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Abstract—Stress and anxiety are increasingly present in so-
ciety, contributing to many chronic diseases and decreasing
quality of life. Non-pharmacological therapies to relieve these
symptoms and promote relaxation have been developed, including
immersing oneself in nature (so-called ‘forest bathing’). Access to
nature, however, is not available to many around the world, due
to mobility issues, increasing urban spaces, or pollution, to name
a few factors. As such, the use of virtual reality tools or digital
nature walks have emerged as a possible alternative that can be
done at the comfort of one’s home. While promising results have
been reported, existing solutions are not completely immersive
as they only stimulate the hearing and vision senses. Here,
we propose a multisensory (ultra-reality) immersive experience
termed Nat(UR)e, where in addition to audio-visual stimuli, users
are also exposed to nature smells and somatosensory stimuli, in-
cluding wind, heat and vibrations. An experiment was conducted
on 16 participants that experienced virtual nature under two
conditions: audio-visual only and ultra-sensory. Wearable devices
were used to track changes in the participants physiological
states. Significant changes in relaxation were achieved with
the proposed system and changes in physiological parameters
were also observed, suggesting the potential of the Nat(UR)e
framework for stress and anxiety treatment.

Index Terms—Nature walk, relaxation, digital shinrin-yoku,
ultra-reality multisensory, olfaction, haptics.

I. INTRODUCTION

Generalized anxiety disorder is one of the most prevalent
mental health problems around the world [24]. Recently, the
COVID-19 pandemic has affected the daily routine of many
people around the world, affecting people’s lives, from reduced
socialization to lost of jobs and family members. The global
pandemic has caused a never-before-seen surge in mental
health disorders. Statistics are showing significant increases
in anxiety symptoms from young children to seniors [6], [18].

While pharmacological treatments exist to treat anxiety and
stress, many prefer non-pharmacological interventions. To this
end, walks in nature have been shown to be calming and
to reduce anxiety and stress. In Japan, for example, such
multisensory nature immersion has existed for many years
and is termed ‘forest bathing’ (shinrin-yoku) [15]. Research
has shown an impact of forest bathing on several neurophys-
iological signals, including reduced blood pressure and heart
rates [12], as well as reduced stress levels. Notwithstanding,
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while the mental health benefits of nature interactions are well
known [20], these outdoor activities may not be accessible to
many around the world. For example, as societies have been
forced into lockdown with the COVID-19 pandemic, access to
nature has been restricted, especially for those most vulnerable
(e.g., patients in nursing homes). Moreover, it is know that
today roughly 55% of the world’s population lives in urban
settings where access to nature may be challenging; and these
numbers are expected to grow to 68% by 2050 [1]. Lastly, the
World Health Organization estimates that 15% of the world’s
population has some sort of mobility issue, which could limit
the use of nature walks as non-pharmacological treatments for
stress. As can be seen, alternate solutions are needed.

To this end, recent research has explored the use of virtual
reality (VR) to simulate immersive nature walks [32], a tool
called ‘digital shinrin-yoku’ or digital nature walks. Typical
VR systems today, however, offer only audio-visual stimuli,
thus provide the user with a limited sense of presence and im-
mersion, which could limit the true potential of nature walks.
According to shinrin-yoku principles, it is the stimulation of
all senses and full immersion into nature that brings health
benefits. As such, existing digital shinrin-yoku tools may not
be optimal. For example, it is known that aromatherapy has a
positive effect in the treatment of stress promoting relaxation
[11], [31]. More recently, incorporation of smells into virtual
experiences showed to improve the level of relaxation and
reduce stress [2], [3], [5], [28]. Moreover, incorporating the
sense of touch has also shown to improve the sense of presence
and immersion of virtual experiences [33], thus incorporating
haptic feedback into the experience could be beneficial. In this
paper, we aim to explore this hypothesis.

In particular, we propose Nat(UR)e, an ultimate reality
(UR) nature walk experience in which a digital shinrin-yoku
environment is enhanced with olfactory, vibroacoustic, and
somatosensory stimuli, in addition to the usual 360-degree
audio and visual stimuli. Experiments with 16 participants
were conducted where each participant experienced an audio-
visual only nature walk and an ultra-reality version while using
two wearable devices to track several physiological signals.
Comparisons are described herein between the relaxation lev-
els reported by the participants between the two experienced
conditions, and the differences in physiological responses.



II. MATERIALS AND METHODS

In this section we describe the data collection, experimental
setup, and physiological features extracted for analysis.

A. Participants

Sixteen (6 females) healthy participants (27 ± 7.46 years)
consented to participate in this experiment which was ap-
proved by the INRS Ethics Committee. In particular, special
COVID-19 safety measures were followed, including social
distancing, masking, sanitizing the VR headset and wearable
devices with alcohol wipes and placing the VR headset into
an UV-C chamber custom-built for VR headsets (Cleanbox
Technology, USA).

B. Experiment Setup

The experiment was conducted inside a SENSIKS (SEN-
SIKS, Netherlands) multisensory booth (see Fig. 1a), where
four fans surround the participants (shown as ‘A’ in the figure),
heating elements surround the sides, back and front of the
users (‘B’), high definition speakers provide immersive audio,
a subwoofer under the seat provides vibroacoustic feedback,
and a scent device diffuses up to six different aromas (‘C’).
All of these stimuli were time-synchronized with the 360-
degree video, which was presented via an Oculus Quest VR
headset (Fig. 1b). The multisensory nature walk synchronized
i) fans to coincide to parts of the video in which leaves were
blowing and wind noise could be heard, ii) the heaters with
the sun shining through the trees, iii) vibroacoustic feedback
as the user walked through nature and stepped on crackling
leaves, and iv) smells comprised of dirt, forest, grass, and mist
freshness, which were presented subtly in the background.

Moreover, to measure physiological information, partici-
pants wore a BioHarness3 (Zephyr, USA) chest-strap (Fig. 1c),
which measured electrocardiogram (ECG) at a 250 Hz sample
rate, breathing signals at 18 Hz sample rate, as well as an
E4 (Empatica, USA) wristband (Fig. 1d) to measure skin
temperature, electrodermal activity (EDA), and blood volume
pulse (BVP).

C. Experiment description

The experiment itself comprised four sessions/conditions:
video only (VO), audio-visual (AV), audio-visual-olfactory
(AVO), and UR where audio, visual, olfactory, somatosensory,
and vibroacoustic feedback was enabled. The ordering of the
conditions was counterbalanced across participants to avoid
any ordering biases. At the end of each session, a modified
Relaxation Rating Scale (RRS) questionnaire was used [22]
where each participant rated their current level of relaxation
state from 1 (“Not relaxed at all”) to 5 (“Very much relaxed”).
The psychological instrument most used to measure the per-
ception of stress is the Perceived Stress Scale (PSS) [10],
however this is a long-term measure based on the experience
of the last month. Here, we will focus only on comparisons
between the AV and UR conditions to test the benefits of
the proposed Nat(UR)e framework with conventional digital
nature systems.

(a)

(b)

(c)

(d)

Fig. 1: (a) Multisensory pod showing A-fans, B-heating ele-
ments, and C-scent diffuser, (b) Oculus Quest VR headset,
(c) Zephyr BioHarness3 chest-strap and (d) Empatica E4
wristband.
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Fig. 2: Nat(UR)e scenes (left) and view inside the booth (right) as (a) sunlight was blocked by the tress (heating elements in
low settings) and (b) sunlight appearing and heating elements on high settings.

The experience comprised participants immersed in a forest
environment for roughly one minute (see Fig. 2). In the AV
session, in addition to the main surround sound track, partic-
ipants could hear the voice of a young woman whispering
in the background, encouraging self-reflection on existence
and awareness throughout the video experience. Participants
could see and hear the leaves blowing and see sunshine
passing through the trees. In the UR session, the same female
background voice was present, but additionally, participants
could smell different aromas in the background, such as the
scent of dirt, forest and grass. When the sound of wind
appeared and leaves blew, airflow would be produced by built-
in fans to simulate the wind. As the person moved and stepped
on leaves, crackles were translated into vibrations in the seat.
Lastly, as sun rays emerged from the trees, various heating
elements around the sides, back, and front of the participant
would come on at varying intensities to match the intensity
of light observed. Fig. 2a, for example, shows the heating
elements on low intensity when the sun was hidden by the
leaves, whereas Fig. 2b shows the increased heating intensity
as light intensity increased.

D. Feature Extraction

From the physiological signals, several features were ex-
tracted from each modality, namely skin temperature, BVP,
and EDA from the Empatica E4 wristband, and ECG and
breathing curves from the Bioharness 3 cheststrap. Table I
summarizes all of the extracted features per signal modality.

TABLE I: List of extracted features for each signal modality.

Modality Features

Skin temperature

mean, standard deviation, range, mean of 1° difference,
minimum, maximum, skewness,
kurtosis, delta temperature, spectral energy
from 0-0.01 Hz, and 0.1-0.2 Hz.

BVP

maximum, minimum, spectral energy from 0-0.5 Hz,
0.5-1.0 Hz, 1.0-1.5 Hz, 1.5-2.0 Hz, and 2.0-2.5 Hz,
spectral energy ratio between 0.04-0.15 Hz
and 0.15-0.5 Hz.

EDA

mean, standard deviation, mean of 1st difference,
mean of negative 1st difference, spectral energy
from 0-0.2 Hz, 0.2-0.4 Hz, 0.4-0.6 Hz, 0.6-0.8 Hz,
and 0.8-1.0 Hz from the phasic component of EDA signal.

ECG

mean RR, standard deviation RR, coefficient of variation,
RMSDD, pNN50, mean of 1st diff, mean of absolute 1st diff
normalized, standard deviation of absolute 1st diff,
low-frequency power (0.04-0.15 Hz),
high-frequency power (0.15-0.4 Hz),
very-low-frequency power (0-0.04 Hz),
normalized low-frequency power, normalized
high-frequency power, the ratio of low-frequency power
and high-frequency power, total power.

Breathing

mean, standard deviation, range, skewness, kurtosis,
mean of 1st diff, spectral energy from 0-0.2 Hz,
0.2-0.4 Hz, 0.4-0.6 Hz, 0.6-0.8 Hz, and 0.8-1.0 Hz,
spectral energy ratio between 0.05 - 0.25 Hz
and 0.25-0.5 Hz, the frequency with maximum
spectral energy, centroids



Fig. 3: Average relaxation rating across test conditions.

III. RESULTS AND DISCUSSION

A paired t-test was performed to compare the difference in
relaxation ratings between the two test conditions. Figure 3
shows the average relaxation ratings reported for all partici-
pants across the two conditions. As can be seen, participants
significantly rated the UR condition as more relaxing than
the traditional audio-visual condition with t(15) = -4.04, p-
value < 0.01, thus corroborating the shinrin-yoku principles
of improved health benefits with multisensory experiences.

From the analysis of the collected physiological signals, data
from three participants had to be removed from the Bioharness
3 cheststrap due to the low quality of the recordings. Addition-
ally, data from the Empatica E4 wristband of one participant
had to be deleted, due to device battery issues that resulted
in an incomplete recording of the session. For these analyses,
we observed biological signatures associated with stress and
anxiety reduction previously reported in the literature. For
example, Fig. 4 displays the difference in the average (across
all participants) high frequency (HF) component of the ECG
signal across participants for the condition UR compared
with AV. These findings corroborate those reported in [4],
[8], [25], which showed increases in HF for during deep
relaxation situations such as meditation, or decreases in HF
during stressful situations.

Moreover, Fig. 5 shows a lower average across participants
of the low frequency component of the electrodermal activity
signal for the condition UR when compared to AV. Increase
of the low frequency component of EDA has been associated
with stress [29], thus further corroborating the increased
relaxation potential of the Nat(UR)e framework. Similarly,
Fig. 6 shows the decrease in (average over all participants)
maximum BVP signal for the UR condition relative to AV, thus
also corroborating the link with relaxation previously reported
in [21]. It is important to mention, however, that despite these
observed behaviours, the observed differences did not show a
statistically significant difference between the two conditions
based on the paired t-test analysis. On the contrary, the mean
of the negative 1st difference and the standard deviation of the

Fig. 4: Comparison of the ECG HF component.

Fig. 5: Comparison of the EDA low frequency component.

electrodermal activity signal presented a significant difference
between the two conditions (t(14) = -2.2, p-value < 0.05 and
t(14) = 2.52, p-value < 0.05, respectively). These features have
been used in the past to classify stressful versus non-stressful
situations, thus corroborating previous findings [17], [19], [26].

Additionally, we explored the differences seen in the physio-
logical features per condition and across the two conditions by
determining Pearson correlation between the extracted features
and the relaxation rating. Some features, for example, showed
significant correlations (p-value < 0.05), including: standard
deviation of the absolute 1st difference of the ECG signal, r =
-0.41; high frequency component of the breathing curve, r =
-0.46; spectral energy ratio between 0.05 - 0.25 Hz, r = -0.5;
mean of negative 1st difference of the electrodermal activity
signal, r = 0.42; and standard deviation of the electrodermal
acitivity signal, r=-0.43. Figure 7, for example, depicts the
scatter plot of the standard deviation of the absolute 1st differ-
ence of the ECG feature along with the respective correlations
obtained with the relaxation rating for conditions AV and UR
separately. While the feature did not correlate significantly
with relaxation in the AV condition AV, a significant negative
correlation was seen in the UR condition. This feature has



Fig. 6: Comparison of the maximum BVP value.

Fig. 7: Scatter plot for standard deviation of the absolute 1st
difference of the ECG and the correlation achieved with the
subjective relaxation rating for each condition.

been linked to stress and anxiety in the past (e.g., [17], [19],
[26], [30], [34], [35]), thus further validating the benefits of
the proposed Nat(UR)e framework.

IV. LIMITATIONS AND ONGOING EXPLORATIONS

The results reported in this pilot study were performed on
a limited sample size of 16 participants due to restrictions
imposed by the COVID-19 pandemic. While the trends seen
with many of the extracted physiological signals were in
line with those previously reported in the literature for stress
and relaxation monitoring, their differences between the two
tested conditions showed to be insignificant for many of the
features. Future work should focus on increased number of
participants to ensure greater statistical power. As well as the
use of a baseline as a mean of registering the participants’

Fig. 8: Instrumented VR headset with 16 dry ExG electrodes
(EEG, EMG, ECG, EOG) and a wireless bioamplifier.

level of relaxation before the experiment, both subjectively
and objectively.

Moreover, the duration of the experiment was chosen to be
relatively short, around 1 minute and 15 seconds, motivated by
meditation principles for beginners [16]. Such short duration,
however, may reduce the effectiveness of ECG based features,
especially those based on heart rate variability (HRV) which
achieve more accurate results with time windows between 2-5
minutes [34]. In the future, longer duration experiences should
be performed to allow for improved HRV analysis.

All the analyses presented herein have focused on each
individual modality and feature alone. As shown in [9], [27],
however, multimodal analyses allow for improved and more
robust stress level prediction and characterization. Future work
should focus on the development of multimodal stress/relax-
ation predictors based on different regression-based machine
learning algorithms for real-time evaluation.

Lastly, while wearables have shown promising results to
track real-time relaxation states during the Nat(UR)e experi-
ence, we are currently expanding our research to also incor-
porate additional modalities, including electroencephalography
(EEG), electro-oculography (EOG), and facial electromyogra-
phy (EMG) via an instrumented VR headset [7], as shown in
Fig. 8. These are important signal modalities that can provide
additional insights on the user’s stress and anxiety levels
(e.g., [13], [14], [34], [36]). Additionally, head movement
information obtained from accelerometers embedded into the
VR headset could provide information about the users’ real-
time arousal and valence states [23]. It is expected that access
to such augmented biometrics information should lead to
improved relaxation state prediction and characterization.

V. CONCLUSION

This study explored the effects of ultra-reality multisen-
sory digital nature walks on user relaxation and compared
subjective and objective findings relative to a conventional
audio-visual VR experience. Significant improvement in re-
laxation was found and several biometric features indicative
of stress/anxiety/relaxation showed significant changes and
correlations with the reported relaxation ratings. Results are



promising as (1) they suggest Nat(UR)e could be used as an
alternative to nature walks for those with e.g., mobility issues
and (2) that wearables could potentially be used to monitor,
in real-time, stress states and allow for biofeedback to change
the multisensory scene to customize the experience per user.

VI. ACKNOWLEDGEMENTS

The authors wish to acknowledge funding from the Natural
Sciences and Engineering Research Council of Canada and the
government of Canada’s Emerging Leaders of the Americas
Fellowship Program.

REFERENCES

[1] United Nations, Department of Economic and Social Affairs, Population
Division (2016). The world’s cities in 2016 – data booklet (ST/ESA/
SER.A/392).

[2] M. P. Aiken and M. J. Berry. Posttraumatic stress disorder: possibilities
for olfaction and virtual reality exposure therapy. Virtual Reality,
19(2):95–109, 2015.

[3] J. Amores, R. Richer, N. Zhao, P. Maes, and B. M. Eskofier. Promoting
relaxation using virtual reality, olfactory interfaces and wearable eeg. In
2018 IEEE 15th international conference on wearable and implantable
body sensor networks (BSN), pages 98–101. IEEE, 2018.

[4] A. P. Anderson, M. D. Mayer, A. M. Fellows, D. R. Cowan, M. T. Hegel,
and J. C. Buckey. Relaxation with immersive natural scenes presented
using virtual reality. Aerospace medicine and human performance,
88(6):520–526, 2017.

[5] O. Baus and S. Bouchard. The sense of olfaction: Its characteristics
and its possible applications in virtual environments. J CyberTherapy
Rehab, 3:31–50, 2010.

[6] S. Canada. Survey on covid-19 and mental health (scmh). 2020
(retrieved january 2021)., 2021.

[7] R. Cassani, M.-A. Moinnereau, L. Ivanescu, O. Rosanne, and T. H.
Falk. Neural interface instrumented virtual reality headsets: Toward
next-generation immersive applications. IEEE SMC Magazine, 6(3):20–
28, 2020.

[8] R. Castaldo, P. Melillo, U. Bracale, M. Caserta, M. Triassi, and L. Pec-
chia. Acute mental stress assessment via short term hrv analysis in
healthy adults: A systematic review with meta-analysis. Biomedical
Signal Processing and Control, 18:370–377, 2015.

[9] L.-l. Chen, Y. Zhao, P.-f. Ye, J. Zhang, and J.-z. Zou. Detecting driving
stress in physiological signals based on multimodal feature analysis and
kernel classifiers. Expert Systems with Applications, 85:279–291, 2017.

[10] S. Cohen, T. Kamarck, and R. Mermelstein. A global measure of
perceived stress. Journal of health and social behavior, pages 385–396,
1983.

[11] M. A. Diego, N. A. Jones, T. Field, M. Hernandez-Reif, S. Schanberg,
C. Kuhn, M. Galamaga, V. McAdam, and R. Galamaga. Aromatherapy
positively affects mood, eeg patterns of alertness and math computations.
International journal of neuroscience, 96(3-4):217–224, 1998.

[12] D. Fu, N. I. Serra, H. Mansion, E. T. Mansion, and S. Blain-Moraes.
Assessing the effects of nature on physiological states using wearable
technologies. International Journal of Environmental Research and
Public Health, 19(3):1231, 2022.

[13] G. Giannakakis, M. Pediaditis, D. Manousos, E. Kazantzaki, F. Chiarugi,
P. G. Simos, K. Marias, and M. Tsiknakis. Stress and anxiety detection
using facial cues from videos. Biomedical Signal Processing and
Control, 31:89–101, 2017.

[14] M. Haak, S. Bos, S. Panic, and L. J. Rothkrantz. Detecting stress using
eye blinks and brain activity from eeg signals. Proceeding of the 1st
driver car interaction and interface (DCII 2008), pages 35–60, 2009.

[15] M. M. Hansen, R. Jones, and K. Tocchini. Shinrin-yoku (forest bathing)
and nature therapy: A state-of-the-art review. International journal of
environmental research and public health, 14(8):851, 2017.

[16] D. Harris, J. Warren, and C. Adler. Meditation for fidgety skeptics: a
10% happier how-to book. Spiegel & Grau, 2018.

[17] A. Hasanbasic, M. Spahic, D. Bosnjic, V. Mesic, O. Jahic, et al.
Recognition of stress levels among students with wearable sensors. In
2019 18th International Symposium INFOTEH-JAHORINA (INFOTEH),
pages 1–4. IEEE, 2019.

[18] M. T. Hawes, A. K. Szenczy, D. N. Klein, G. Hajcak, and B. D. Nelson.
Increases in depression and anxiety symptoms in adolescents and young
adults during the covid-19 pandemic. Psychological Medicine, pages 1–
9, 2021.

[19] C.-P. Hsieh, Y.-T. Chen, W.-K. Beh, and A.-Y. A. Wu. Feature
selection framework for xgboost based on electrodermal activity in stress
detection. In 2019 IEEE International Workshop on SiPS, pages 330–
335. IEEE, 2019.

[20] Y. Kotera, M. Lyons, K. C. Vione, and B. Norton. Effect of nature
walks on depression and anxiety: a systematic review. Sustainability,
13(7):4015, 2021.

[21] S. D. Kreibig, F. H. Wilhelm, W. T. Roth, and J. J. Gross. Cardiovascular,
electrodermal, and respiratory response patterns to fear-and sadness-
inducing films. Psychophysiology, 44(5):787–806, 2007.
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Corrales, S. Charleston-Villalobos, and K. H. Chon. Power spectral
density analysis of electrodermal activity for sympathetic function
assessment. Annals of biomedical engineering, 44(10):3124–3135, 2016.

[30] P. Rainville, A. Bechara, N. Naqvi, and A. R. Damasio. Basic emo-
tions are associated with distinct patterns of cardiorespiratory activity.
International journal of psychophysiology, 61(1):5–18, 2006.

[31] W. H. Redd, S. L. Manne, B. Peters, P. B. Jacobsen, and H. Schmidt.
Fragrance administration to reduce anxiety during mr imaging. Journal
of Magnetic Resonance Imaging, 4(4):623–626, 1994.

[32] G. Reese, J. Stahlberg, and C. Menzel. Digital shinrin-yoku: Do nature
experiences in virtual reality reduce stress and increase well-being as
strongly as similar experiences in a physical forest? Virtual Reality,
pages 1–11, 2022.

[33] B. Serrano, R. M. Baños, and C. Botella. Virtual reality and stimulation
of touch and smell for inducing relaxation: A randomized controlled
trial. Computers in Human Behavior, 55:1–8, 2016.

[34] A. Tiwari, R. Cassani, J.-F. Gagnon, D. Lafond, S. Tremblay, and T. H.
Falk. Prediction of stress and mental workload during police academy
training using ultra-short-term heart rate variability and breathing analy-
sis. In 2020 42nd Annual International Conference of the IEEE EMBC,
pages 4530–4533. IEEE, 2020.

[35] A. Tiwari, R. Cassani, S. Narayanan, and T. H. Falk. A comparative
study of stress and anxiety estimation in ecological settings using a
smart-shirt and a smart-bracelet. In 2019 41st Annual International
Conference of the IEEE EMBC, pages 2213–2216. IEEE, 2019.

[36] A. Tiwari and T. H. Falk. New measures of heart rate variability based on
subband tachogram complexity and spectral characteristics for improved
stress and anxiety monitoring in highly ecological settings. Frontiers in
Signal Processing, 1:737881, 2021.


