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The Metaverse is a new application of the internet and social form which
integrates a myriad of new technologies. It can not only create a parallel space
that is closely connected to the real world while highly independent, but also
bring the immersive experience of virtual scenarios without delay. The virtual
tourism space situations that integrate realistic visual, audio, and temperature
sensations can restore the real tourism environment to the greatest extent,
and improve tourists’ perception and satisfaction with the experience. The
purpose of this experimental lab study is to examine the effects of the virtual
tourism audio-visual conditions and environmental temperature on tourists’
thermal sensation and temperature comfort. VR equipment and microclimate
simulation technology was applied in a 3x2x2 experimental design (n=180),
simulating the virtual tourism scenarios. Electrocardiogram devices were
also employed to assess participants’ physiological indicators. Study results
suggest that: (1) Virtual tourism spatial situations (environmental temperature
and audio-visual conditions) significantly affect participants’ thermal sensation
and part of the physiological indicators; (2) Virtual tourism spatial situations
(environmental temperature and audio-visual conditions) significantly affect
participants’ temperature comfort; and (3) Physiological responses (indicators)
mediate the effect from tourism spatial situations to temperature comfort.
The study mainly contributes to the literature about virtual tourism experience
and spatial situations under the concept of the Metaverse, as well as provides
theoretical and managerial implications for the development of “immersive”
virtual tourism scenarios.
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1. Introduction

The term ‘metaverse’ first appeared in a science fiction novel
“Avalanche,” which depicts a vast virtual reality world parallel to
the real world, where people who are geographically isolated from
each other can communicate through their respective “avatars” for
entertainment (Dionisio et al., 2013). The metaverse itself is not a
technology, but an idea and concept. As a comprehensive
integrated application of multiple digital technologies, it needs to
integrate different new technologies, such as 5G, artificial
intelligence, big data, etc. (Bourlakis et al., 2009; Choi and Kim,
2016), building a fully virtualized world. In general, the Metaverse
will surpass previous experiences in terms of “virtuality;
“immersion,” and “connectivity” (Collins, 2008; Barassi and Treré,
2012), redefining and changing the existing consumption habits
of consumers. The Metaverse is gaining momentum, and
“immersion” is one of the core selling points of the metaverse,
which has been applied in virtual tourism (Schwarz et al., 2012;
Burton and Schlieman, 2021). In the field of virtual tourism,
Disney has taken the lead in interpreting its metaverse strategy as
follows, that is, using technologies such as artificial intelligence,
virtual reality, and robotic Internet to improve the immersion and
personalization level of the park (Mine et al., 2012).

In the metaverse, how can virtual tourism make the tourists
feel the most immersive experience? How can virtual tourists feel
the temperature changes and the seasons change during their
travel? All these are inseparable from the construction of virtual
tourism space (Zheng et al., 2010). A diversified and immersive
virtual tourism experience is an important part of the metaverse
(Singh et al., 2020). The information exchange between virtual
tourists and the surroundings happens all the time (Trunfio and
Campana, 2020). Different virtual tourism spatial situations bring
different virtual tourism experiences to the tourists (Loureiro
et al., 2020), a simulated virtual tourism space scenario based on
the integration of sight, hearing, and temperature sensations will
bring tourists an unprecedented immersive tourism experience
(Bogicevic et al., 2019). Through a multi-sensory systems (visual,
hearing, touch, etc.) and previous knowledge, memory, and
experience in the real world, the experiencer acquired information
from the virtual tourism space and form the temperature comfort
perception, such as cold, heat, comfort, or discomfort (Jendritzky
etal,, 2012; Hemmatjo et al., 2017).

Virtual tourists temperature comfort perception is an
important part of shaping the “authenticity and immersion” of
virtual tourism space (Riva et al, 2011). Environmental
temperature can affect the experiencer’s temperature comfort
(Lam et al., 2018), but considering the function of the multi-
sensory system and previous knowledge, memory, and experience,
virtual tourists under different tourism spatial situations may have
different comfort feeling (Mieczkowski, 2010). Although there are
existing studies have explored the influence of spatial context on
human thermal sensation and physiological indicators through
the experimental method (Ma et al., 2019), some scholars have
used the microclimate laboratory to simulate the tourism space
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situation (Fabbri et al., 2020), the virtual tourism space situation
has not yet to be discussed. The existing studies only consider the
influence of a single sensory on temperature comfort (Schott and
Marshall, 2018). the research on the influence of multi-sensory
interaction on temperature comfort is lacking. Therefore, it is
necessary to deeply discuss the temperature comfort of virtual
tourists under the interaction of visual and auditory multisensory.

Experimental research on virtual tourism has received
increasing attention, investigating the specific sensory experiences
of virtual tourists by controlling for variables or situational settings
(Huang et al., 2020). Photos, videos, virtual reality equipment, and
other instruments were often used in the experiment, and
physiological indicators were monitored in real time through
medical equipment such as heart rate monitors and EEG monitors
(Dieck et al.,, 2018; Marasco et al., 2018). Different from previous
virtual tourism experimental research, this experiment will
simulate the multi-sensory scene of the future metaverse to the
greatest extent possible, to deeply explore the effect of virtual
tourism experience. This study presented the virtual tourism space
situation scene through VR technology, and the real physical
environment is simulated by controlling the environmental
temperature, wind speed, humidity, and illuminance through the
tourism simulation micro-climate cabin. At the same time,
participants’ physiological indicators, such as blood oxygen, pulse
rate, blood pressure, heart rate, and respiratory rate were
monitored by ECG, and questionnaires about thermal sensation
and temperature comfort were asked to fill out. This study is
devoted to using an experimental method to analyze the influence
of multi-sensory composite factors on the virtual tourists’
temperature comfort, thereby contributing to the sustainable
development of the virtual tourism industry from the perspective
of the Metaverse.

2. Research background and
hypothesis development

2.1. Metaverse research

The metaverse was just a scientific or fiction concept before
2021 (Girvan, 2018), Neal Stephenson described the metaverse as
follows: “Put on headphones and eyepieces, establishing the
connection with a terminal, and then you can enter a virtual space
that is simulated by computer, which is parallel to the real world”
(Perry and Williams, 1995). In March 2021, the online game
company Roblowas x was successfully listed on the New York
Stock Exchange with the concept of “metaverse,” and it is the first
time that the “metaverse” developed from fiction to the stage of
practical application (Joo-Eon, 2021). With the development of
media and information technology (Williams and Hobson, 1995),
people can employ smart devices and the Internet effectively,
breaking through the barriers between virtual and reality, and
changing peoples lifestyles and cognition (Mueller, 1998;
Martinez-Grana et al., 2013). The current development of the
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Internet is in the stage of Web 2.0 (Razmerita et al., 2009), as the
Internet is still developing rapidly, both the academic researchers
and the industry both are discussing the future of the Internet.
Web3.0 was proposed based on Web2.0 (Hendler, 2009), the Web
3.0 stage is a highly people-centric network, which helps realize
the “interconnection of all things” (Aghaei, 2012), making the
metaverse change from the “possible world” in literature to one
the “virtual tourism” that people can see and touch (Bonnard
etal, 2019).

The metaverse is essentially virtualization and digitization of
the real world (Russell, 2017). In the metaverse era, to realize the
six types of human sensation (sight, hearing, smell, taste, touch,
and consciousness), it is necessary to integrate different
technologies (Matsubara and Oguchi, 2010; Fei et al., 2019), such
as artificial intelligence, digital twins, blockchain, cloud
computing, robotics, brain-computer interface, 5G, 6G, etc. These
technologies are essentially important to create an ideal virtual
world through the perfect connection between virtual and reality
(Ariyadewa et al,, 2010; Suzuki et al., 2020). The existing research
on the metaverse mainly focuses on technical support, application
scenarios, and development models (Ben et al., 2018; Gao et al.,
2022), ignoring the users’ experience of the metaverse.
Considering the booming virtual tourism industry, it is significant
to explore how to provide tourists with the most immersive virtual
tourism experience.

2.2. Research on virtual tourism

In the mid-1980s, the term “virtual tourism” was first
proposed to describe human-machine interactions, emphasizing
that “virtual reality has the technical potential to recreate
situations for participants” (Steuer, 1992; Zyda, 2005). Perry
Hobson and Williams first introduced virtual reality into tourism
in 1995, they pointed out that “virtual tourism” is a new business
form created by the combination of virtual reality technology and
tourism. It can dynamically present the real or non-existent
touristic landscape to tourists through the Internet or virtual
technology (Bowman and Mcmahan, 2007; Saposnik et al., 2010).
With the continuous development of technologies such as GIS, 3D
visualization, and virtual reality (Brown and Green, 2016), virtual
tourism allows tourists to have an immersive travel experience
without leaving home (Lin et al., 2020).

The COVID-19 pandemic had a huge impact on the tourism
industry, which brought and real-world tourism has come to a
standstill (Gssling et al., 2020). Virtual tourism is a good
alternative when tourists cannot visit a real touristic destination
(Lee et al., 2020), and plays the dual role of a temporary product
during the crisis and a promotional tool after the crisis (El-Said
and Aziz, 2021). In addition, the development of information
technology has improved the quality of virtual tourism experience
(Gonzdlez-Rodriguez et al., 2020), attracting more virtual tourists
(Sigala, 2020). Virtual tourism provides a convenient choice for
tourists to visit protected historical sites or hard-to-reach places
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(such as space) through the way of immersion, imagination, and
interaction (Nolin et al., 2016; Wagler and Hanus, 2018), especially
creating barrier-free tourism activities for the disabled, the elderly,
and other restricted people (Cho et al., 2002), which break
through time and space constraints and economic shackles to a
certain extent (Ritchie et al., 2011; Bonetti et al., 2018; Dieck and
Jung, 2018).

Since the concept of virtual tourism was put forward, the
controversy around this topic has never been down. Can virtual
tourism replace real tourism? Most scholars firmly believe that
virtual tourism can never replace real tourism (Huang et al., 2013;
Kim J. et al, 2020). Some scholars also worry that virtual
experience will weaken the objective authenticity of the
destination (Tan et al., 2014), because the information presented
through virtual tourism may be unreliable and distorted
(Dueholm and Smed, 2014). However the metaverse promotes the
rapid development of virtual technology and enhances users
ability to obtain high-quality senses (Dinh et al., 1999; Riva et al.,
2004), and multi-sensory immersive virtual travel experience
becomes possible. The virtual tourism experience must enhance
the sense of immersion and the simulation of the scene, and the
real environmental temperature can better satisfy the multi-
sensory interactive experience of tourists in the tourism
space situation.

2.3. Research on tourism spatial situation

The concept of “situation” was first proposed by Thomas and
Znaniecki in 1919, and “physical-psychological field theory”
revealed the relationship between individual behavior and the
situation (Borgatti et al., 2009). “A Dictionary of Psychology (3rd
ed.)” defined the spatial situation as an environment that affects
people’s psychological activities, has specific meanings and
symbols, and is composed of various spatial forms (Dade, 2010).
Tourism spatial situation refers to the background elements of
tourists in the process of tourism activities, including individual
elements and spatial environmental elements (Yang et al., 2004;
Shi et al,, 2005; Deller, 2010). As the background environment of
tourism activities, the tourism spatial situation has an important
impact on the psychological mechanism of tourists, which mainly
affects tourists through multi-sensory interaction (Jansson, 2002).

The existing literature about the relationship between spatial
situation and temperature comfort mainly focuses on indoor
spatial context, while outdoor spatial context is rarely discussed.
In addition, spatial situation research is relatively hot in the field
of architecture and landscape design (Vera and Simon, 1993;
Richter et al, 2011), and this topic has not received enough
attention in the field of tourism. At present, most of the research
about the relationship between people’s audio-visual perception
and temperature comfort is based on a single sensory factor. There
are relatively few studies that consider the effect of multi-sensory
interaction (such as audio and visual sensory) on temperature
comfort. Therefore, this study attempts to explore the temperature
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comfort of the tourists under different virtual tourism
spatial situations.

2.4. Research on tourism temperature
comfort

Tourism is a comprehensive activity carried out by tourists in
the real environment of a tourist destination, and climate is an
important indicator during the process of tourist activities
(Grimm and Zilli, 2009). Changes in climate conditions such as
temperature and humidity will comprehensively affect the degree
of human comfort (Frontczak and Wargocki, 2011), and then have
physiological and psychological impacts on the human body
(Tsutsumi et al., 2007). Therefore, climate comfort is crucial to
tourism activities.

The research on human climatic comfort can be traced back
to the 1920s. Scholars such as Houghton proposed the concept of
“Physiologically Equivalent Temperature (PET)” in 1923, and
become the first person to use empirical models to evaluate
climatic comfort (Houghten and Yaglou, 1923). Tourism climate
is an important tourism resource and tourist attraction (Brager
and de Dear, 1998), and the ideal tourism climate should provide
tourists with a sense of comfort. Climate comfort has gradually
become an important factor in tourists’ travel decision-making
process (Scott and Lemieux, 2010).

Temperature comfort is an important part of current climate
comfort research, and research on temperature comfort plays an
important role in helping tourists select travel destinations and
make travel decisions (Perch-Nielsen et al.,, 2010). Tourism
temperature comfort not only affects the length of the tourism
comfort period and the choice of tourist destinations but also
affects the tourism activities ways and the function of tourism
resources (Abed and Matzarakis, 2018; Zhong et al.,, 2019).
Previous studies have found that temperature comfort is not only
influenced by objective environmental factors, but the
psychological adaption is also an important factor (such as
knowledge, experience, and memory) is also an important factor
in tourists’ temperature comfort (Lu et al., 2016). Thus, this study
intergrates microclimate and tourists’ temperature comfort into a
comprehensive model, and used the experimental method to
explore whether and how different virtual tourism spatial
situations affect the experiencers” thermal sensation, physiological
indicators, and temperature comfort.

2.5. Virtual tourism spatial situation and
tourists’ thermal sensation

Thermal sensation refers to the human body’s objective
perception of ambient temperature, and temperature comfort is
formed under the combined influence of individuals’ physiology
and psychology (Gagge et al., 1969). The term human thermal
sensation is more objective (Nikolopoulou and Steemers, 2003). It
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was assumed that environmental temperature would affect human
body’s thermal sensation. As the temperature increases, the
thermal sensation of the human body will also increase (Yang
etal., 2016). Some researchers have discussed the effect of spatial
context on thermal sensation, but the spatial situation mainly
includes color, layout, environmental temperature, sound, etc.
(Zhang et al., 2004; Ali-Toudert and Mayer, 2006; Xu et al., 2021).
On the one hand, environmental psychology believes that visual
conditions (e.g., color) would affect people’s thermal sensations
(Tetsuo et al., 1998; Wang et al,, 2018). On the other hand,
environmental temperature is an important factor affecting
human thermal sensation (Ji et al., 2020). It has been found that
environmental sound has a direct impact on human thermal
sensation from both subjective and objective perspectives (Yang
and Moon, 2019). Noise can increase an individual’s thermal
sensation in a specific environment, and pleasant sounds can
reduce an individual’s thermal sensation in a specific environment
(Qu, 2010; Kilchenmann and Senn, 2015). According to the
embodied theory of tourism experience, tourism activities are
carried out in different spatial situations, and virtual tourism
activities cannot exist without a specific spatial situation.
Therefore, the study hypothesis that:

HI: Environmental temperature has a significant positive
impact on virtual tourists’ thermal sensation.

H2: Audio spatial situation has a significant positive impact

on virtual tourists’ thermal sensation.

H3: Visual spatial situation has a significant negative impact

on virtual tourists’ thermal sensation.

2.6. Virtual tourism spatial situation and
tourists’ physiological indicators

The environmental stress theory indicated that external
environmental stimuli can evoke the psychological and
physiological responses in the human body. The human body has
a thermoregulatory mechanism that is closely related to thermal
sensation and temperature comfort. According to the heat balance
theory, when the heat storage in the human body is equal to 0, it
will be in a comfortable temperature state. As a warm-blooded
animal, the human can maintain a relatively constant body
temperature despite changes in ambient temperature. Scholars
have used skin temperature, heart rate, respiratory rate, and blood
pressure as potential indicators to reflect human health and
thermal comfort (Xiong et al., 2016; Tussyadiah et al., 2018).
Previous studies have shown that temperature and ambient color
can significantly affect human heart rate and blood pressure, while
human thermal sensation has a positive correlation with average
skin temperature, heart rate, and other indicators, and skin
temperature is also affected by ambient temperature and sound
(Takakura et al., 2015). In addition, temperature and sound also
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affect the human heart rate. People intend to have a higher heart
rate when they are in an integrative environment combined with
both higher temperature and noise (Ren et al,, 2011). Additionally,
individuals’ visual sense directly affects their physiological factors
(Sun and Lian, 2016). For example, bright space can reduce heart
rate and blood pressure (Peng et al., 2022). Therefore, the study
proposed that environmental temperature, hearing sensory, and
visual senses would affect the human body’s physiological
indicators in virtual tourism.

H4: Environmental temperature has a significant impact on
virtual tourists’ physiological indicators, and different
environmental temperatures have different effects on the
physiological indicators.

Hb5: Audio spatial situation has a significant impact on virtual
tourists’ physiological indicators, and different audio spatial
situations have different effects on the physiological indicators.

Heé: Visual spatial situation has a significant impact on virtual
tourists” physiological indicators, and different visual spatial

situations have different effects on the physiological indicators.

2.7. Virtual tourism spatial situation and
temperature comfort

The embodiment theory of tourism experience suggests that
tourists’ experience is the result of a series of related factors such as
perception, body sensory, and environment in the process of tourism
(Soica, 2016). Tourists’ travel experience is affected by the “situation”
they are in. As part of the travel experience, the temperature comfort
is also affected by the tourism spatial situation (Perkins and Debbage,
2016). Temperature comfort is an individual’s subjective satisfactory
evaluation of the extent of hot and cold in the surrounding
environment, which has been proved significant impact on
individuals perceived temperature comfort (Yun et al., 2012). A large
number of studies have also shown that visual and auditory stimuli
can affect the human body’s temperature comfort. For example,
visual color (Chinazzo et al., 2020a) and environmental spatial
layout (Cheong et al., 2007) can affect the comfort of the human
body. Sound can have an impact on human thermal comfort (Guan
etal,, 2020). The noisy environment would influence the temperature
comfort of human body (Oquendo-Di et al., 2022), while the
beautiful birds singing can calm people down and improve the
temperature comfort rating (Yang and Kang, 2005). Some scholars
have found that environmental temperature can significantly affect
human thermal comfort (Arens et al., 2006; Chinazzo et al., 2018).
Thus, the study proposed that environmental temperature and visual
and auditory stimuli can affect the temperature comfort of the
human body in the virtual tourism context. We hypothesize that:

H7: Environmental temperature has a significant positive

impact on virtual tourists’ temperature comfort.
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H8: Audio spatial situation has a significant positive impact
on virtual tourists’ temperature comfort.

H9: Visual spatial situation has a significant negative impact
on virtual tourists’ temperature comfort.

2.8. Tourism spatial situations, thermal
sensation, physiological indicators, and
temperature comfort

In the process of virtual tourism experience, tourists interact
with their space through (hearing and vision) information in
different virtual tourism spaces, and the two senses interact to
form individual thermal sensation (Wang and Zacharias, 2020).
Even though tourists stay at the same temperature interval, how
they feel the temperature comfort might be different under
different tourism space situations based on their own multi-
sensory system (Zhang and Zhao, 2008). The spatial context in
which tourism activities are located is specific, and temperature
comfort is the final judgment formed by combining the individual
subjective feelings and physiological indicators perceived by
tourists within the spatial context (Gao and Li, 2017). According
to the environmental stress theory, external environmental stimuli
can lead to individuals’ physiological and psychological stress
responses, thus we assume that the tourism spatial situations
would have an impact on tourists’ physiological and psychological
responses, and both thermal sensation and physiological
indicators would influence temperature comfort (Figure 1). Thus
we proposed that:

H1I0: Thermal sensation and physiological indicators mediate
the effects of environmental temperature on virtual tourists’
temperature comfort.

H11I: Thermal sensation and physiological indicators mediate
the effects
temperature comfort.

of audio conditions on virtual tourists

H12: Thermal sensation and physiological indicators mediate
the effects of visual conditions on virtual tourists’

temperature comfort.

3. Methodology
3.1. Research facilities

A mixed design laboratory experiment was conducted in a
tourism microclimate simulation laboratory at a university in
eastern China, from March 2021 to March 2022. The laboratory is
equipped with a tourism simulation microclimate cabin
(Figure 2A); a treadmill (to simulate the activity state of tourists);
an ECG monitor (to measure the physiological data of tourists;
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Psychological and physiological

responses

Thermal sensation

Environmental temperature
*  Highinterval
Mid interval

Low interval

Physiological indicators
Body Temperature
Blood pressure
Heart rate
Pulse rate
SPO2
Respiratory rate

Audio conditions
Antificial sounds

Natural sounds

Theoretical model.

Visual conditions A Temperature
Outdoor : H9 comfort
Indoor E Mediation: H10 & H11 & H12
e |
FIGURE 1

Microclimate cabin ECG monitor

VR equipment

FIGURE 2
Experimental facilities (A: Microclimate cabin; B: ECG monitor; C: VR
equipment). Images reproduced with the permission of Zhang Linlin.

Figure 2B); a VR helmet (to simulate an immersive tourism
situation; Figure 2C), etc. The size of the tourism simulation
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micro-climate cabin is 2mx2mx3m. There are temperature
sensors, air humidifiers, LED lamps, and air vents in the cabin.
The indoor temperature, humidity, wind speed, light, and other
environmental factors can be monitored through the control panel
outside the cabin.

3.2. Research design

3.2.1. Environmental temperature intervals

The tourism experience embodiment theory advocates that
the daily life tourism research; therefore, the temperature index
of virtual tourism space situation in this paper mainly selects the
temperature level in the usual environment. Physiologically
Equivalent Temperature (PET) has been frequently used in
tourism climate studies to estimate participants’ thermal comfort
(Walther and Goestchel, 2018). The environmental temperature
interval division in this study refers to the PET index, that is, in
a certain indoor or outdoor environment, the environmental
temperature which can keep the human body temperature and
environment temperature at the same thermal state. The
“seasonal anchor point method” has been proved to be a rigorous
somatosensory grading standard in previous studies (Yu and Li,
2019). Combined with the PET index and seasonal anchor point
method, the environmental temperature interval in this study
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was divided into three types, namely high interval (23.6-30.0°C),
mid interval (17.6-23.5°C), and low interval (11.5-17.5°C;
Table 1).

3.2.2. Audio-visual conditions of virtual tourism

The tourism spatial situation is relatively complex, and
tourists mainly acquire external information through sight and
hearing sensations during the process of tourism activities (Liu
et al., 2020). Previous studies have indicated that the openness
and closure of people’s visual space will affect their perception
of perceived physiological temperature (Chinazzo et al., 2020b).
This study selects the indoor and outdoor design experiments
of scenic spots that are common in the previous tourism visual
space research, to explore the influence of virtual tourism visual
space characteristics on thermal sensation and temperature
comfort. Acoustical ecology believes that artificial sounds and
natural sounds showed huge differences due to their different
physical properties such as frequency and intensity, which could
affect tourists’ experience and perception (Yang and Kang,
2013). At the same time, due to their differences in formal
attributes such as volume, pitch, and timbre, tourists would
have different thermal sensations and perceive different levels
of temperature comfort (Ravicz et al., 2014). The visual scene
selection is based on whether there is a top cover design, and
two typical virtual tourism visual space situations (VR1 and
VR2) were selected. Among them, the VRI situation is a
relatively empty outdoor space; VR2 is a virtual tourism indoor
space. At the same time, previous studies have also found that
sound can directly affect the temperature comfort of the human
body. The experiment used two typical sounds as easily
controlled artificial sounds (sounds of tour guides and media
broadcasts) and natural sounds (running water and birdsong),
to explore the impact on virtual tourists’ thermal comfort.
According to the video type and sound type, the experimenters
were divided into four groups for control experiments, as shown
in Table 1.

3.3. Measurements

3.3.1. Survey measurements

The survey questionnaire in this study assessed participants’
thermal sensation and temperature comfort, as well as the socio-
demographic information. The thermal sensation was measured
by the thermal sensation voting scale (TSV), which is generally
recognized and used by researchers (Fanger, 1967). TSV measured

TABLE 1 Experiment conditions.

a:VR1+ artificial

Audio-visual conditio

b:VR1+natural

10.3389/fpsyg.2022.1062876

participants’ thermal sensation with seven points (1=cold,
2 =slightly cold, 3=cool, 4 =neutral, 5=warm, 6 =slightly hot, and
7=hot). The temperature comfort was measured by the
temperature comfort voting scale (TCV), which was measured
through 0-4 points (0=comfortable, 1 =slightly uncomfortable,
2=uncomfortable, 3=very uncomfortable, and 4 =intolerable;
Kim M.]. et al., 2020).

3.3.2. Physiological measures

The physiological indicators in the study include body
temperature, blood pressure, heart rate, pulse rate, SPO2, and
respiratory rate. Except body temperature was assessed by the
thermometer, other physiological indicators were monitored by
the iMEC 12 devices in real-time. The detailed information about
physiological indicators has been shown in Table 2. The
physiological indicators during the virtual tourism experience
revealed their physiological thermal response to different tourism
spatial contexts.

3.4. Sampling procedure

3.4.1. Sampling selection

A total of 180 volunteers were recruited by a University’s
tourism behavior laboratory (TBL) WeChat public account,
including 90 males and 90 females. The participants were mainly
aged between 18 and 30years old, with an average age of
28.47 years; the BMI selection standard was between 20 and 23,
with an average value of 21.61. In order to prevent the influence
of the thermal resistance of clothes on the experiment results, all
participants wore short-sleeved T-shirts and single trousers
uniformly. At the same time, all the volunteers should have no
history of heart disease and other health problems, have good
sleep and diet before the experiment, and do not participate in
strenuous exercise the day before the experiment.

During the experiment, according to the combination of
three environmental temperature intervals and four types of
tourism audio-visual conditions, 12 experimental conditions
were formed (Table 1). The participants were randomly divided
into three groups, each group containing 60 people. The first
group of participants experience four types of virtual tourism
audio-visual situations in turn at high-environmental
temperature intervals, the second group experience four types of
audio-visual situations at the mid-temperature interval, and the
third group conducted the same experiment at low environmental

temperature. That means each participant experienced four sets

c:VR2+artificial d: VR2+natural

Environmental temperature sounds sounds sounds sounds
High interval A:23.6-30.0 Aa Ab Ac Ad
Mid interval B:17.6-23.5 Ba Bb Bc Bd
Low interval C:11.5-17.5 Ca Cb Cc Dd
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TABLE 2 Experimental instruments.

Instruments Simulation/ test Units
content

Microclimate warehouse Air temperature °C
Relative humidity %
Wind speed m/s
Muminance Lux

ECG measuring PR (Pulse rate) Bmp

instrument HR (Heart rate) Bmp
SpO, (Pulse oxygen %
saturation)
NIBP (Blood pressure) mmHg
RR (Respiratory rate) rpm

of the experiment at a certain environmental temperature interval
and participants experienced four types of situation in random.
Existing literature has revealed that thermal sensation will reach
a relatively stable state when the human body is in an activity for
15min (Gutierrez-Avellanosa and Bennadji, 2015). Therefore, the
duration of each group of experiments is 15min. After each
group of experiments, participants were asked to indicate their
thermal sensation and temperature comfort. In order to avoid the
impact of the previous experimental process on the subsequent
experiments, after each experiment, the participants were get out
of the micro-climate cabin, and sit for 10 min to recover to a
resting state.

3.4.2. Experiment steps

The specific experimental steps are as follows: First, participants
need to sit quietly for 15min before the experiment and keep their
minds calm. During this period, participants were asked to fill in the
experimental informed consent form and the participants’ basic
information questionnaire, to let participants get a comprehensive
understanding of the experimental process and precautions. Secondly,
the tourism simulation microclimate cabin was used to establish a
manipulated virtual tourism environment by controlling the
environmental temperature, humidity, wind speed, treadmill speed,
and so on. Thirdly, the participants were asked to dress in an
experimental cloth, put on the electrocardiograph and VR equipment,
and entering the tourism simulation microclimate cabin. While
watching the each VR video, the ECG was recording the physiological
responses. After watching every video, participants need to report
their feelings by filling in questionnaires. The participants will not
start the next experiment until they have rested and are back in a
stable condition.

3.5. Data analysis

SPSS 23.0 software was used for data analysis. First of all, the
homoscedasticity has been checked. The normality assumption
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was confirmed as skewness and kurtosis values of each variable
were within the acceptable threshold (Field, 2009). Next,
multivariate ANOVA (MANOVA) was conducted to test the main
effects of the independent variable with and dependent variables.
Lastly, Model 4 of the PROCESS v3.3 macro was used to test
mediation effects in H10, H11, and H12.

4. Results

4.1. Main effects of environmental
temperature of virtual tourism

Multivariate ANOVA was conducted to compare dependent
measures among four types of virtual tourism contexts. The
independent variable in the MANOVA were environmental
temperature conditions (high vs. medium vs. low interval),
audio-conditions (artificial sounds vs. natural sounds), and visual
conditions (outdoor vs. indoor). The dependent variables in the
theoretical framework were thermal sensation, physiological
sensation (body temperature, blood pressure, heart rate, pulse
rate, SPO2, and respiratory rate), and temperature comfort. The
MANOVA results revealed that temperature condition has a
significant effect on the participants’ travel experience such as
temperature comfort, with a Pillai’s trace value of 0.798,
F=67.532, p<0.001.

The results of the MANOVA test are shown in Table 3. All the
dependent variables showed significant differences across
temperature conditions, higher environmental temperature
evoked higher thermal sensation, body temperature, heart rate,
pulse rate, and SPO2, while higher environmental temperature
intrigued lower blood pressure. Therefore, the findings support
H1 and H4. When virtual tourists travel in a low environmental
temperature, participants perceived the worst temperature
comfort (M =1.29), and mid-environmental temperature elicit the
best temperature comfort (M =0.43). This finding supports H7.

4.2. Main effects of audio conditions of
virtual tourism

The MANOVA results showed that audio context type has a
significant main effect with a Pillai’s trace value of 0.064,
F=6.932, p<0.001. Table 4 showed audio conditions of virtual
tourism only have the main effect on participants’ thermal
sensation, part of the physiological sensation (SPO2), and
temperature comfort. At the same time, no significant differences
were identified in body temperature, blood pressure, heart rate,
pulse rate, and respiratory rate. Therefore, these findings support
H3 and H6, and partially support H4. When traveling under the
natural sounds condition of virtual tourism, participants have
lower SPO2 (M =95.23) and are expected to perceive cooler
thermal sensation and better temperature comfort. This finding
partially supports H2 and H5.
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TABLE 3 Main effects of environmental temperature conditions.

10.3389/fpsyg.2022.1062876

Variables Mean (High interval) Mean (Mid interval) Mean (Low interval) F
Thermal sensation 5.03 3.79 243 700.78%%
Physiological sensation
Body temperature 36.38 35.74 35.15 438.69%**
Blood pressure 87.49 89.23 90.15 5.07%%
Heart rate 97.14 95.64 89.40 43.95%*%*
Pulse rate 94.38 89.64 81.17 83.20%**
SPO, 97.08 96.91 93.31 57.97%%*
Respiratory rate 21.63 22.21 20.48 11.87%**
Temperature comfort 0.80 0.43 1.29 143.17%**
i p < 0.001; #¥*p <0.01; *p<0.05; and ™*p>0.05.
TABLE 4 Main effects of audio conditions.
Variables Mean (artificial sounds) Mean (natural sounds) F
Thermal sensation 391 3.59 8.75%%*
Physiological sensation
Body temperature 35.76 35.75 0.01 ™
Blood pressure 89.59 88.34 3.14"
Heart rate 94.22 93.90 0.18 ™+
Pulse rate 88.72 88.08 0.47
SPO, 96.31 95.23 9.30%*
Respiratory rate 21.56 21.32 0.60 ™*
Temperature comfort 0.98 0.69 27 46%**

#kkp <0.001; *#p <0.01; *p<0.05; and "*p>0.05.

4.3. Main effects of visual conditions of
virtual tourism

The MANOVA results showed that visual context type has a
significant main effect with a Pillai’s trace value of 0.174,
F=21.428, p<0.001. Table 5 shows that visual conditions of virtual
tourism only had a main effect on participants’ thermal sensation,
part of the physiological sensation (Respiratory rate), and
temperature comfort. There is no significant differences were
identified in body temperature, blood pressure, heart rate, pulse
rate, and SPO2. Therefore, these findings support H3 and H6, and
partially support H4. When traveling under the outdoor condition
of virtual tourism, participants have a lower respiratory rate
(M=21.04) and are expected to perceive cooler thermal sensation
and better temperature comfort. This finding partially supports
H3 and Heé.

In terms of the interaction effect, there was a significant
three-way interaction among environmental temperature, audio
situation, and the visual situation on thermal sensation (F =3.45,
p <0.05), however, the three-way interaction showed a
non-significant influence on other dependent variables. Given the
results shown above, we further examine the two-way interaction
effect on thermal sensation. The results showed that environmental

Frontiers in Psychology

temperature interacted with audio situation to influence thermal
sensation (F =39.03, p <0.05). The interaction between audio
situation and visual situation also significantly influences thermal
sensation (F =61.76, p <0.05). Additionally, environmental
temperature interacted with the visual situation to influence
thermal sensation (F =87.38, p <0.05).

4 4. Mediating effects of thermal
sensation and physiological indicators

Model 4 of the PROCESS v3.3 macro was used to examine the
theoretical mediating role of perceived thermal sensation and
physiological responses between tourism spatial context and
temperature comfort. When testing each independent variable,
another two independent variables were added as control variables
in the Model 4 of PROCESS.

As showed in Figure 3, the results showed that a significant
mediating effect of the participant’s physiological response SPO2
(indirect effect B=—0.034; 95% CI=[-0.059, —0.011]) and
Respiratory rate (indirect effect B=—0.01; 95% CI=[-0.023,
—0.002]) between environmental temperature and the
corresponding temperature comfort when it is tested with control
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TABLE 5 Main effects of visual conditions.

10.3389/fpsyg.2022.1062876

Variables Mean (outdoor) Mean (indoor) F
Thermal sensation 3.98 3.51 19.38%#*
Physiological sensation
Body temperature 35.78 35.73 0.871 "
Blood pressure 89.41 88.52 1.59 "
Heart rate 94.45 93.67 1.06 ™
Pulse rate 89.17 87.62 2.73
SPO, 96.11 95.43 361"
Respiratory rate 21.84 21.04 6.96%*
Temperature comfort 1.11 0.57 109.227%%*
#iEp <0.001; ##p <0.01; *p<0.05; and ™*p>0.05.
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FIGURE 3
Mediating effects.
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Notes: ***p < 0.001; ** p <0.01; * p <0.05; n.s. p>0.05.

Temperature
comfort

variables. As shown in Figure 4, the mediating effect of SPO2
(indirect effect B=0.02; 95% CI=[0.008, 0.033]) has also been
confirmed among audio condition and temperature comfort. As

confirmed among visual condition and temperature comfort.
However, psychological response thermal sensation did not show
a significant mediating effect between all three independent
variables and temperature comfort. These findings have partially
supported H10, H11, and H12.

shown in Figure 5, the mediating effects of respiratory rate
(indirect effect B=0.009; 95% CI=[0.001, 0.022]) has been
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5. Discussion and conclusion participate in the tourism process and activities in real. An
integrated virtual tourism spatial situation can restore the real
5.1. Conclusion tourism scene with the manipulation of realistic sight, hearing,
and environmental temperature. At present, the microclimate
The embodiment theory of tourism experience proposes simulation experiment is a research hotspot of environmental
that the tourism experience is based on specific physical psychology, but few studies have introduced it to the field of
perceptions, which is based on specific physical perception, virtual tourism, let alone introduced it to the research of the
while virtual tourism in the context of the metaverse is a typical spatial situation of virtual tourism. This study used a
embodied communication, that is, the virtual tourists microclimate simulation cabin to simulate different types of
i il |
1
: Psychological and physiological .
1
: responses 1
- i
- 1
; Thermal sensation !
SPO2
Audio condition
Artificial sounds
Natural sounds > Tempersuis
DDk comfort
Notes: ***p < 0.001; ** p <0.01; * p <0.05; n.s. p>0.05.
FIGURE 4
Mediating effects.
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FIGURE 5
Mediating effects.

Frontiers in Psychology 11 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Huang et al.

virtual tourism spatial contexts, and explore their effect on
tourists’ thermal sensation, physiological indicators, and
temperature comfort, responding to call for the use of VR
technology of Wang et al. (2022) to improve the authenticity of
the experimental scene.

The current study indicated a significant relationship
between the travel spatial situation (environmental temperature
and audio-visual spatial context) and thermal responses
(thermal sensation and physiological indicators). First of all,
this finding is consistent with study of Lu et al. (2016) that air
temperature correlated with individuals’ comfort. At the same
time, the result is partially different from previous studies, for
example, Fanger et al. (1977) found that the ambient sound
would not influence subjects’ physiological indicators, while our
findings confirmed the relationship between these two variables.

Additionally, this study found a significant relationship
between virtual tourism spatial situations and temperature
comfort. This deepened study of Tsutsumi et al. (2005) that
when the thermal sensation of destination is higher than the
thermal sensation at home, people are more likely to feel
comfortable.

Moreover, this study has confirmed the mediating role of
tourists’ physiological indicators between tourism spatial
context and tourists’ temperature comfort. This finding
indicated that the tourism spatial situation not only affects
tourists’ temperature comfort directly but also affects the
temperature comfort indirectly through the function of
physiological indicators.

5.2. Theoretical implications

The immersive experience of virtual tourism is a
manifestation of the metaverse, and the spatial context is
particularly important as the key point of the immersive
experience. However, previous tourism microclimate simulation
experiments were mostly used to discuss the perception of
tourists in specific tourism scenarios, and to analyze the
behavior of tourists (Wang et al., 2022). This study makes the
following theoretical contributions. First, this study enriches
the research of virtual tourism from the perspective of tourists’
comfort. Previous research on virtual tourism has mainly
discussed the concept and development prospects of virtual
tourism theoretically (Guttentag, 2010), or reported the
psychology and engagement intention of virtual tourism
experiencers (Tavakoli and Mura, 2015). This study explores
whether and how different virtual tourism space contexts
(audio-visual context and ambient temperature) affect the
experiencers’ thermal sensation, physiological indicators, and
temperature comfort. Second, this study introduced the
microclimate simulation experiment to the virtual tourism
spatial situation research. Previous tourism microclimate
simulation experiments were mostly used to study the
perception of tourists in a specific tourist attraction and analyze
the tourists’ behavior (Galagoda et al., 2018). The current study
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combined the microclimate simulation experiment and tourists’
physiological parameters into the research of virtual tourism
spatial situation, enriching our understanding of the effect
mechanism of virtual tourism space situation. This experimental
study is a considerable innovation because it is different from
the traditional “two-dimensional interface and to see three-
dimensional effects,” it realized “three-dimensional spatial
effects,” which comprehensively improves the realism and
immersion of the virtual tourism experience.

5.3. Practical implications

This study makes valuable practical contributions to the
virtual tourism industry. First, by enhancing the immersive
feeling of virtual tourism from the construction of an audio-
visual context. The most controversial aspect of virtual tourism is
the immersion of experience and the satisfaction of tourists
(Cheong, 1995). The findings of the study suggest that the
construction of the virtual tourism spatial situation should
consider the physiological and psychological data of the
experiencer, simulating the tourism situation from the aspects of
climate environment, audio, and visual scene, improve the
simulation degree of the virtual tourism scene, and enhance the
interactivity and immersion of the situation. Second, confirming
the developing trend and important role of virtual tourism in the
post-COVID-19 period. The “presence” and “immersive
experience” emphasized by Metaverse fit the new model pursued
by the tourism industry in the digital age, and offer new
opportunities for the development of the virtual tourism industry.
Third, the study provides theoretical support for the sustainable
development of the tourism industry in the metaverse era. The
virtual tourism industry is not a comprehensive replacement for
the tourism industry, but a supplement and promotion of the
tourism industry. Tourist destinations can design and develop
targeted virtual tourism activities according to their conditions,
to narrow the difference between the low and peak seasons. At
the same time, it also provides suggestions for tourists to diversify
their travel destination choices, travel strategies, and experience
effect previews. The virtual tourism digital scene will connect
everything in the future, and continuously integrate and
reconstruct the dimensions of business, society, life, and
consumption. This research helps to create highly immersive and
real-time travel scenes in the three-dimensional space in the
future metaverse tourism era.

5.4. Limitations and future research

The relationship between different virtual tourism spatial
situations and tourists’ thermal sensation, physiological
indicators, and temperature comfort is discussed through
experimental methods, which is only a preliminary exploration
of virtual tourism microclimate research. There are still

some limitations:
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First, the environmental temperature intervals are not
comprehensive enough. The environmental temperature intervals
discussed in this study do not involve extremely high
temperatures or extremely low temperatures, future studies could
explore the tourists temperature comfort in the extreme
environmental temperature. Second, the experiment sample is
not extensive enough due to the epidemic. Future studies could
conduct group comparison experiments according to age,
physical condition, and region. Additionally, virtual tourism is a
comprehensive and complex process, in which various factors
affect tourists’ experience and temperature comfort, for this study
has shown that example, the video and audio settings in the
microclimate cabin might affect the participants’ experimental
experience. Future studies could consider other aspects of spatial
contexts such as environmental color and population intensity.
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