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ABSTRACT
This demo’s objective is to display how simulated environments
can be used in the evaluation of work-related indoor environments
compared to physical environments. In fact, in indoor environment
evaluations, Virtual Reality (VR) offers new possibilities for experi-
mental design as well as a functional rapprochement between the
laboratory and real life. With VR, environmental parameters (e.g
light, color, furniture. . . ) can be easily manipulated at reasonable
costs, allowing to control and guide the user’s sensorial experience.
One main challenge is to acknowledge to which extent simulated
environments are ecologically valid and which functions would
be more solicited in different environmental-simulation display
formats. User-centric evaluation and sensory analysis in the build-
ing sector is in its beginning; this new tool could be of benefit for
the building sector, on one hand for methodological facilitation
purposes and on the other for cost reductions. In order to achieve
the objectives of this project, a first step is to develop and vali-
date the indoor simulations. In environmental simulations, one
of the most used formats, for its visual realism and ease of use
are 360° panoramic photos and videos, which permits capturing
physical-world images. In an objective of validation of the format,
360° photos of workplaces were taken in the building of Halle 6
Ouest of Nantes University and an immersive and interactive test
based on physiological indicators to subjectively and objectively
assess comfort and performances in work offices was developed.
The demo will comprise a head-mounted display with integrated
eye-tracking and the measure of electrodermal activity, heart rate
and galvanic skin response.
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1 INTRODUCTION
The majority of the world’s population lives in urban areas and this
number is expected to increase by two-thirds over the next 30 years
[1]. According to a study conducted by the European World Health
organization, in 2013 [2], people spend a large majority of their life
(>90%) in indoor environments. This number has largely increased
and is expected to increase, as human life becomes more dependent
on artificial environments. This progressive detachment from
nature has proven to have a series of negative impacts on people’s
satisfaction, well being and productivity [3,4] and therefore, indoor
places must support rapid technology development.

Moreover, since Covid-19 there has been a shift in our work-related
habits. In fact, three years after the pandemic, the prior mono
model of the workplace setting is no longer an option both for
employees and companies and different and more flexible working
systems have proven more efficient. Telework has proven effective
for cost reduction, motivation and work-life balance of workers
and increase in productivity and overall performances [5]. Because
of these important changes in work practices, physical offices and
the design of buildings themselves also have to adapt and develop
accordingly with the new shift of paradigm. It is a challenge for the
building sector, since there is the need of creating smart workplaces
that take into account user’s physiological and psychological
reactions to different environmental cues. Future offices are likely
to have smarter and healthier environments, which make the most
of environmental conditions, as well as societal changes. Today,
models of hybrid work, as well as employee engagement are two
important priorities. The nature of the work environment adapts
to the needs of society and companies; most employees want to be
in the conditions to decide where, when and how they are working.
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Thus, facility managers and professionals of the work environment
have to conceive flexible and functional buildings that offer at the
time collaborative opportunities and quieter spaces to increase
satisfaction in the work-place environments. Therefore, there is a
need to reconsider the way offices are built from a user’s centric
point of view. [6,7]

The building sector has yet to rely on sensory science and
the different methods of satisfaction assessment to propose user’s
centric design that reckon with how environmental stimuli (e.g
sound, odor, light, layout. . . ) can affect perception and cognition.
In sensory science, with the emerging of new virtual reality
(VR) and augmented reality (AR) technologies, the collection
and processing of sensory and consumer information is rapidly
advancing, moving forward more dynamic aspects of sensory
perception, taking account of user-product interactions globally
[8,9]. In AR, virtual information and objects are overlaid on the
real world. This experience enhances the real world with digital
details such as images, text, and animation, in contrast to VR, users
are not isolated from the real world [10]. In indoor environment
evaluations, VR offers new possibilities for experimental design
as well as a functional rapprochement between the laboratory
and real life [11]. In fact, with VR, environmental parameters (e.g
light, color, furniture. . . ) can be easily manipulated at reasonable
costs, allowing to control and guide the user’s sensorial experience.
Effects of contextual and surrounding stimuli on user’s can be
easily collected throughout the test, in the form of physiological
and behavioral data [12], without breaking the feeling of presence.
Moreover, a realistic immersive VR environment can elicit vivid
perceptual experiences, inducing a strong sense of presence and
embodiment [13].

One main challenge is to acknowledge to which extent sim-
ulated environments are ecologically valid and which functions
would be more solicited in different environmental-simulation
display formats. Previous works indicate that psychological and
physiological responses can differ from natural to simulated
content. There is a need to estimate those differences in order
to create viable environments to properly represent real life
simulated conditions, as well as adapted cognitive tasks. The main
goal of this demo is to show how simulated environments can
be used in the evaluation of work-related indoor environments
compared to real-world environments. User centric evaluation
and sensory analysis in the building sector is in its beginning; this
new tool could be of benefit for the building sector, on one hand
for methodological facilitation purposes and on the other for cost
reductions.

In order to achieve the objectives of this project, a first step is to
develop and validate the indoor simulations. In environmental
simulations, one of the most used formats, for its visual realism
and ease of use are 360° panoramic photos and videos, which
permits capturing physical-world images. This format is projected
in the head-mounted display (HDM) in a spherical format and
the observer finds himself optically in the center of the sphere.
Spherical panoramas are suited for the majority of motifs and allow
unrestricted view of the image in both horizontal and vertical

directions [14]. Research identified a strong correlation between
psychological responses and physical environment, as opposed to
VR, because of their smaller degree of realism, but stronger degree
of sense of presence [15]. The head-mounted display (HDM) allows
a fully-immersive system which isolates the user’s senses from the
external world and gives a higher degree of immersion. It also
allows interesting association between photographic technique and
VR, making them more interactive and immersive when combined
with a HMD.

2 METHODOLOGY
In an objective of validation of the format, 360° photos of workplaces
were taken in the building of Halle 6 Ouest of Nantes University.
This building can be seen as an example of a “smart building”. It
was constructed in 2021 in an objective of a collaborative and in-
terdisciplinary space where interactions are at the agenda; The
organization of the inter-office spaces has been worked on horizon-
tally and vertically to encourage the development of this ecosystem
with multiple users. The upstairs offices are doubly oriented. They
face both the exterior and interior facades. They are all distributed
through the "engines" extended by their peripheral corridors. These
places offer unique perspectives on the entire volume. Two lateral
atriums are distributed on either side of the central reception hall,
which give access to light on different levels [16]. The shooting was
undertaken in two places that serve the purpose of the demo:

• An office room named “le bocal”, which offers a more inti-
mate and quiet space, located on the left side of the second
floor of the building.

• An open space, named “la mezzanine“, which represents a
wider and interactive space, located on the last floor at the
very center of the building.

The “Insta360Pro” camera was used to take the 360° panoramic
photos that were imported via the software Insta360Stitcher and
adapted to be seen in a VR headset with the software Unity. To
increase embodiment and realism in the 360° scene, two assets were
added to the scenes: an office table, where the person has to sit
during the experiment and a tablet that will display the instructions,
cognitive tests and questionnaires that will be undertaken in both
physical and simulated conditions. The following cognitive tests
chosen to evaluate subjects performances are typical tasks of office
work:

• Rey Test (working memory): A visual presentation of a 15
words list on a screen for 20 seconds, then 20 seconds to
restitute them orally

• Toulouse-N-back (executive functions): add or subtract mul-
tiple of 5 number between 10 and 95, three levels of difficulty
(0-back, 1-back, 2-back)

• Anagram word test (higher cognitive functions): A visual
presentation of 4 letters, form words with those letters and
restitute them orally

In order to assess subject’s psychological responses to the different
environments, three questionnaires [13] are included:

• SMB scale for environmental assessment (7 point likert scale):
Rate the environment in terms of pleasantness, complexity,
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Figure 1: Schematic representation of the methodology

unity, enclosedness, potency, social status, affection, origi-
nality.

• PAD emotional state model (7 point likert scale): Rate your
state in terms of pleasure, arousal and dominance.

• SUS Presence questionnaire (7 point likert scale)

These questionnaires were tested in previous research; their
validity was assessed. To measure participants non declarative
physiological responses and consequently have more insight
on user’ state, electrodermal activity (EDA), heart rate and
eye movement will be measured with respectively portable
electrocardiogram (ECG), galvanic skin response electrodes (GSR)
and Eye-tracker Tobii Pro.

During the demo, volunteers will be asked to try out the
VR immersion and undertake the test. On a screen, people will be
able to observe the undergoing test, which will include:

• 1rst phase: user "free" observation of the environment
• 2nd phase: user is asked to observe specific cues in the envi-
ronment and follow instructions

• 3rd phase: user complete the cognitive tests on the tablet
• 4th phase: user complete the questionnaires on the tablet

All through the test physiological data, such as electrodermal activ-
ity, heart rate and eye movement will be collected. Concluding the
demo some results from collected data during the demonstration
will be presented and a discussion will follow.

3 BIBLIOGRAPHY
(1) United Nations, Department of Economic and Social Affairs,

Population Division. 2019. World Urbanization Prospects:
The 2018 Revision (ST/ESA/SER.A/420). New York: United
Nations.

(2) World Health Organization. Regional Office for Europe. 2014.
Combined or multiple exposure to health stressors in in-
door built environments: an evidence-based review prepared
for the WHO training workshop “Multiple environmental
exposures and risks”: Bonn, Germany.

(3) Chien-Fei Chen, Selin Yilmaz, Anna Laura Pisello, Mar-
ilena De Simone, Amy Kim, Tianzhen Hong, Karol Ban-
durski, Mateus V. Bavaresco, Pei-Ling Liu, and Yimin Zhu.
2020. The impacts of building characteristics, social psy-
chological and cultural factors on indoor environment
quality productivity belief. United States: N. p., Web DOI:
10.1016/j.buildenv.2020.107189.



IMX ’23, June 12–15, 2023, Nantes, France Charlotte Scarpa, Gwénaëlle Haese, Toinon Vigier, and Patrick Le Callet

(4) Jonathan M. Samet, John D. Spengler. 2003. Indoor environ-
ments and health: moving into the 21st century. Am J Public
Health. 93(9):1489-93. DOI: 10.2105/ajph.93.9.1489.

(5) Tronco Hernández YA, Parente F, Faghy MA, Roscoe CMP,
Maratos FA. 2021. Influence of the COVID-19 Lockdown on
the Physical and Psychosocial Well-being and Work Pro-
ductivity of Remote Workers: Cross-sectional Correlational
Study. JMIRx Med. 1;2(4):e30708. DOI: 10.2196/30708.

(6) S. Bicer and F.H. Halicioglu. 2022. Rethinking the influence of
the Intelligent Building Systems on productivity, health, and
well-being for enhancing the quality of life duringmandatory
working from home: Lessons learned from the COVID-19
pandemic. IOP Conf. Ser.: Earth Environ. Sci. 1101 032001.
DOI: 10.1088/1755-1315/1101/3/032001

(7) Tarigan Surya Gunanta, Mannan Khalid Abdul, Uddin Nur.
2022. A study of work-culture changes at post Covid-19
pandemic in greater Jakarta. IOP Conf. Ser.: Earth Environ.
Sci. 1098 012028. DOI: 10.1088/1755-1315/1098/1/012028

(8) Sandra G. L. Persiani, Kobas Bilge, Sebastian Clark Koth,
and Thomas Auer. 2021. "Biometric Data as Real-Time Mea-
sure of Physiological Reactions to Environmental Stimuli
in the Built Environment" Energies 14, no. 1: 232. DOI:
https://doi.org/10.3390/en14010232

(9) Emily Crofton, Cristina Botinestean, M. Fenelon and Eimear
Gallagher. 2019. Potential applications for virtual and aug-
mented reality technologies in sensory science, Innovative
Food Science and Emerging Technologies. Volume 56, 102178,
ISSN 1466-8564. DOI: 10.1016/j.ifset.2019.102178

(10) Halbig Andreas, Latoschik Marc Erich. 2021. A Systematic
Review of Physiological Measurements, Factors, Methods,

and Applications in Virtual Reality, Volume 2, 2673-4192.
DOI: 10.3389/frvir.2021.694567

(11) Dominik Gall, Daniel Roth, Jan-Philipp Stauffert, Julian
Zarges andMarc Eric Latoschik. 2021. Embodiment in Virtual
Reality Intensifies Emotional Responses to Virtual Stimuli.
Front Psychol. 6;12:67417. DOI: 10.3389/fpsyg.2021.674179

(12) Juan Luis Higuera-Trujillo, Juan López-Tarruella Maldonado,
Carmen Llinares Millán. 2017. Psychological and physiolog-
ical human responses to simulated and real environments:
A comparison between Photographs, 360° Panoramas, and
Virtual Reality, Applied Ergonomics, 65, 398-409, ISSN 0003-
6870. DOI: 10.1016/j.apergo.2017.05.006

(13) Dongwoo Yeom, Joon-Ho Choi, Sin-Hwa Kang. 2019. In-
vestigation of the physiological differences in the immer-
sive virtual reality environment and real indoor environ-
ment: Focused on skin temperature and thermal sensa-
tion, Building and Environment, 154, 44-54, ISSN 0360-1323.
DOI:10.1016/j.buildenv.2019.03.013.

(14) Jacobs, C., 2004. Interactive Panoramas: Techniques for Digi-
tal Panoramic Photography. Springer, Heidelberg, Germany.

(15) Javier Marín-Morales, Juan Luis Higuera-Trujillo, Alberto
Greco, Jaime Guixeres, Carmen Llinares, Claudio Gen-
tili, Enzo Pasquale Scilingo, Mariano Alcañiz and Gaetano
Valenza. 2019. Real vs. immersive-virtual emotional expe-
rience: Analysis of psycho-physiological patterns in a free
exploration of an art museum. PLoS ONE 14(10): e0223881.
DOI: 10.1371/journal.pone.0223881

(16) https://www.iledenantes.com/operations/halle-6-ouest-
pole-universitaire-interdisciplinaire-des-cultures-
numeriques/


	Abstract
	1 Introduction
	2 Methodology
	3 Bibliography

