal breathing pat-

tern involves a shorter inhalation time than exhalation 

time. 

Another technique that has shown to be promising 

for inducing relaxation and reducing stress is spending 

time in nature. In a review, Farrow and Washbourn 

(2019) re-ported that forest bathing, or in Japanese 

“shinrinyoku”, is associated with increased HRV, acti-

vation of the parasympathetic nervous system and re-

duced anxiety. These findings suggest that spending 

time in nature may be an effective method for inducing 

relaxation. 

Given that not everyone has access to natural envi-

ronments, it is important to explore alternative ways to 

experience the positive effects of nature. Previous stud-

ies have demonstrated that VR can be used to simulate 

natural environments and induce relaxation. Even if a 

virtual approach includes a reduction in sensory inputs 

(no touch, smell, taste), it has been found to reduce 

stress objectively and subjectively in measures of 

HRV, cortisol and anxiety (Annerstedt et al., 2013; An-

derson et al., 2017; Lsizio et al. 2018; Riches et al., 

2021). Therefore, VR may provide an accessible and 

feasible way for individuals to experience the restora-

tive effects of nature. These findings highlight the po-

tential benefits of nature simulation in VR as a practical 

tool to increase relaxation and reduce stress. 

HRV is a physiological measure that can be used to 

assess the activity of the parasympathetic nervous sys-

tem. This allows to conclude on the state of relaxation 

an individual is facing. It is calculated by measuring the 

time intervals between two consecutive heartbeats 

(RR-Intervals), and a subsequent analysis (Tera-

thongkum and Pickler, 2004). This analysis will calcu-

late the variability of the intervals in terms of frequency 

or time. These different measurements have been asso-

ciated with sympathetic and parasympathetic activa-

tion. For the HRV measurements in this thesis, higher 

values in RMSSD and HF are indicators for higher par-

asympathetic activity, which is associated with relaxa-

tion. Lower values in these have been found to be asso-

ciated with an increased rate of morbidity and mortality 

(Thayer and Lane, 2007; Thayer et al., 2010). However, 

it is important to control variables such as breathing, as 

breathing exercises have been shown to increase cha-

otic behavior of HRV (Tavares et al., 2017). Despite 

this limitation, HRV is a suitable measurement to as-

sess the physiological relaxation of participants. 

Humans can express their level of short-term relax-

ation subjectively (Steghaus et al., 2022). Via question-

naires it is possible to express the subjective level of 

relaxation by introspection about physical states. It has 

to be noted though, that some studies have shown for 

physiological stress measurements to precede the psy-

chological assessment (e.g., Hansson et al., 2008). 

These results suggest that individuals first experience a 

physiological stress reaction, and only later are able to 

give subjective feedback to their stress experience. A 

combination of physiological and psychological meas-

urements can provide a more comprehensive under-

standing of an individual's relaxation levels. 

The definition of immersion has been a topic of dis-

cussion for nearly 30 years. In particular, the differen-

tiation to the concept of presence has led to many de-

bates. Nilsson et al. (2016) issued a comprehensive re-

view of the literature, building on the work of Murray 

(after Nilsson, 1997), who compares immersion to the 

feeling of being immersed in water. Immersion is there-

fore seen as a subjective feeling. Nilsson et al. (2016) 

continued defining four categories of definitions: im-

mersion as a property of a technical system (Slater et 

al., 2003), as a perceptual response of feeling envel-

oped (e.g., Witmer and Singer, 1998; Arsenault, 2005), 

as a responsive to narratives or as a response to chal-

lenges. Although Slater et al. (1999; 2003) do take a 

stand with a more rarely used definition, they still man-

age to highlight the problem as too much non-produc-

tive research being done by just discussing these topics 

(Slater et al., 2009). 

Based on this, we defined and treated immersion as 

a perceptual reaction of feeling engaged by one or more 

external stimuli (Witmer and Singer, 1998). These 

stimuli can be triggered by complex VR environments, 

but also by single stimuli, such as books (“the book 

problem”, Biocca, 2003). Furthermore, we continued 

differentiating between immersion tendency (also de-

scribed as immersion ability) as an individual’s 
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predisposition to feel immersed, and immersion poten-

tial as the degree to which a system can inflict immer-

sion (Agrawal et al., 2020; Witmer and Singer, 1994). 

It has been found that the sense of presence experienced 

in relaxation treatments influences the relaxation, in-

cluding a reduction in anxiety and physiological and 

psychological relaxation (Villani et al., 2007). Knaust 

et al. (2022), on the other hand, could show, that more 

immersive interventions with a nature Video (PC vs 

Head-mounted display) achieved a higher relaxation, 

but only in subjective measurements, not physiological. 

The individual immersion ability has been shown to in-

fluence the feeling of presence, and therefore the effec-

tiveness of the intervention (Johns et al., 2000). It was 

also found that an individual’s immersion ability may 

only have an influence on their feeling of presence in 

highly immersive environments. While the data collec-

tion includes a breathing task and a virtual nature expe-

rience as relaxation interventions, our focus was solely 

on the VR environment (Johns et al., 2000).  

In this paper we wanted to analyze the influence of 

one`s individual immersion ability on their ability to re-

lax. While subjects stated their immersion tendency, 

they also stated the immersion of the relaxation task 

they experienced. They further reported the subjective 

relaxation they felt before and after the task. Addition-

ally, HRV as physical measure was included. As a ma-

nipulation check we tested, if the participants showed 

physiological and psychological relaxation in reaction 

to the virtual intervention. We hypothesized that the 

VR nature environment would be perceived as more 

immersive than the breathing task, indicated by a 

higher score in the Immersion experience questionnaire 

after the tasks. We also assumed that participants with 

higher Immersion Tendency scores would show, in re-

action to the relaxation intervention, a higher objective 

relaxation (measured by HRV) in the VR environment 

than participants with lower scores. We further as-

sumed that participants with higher Immersion Ten-

dency scores would show, in reaction to the relaxation 

intervention, a higher subjective relaxation (measured 

by questionnaire) in the VR environment than partici-

pants with lower scores. Next, we hypothesized that 

participants with higher Immersion Tendency scores 

would report greater immersion in the VR environment 

than participants with lower scores, indicating that im-

mersion ability would enhance the experience of im-

mersion in relaxation. Finally, we postulated that 

changes in HRV during relaxation tasks would be pos-

itively correlated with subjective ratings of relaxation 

in the VR condition, indicating that changes in HRV 

would reflect the subjective experience of relaxation. 

Methods and Material 

Data collection 

The Data for this project were collected in the con-

text of a larger project of the Neuropsychology group 

at the Department of Psychology at the Univer-sity of 

Konstanz. Ethic approval was granted by the ethic com-

mission of the University of Konstanz. The experiment 

was carried out in accordance with the ethical standards 

of the Declaration of Helsinki. All participants pro-

vided written informed consent. 

Participants 

Data from 60 participants were collected during the 

period from March 2023 until May 2023. They were 

recruited by an university online tool to recruit partici-

pants. All participants were students at the university 

and received by choice 20€ or study credits for their 

classes. All participants were fluent in German. To take 

part in the study they had to have an BMI between 18.5 

and 29.9 (Zahorska-Markiewicz et al., 1993) and were 

not allowed to participate if they had diabetes 

(Benichou et al., 2018), epilepsy (Lotufo et al., 2012), 

or a heart disorder (Cygankiewicz & Zareba, 2013) as 

these factors might affect HRV. Participants were also 

instructed to not consume caffeine (Koenig et al., 

2013), alcohol (Ralevski et al., 2019) or nicotine (Piha, 

1994) for four hours before the study was conducted 

and to not engage in intense sports twelve hours before. 

The experiment consisted of two testing appointments. 

60 Participants showed up for the first appointment, but 

one failed to show up for the second. Of the 59 partici-

pants left, two had to be excluded because of technical 

difficulties with the physiological recordings, which 

was only noticed at the time of data analysis.  Thus, 57 

subjects were included for this project. Participants had 

a mean age of 22.04 Years (SD = 3.11) with 41 

(71.93%) being female. 

Procedure 

Participants signed up for two appointments with 5-

9 days in between to avoid carry-over effects. Both ap-

pointments followed the same procedure (Figure 1). In 

the first session, participants started by reading and 

signing the consent form. Following that, they were 

asked to put on a Polar H10 sensor and chest belt for 

recording of their heart rate. A ten-minute baseline re-

cording followed during which participants could read 

an unarousing newspaper or engage in mandala  
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Figure 1. Visualization of the procedure during the appointments. Including the timestamps for 

the heart rate variability (start_1 to end_3). Figure kindly made available by Raphaela Gärtner.

  

 

 

 

drawing. Following that, participants were instructed to  

watch a grey rectangle on an iPad in front of them for 

three minutes, serving as a baseline condition. After-

wards subjects filled out questionnaires  about their 

current state of relaxation and, only in the first appoint-

ment, about their individual immersion ability. Next, 

the actual relaxation task started.  

The order of tasks was counter-balanced by throw-

ing a coin. One task consisted of a breathing task, the 

other was a nature environment in VR. Both took 7 

minutes to complete. After the task participants again 

filled out the questionnaire about relaxation. Following 

the task, subjects sat calm for 10 more minutes, draw-

ing mandala or reading newspaper. After this time was 

over, they had to fill out the last questionnaires which 

took around 10 more minutes. This involved question-

naires about their experience with VR, the immersion 

they felt during the task and their sociodemographic 

data. In the context of the larger  project, Parental 

Bonding Instrument (PBI), Beck’s depression Inven-

tory (BDI), Childhood Trauma Questionnaire (CTQ), 

Social Interaction Anxiety Scale (SIAS) and Social 

Phobia Scale (SPS) were also collected (results will be 

reported elsewhere). The whole session took around 

one hour  each.

 

 

Relaxation tasks  

Breathing task. One relaxation intervention was a 

breathing task instructed by the app “Awesome Breath-

ing: Pacer Timer” (Awesome LABS LLC) downloaded 

for free from the App Store. This app showed a circle 

that will grow and shrink with participants breathing in 

while the circle is growing, and breathing out while the 

circle is shrinking. The times set were 4 seconds to 

breath in and 6 to breath out, as it was shown that a 

longer exhalation than inhalation time has a more re-

laxing and stress reducing effect (van Diest et al., 

2014). The whole task was 7 minutes long and stopped 

automatically. 

 

  

VR nature environment. The other task was a na-

ture environment in VR. The video was taken by mem-

bers of the Neuropsychology group. The environment 

showed a mountain region with a little house, trees, and 

a water stream. This was accompanied by nature 

sounds of the water, birds, and wind. The video was 

taken with a 360° camera (Figure 2). For showing the 

stimuli the Oculus Quest 2 (Meta seated in Menlo Park, 

California) was used (Figure 2). 

 

l 
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Figure 2. Nature environment in the virtual reality (VR) and VR setup. 

 

Measurements 

Heart rate variability. Heart rate variability (HRV) 

was derived from heart rate recordings measured with 

the chest belt H10 by Polar Electro Oy ("Polar", 

Kempele, Finland). Data were stored with the app 

“Heart Rate Variability Logger” (Altini, 2013) availa-

ble in the App store. To im-prove the conductance the 

participants were instructed to moisten the belt as writ-

ten in the instruction manual. Multiple analyses were 

conducted with these data. This included time domain 

and frequency domain analyses. For this thesis we fo-

cused on the values of HF-HRV and RMSSD, to in-

clude a time domain and a frequency domain analysis. 

RMSSD has been shown to be less influenced by 

breathing and should therefore be included due to the 

breathing task (Penttilä et al., 2001). 

 

Questionnaires. For this study, three Question-

naires were used.  

The RSQ is a 10-item questionnaire about the state 

of relaxation the participants experience at the moment 

(Steghaus and Poth, 2022). The Questionnaires asks 

about muscle relaxation, sleepiness, cardiovascular ac-

tivity, and general relaxation. The Items were devel-

oped in German and could therefore be used without 

translating. The Questions were answered with a 1-5 

Likert scale, 4 of the items had to be reversed for anal-

ysis. The answers were then summed up and used for 

the statis-tical analysis as one score. 

The ITQ is a questionnaire originally developed by 

Witmer and Singer (1994). It has 29 Items, but we used 

a shortened version by Robillard (2013) with 18 Items. 

This shortened version was approved with an internal 

consistency of Cronbach’s Alpha of .78. The Question-

naire was translated with a two-person system where 

both translated the questions to German and then 

differences were discussed and agreed on. The ques-

tions were answered with a 1-7 Likert scale. Answers 

were summed up and used for the statistical analysis as 

one score. Questions were e.g., about how easily they 

become involved in movies or how easily they forget 

their real-world environment while seeing a movie or 

playing a game. 

The IEQ is a questionnaire developed to measure 

one’s immersion in a game. Rigby et al. (2019) adjusted 

this Questionnaire to fit in with measuring the immer-

sion of video media. We adjusted these questions to fit 

on immersion in tasks in general and again translated 

them to German with a two-person system. The ques-

tionnaire consists of 24 items that can be categorized in 

four categories: Captivation, real-world dissociation, 

comprehension, and transportation. Due to a mistake in 

the application of the questionnaires, we only included 

the questions about the real-world dissociation which 

asks in three items how much the participant was aware 

of their real-world surroundings. This subscale was in-

ternal consistent with Cronbach’s Alpha = .824. An-

swers were given with a 1-7 Likert scale with all the 

items needing to be re-versed. Scores were summed up 

and used for the statistical analysis as one score. 

Study Design 

The study was designed to be an experimental 

study, but our Hypothesis are correlational. A random-

ization occurred in the order of the relaxation task. Data 

were collected by three experimenters; participants 

were randomly assigned to them. 

Statistics Analysis 

HRV. The analysis of the HRV was done with the 

software ‘R’ (R Core Team, 2023) and the user 
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interface R-Studio (Posit Team, 2023) in multiple 

steps. The scripts for HRV data analysis were provided 

by the department of neuropsychology, Konstanz. 

The first script was used to preprocess and clean the 

data. This included fixing for outliers that could e.g., 

appear due to short loss of signal or external stimuli 

(e.g., noise in background) that increased the HR 

shortly. Additionally, it was used to check for missing 

data and to fix duplicates. 

The second script was used to calculate multiple 

times intervals. The time intervals were each three 

minutes long due to the baseline being three minutes 

long. Therefore 9 time intervals where calculated. 

Three for the first ten minutes of calming down, one for 

the baseline, two for the relaxation task and again three 

for the ten minutes after (Figure 1). 

For each of the time intervals five values were cal-

culated. Only two were used for this analysis. As time 

domain analysis the root mean square of successive dif-

ferences (RMSSD) was calculated. Time domain anal-

ysis calculates differences based on the different 

amount of time between two RR intervals. As a fre-

quency domain analysis, the high frequency (HF) was 

calculated. This measures the amount of signal energy 

within component bands (Shaffer and Ginsberg, 2017). 

Both measurements can be interpreted with a higher 

HRV being a sign for a higher parasympathetic activity. 

Before statistical analysis began, we removed outli-

ers that were more than three standard deviations away 

from the mean and replaced them with the value of 

three standard deviations. 

For the statistical analysis the packages “car” (Fox 

& Weisberg, 2019), “tidyverse” (Wickham et al., 

2019), “readxl” (Wickham, 2023), “knitr” (Xie, 2023), 

“psych” (Revelle, 2023), “ez” (Lawrence, 2016), 

“BSDA” (Arnholt & Evans, 2021), “ggstatsplot” (Patil, 

2021) and “lsr” (Navaro, 2015) were used. 

 

Manipulation Check. To analyze if the VR nature 

environment triggered relaxation, a one-factor repeated 

measure ANOVA was conducted with Time as the 

changing factor. Prior to this a Shapiro-Wilk test and 

Leven’s test were conducted to check for requirements 

of ANOVA. This was done individually for RMSSD 

and HF. This was followed up with a Tukey post-hoc 

testing. Additionally, an one-way ANOVA was con-

ducted to check for subjective relaxation with the RSQ. 

Hypothesis 1. To check if the VR environment is 

perceived as more immersive than the breathing task, a 

t-test for dependent samples was conducted with the 

scores of the IEQ. 

Hypothesis 2. To analyze if participants with higher 

ITQ scores show a higher relaxation in the VR environ-

ment a repeated measure ANCOVA was conducted 

with Time being the changing factor and the Immersion 

Tendency score as the covariate. This was done for 

RMSSD and HF. Results were tested with Tukey post-

hoc test. 

Hypothesis 3. To compare if participants with a 

higher ITQ score experience more subjective re-laxa-

tion a repeated measure ANCOVA was conducted. 

Again, with Time as the changing factor and Scores of 

the ITQ as the covariate. 

Hypothesis 4. To check if participants with a higher 

ITQ score also give the VR environment a higher score 

in the IEQ, a Pearson’s product-moment correlation 

was conducted. 

Hypothesis 5. To analyze if the subjective and ob-

jective changes in relaxation correlate with each other, 

the area under the curve was calculated. This was done 

for the comparison between HF and RSQ and between 

RMSSD and RSQ. The results were correlated. 

Results 

Manipulation Check 

To conduct an ANOVA, requirements need to be 

fulfilled. This includes the Shapiro-Wilk test to control 

if the data are normally distributed. For the datasets of 

HF (HF: W = 0.83, p < .001; RMSSD: W = 0.94,                

p < .001) and RMSSD this was not fulfilled. Addition-

ally, the Levene’s test to control for homogeneity in 

variances was conducted. The requirements were again 

not fulfilled for HF (F = 3.30, p = .001) and RMSSD 

(F = 3.37, p < .001). The results should therefore be 

interpreted carefully as there is a higher probability of 

accepting a wrong alternative hypothesis (Johnson, 

2016). Regarding the RSQ data the homogeneity of 

variances was not fulfilled, but the data were normally 

dis-tributed (Levene: F < 0.001, p < .001; Shapiro-

Wilk: W = 0.99, p = .306). 

The ANOVA was conducted for the nature video 

data. For HF all 9 time intervals were included. Mean, 

standard deviation and standard error for each time 

point can be found in the appendix (Table A1).  The 

analysis showed a significant difference                                    
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(F(8, 448) = 12.46, p < .001), a visualization of the tem-

poral development can be found in the appendix (Fig-

ure A1). Post-hoc analysis revealed significant differ-

ences between base with start_1, start_2 and start_3 

(with base having higher HF values) and between 

end_2 and end_3 with base (with base having higher 

HF values), p-values can be found in the appendix (Ta-

ble A2). 

For RMSSD the data also included 9 time intervals. 

Mean, standard deviation and standard error for each 

time point can be found in the appendix (Table A3). The 

ANOVA showed significant differences for the VR 

condition (F(8, 448) = 9.64, p < .001) ), a visualization 

of the temporal development can be found in the appen-

dix (Figure A2), but the following post-hoc analysis 

showed no significant differences with adjusted p. P-

values can be found in the appendix (Table A4). Partic-

ipants did not experience higher parasympathetic activ-

ity in reaction to the VR intervention. 

RSQ data showed a significant difference between 

before and after the intervention (F(1,112) = 16.35,                  

p < .001) with the scores being higher after the task 

(Before: M = 35.09, SD = 3.97, SE = 0.53; After:                      

M = 38.21, SD = 4.28, SE = 0.57) (Figure A3). 

The manipulation check revealed that the interven-

tion only worked partially. While  subjective relaxation 

showed an increase, physiological  relaxation as indi-

cated by HRV is highest in the baseline with a constant 

drop down afterwards in HF and no significant differ-

ences in RMSSD. 

Hypothesis 1 

To analyze, if participants experienced the VR en-

vironment as more immersive than the breathing task, 

a t-test for dependent samples was conducted. The IEQ 

scores for the VR (M = 12.14, SD = 3.81, SE = 0.50, 

range = 18) and for the breathing task (M = 8.68,                     

SD = 3.32, SE = 0.44, range = 13) were compared as 

can be seen in the appendix (Figure A4). The condi-

tions differentiated significantly with a t(56) = -5.94 

and p < .001, the VR received higher scores in the IEQ 

than the breathing task. Cohen’s d was calculated to be 

0.79 which is close to a strong effect. The  first hypoth-

esis could thus be supported. 

Hypothesis 2 

ITQ scores ranged from 50 to 99 (M = 75.75,                     

SD = 12.19). For Hypothesis 2 an ANCOVA was con-

ducted for HF and RMSSD. The ANCOVA for HF 

showed a significant effect of Time (F(8, 503) = 3.75, 

p < .001) as seen in the manipulation check, but did not 

show significant results for the ITQ score as a covariate 

(F(1, 503) = 0.46, p = .497).  

The ANCOVA for RMSSD showed no significant 

effect of Time (F(8, 503) = 1.33, p = .22), as seen in the 

manipulation check, and no significant effect of ITQ 

score as a covariate (F(1, 503) = 0.46, p = .479). The 

second hypothesis could thus not be supported. 

Hypothesis 3 

To analyze the influence of the covariate ITQ score 

on the subjective relaxation an ANCOVA was con-

ducted. This ANCOVA showed significant differences 

over time (F(1, 111) = 16.20, p < .001) as seen in the 

manipulation check, but not for the covariate ITQ score 

(F(1, 111) = 0.01, p = .922). The third hypothesis thus 

had to be rejected as well. 

Hypothesis 4 

Pearson’s product-moment correlation showed no 

significant correlation (r(55) = .037, p = .783) between 

ITQ and IEQ, as can be seen in the appendix (Figure 

A5).  The fourth hypothesis was thus not supported. 

Hypothesis 5 

For the fifth Hypothesis the increase of the Area un-

der the curve was calculated for every participant for 

RMSSD, HF and RSQ. This is a value for calculating 

the changes in the measurements over time. RSQ was 

correlated individually with RMSSD and HF AUCg 

values. Results for the comparison of HF and RSQ 

showed no significant correlation (r = .07, t = 0.51,                   

p = .611). The correlation between RSQ and RMSSD 

also showed no significance (r = .12, t = 0.87, p = .389). 

The fifth hypothesis was therefore not supported. 

Discussion 

Evaluation of results 

The primary aim of this thesis was to investigate and 

assess how an individual’s ability to immerse in sen-

sory stimuli affects their ability to relax in a highly im-

mersive environment. To achieve this, this project in-

cluded both subjective and objective measurements, in 

addition to individual immersion ability. The results in-

dicated that, contrary to the hypotheses, an individual’s 

immersion ability had no impact on their ability to relax 

in a virtual environment. 
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Manipulation Check. The manipulation check was 

conducted to confirm whether the relaxation task in-

duced relaxation in the participants. The results for this 

were diverse. 

For high frequency (HF) the participants experi-

enced the highest values, and therefore the highest par-

asympathetic activity, during the baseline timestamp. 

These findings suggest that participants experienced 

the highest relaxation when closely watching the grey 

square on the iPad screen. Surprisingly, the relaxation 

task itself did not reveal any increased values. This was 

interesting as it was contradictive to what we expected. 

As heart rate variability (HRV) is affected by breathing, 

it could be possible that the calmness of looking at a 

screen is an influencing factor. Additionally, the lack 

of movement in the baseline measurement compared to 

the VR environment may have changed the physical 

parameters of HRV. 

Regarding the root mean square of successive dif-

ferences (RMSSD) analysis, the results did not show 

any significant differences between any time intervals. 

This contradicted our expectations of observing higher 

values in reaction to the intervention task. 

Interestingly there has also not been an increase in 

the baseline measurement. Participants seemed to not 

have any RMSSD reaction to the intervention. 

The combined results of the HRV markers sug-

gested that the intervention to increase relaxation was 

not successful. All other results should therefore be in-

terpreted with care. 

The results for the subjective relaxation indicate sig-

nificant differences between before and after the task. 

Participants felt more relaxed after being in the virtual 

reality (VR) than before. The results therefore seemed 

to contradict each other, as HF showed the highest re-

laxation at the baseline, while the relaxation state ques-

tionnaire (RSQ) showed the lower score at that time. 

There are three possible explanations for this phenom-

enon. 

First of all, it could have been due to the physical 

relaxation preceding the subjective one (Hansson et al., 

2008). This would mean that the subjective relaxation 

that we measured after the task could have been due to 

a longer reaction time on the baseline task. This would 

mean that our relaxation task was not successful. 

Alternatively, it could have been due to no connec-

tion between subjective and objective measurements. 

This would suggest that the responsible systems for the 

psychological and physiological relaxation are inde-

pendent from each other. This would be supported by 

the results of hypothesis 5 which showed no correlation 

between the two. 

The third possibility could be that the higher immer-

sive task would have a bigger influence on the subjec-

tive measurements than on the objective ones. This was 

indicated before by Knaust et al. (2022) in a study about 

different ways to present immersive natural environ-

ments. Participants would therefore report subjective 

relaxation while their physio-logical parameters do not 

show any. 

The first Hypothesis was to check, if the VR envi-

ronment was actually perceived as more immersive 

than the breathing task. This hypothesis was fulfilled, 

participants experienced the VR as more immersive. To 

be more precise, they felt more distanced from the real-

world in the VR vs. the breathing task. This was not 

surprising, as VR is in general seen as an immersive 

medium, while a guided breathing task does have re-

duced sensory input. Additionally, it may have been 

that the participants gave biased answers due to know-

ing that VR is supposed to be more immersive. It may 

be interesting to analyze this with more questionnaires, 

especially about how captivating the task was for them. 

The second hypothesis was about the influence of 

an individual’s immersion ability on their relaxation. 

The ANCOVA did not find any influence of their im-

mersion ability scores on the physiological relaxation. 

Neither with HF nor with RMSSD parameters. This 

was contradictive to our hypothesis. 

The results must be interpreted carefully though, as 

the manipulation check did not show any significant re-

laxation with the VR intervention. The participants did 

not experience any physical relaxation with the inter-

vention and therefore the immersion ability can also not 

explain any variance. This lack of influence could be 

because the participant may not have had enough dif-

ferences in their immersion ability scores. A sample 

with more diversity in age and economical status would 

be interesting for this, as they may have more variance. 

Additionally, it could have been because the VR 

was not immersive enough, possibly due to the limita-

tion in sensory modalities stimulated by the VR. A vir-

tual natural environment does not include olfactory, 

tactile or taste stimuli, while a real natural environment 

can do that. 

The third hypothesis showed that one’s immersion 

ability did not have an influence on their subjective re-

laxation. This could again have been due to the interin-

dividual differences not being big enough or to lack of 

immersion in the VR. Compared to the second hypoth-

esis, the manipulation check did work for the subjective 

relaxation. This seemed even more contradictive to 
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literature, because previous findings showed higher im-

mersion only influenced subjective relaxation (Knaust 

et al., 2022). 

The nature of the task could have had an effect on 

the participants ability to relax and may have also in-

fluenced the immersion ability. Participants did have 

different levels of experience with VR, with some 

wearing VR glasses for the first time and others using 

them regularly. This could have influenced their reac-

tion to the VR nature environment and overwrite the 

effect that their immersion ability could have. People 

that wore glasses for the first time could have been 

more nervous or excited and therefore experience less 

relaxation. 

Additionally, the immersion tendency score (ITQ) 

was mainly measured by questions about books and 

games. It is possible that participants experience this 

differently in a VR environment and questions about 

their immersion experience in VR could be interesting. 

The fourth hypothesis analyzed the correlation be-

tween participants individual’s immersion ability and 

the immersion scores they gave the VR. There was no 

correlation between these two scores. Their individual 

ability to immerse did not enhance the immersion they 

felt. This could also explain, why the immersion ability 

did not have an influence on the relaxation. If partici-

pants did not experience the task as more immersive, 

there can-not be an effect of immersion ability on the 

relaxation. An interesting approach would be to ask not 

only about the real-world dissociation but also how pre-

sent they felt during the task. 

The fifth hypothesis was about analyzing the corre-

lation between the subjective and objective relaxation. 

Interestingly, there was no correlation between these 

two. It was shown before, that in stress research the 

physical reaction may precede the psychological one 

(Hansson et al., 2008). But as we saw, there was no 

physical relaxation due to the intervention, but only due 

to the baseline task for HF. Therefore, this is not a pos-

sible explanation. Instead, it could have been due to the 

differences in relaxation in subjective and objective 

measurements, as subjective and physiological relaxa-

tion do not necessarily relate to each other (Burns et al., 

1999). 

There have been studies about the influence of one’s 

immersion ability on their feeling of presence, and on 

the influence of more immersive tasks on the relaxa-

tion. This thesis was, to our knowledge, the first one to 

study the direct correlation of an individual’s immer-

sion ability on their ability to relax in an immersive in-

tervention. 

There were multiple limitations that have to be 

acknowledged in this thesis. First the study design may 

have been problematic. The relaxation task took around 

7 minutes to complete, and it was therefore possible 

that the time intervals spend in the VR was not long 

enough to actually trigger relaxation. A longer setup 

could have been of advantage. 

Additionally, HRV data are very sensitive to 

changes in the environment, including external stimuli 

that are hard to avoid, even in a laboratory environ-

ment. For example, noise outside of the room could in-

fluence the HRV, even if we tried to preprocess the data 

for that. There were big interindividual differences in 

HRV, which can be seen by the high variance in the 

HRV markers. Other physiological measurements 

(e.g., heart rate, blood pressure, cortisol, salivary-α-

Amylase) could have been of interest for this. 

The participants we recruited were from an aca-

demic setting with mainly women being in the sample. 

This may have been an influencing factor as it was not 

a representative sample. The participants may not have 

been the same regarding immersion ability or reactivity 

to relaxation interventions such as the general popula-

tion. The relatively young sample may have also posed 

a problem as they have a higher technical affinity than 

older samples (Göbl et al., 2022). A broader sample 

could be an interesting follow-up study. 

Another problem that has to be addressed is the im-

mersion of the VR. As the intervention did not involve 

any real task for the participants to capture their atten-

tion and distract them from the real-world surround-

ings, it is possible that the VR was not immersive 

enough to trigger relaxation. As Johns et al. (2000) 

showed before, it is possible that the immersion ability 

only has an influence on the feeling of presence in high-

immersive environments. Therefore, it would be inter-

esting in the future to do research with more and differ-

ent immersive relaxation tasks. This could for example 

be done by giving the participants a task or an interac-

tive element in the VR. 

A problem that appeared in the analysis was the 

high relaxing influence of the baseline. Participants 

showed the highest physical relaxation within this part 

of the experiment. This baseline asked the participants 

to watch the screen closely, without moving and while 

staying focused on the cross in the middle of the square. 

It is questionable, why this triggered parasympathetic 

activity, but the VR environment didn’t. It may be that 

staring at a screen can indeed be seen as a calming task. 

It could make sense to instead take a baseline measure-

ment from the first ten minutes of relaxation, as they 

have a more realistic base. Jennings et al. (1992) 
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analyzed the concept of “vanilla tasks” as a baseline 

measurement task instead of one without task. But even 

the mandala drawing in this part could be seen as a re-

laxing task (Kovacs-Donaghy, 2013). It may be inter-

esting to study the influence of immersion ability in re-

laxation tasks in a more realistic setting. 

But why did the VR environment not trigger physi-

ological relaxation? This may have been due to the VR 

being a novel experience for many. It could have been 

an exciting experience to see an extremely realistic 

video surrounding them and may have distracted them 

from the actual relaxing effect. Also, even if previous 

research has shown it, it may be possible that the reduc-

tion of sensory stimuli from nature experience to VR 

nature experience also reduce the relaxing effect of it. 

Additionally, Anderson et al. (2017) could show that an 

individual’s scene preference had a significant effect on 

their experience. It would be interesting to give partic-

ipants the opportunity to choose between different en-

vironments. 

The aim of this thesis was to analyze the influence 

of one’s immersion ability on their ability to relax in a 

high immersive environment. As the relaxation task did 

not trigger physiological relaxation, it is not surprising 

that the immersion ability did not have a statistical in-

fluence on the relaxation. Additionally, though, it also 

did not have an influence on subjective relaxation. With 

the manipulation check failing it is still an important 

part of future research to investigate immersive relaxa-

tion interventions. A special focus here should be inter-

ventions that are feasible for everyone. VR is still a rel-

atively new field of research, and studies wield differ-

ent results on the use of immersive interventions. Even 

if this thesis did not find any significance for the im-

mersion ability it cannot be ruled out as an influencing 

factor. Again, research is very inconclusive in their re-

sults about defining terms like “immersion” and “pres-

ence”. 

Relaxation is a field of research that will, without 

any doubt, get even more important in the next years. It 

therefore seems of importance, to not only search for 

possible interventions to achieve relaxation, but to also 

analyze interindividual differences in the experience of 

these interventions. It may then be possible to find 

ways to relax for people in an individual way. Future 

research is encouraged to focus on immersive relaxa-

tion techniques and interindividual difference in our 

way of experiencing these. With this it may be possible 

to give us as a society and as individuals the best ways 

possible to deal with the increase of stress in our envi-

ronment and in us. 
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Appendix 

 
Table A1 

Mean, standard deviation and standard error for high frequency data in all time intervals 
 

 

 

 
 

 

 
 
 

Table A2 

p-value for high frequency post-Hoc analysis in between Time intervals 

 

 

 

 

 

 

 

 

 
 

Table A3 

Mean, standard deviation and standard error for root mean square of successive differences data in all 

time intervals 
 

 

 

 

 

Table A4 

p-value for root mean square of successive difference post-Hoc analysis in between Time intervals 
 

 

Interval Start_2 Start_3 Base Task_1 Task_2 End_1 End_2 End_3 

Start_1 .974 .995 .984 .993 1.000 .953 .999 .999 

Start_2  .999 .463 .547 .943 .333 .678 .754 

Start_3   .638 .719 .985 .497 .828 .883 

Base    1.000 .995 .999 .999 .999 

Task_1     .998 .999 1.000 .999 

Task_2      .979 .999 .999 

End_1       .999 .999 

End_2        1.000 

significant values are noted with * = <.05 and ** = <.001. 

 

Interval Start_1 Start_2 Start_3 Base Task_1 Task_2 End_1 End_2 End_3 

M 297.76 245.33 259.61 508.26 384.64 344.7 371 320.36 315.02 

SD 283.47 244.87 256.78 515.69 353.35 327.53 266.6 250.66 258.28 

SE 35.8 30.88 31.13 63.42 43.93 41.3 34.72 32.23 33.43 

Interval Start_2 Start_3 Base Task_1 Task_2 End_1 End_2 End_3 

Start_1 .991 .999 .009* .852 .996 .917 .999 .999 

Start_2  .999 .000** .269 .716 .362 .914 .940 

Start_3   .001* .392 .836 .501 .967 .98 

Base    .457 .115 .352 .039* .029* 

Task_1     .999 1.000 .977 .963 

Task_2      .999 .999 .999 

End_1       .992 .986 

End_2        1.000 

significant values are noted with * = <.05 and ** = <.001. 

Interval Start_1 Start_2 Start_3 Base Task_1 Task_2 End_1 End_2 End_3 

M 38.34 34.34 35.46 42.19 41.73 38.91 43.09 41.28 40.58 

SD 22.11 20.27 20.44 21.81 19.12 18.86 19.82 21.3 21.84 

SE 2.92 2.6 2.53 2.89 2.53 2.5 2.57 2.7 2.88 
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Figure A1. Visualization of changes in high frequency values. The graph shows changes  

over all 9 time intervals with base being the baseline measurement and task_1 and task_2 

being the relaxation intervention. The error bar represents the standard error. 

 

 

Figure A2. Visualization of changes in root mean square of successive differences values.  

The graph shows changes over all 9 time intervals with base being the baseline  

measurement and task_1 and task_2 being the relaxation intervention. The error bar 

represents the standard error. 
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Figure A3. Scores in the relaxation state questionnaire before and after the relaxation  

intervention. Error bars represent the standard error. 

 

 

Figure A4. Comparison of immersive experience questionnaire scores in breathing task and  

virtual reality nature environment with the error bars representing the standard error. 
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Figure A5. Correlation between immersion tendency questionnaire and immersion  

experience questionnaire. 

 

 


