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Abstract
Based on the stimulus–organism–response (S–O–R) theory, this study attempts to 
investigate how the use of 360-degree virtual mountain walking tours can motivate 
audiences’ intention to take a real walking in the mountains. The survey results from 
320 samples after watching a 360-degree virtual video reveal the positive influ-
ence of vividness (stimulus) on presence, emotional involvement, flow state, and 
enjoyment (organism), leading to the intention to take mountain walking tourism 
(response). This study also examines the interrelationship between four organism 
variables to explain the underlying mechanism of 360-degree virtual travel experi-
ence in stimulating audiences’ visit intention. It shows how technology helps the 
development of nature-based tourism. It also offers implications for developers to 
develop influential 360-degree virtual tourism and destination marketers to promote 
mountain walking tourism.

Keywords Mountain walking tourism · Vividness · Presence · Emotional 
involvement · Flow state · Enjoyment · Stimulus–organism–response (S–O–R) 
theory

1 Introduction

Since the outbreak of COVID-19, outdoor walking, such as walking in the moun-
tains, has become a big attraction for people to keep away from the crowds and 
enjoy nature (Clark 2020). Walking is an outdoor recreation activity in diverse tour-
ism settings (Nordh et  al. 2017). With slowness, walking enables more conscious 
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engagement with the local environment, culture, and people (Kato and Progano 
2017). For tourists, walking tourism meets the need of most tourists regardless of 
age, gender, and so on for physical and health activities as well as to provide emo-
tional benefits (Zurawik 2020), such as relaxation, stress reduction, control, excite-
ment, and freedom (Anable and Gatersleben 2005). For tourist destinations, walking 
tourism is a kind of sustainable tourism with relatively low investment. Regard-
ing the benefits of walking tourism to both tourists and destinations, UNWTO has 
made great efforts to promote its development (UNWTO 2019). Subsequently, some 
researchers started to take research on walking tourism. For example, Vural Arslan 
et al. (2018) studied the factors impacting the walkability of the shopping street in 
the historic city centre of Bursa, Turkey. They identified that accessibility, comfort 
and use, traffic safety, crime security, and connectivity are the most influential fac-
tors of walking tourism in urban cities. The low-altitude mountain is suitable for 
developing walking tourism. Compared with walking in an urban environment, 
walking in natural environments offers more physical and mental benefits (Zurawik 
2020). Mountainous scenery creates a pleasant walking environment for walk-
ers, where they can closely watch the trees, flowers, birds, and insects. Mountain 
walking tourism in this study is defined as walking in the low-altitudes mountain-
ous areas, which is a simple, low-cost, informal leisure outdoor activity for all ages. 
The COVID-19 pandemic has created high tourist demand for health and relaxa-
tion (Li et al. 2021). Mountain destinations provide good quality air (Arcaro et al. 
2018), which is increasingly rare in the urbanised world. Mountains are also, at least 
temporarily, places to escape from uncomfortable climates (McCool 2002). Moun-
tain walking is an ideal recreational outdoor activity for people during COVID-19 
because it benefits walkers physically and mentally. It thus has excellent potential for 
development during this time. On the other hand, because 24% of the land surface is 
mountains, thus, there is a need to have a way to promote it (Río-Rama et al. 2019).

For promoting tourism, destination marketers have started to apply virtual real-
ity (VR) as a marketing tool to show the environment of the destinations (Lo and 
Cheng 2020; Willems et al. 2019). VR provides users with visualising experience 
to explore the virtual world by responding to the visual, motion, and audio prompts. 
A 360-degree virtual video is a spherical video that makes people feel like partic-
ipating in activities at the destination (Griffin et  al. 2017). Therefore, researchers 
claimed that 360-degree virtual videos could be used to strengthen people’s aware-
ness of a destination (Yung and Khoo-Lattimore 2017) and consequently motivate 
a real visitation (Jung et al. 2017). Furthermore, a 360-degree video is particularly 
useful for large-scale scenes and distant objects (Slater and Sanchez-Vives 2016). 
Therefore, it is possible that the experiences mediated by a 360-degree virtual 
mountain walking tour may enhance audiences’ intention to conduct walking in a 
mountain area in the real world. However, the question of how the use of 360-degree 
virtual tours can motivate audiences’ travel intentions is still under investigation.

VR is thought to convey a sense of presence in terms of vividness (i.e. the repre-
sentational richness of a mediated environment) and interactivity (i.e. the extent to 
which users can participate in modifying the form and content of a mediated envi-
ronment in real-time (Steuer 1992; Yeh et al. 2017). However, there are two types 
of VR. Since a 360-degree virtual tour provides limited interactivity, only vividness 
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is considered for influencing a sense of presence in this study. Sightseeing in a vir-
tual tour leads to a sense of presence which refers to a sense of ‘being there’ in the 
virtual environment (Steuer 1992). Emotional involvement is a type of experience 
that influences users’ feelings of reality (Holsapple and Wu 2007). Some researchers 
stated that a flow state is also a type of experience that predicts users’ behaviours in a 
virtual tour (Willems et al. 2019). Furthermore, Huang et al. (2016) pointed out that 
enjoyment is a type of experience that drives people to visit the destination depicted 
in a 3D tourism environment. Although several studies have been taken to study 
how VR motivates potential audiences to visit a destination, no studies have consid-
ered how the presence of 360-degree virtual tours could affect audiences’ intention 
to take a real visit through emotional involvement, flow state, and enjoyment.

The stimulus–organism–response (S–O–R) theory is a useful framework for 
understanding the relationships between environmental input (stimulus), emotional 
status (organism), and post-consumption behaviour (response) (Surovaya et  al. 
2020). It has been widely used to study the connections among inputs, processes, 
and outputs in various settings (Wu et al. 2020) and in the context of VR tourism 
marketing (e.g. Kim et al. 2020). Recently, Kim et al. (2020) extended the S–O–R 
model to test a theoretical framework that investigates users’ emotional and behav-
ioural responses toward VR tourism. Their research demonstrated the relationship 
among authentic experience (stimulus), cognitive and affective responses (includ-
ing enjoyment, emotional involvement, and flow state) (organism), and attachment 
and visit intention (response). However, they did not consider the significant role of 
presence, a powerful stimulus in affecting VR experience and shaping audiences’ 
behaviour. In addition, they ignored the possible links among emotional involve-
ment, flow state, and enjoyment. They also did not test the direct effect of these 
three response factors on audiences’ behaviour.

To fill the research gap, this study aims to investigate, after audiences undergo a 
360-degree virtual mountain walking tour, how the vividness of a 360-degree virtual 
tour influences the audiences’ sense of presence; how the sense of presence influ-
ences emotional involvement, flow state, and enjoyment; and then how these four 
responses influence audiences’ intention to take a real walking in the mountains. 
This study is embedded within the S–O–R framework that vividness is a stimulus; 
presence, emotional involvement, flow state, and enjoyment are organisms; and 
audiences’ intention to take mountain walking tourism is a response. This study 
contributes to VR tourism marketing research in clarifying the underlying mecha-
nism of 360-degree virtual tour experiences in shaping audiences’ psychological, 
emotional, and behavioural responses. Furthermore, this study explores people’s 
emotional and psychological states in (virtual) mountain walking. It also shows how 
innovative technology helps the development of nature-based tourism. The results 
also provide insights for destination marketers to invest in edge-cutting technology 
to promote nature-based tourism and for virtual tour developers to improve their 
design in more influencing content.
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2  Literature review

2.1  Mountain walking tourism

Walking is not just a physical movement but also is a form of exercise, a social 
activity, and a family memory (Karupiah and Bada 2018). It is a passive, pleas-
urable, and therefore a popular form of outdoor recreation (Kay and Moxham 
1996). Given the growing interest in walking tourism, there is significant litera-
ture on urban walking tourism (Ram and Hall 2018) and natural walking tourism 
(Davies 2018) in Western countries.

Besides, the studies in urban walking tourism, researchers also studied moun-
tain walking in terms of climbing, hiking, and Nordic walking in Western coun-
tries (Kling et  al. 2020). Researchers usually discussed the benefits of taking 
mountain walking such as well-being (e.g. Zurawik 2020), sustainability issues 
such as senses of responsibility (e.g. Rickly and Vidon 2017) and sustainability 
perceptions (Bonadonna et al. 2019), and soft adventure motivation (e.g. Bichler 
and Peters 2021). Comparatively, the studies focused on marketing and promotion 
of mountain walking tourism were few, especially in Asian countries.

Mountain walking tourism is related to wellness tourism (Seraphin and Dos-
quet 2020). Low-altitude mountains are ideal for walking. Mountain walk-
ing tourism is suitable and accessible by almost all the sections of the tourism 
market. Mountain walking tourism is recognised as relaxing, leisure and socia-
ble, low cost, capable of spontaneous participation individually or by groups of 
mixed-ability (e.g. kids and elder people). Therefore, it is meaningful research to 
investigate how to promote walking in the mountains.

2.2  360‑Degree virtual tour

A virtual tour represents a real scenic spot and destination virtually; it aims to 
serve as a prelude to visiting or the extension of consumers’ previous experience 
(Kim and Hall 2019). It allows potential visitors to experience and feel a desti-
nation presented in the virtual environment (Huang et  al. 2016). A 360-degree 
virtual video is a type of virtual tour. It is filmed in a real place that allows users 
to turn around at any angle and navigate the video by choosing any direction they 
wish to view. The visual images are supplemented with real audio so that audi-
ences can receive rich sensory information to understand better the spatial, fac-
tual, and experiential aspects of a destination (Disztinger et al. 2017). By using 
a VR headset, users can experience the mediated environment. Such experience 
arouses audiences’ interest and impacts their behavioural intention (Flavián et al. 
2020).

Currently, some researchers studied virtual tours as an effective destination 
promotion tool because it provides tourists with a pre-purchase ‘trial’ experience 
(Kim et  al. 2020). On the other hand, some researchers studied virtual tours as 
a substitute for the actual site visit for someone (El-Said and Aziz 2021). This 
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study supports the former, so it focuses on the study of virtual tours acting as a 
marketing tool to arouse users’ interest in mountain walking.

Empirical research has demonstrated that the interactive 3D tourism experience 
shapes users’ behaviour in a simulated virtual environment (Marchiori et al. 2018; 
Tussyadiah et al. 2018). However, few tourism studies have investigated users’ expe-
rience of a 360-degree virtual tour using a head-mounted display (HMD) to display 
the real tourist attraction (An et al. 2021). Since filmed 360-degree real images with 
synchronised audio represent the better environment of mountains. Furthermore, 
the photographer’s moving pace can make the audiences have the feeling like walk-
ing on the mountain. Therefore, the mechanism of a 360-degree virtual video that 
generates audiences’ emotional and phycological states may vary from interactive 
3D tourism. 360-degree video is the photographer’s dominant travel speed, and 
interactive 3D tourism is the user’s dominant. So, there is a need to investigate how 
360-degree virtual videos could stimulate audiences’ intention to take walking on 
the real mountain.

2.3  Stimulus–organism–response (S–O–R) theory

The S–O–R theory states that environmental aspects (stimulus) evoke individuals’ 
psychological states (organism), which, in turn, undergoes an internal process to 
shape their behavioural responses (respond) (Mehrabian and Russell 1974). Accord-
ing to the S–O–R model, the behavioural intention of a consumer is formed by the 
stimuli from the external environment as well as their internal psychology and phys-
iology (Mehrabian and Russell 1974). Since environmental psychology is often used 
to explain the interaction between humans and the environment, the S–O–R theory 
is widely adopted in different contexts, such as marketing and tourism (Wu et  al. 
2020).

Recently, researchers used the S–O–R theory to explain the psychological process 
of a virtual tourism experience (e.g. An et al. 2021; Kim et al. 2020). For example, 
An et al. (2021) examined the influence of sense and quality of information on evok-
ing flow and producing satisfaction and visit intention. Their findings confirmed that 
the psychological process through which the sense and quality of the information in 
virtual tours induce flow, which further leads to satisfaction and intention to visit. 
Thus, the S–O–R theory provides an appropriate framework for studying the rela-
tionship among virtual stimuli, participants’ emotional and behavioural responses 
in a virtual tour context. As a result, this study employs the S–O–R model to inves-
tigate how the technical aspect of 360-degree virtual tours stimulates audiences’ 
intention to conduct mountain walking tourism through psychological processes.

2.4  A sense of presence and vividness

Presence, also known as telepresence, refers to a subjective experience of being there 
in the technology-mediated environment (Slater 1999). Presence can be aroused 
by a medium in a virtual environment, such as the feeling of being in a mediated 
space, the interpersonal relationship perceived through mediated communication, 
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and the psychological connections with others (Nowak and Biocca 2003). The sense 
of ‘being there’ is the most significant experiential dimension of the experience of 
viewing virtual tours (Steuer 1992).

Vividness is a driver of presence (Steuer 1992). Researchers found that vividness 
is the primary determinant of presence, as it is three times more influential than 
interactivity (Cheng et al. 2014). Vividness, similar to media richness, refers to the 
number (i.e. sensory breadth) and quantity and quality (i.e. sensory depth) of the 
message (Klein 2003). In VR research, Van Kerrebroeck et  al. (2017) found that 
a high level of vividness leads to richer sensory representations, which results in 
a high sense of presence. In VR theme park research, Wei et al. (2019) found that 
vividness is one of the key drivers of a sense of presence in experiencing a VR roll-
ercoaster. Therefore, vividness is considered as a ‘stimulus’, and a sense of presence 
is an ‘organism’. When the images provided by the 360-degree virtual walking tour 
are visually vivid, audiences may feel more engaged and ‘being there’ in the virtual 
environment. Thus, it is proposed that:

H1. The vividness of a 360-degree mountain walking tour has a positive 
impact on the audience’s sense of presence.

2.5  Emotional involvement and flow state

The virtual environments can attract feedback from tourists and produce a sense of 
involvement (Stamboulis and Skayannis 2003). Emotional involvement refers to ‘the 
degree to which an individual is emotionally engaged in a behaviour’ (Holsapple 
and Wu 2007, p. 87). Since presence often involves sensory outputs such as visual, 
aural, or olfactory (Choi et al. 2016), such perceived appeal leads to the emotional 
involvement of users. Individuals who have a higher sense of presence when watch-
ing a 360-degree virtual mountain walking video may be emotionally involved in the 
virtual environment.

H2a. The sense of presence of a 360-degree mountain walking tour has a posi-
tive impact on the audiences’ emotional involvement of the 360-degree moun-
tain walking.

Kim et  al. (2017) defined the flow state in digital tourism technology as fasci-
nated, immersed, deeply involved, and focused on the use of technology. When peo-
ple experience flow in a virtual tour, they experience time distortion and feel that 
time passes faster than normal (Sherry 2004). Flow is considered as the phase of 
the organism in the context of the computer-mediated environment (Ali 2016) and 
the study of VR travel (An et  al. 2021). Willems et  al. (2019) confirmed that the 
sense of ‘being there’ perceived in VR positively impacts to flow and enjoyment in 
studying millennials. When watching a 360-degree virtual mountain walking video, 
individuals who have a higher sense of presence may experience a deeper flow in the 
virtual environment.

H2b. The sense of presence of a 360-degree mountain walking tour has a posi-
tive impact on the audiences’ flow state of the 360-degree mountain walking.
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On the other hand, Kim and Ko’s (2019) study in VR spectatorship pointed out 
that sports fans’ involvement with sport positively impacts flow experience due to 
their enhancing engagement. Specifically, the audiences’ emotional involvement 
with the 360-degree mountain walking tour positively influences their concentra-
tion, leading to a flow experience.

H3a. The emotional involvement of a 360-degree mountain walking tour has a 
positive impact on the audiences’ flow state of the 360-degree mountain walk-
ing.

2.6  Enjoyment

Enjoyment is often seen as an important intrinsic motivation (Hew et  al. 2018). 
Enjoyment in the computer-mediated environment refers to ‘the extent to which the 
activity of using a specific system is perceived to be enjoyed in its own right aside 
from any performance consequence resulting from system use’ (Venkatesh 2000, 
p. 351). Tussyadiah et al. (2018) found that a sense of presence during VR experi-
ence positively impacts the enjoyment of VR experience in studying Hong Kong and 
U.K. tourists. Koufaris (2002) studied online consumer behaviour and stated that 
consumers’ emotional involvement with a product has a positive influence on enjoy-
ment and concentration. Weibel and Wissmath’s (2011) study on computer games 
found that flow has a positive effect on enjoyment. When watching a 360-degree 
virtual mountain walking video, audiences may enjoy the virtual tour more if they 
experience a higher sense of presence, are more emotionally involved in the virtual 
tour, and are in a deeper flow state.

H2c. The sense of presence of a 360-degree mountain walking tour has a posi-
tive impact on the audiences’ enjoyment of the 360-degree mountain walking.
H3b. The emotional involvement of a 360-degree mountain walking tour has 
a positive impact on the audiences’ enjoyment of the 360-degree mountain 
walking.
H4a. The flow state of a 360-degree mountain walking tour has a positive 
impact on the audiences’ enjoyment of the 360-degree mountain walking.

2.7  Intention to take mountain walking

Skadberg and Kimmel (2004) suggested that flow experience positively affects cus-
tomers’ understanding of a place displayed in a virtual environment when viewing a 
website, thus, in turn, affecting their intentions to visit. For emotional involvement, 
Kim et al. (2020) found that emotional involvement positively influences audiences’ 
intention to visit the destination shown in VR tourism. Marasco et al. (2018) empiri-
cally confirmed that emotional involvement enabled by HMD positively impacts 
tourists’ behavioural intentions to visit sites and attractions. For enjoyment, Tussya-
diah et al. (2018) suggested that enjoyment plays an important role in VR tourism, 
resulting in the intention to real visit attractions displayed in VR. In this study, flow 
state, emotional involvement, and enjoyment are treated as the ‘organism’ factors of 
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the audiences in the S–O–R framework, while the intention to take mountain walk-
ing is a ‘response’. Therefore, these three organism factors may influence audiences’ 
intention to take mountain walking.

H3c. The emotional involvement of a 360-degree mountain walking tour has a 
positive impact on the audiences’ intention to take mountain walking.
H4b. The flow state of a 360-degree mountain walking tour has a positive 
impact on the audiences’ intention to take mountain walking.
H5. The enjoyment of a 360-degree mountain walking tour has a positive 
impact on the audiences’ intention to take mountain walking.

Based on the hypotheses, an S–O–R research model is proposed in Fig. 1. The 
vividness is the stimulus. Presence, emotional involvement, flow state, and enjoy-
ment are organisms. The intention to take mountain walking is the response.

3  Methods

3.1  The stimuli—the 360‑degree virtual videos

Due to the strict restriction on tourism activity after the outbreak of COVID-19 
(Chen et  al. 2020) and perceived risks in cross-provincial travel (Abdullah et  al. 
2020), people in China prefer to travel within the province. Dinghu Mountain 
(Chinese: 鼎湖山) is located in Zhaoqing City, Guangdong Province, Greater Bay 
Area of China and is composed of more than ten low-altitude mountains. It is one 
of the four famous mountains in Guangdong province and a famous tourist attrac-
tion. Dinghu Mountain, known as ‘Emerald on the Tropic of Cancer’, is famous for 
its ancient trees, waterfalls, fresh air, various animals, and abundant plants species. 
The Dinghu Mountain National Nature Reserve, founded in 1956, is the first nature 
reserve in China. Dinghu Mountain is also regarded as the ‘gene repository’ and 
‘living natural museum’ of South China biological species. In 1979, it became one 

Fig. 1  Proposed research model
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of the first designated scientific research stations of UNESCO’s Man and Natural 
Biosphere Program. Dinghu Mountain is a popular tourist destination for people in 
the Greater Bay Area of China. Given its easy access, diverse tourism attractions, 
and comfortable environment, Dinghu Mountain is suitable for mountain walking. 
Therefore, Dinghu Mountain was chosen as the place for the study.

Unlike other VR tourism marketing studies, this study filmed 360-degree virtual 
videos rather than using existing VR videos downloaded from online video plat-
forms. In order to provide respondents with a full virtual experience of mountain 
walking, the research team visited Dinghu Mountain in October 2020. It used an 
Insta360 One X camera to shoot five 360-degree virtual tour videos. In order to cap-
ture the real experience of mountain walking, the film crew tested three different 
paces and finally decided to use the slowest one. It is because the walking process 
should be casual and slow, so that audiences have enough time to experience the 
scenery next to them.

An et al. (2021) pointed out that the research based on a single VR tourism con-
tent limited the generalisation of the research results and called for the research 
based on various VR tourism contents, which provides different levels of types of 
technical and informational attributes of destination. Therefore, this study used five 
360-degree virtual tour videos. These five 360-degree virtual tour videos displayed 
the walking of different landscapes of Dinghu Mountain in different lengths of time 
(ranging from 1 to 5 min). Participants were randomly assigned to watch one video. 
Through the use of various virtual contents, participants could have different vir-
tual experiences. If there is only one source, respondents have similar experiences 
and may potentially place similar rates on the same question. Therefore, this setting 
reduces the bias from a single source of the 360-degree virtual video. The contents 
of the five 360-degree virtual videos are shown in Appendix.

3.2  Measurement items

The measurement items were derived from literature and modified for the study 
setting. Given the study context, three items of vividness were adopted from Kim 
and Ko (2019). Seven items of presence were adopted from Bogicevic et al. (2019). 
Moreover, three items of emotional involvement, four items of flow state, four items 
of enjoyment, and four items of the intention to take mounting walking were derived 
from Kim et al. (2020). Unlike Kim et al.’s (2020) study that measured audiences’ 
intention to visit the place shown in the tourism-related VR activity, this study 
measures the intention to take mountain walking where is not limited to Dinghu 
Mountain. So, items were revised as an example: I intend to take a walk in a moun-
tain in the near future. Furthermore, Kim et al. (2020) measured the responses from 
using the tourism-related VR activity, and this study measures the experience from 
the 360-degree virtual tour. So, items were revised, as an example, from ‘Using the 
tourism-related VR activity is enjoyable for me’ to ‘Experiencing the 360-degree 
mountain walking virtual tour was enjoyable for me’. The list of measurement items 
was presented in Table 1.
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The questionnaire was comprised of three sections. In the first section, one 
screening question (Have you been to any mountain during the past three months?) 
was used to qualify the respondents. Only the respondents who answered ‘no’ to 
the screening question were qualified for the next section. The second section was 
to score 22 measurement items of the six constructs in the model through a seven-
point-Likert scale, ranging from 1 (strongly disagree) to 7 (strongly agree). The last 
section was the demographic background of the respondents. These measurable 
questions were originally written in English and were translated into Chinese by one 
translator who was proficient in both Chinese and English, then translated back into 
English by another professional translator to verify consistency. To ensure content 
validity, a pilot test with 30 samples was conducted in Macao in December 2020. 
Some amendments were made according to the results of the pilot test.

3.3  Sample collection

This study used a time-based systematic sampling method to collect data at fixed 
periodic intervals (every 15 min). As a type of probability sampling method, time-
based systematic sampling is widely used in tourism studies (e.g. Bruwer et  al. 
2018; Lai 2020). In the absence of a list of all subjects (i.e. the sampling frame is not 
available), time-based systematic sampling can be effectively applied to obtain the 
desired sample size from a large population (Sayed and Ibrahim 2018). In addition, 
it reduces the potential bias of convenience samplings, such as interviewer-selection 
bias, unrepresentative samples, under-coverage bias, and non-response bias (Etikan 
et al. 2016).

A survey was taken in three cities of the Greater Bay Area of China, including 
Macao, Zhuhai, and Zhongshan from December 20, 2020, to January 10, 2021. 
Since shopping malls provided a comfortable environment for respondents to view 
the 360-degree virtual tour videos (Yang et al. 2021), four research assistants inter-
cepted people in the shopping malls every 15 min. At the beginning of the survey, 
research assistants asked the respondents the screening question. They explained 
the necessary information of the research to participants who passed the screening 
question. Most of the invited people were very interested in the 360-degree virtual 
tour videos. However, some people refused because they did not have free time. The 
rejection rate was about 50%. Once the participants confirmed their understand-
ing and willingness to participate, they were provided with a Xiaomi all-in-one VR 
headset and invited to view one 360-degree virtual tour video. Participants can move 
their heads and see any direction by wearing HMD during the previewing process. 
After viewing the video, participants were invited to fill out the questionnaire. Most 
participants showed great interest in watching the 360-degree virtual videos. They 
generally spent around 3–5 min watching the videos. Then, they took around 10 min 
to complete the questionnaire.

A total of 350 samples were collected. Due to incomplete or identical question 
scoring, thirty questionnaires were deleted. The remaining 320 valid data were used 
for data analysis. Table 2 contained the demographic background of the samples.
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4  Findings

4.1  Sample profile

As presented in Table 2, there were 54.4% female respondents and 45.6% males. The 
age of the respondents was between 18–30 (34.4%), 31–40 (30.9%), 41–50 (28.4%), 
51–60 (3.8%), and above 60 (2.5%). Most of the respondents completed a university 
degree (35.9%) and held a diploma (32.2%). Regarding prior experiences, 54.7% of 
the respondents reported occasional VR experience, 37.5% had no VR experience, 
and 7.8% used VR frequently. More than half of the participants (56.6%) walked in 
the mountain occasionally, 34.1% walked in the mountain frequently, and 9.4% of 
respondents had no mountain walking experience.

4.2  Reliability, convergent, and discriminant validity

Table 1 presented the mean, standard deviation, and PLS factor loading of all the 
measurable items. Table 3 showed the values of reliability, validity, and correlation 
of the constructs. All the factor loadings were greater than 0.70 (range from 0.761 to 

Table 2  Sample profile 
(n = 320)

Frequency Percentage

Gender
 Male 146 45.6
 Female 174 54.4

Age
 18–30 110 34.4
 31–40 99 30.9
 41–50 91 28.4
 51–60 12 3.8
 > 60 8 2.5

Education
 Secondary school or below 57 17.8
 Diploma 103 32.2
 University degree 115 35.9
 Postgraduate degree 45 14.1

VR usage experience before this time
 Never 120 37.5
 Occasionally 175 54.7
 Frequently 25 7.8

Mountain walking experience
 Never 30 9.4
 Occasionally 181 56.6
 Frequently 109 34.1
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0.891), indicating all items were considered to have sufficient loading from the con-
structs (Hair et al. 2010). The values of Cronbach’s alpha and composite reliability 
(CR) were above 0.70 (range from 0.812 to 0.921 and from 0.879 to 0.937, respec-
tively) (Table 3), indicating the measurable scales were reliable (Hair et al. 2010). 
The values of average variance extracted (AVE) were greater than 0.50 (range from 
0.645 to 0.774). Hence convergent validity was achieved (Hair et al. 2010). Table 3 
also showed the result of the Fornell–Larcker criterion and Heterotrait–Monotrait 
Ratio (HTMT). The value of the square root of each AVE was greater than its con-
struct correlations and the values of HTMT were lower than 0.85 (Hair et al. 2017), 
confirming the discriminant validity of the scales.

4.3  Hypothesis testing

Partial least squares structural equation modelling (PLS-SEM) was conducted to test 
the research model because PLS can deal with a small sample and has less restric-
tive assumptions on the normality of data (Hair et al. 2017). SmartPLS v.3.2.6 pack-
age (Ringle et  al. 2015) was used and bootstrapping with 5000 samples was per-
formed to assess the path coefficients.

Figure  2 presented the result of hypothesis testing. Hypothesis 1 
stated the positive influence of vividness on presence. H1 was supported 
(βvividness→presence = 0.690, p < 0.001). Hypotheses 2a–c stated the positive influ-
ence of presence on emotional involvement, flow state, and enjoyment. The results 
indicated that presence has a significant influence on emotional involvement 
(βpresence→emotional involvement = 0.488, p < 0.001), flow state (βpresence→flow state = 0.470, 
p < 0.001), and enjoyment (βpresence→enjoyment = 0.545, p < 0.001). Thus, H2a–c were 
supported. Hypotheses 3a–c stated emotional involvement has a positive influence on 
flow state, enjoyment, and intention, respectively. Hypotheses 3a–c were supported 
(βemotional involvement→flow sate = 0.164, p = 0.013; βemotional involvement→enjoyment = 0.130, 
p = 0.007; βemotional involvement→intention = 0.429, p < 0.001 respectively). In addition, 

Fig. 2  Result of PLS-SEM
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flow state positively influences enjoyment (βflow sate→enjoyment = 0.158, p = 0.007) 
and intention (βflow state→intention = 0.267, p < 0.001), which supported H4a–b. Simi-
larly, enjoyment has a significant influence on intention (βenjoyment→intention = 0.227, 
p < 0.001), supporting H5. Therefore, all hypotheses were supported. The variance 
explained (R-square) by presence, emotional involvement, flow state, enjoyment, 
and intention to take mountain walking were 0.477, 0.238, 0.323, 0.518, and 0.548, 
respectively.

Insert Fig. 2

5  Conclusions and implications

5.1  Conclusions

This research focuses on using 360-degree virtual tours to promote audiences’ inten-
tion to conduct mountain walking tourism through developing and testing a theo-
retical framework for elaborating the relationships among vividness (stimulus), pres-
ence, emotional involvement, flow state, and enjoyment (organism), and intention 
to conduct mountain walking tourism (response) based on an extension of S–O–R 
theory. The results show that the vividness of a 360-degree virtual tour has a posi-
tive influence on audiences’ sense of presence, which is consistent with the liter-
ature that supports vividness as a key determinant of sense of presence (e.g. Wei 
et  al. 2019). In addition, a virtual feeling of being walking in the mountain leads 
to emotional involvement, flow state, and enjoyment. It is in line with the litera-
ture supporting the critical role of presence in understanding VR experience (e.g. 
Choi et al. 2016; Tussyadiah et al. 2018; Willems et al. 2019) and explains the find-
ings of previous research in how VR influences users’ behaviour intention (e.g. Kim 
et al. 2020; Tussyadiah et al. 2018). Furthermore, this study identifies that emotional 
involvement leads to a flow state and enjoyment. Furthermore, a flow state is also 
a vehicle for creating user’s enjoyment. Finally, emotional involvement shows the 
greatest impact on audiences’ intention to walk in a real mountain, followed by flow 
state and enjoyment.

5.2  Theoretical contributions

The result contributes to the literature of VR research in tourism marketing. Kim 
et  al. (2020) considered emotional involvement, flow state, and enjoyment as the 
organism variables but did not include a sense of presence. However, researchers 
in VR research in tourism commonly agreed that presence is a key factor in influ-
encing audiences’ experience in a VR environment (Tussyadiah et  al. 2018). In 
Kim et al.’s (2020) study, they treated these three organism variables independently 
and did not test the relationship among them. However, in Weibel and Wissmath’s 
(2011) study, they found that flow state is an antecedent of enjoyment. In addition, 
Kim and Ko’s (2019) study in VR spectatorship also confirmed that involvement 
significantly impacts flow state due to enhancing engagement. Furthermore, many 
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previous studies have confirmed that a sense of presence induced by VR has a posi-
tive effect on emotional involvement, enjoyment, and flow state (Huang et al. 2013; 
Willems et  al. 2019). In order to explain how 360-degree virtual tours promote 
mountain walking tourism, this study reconstructs the S–O–R research model. This 
study considers vividness as the stimulus to investigate its consequences; a sense 
of presence, emotional involvement, flow state, and enjoyment as the organism 
variables to the 360-degree virtual video; and visit intention as the response to the 
360-degree virtual video. The results of this study indicate the relational flow from 
VR presence to user behavioural intention via emotional state (emotional involve-
ment and flow state), psychological state (enjoyment), and behavioural state (visit 
intention). Some researchers have used the S–O–R theory to explain the processes 
that influence tourists’ behaviours in the virtual environment. However, they only 
considered the organismic emotional state (e.g. positive emotions and positive sur-
prise) in their research models (e.g. Surovaya et al. 2020). This study extends the 
applicability of the S–O–R theory by embedding both emotional state and psycho-
logical state as internal organismic states. In this study, the emotional state is placed 
on the ascending position of the psychological state. This structure helps to explain 
the internal organismic processes. By enhancing a sense of presence through a vivid 
360-degree virtual tour, audiences are more likely to involve and experience a flow 
state, which further evokes enjoyment and ultimately leads to their intention to walk 
in a real mountain. This study greatly extends the findings of Kim et  al. (2020), 
who only treated flow state, enjoyment, and emotional involvement as first-order 
factors of affective response. The results show that the S–O–R theory is an effec-
tive framework that can explain the linkages between the mediated environment, 
viewers’ emotional and psychological processes, and behavioural intentions in the 
360-degree virtual tour context. This study supports the generalisability of using the 
S–O–R theory in studying VR research in tourism.

In addition, Kim et al. (2020) did not test the direct effect of emotional involve-
ment, flow state, and enjoyment on the visit intention. They instead constructed a 
higher-order research model where these three organism factors (as the first-order 
factors) reflectively form the affective response (as the second-order factor). The fac-
tor loadings of emotional involvement, flow state, and enjoyment are 0.862, 0.807, 
and 0.904, respective. Therefore, Kim et al. (2020) told us that enjoyment has the 
greatest indirect effect on visit intention. However, this study indicates that emo-
tional involvement has the greatest direct effect on the intention to take mountain 
walking. Kim et  al. (2020) tested the visit intention (a place that audiences saw), 
and this study tests the intention to take mountain walking (a type of tourism). The 
respondents for Kim et  al. (2020) study were audiences who had any experience 
with tourism-related VR activities in the past 12 months. This study examines the 
audiences who have a fresh experience after using a Xiaomi all-in-one VR headset 
to have a 360-degree virtual tour. Since HMD provides visual isolation from the sur-
rounding, it may enhance audiences’ responses, especially the involvement. Thus, 
the effects of three organism factors in different research settings may vary. It raises 
questions for researchers further investigate (1) whether these three organism fac-
tors should formatively or reflectively form the affective response, (2) their effects 
under different tourism research settings, and (3) their effects under different types 
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of VR equipment. This study points out the research gaps for future VR research in 
tourism.

The study also provides a new insight to bridge the innovative technology with 
the promotion of nature-based tourism. Existing literature focused on using VR to 
promote a specific destination (e.g. Kim et  al. 2020). However, with the outbreak 
of COVID-19 and the widespread of the variant virus, long-distance travelling 
was ceased due to travel restrictions and border closures. By providing benefits to 
tourists, mountain walking tourism, as a type of walking tourism, deserves more 
research attention, especially during the COVID-19 pandemic (De Vos 2020). 
This study shows how the use of 360-degree virtual videos can promote mountain 
walking tourism. Thus, this study investigates tourists’ intention to go walking in 
the mountains instead of visiting only Dinghu Mountain. The results of the study 
support the possibilities of using 360-degree virtual tours to promote any kind of 
nature-based tourism. For developing mountain walking tourism, evaluating what 
visitors perceive during the trip is important. By using 360-degree virtual videos 
to simulate mountain walking, audiences can obtain an experience similar to real 
mountain walking when viewing the videos. This study simulates and explores visi-
tors’ emotional and psychological states during mountain walking. After filling out 
the questionnaire, the interviewers have asked respondents’ experience with virtual 
mountain walking. They mentioned that the environment of the mountain landscape 
leads them to be completely involved in the walking pace. They felt that they slowly 
walked on the mountain path, enjoying the breeze, listening to the birds singing, 
and the sound of the running water made them intoxicated. People like to experi-
ence nature and wilderness. Thus, mountain walking provides opportunities for peo-
ple to touch nature, so the respondents were happy with the virtual tour. However, 
fewer respondents provided a special argument that they would not go to Dinghu 
Mountain in case they have watched all the virtual videos, but they would visit other 
mountains. It is because they do not need to have a ‘second’ visit to Dinghu Moun-
tain. So, some researchers argued that VR is a double-edged sword (Li and Chen 
2019). However, this study empirically proves that 360-degree virtual tours can help 
to promote mountain walking tourism. Although audiences obtained the experience 
from virtual videos, they may go through similar emotional and psychological states 
during a real mountain walking. Therefore, the use of 360-degree virtual tours can 
not only promote mountain walking but also allow researchers and marketers to pre-
dict visitors’ emotional and psychological responses in experiencing real mountain 
walking. The study provides evidence to show how innovative technology helps the 
development of nature-based tourism.

5.3  Practical contributions

This study also provides meaningful practical implications for destination mar-
keters, virtual tour developers, and managers of mountain parks. A well-designed 
virtual tour is a good way to present mountain walking products, including loca-
tion, walkways, attributes, culture, and people. In addition, virtual tours provide 
the opportunity for potential tourists to ‘walk in a mountain’ by visiting virtually 



103

1 3

The use of 360‑degree virtual tours to promote mountain walking…

before the real visit. Therefore, for enhancing the sense of presence, destination 
marketers are suggested investing in the newest high-performance HMDs, such 
as VR-3 headset delivering 2880 × 2720 resolution per eye, to foster users to a 
vivid ‘feel’ of the mountain walking in a virtual tour.

For virtual tour developers, developing immersive 360-degree virtual tour 
content which induces presence is important. More appealing sensory devices, 
such as high-quality visual elements (e.g. green trees, bloom flowers, clean 
water, sun-rise, and mountain shrouded in mist), audio elements (e.g. sounds of 
birds, fish, water, rain, and tourists in the mountains), and/or different sensory 
stimulation (e.g. blowing wind), should be integrated into the mountain walking 
virtual tour. In addition, when shooting 360-degree virtual videos, the directors 
should design involving, entertaining, and enjoyable content.

In order to promote mountain walking, the general manager of the mountain 
parks should create a walking-friendly environment to enhance walkability. It 
is important to maintain walking tracks, rambling trails, toilets, and gazebos 
in good condition. In addition, referring to the feedback of audiences on the 
360-degree virtual tourism experience, mountain park managers can manipulate 
various natural landscapes, smells, and sounds, which allow visitors to experi-
ence the natural environment. Planting lush trees and colourful flowers create an 
ecological circle favourable to the life of birds and insects. With the singing of 
birds and the calls of insects, tourists can immerse themselves in the beauty of 
nature to evoke their physical, emotional, and psychological pleasure. It matches 
audiences’ experiences in 360-degree virtual tours.

5.4  Limitations

Some limitations of this study should be addressed. First, all 360-degree virtual 
videos were filmed in a single tourist destination (Dinghu Mountain). Thus, the 
generalisation of the results may be limited. The future study may examine the 
influence of virtual tours captured from diverse tourism sites. In addition, dur-
ing the COVID-19 pandemic, the samples were limited to the Greater Bay Area 
of China. Future studies may test the model in different regions and countries 
to generalise the results. Second, this study only considers presence, emotional 
involvement, flow state, and enjoyment as the organism to the 360-degree vir-
tual video. Future studies can include more emotional and psychological meas-
ures. Also, researchers can include more antecedents of VR presence to con-
struct a more comprehensive research model. Since audiences’ experience in 
virtual mountain walking should be different from the experience in real moun-
tain walking, it is recommended to conduct further research to understand the 
emotional and psychological states of visitors in real mountain walking. Finally, 
this study only evaluated the use of 360-degree virtual tours in HMD. However, 
360-degree virtual videos can be viewed on a computer screen. Further study is 
recommended to verify any difference between using these two types of devices.
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