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Most current tour guiding methods for Taiwanese temples employ graphic webpage frameworks combined with captioned
pictures for introduction.,is type of tour guiding lacks interactive presence. In addition, the audiencemay not be able to focus on
browsing webpages or learn essential information from the introduction. ,is study adopted the Delphi method to evaluate the
current developed system. ,is system was aimed at designing VR-based interaction that differs from conventional tour guiding
methods to aid users in viewing the display space from their viewpoints. Users cannot only control camera view angles but also
select the paths and guiding information as if they were walking in the temple. ,e analysis results revealed that, in general, the
users perceived VR tour guiding as convenient and easy to use.,e display and content of the tour guiding system presented clear
information to the users, aiding them in gaining further understanding of the introduced item. Finally, the study results can serve
as a reference for design research on VR applications in tour guiding.

1. Introduction

1.1. Research Background and Motivation. Religious activi-
ties in Taiwan are the most authentic cultural expression of
the lives of the common people, combining the beliefs of
Buddhist and Taoist deities and the rituals of heaven and
ancestor worship, which are rich and diverse and reveal the
deep cultural assets of Taiwan. A variety of temple fairs,
temple parade techniques, and temple architecture and
craftsmanship, based on religious beliefs, demonstrate the
abundance of local culture. In recent years, many of the local
activities promoted by the government have been aimed at
attracting tourists by integrating the local tourism industry
with the culture of religious beliefs as a regional feature. As a
result, religious and cultural tourism is not only fostered in
the region, but has also become a popular tourist activity. In
the case of the Jian Temple in New Taipei City, this study, by
examining the attractiveness of religious tourism in the
process of promoting cultural tourism at regional temples,
has developed a tour guiding system at the temple, making
use of the temple’s existing resources and textual and

pictorial descriptions to convey the unique local culture of
Taiwan. ,rough daily contact, the temple naturally helps
the worshippers and visitors to understand the history of the
area and also imperceptibly enhances their cultural literacy
so that the shrine is no longer just a center of faith, but also
functions as a local exhibition hall, with the aim of boosting
local cultural tourism. ,is kind of experience will help
visitors to get a better sense of the culture of the Taiwanese
people, and it is only through understanding the culture of
Taiwan that they will be able to bond and identify with the
land. Temples embody the living habits, customs, outlook on
life, and values of the locals and exhibit a wide range of
cultures. In addition, the loss of temple culture in Taiwan has
prompted this study to delve into the cultural tourism of
temples and to develop a tour guiding system for temples.

Tourist attractions usually present information through
guided tours, documents, brochures, information plaques, and
audio tours. ,ese methods can fail to present visitors with
accurate and precise information because of inadequate human
resources or outdated text and audio materials. Such situations
can leave visitors with poor impressions of the interactions or
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services offered by attractions. With the rapid advancement of
the Internet technology, the daily life of most people is be-
coming strongly entangled with the Internet and relevant
technology applications. ,at is, the Internet has changed
people’s lifestyle and consumption habits. Technological ad-
vancement and the widespread use of personal intelligent
mobile devices, such as smartphones and tablets, have enabled
visitors to locate nearby tourist attractions directly using the
camera and location-based services (LBS) of their mobile
devices.,e popularity of smartphones that offer a wide variety
of application software (colloquially referred to as APP) in
addition to basic telephone, Internet, and gaming functions has
given rise to a new generation of APP that are armed with
interactive features. Such interactive features, which may in-
volve text, images, audio, and video, create an innovative user
experience. Some have even incorporated another emerging
technology that is growing in popularity: virtual reality (VR).
VR’s greatest selling point is that it enables users to experience a
world in which the real and the virtual are seamlessly integrated
[1, 2]; additionally, it allows users to interact with this world
through certain ancillary devices (e.g., the display device) and
experience the integration between the virtual and real worlds
while controlling virtual items in the real-world environment.
However, most mobile applications that offer tour services do
not have a correct understanding of the places they are visiting
due to lack of time, failure to read maps, or lack of tour guides.
Or, the information of the tourist attraction is not up to date,
which leads to incorrect information at the first place and in
turn misunderstanding about the places they are visiting. Also,
the mobile-guided tour APP available in the market are
designed mostly with the general public in mind. ,ere is still
plenty of room for improvement. Based on the aforementioned
reasons, we developVRmobile guide systemoperated on smart
phones through the corresponding scheme of integration with
GPS function can be easily used without any geoinformation
provided by Internet. ,is mobile guide system can be known
as a personal-oriented LBS integrated with Google e-map, for
users to use smart phones with GPS function as a guide tool,
guiding users based on the routes chosen by users. ,e
functions include query for nearby scenic areas, introduction to
the content of scenic areas through different dimensions,
presentation of photos on the history of scenic areas, spatial
guide on e-map, and introduction of augmented reality di-
rection of scenic areas. On the contrary, as digital technology
advances and the smart mobile devices from launch to
availability, mobile guide services have progressed to the in-
teraction with reality information guide following the past
static guide scheme. ,e study integrates jQuery Mobile, VR
techniques, LBS, and other technologies to develop an VR
mobile guide system so that users can find the information on
the target destination in reality via the screen of smart phones
to carry out the integration of reality guide and route guide
functions, thereby providing reference and application for the
establishment of the future mobile guide system [3–5].

1.2. Research Questions. ,is study focused on Ji’an Temple
of Shulin District, New Taipei City, Taiwan. An interactive
tour guiding of the temple was thus developed through VR

technologies. ,e Delphi method, which is an expert group
decision-making technique, was employed on the basis of
multiple rounds of questionnaire responses. ,rough cyclic
feedback collection, various experts’ comments were col-
lected. Indicators that experts consistently agreed are critical
in VR applications in interactive tour guiding were selected
as the goal orientation for system development. ,us, this
study was conducted to respond to the following three
questions and also shown in Figure 1:

(Q1) What are the major dimensions and indicators
established for the target touring mobile information
system from the expert opinions?
(Q2) How to develop the target touring mobile in-
formation system that meets the indicators recom-
mended by the expert opinions?
(Q3) ,e users’ responses are important. What is the
result of the Questionnaire for User Interaction Sat-
isfaction (QUIS)?

,e rest of this paper is organized as follows. In Section
2, the literature review of temple cultural tourism and VR
technology is discussed. ,e expert assessment of the system
was evaluated in Section 3. VR mobile touring system
framework and development is proposed in Section 4. ,e
questionnaire for user interaction satisfaction is discussed in
Section 5. Finally, the conclusions and future studies are
described in Sections 6 and 7, respectively.

2. Literature Review

In this section, we first introduce the Ji’an Temple and
discuss the temple cultural tourism in Taiwan. ,en, the VR
applications installed on mobile devices for temple guidance
are reviewed.

2.1. Temple Cultural Tourism and Ji’an Temple. Under the
impact of urbanization, traditional folk culture and arts are
facing a great dilemma in terms of preservation, and Tai-
wan’s local culture is gradually in danger of disappearing,
and temples are almost becoming the last reserves of these
folk cultures and arts. ,e protection of temple culture is a
way to preserve Taiwan’s intangible cultural heritage so that
these valuable folk arts can be passed on through folk beliefs
and local temples can sustain operations through the boost
of tourism. ,e continued conservation of folk art and
culture creates a sense of identity and continuity and pro-
motes the development of cultural diversity and pluralism.
Intangible cultural heritages are a treasure shared by all
people in Taiwan. ,ey are the gems of wisdom from the
ancestors’ lives, an important asset in shaping Taiwan’s
unique style in a culturally homogenized world and an
essential medium for bringing Taiwan’s cultural content and
characteristics to international attention [6, 7].,is study, by
using the example of the Ji’an Temple in Shulin, aims to look
into its background to learn about the past with literature
review, and by collecting the characteristics of religious
tourism and organizing and analyzing the factors driving
tourists to engage in religious and cultural sightseeing tour,
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it can, based on the analyzed data, identify the specific di-
rection for development and serve as a basis for projecting
the development of the functions of the tour guidance
system. We have gathered information about the people,
events, objects, and environment concerning the Jian
Temple through historical and documentary materials,
which have served as a reference for the planning and design
of the guiding system, and then collected books, documents,
cultural and historical materials, and data on websites re-
lated to the shrine, in order to gain a preliminary under-
standing of the historical background and local culture, as
well as to find out the historical and cultural references of the
shrine and to use these materials as a basis for research.
Established over 230 years ago, the Jian Temple in Shulin,

New Taipei City, is the most representative shrine in the
Shulin area. ,e Jian Temple is dedicated to Bao-SBheng
Emperor [8–10], a deity in charge of medicine, who is well
versed in astronomy and geography and is a skilled healer,
specializing in the treatment of maladies and saving
countless lives. It is said to be so effective that, in later times,
he was revered as the “God of Medicine,” a deity to whom
people pray for good health. One of the most special features
of all temples worshipping Bao-Sheng Emperor is that there
are divination prescription slips available in the temple.
,erefore, for patients or their families, they can come to the
temple to pray for the protection of the gods and also to seek
prescriptions for medicine and then get medicines from the
Chinese medicine shop and give to the patients. In general,
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Figure 1: Research question statement.
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this type of prescription slips is no different from drawing a
bamboo divination stick to ask for good fortune. However,
before drawing the slip, apart from praying, one must also
give a statement of one’s condition to the deity and then
draws a bamboo stick from the stick box and throws divi-
nation blocks to determine whether it is suitable for a
prescription. Since the belief in healing is more or less
helpful to the illness, the belief in Bao-Sheng Emperor has
persisted for hundreds of years, making the temple building,
sacrificial items, and festivals distinct from other shrines and
becoming a unique temple in the region. ,is study aims at
exploring the cultural tourism resources of temples from the
perspective of religious tourism, and through the example of
the Jian Temple, a guided tour system of the temple has been
built to convey the unique local culture of Taiwan and to
probe into its temple architecture, religious impressions, etc.
By virtue of the impression and attractiveness of the des-
tination, this study analyses the advantages of the devel-
opment of religious and cultural tourism and uses a virtual
model to integrate the tour system into the temple so that,
through the explanation of specific displays and ritual ac-
tivities in the temple, the visitors and worshippers can be
impressed and moved, with the purpose of transmitting
cultural messages and interpreting cultural language. In
addition to preserving the cultural assets and linking them to
the past, it also serves to pass on the wisdom of the ancestors
and to explain the history and culture of the community so
that the worshippers and visitors do not only hold incense
sticks and worship on a religious sightseeing tour, but
through the guided tour system, understand the reasons for
worshipping, the origins of the faith, the history, and the
importance of passing it on.

2.2. VR Technology. Gartner’s Top 10 Strategic Technology
Trends for 2020 [11] mentions VR and AR as one of the top
10 emerging technologies to watch in the coming years. VR
is a simulated space and environment that can be made to
feel like a real environment. VR can fully simulate human
perception, allowing visitors to have an almost realistic
experience [12–14]. In other words, a computer-generated
virtual world in three dimensions enables the device to
perform complex computations immediately when the user
moves around, sending back an accurate 3D image of the
world to create a sense of presence so that the user can see
things in three dimensions in a timely and unrestricted way,
as if they were there. ,ese fictional worlds feature, to
varying degrees, immersion, interaction, and imagination
[15], created by a simulation system that integrates computer
graphics technology, computer simulation technology, ar-
tificial intelligence, sensing technology, display technology,
and parallel network processing. VR can be divided into the
following three categories according to the way it is created:
geometry-based VR, image-based VR, and hybrid VR, which
are introduced below [16–23]:

(1) Geometry-based VR: geometry-based VR scenes and
objects are computed by computers, and the objects
are created using computational geometric opera-
tions and mapping techniques to produce the so-
called VR. Generally, 3D modelling tools (e.g., 3ds
Max, Maya, and AutoCAD) are utilized to create the
scenes, and then, different software is applied to
build the required virtual environment depending on
the needs on-site. Using various VR editing software
(e.g., Unity), objects are imported and set with
different attributes, and trigger events are added to
the model objects as appropriate, as a way to
communicate messages and show event-triggered
interaction to achieve engagement with virtual
scenes. ,is kind of VR production is time con-
suming and requires a lot of manpower to build the
virtual environments, but the final result is very
interactive and can be viewed from any angle and
path.

(2) Image-based VR: real images are used based on
computer technology to create a virtual world that is
comparable to our real environment. Since geome-
try-based VR is relatively expensive and takes longer
to create, image-based VR, built on panoramic image
technology, was created as a result. Image-based VR
uses a camera, a tripod, and image-based VR editing
software to present the viewer’s surroundings in a
cylindrical or spherical field of vision as a still image
in VR. Today’s digital cameras are evolving rapidly,
making image-based VR production even easier.
Developers can create the most realistic virtual
scenes in a fraction of the time.

(3) Hybrid VR: hybrid VR, by adding virtual objects to
real images, is a technology that lies somewhere
between geometry-based VR and image-based VR,
with some of the advantages and disadvantages of the
former two, but strikes a balance between them. ,e
first step is to create a geometric virtual scene to
simulate a real setting, but often due to the com-
plexity of modelling the interior, a video virtual tour
is adopted to complement the geometry and make
the whole scene complete.

Geometry-based method can provide users with high
interactivity and high immersion, but using this method to
develop highly realistic artificial environment is time-con-
suming. In contrast, the image-based method can produce
highly realistic artificial environment in a shorter time,
making it a possible alternative to the geometry-based
method. ,e virtual effect of the image-based method is to
use the images of photos to be stitched together to develop a
realistic panoramic virtual environment. Furthermore, it can
use zoom in/out edges in artificial environments and per-
form hot-spot jumps and 360-degree panning between
several artificial environments to achieve navigation.
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Compared with the geometry-based method, the navigation
function developed using the image-based method is lim-
ited. Especially, when the scale of the scene is large or the
surface details of the objects in the scene are more com-
plicated, the time consumed for modelling and rendering
will increase sharply, and the requirements for hardware will
also be relatively high. Moreover, VR provides virtual
navigation of the environment and breaks the boundary
between the virtual and the real, allowing users to combine
highly interactive manipulation with the real environment,
creating sensory stimulation and retaining an interactive,
personalized experience. VR uses the technology of com-
puters and displays to generate a 3D virtual world. Most of
the current VR-related devices are designed with displays
that completely envelop the space around the eyes, creating a
seemingly realistic 3D virtual world in the user’s field of
vision. In addition, users can also combine sensors to control
objects in the virtual world. ,e computer learns the user’s
body movements through the sensors and generates cor-
responding images to achieve an interactive situation with
the user. Panoramic image navigation is one of the VR
applications, and these technologies are becoming increas-
ingly sophisticated, and the cost and technical barriers are
not so high that users can quickly immerse themselves in the
environment. Many of the country’s tourist attractions now
also adopt the panoramic image navigation system for
guidance. For example, the Bureau of Cultural Heritage has
developed a tangible cultural assets tour and management
system that uses geo-information technology to incorporate
spatial databases of tangible cultural assets in Taiwan,
allowing users to collect information on scenic spots and
make online enquiries, while integrating mobile devices to
provide 360-degree panoramic tours so that the general
public can interact with tangible cultural resources and
enhance their understanding of and affinity with them.
Panoramic VR [18–21] navigation is now widely used in
many areas, especially after Facebook, YouTube, Twitter,
and other social networking sites have launched 360-degree
panoramic live streaming function; the application of scenic
VR is more popular among users. ,e VR is designed based
on the realistic environment, allowing users to use their own
perspective to navigate independently and generate an
immersive experience, hence, the highest level of realism and
interactivity. By combining the new form of virtual tourism
with real-world attractions through information systems
development, network transmission, and panoramic VR
technologies, travellers can utilize these integrated tech-
nologies over the Internet for pretrip preparation and
itinerary planning of target destinations.

3. Methods

,e Delphi method [24] is being increasingly used in in-
vestigation of variety of local, regional, and global issues
among stakeholders in which a consensus is to be con-
ducted [25–27]. Some of these areas included the devel-
opment of information systems, and this method is also
proven a popular tool to extract the unbiased information
for a panel of experts [28–31]. ,erefore, it would be

appropriate to adopt the Delphi method for obtaining a set
of major dimensions and indicators established for the
target touring mobile information system from the expert
opinions. In the Delphi method, a series of condensed
questionnaires is delivered to a group of experts, and their
expert opinions are thus collected and examined to es-
tablish reliable technologies at a consensus. Here, several
rounds of questionnaire responses were collected in an
anonymous and non-face-to-face manner. After all ques-
tionnaire responses were investigated, the results along
with new questionnaires were distributed to the experts as
the reference for revising prior opinions. ,is process was
repeated until disagreement among the experts was min-
imized and a concrete consensus was formed. ,e common
advantages of the Delphi method are that the group
composed of experts with various backgrounds can discuss
a given topic from diverse perspectives and thereby extend
the width of conclusions. ,rough the statistical data and
opinions collected from the multiple rounds of question-
naire responses, a set of indicators was established for the
expert’s consensus initiatives.

3.1. Delphi Procedure. ,e Delphi method adopted in this
research consisted of two rounds. In the first stage, 10 ex-
perts of relevant domains and objective perspectives were
invited to provide their opinions through the Delphi
questionnaire surveys. ,ese experts could express their
opinions freely. ,e aim of this stage was to enable brain-
storming among the experts, rather than posing restriction
on the experts’ scope of thinking. When an expert found any
dimension or indicator listed in the questionnaire insuffi-
cient or inappropriate, the expert was asked to provide their
additional comments and suggestions. ,e questionnaire
comprised three main dimensions and nine indicators. ,e
experts were asked to rate the importance and feasibility of
each indicator according to a 5-point Likert scale, with
anchors of 1 (strongly disagree) and 5 (strongly agree) [32].
After the first round of questionnaire, we adopted content
analysis to classify expert opinions, after which they de-
veloped the second-round questionnaire. Higher scores
represented greater importance and practical feasibility of
VR development for temple tour guiding.

3.2. Criterion Measure. In this research, we adopt some
evaluation criteria [26, 33–36] to rank the importance of
each of the component. ,is measurement includes the
mean value (M), the standard deviation (SD), and the
quartile deviation (QD). Furthermore, to assess agreement
among experts, the stopping criteria are measured by using
the coefficient of variation (CV) and Kendall’s coefficient of
concordance (W) [37]. ,erefore, the comparison criteria
are described as follows:

Suppose that indictor j is given the rating Rij judged by
the expert i, where there are in total n indictors and m
experts’ judges.

(1) ,e mean value (M) of the total rating given to
indictor j is defined as
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(4) ,e coefficient of variation (CV) of the total rating
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T is a correction factor for tired rating:

T � 

m

j�1
Tj,

Tj � 

gj

i�1
t
3
i − ti ,

(7)

in which ti is the number of tied rating in the ith
group having the same constant value of tied rating
and gj is the number of groups of ties in the set of
rating for expert j.

3.3.ConsensusCriteria. To obtain consensual and important
opinions from a group of experts in this study, the major
statistics used in the Delphi method are a measure of central
tendency (M), level of dispersion (SD and QD), and level of

agreement and stability (CV and W). In general, the use of
mean value to represent the central tendency is favoured
[26–30]. Table 1 shows the level of importance based on the
5-point Likert scale. An indictor’s mean score of more than
4.2 (“very high important”), or more than 3.5 and less than
or equal 4.2 (“high important”) is recommended in the first
round of Delphi procedure. A higher mean value indicates
more importance of the critical factor. Furthermore, after
justifying the mean value, standard deviations and quartile
deviations are then identified to measure the amount of
variation or dispersion of items. Table 2 shows the level of
variation or dispersion according to SD and QD. In this
study, the dispersion level is divided into three levels (high,
moderate, and no consensus). ,e dispersion level is ac-
cepted as high if SD is less than or equal to 1 and QD is less
than or equal to 0.5 [38, 39]. A low deviation indicates that
the values tend to be close to the mean value (M), while a
high deviation indicates that the values are spread out over a
wider range. Moreover, we adopt the coefficient of variation
(CV) and Kendall’s coefficient of concordance (W) to de-
termine whether a consensus has been met or not. It is an
important issue to know when to stop the Delphi procedure.
If the procedure is finished too early, the results may not be
significant; and, if the process has too many rounds, the task
may be too heavy to the experts and consequently contribute
to withdrawals [38–40]. Table 3 shows the level of consensus
determined by CV and W. For example, the level of con-
sensus value (0.8<CV and 0≤W≤ 0.3) shows a weak level
of agreement of the experts’ opinion, but still needs for
additional round.

3.4. Analysis of Results. ,e questionnaire copies were dis-
tributed to 10 experts, who were willing to assist with the
study. Before the experts filled in the questionnaire, they
were asked to carefully read the instructions for responding
to the questionnaire. ,e questionnaire responses were
collected 2weeks after distribution. ,e response rate was
100%. ,e questionnaire comprised three main dimensions
and nine indicators, as shown in the first column of Table 4.
Furthermore, consensus was reached on 2 out of 9 indi-
cators, but there were two indicators did not achieve con-
sensus.,ese include reminder function (M� 2.7 ≤ 3.5) and
rmart terminal management (M� 3.0 ≤ 3.5;QD> 0.5); thus,
these two indicators were removed in the next round.
Moreover, W was computed to estimate the level of
agreement and consensus among experts in the first round.
,e result (W� 0.3 ≤ 0.3) reveals a weak agreement and
need for additional round.

,e statistical analysis results of the first-round ques-
tionnaire responses revealed that the mean values of “re-
minder function” and “smart terminal management” were
smaller than 3.5 and were thus deleted. Similarly, the sec-
ond-round questionnaire copies were distributed to all
experts who completed the first-round questionnaire. In
total, 10 copies were distributed, and the response rate was
100%. Table 5 shows that all SD values are smaller than 1,
QD and CV values are also equal or smaller than 0.5, and
Kendall’s W reaches a high level of consensus
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(W� 0.78≥ 0.5). ,ese results reveal a better agreement and
consensus on the responses in this round. At this stage,
expert opinions had reached consensus; therefore, the third
round of the questionnaire was considered unnecessary. ,e
importance and feasibility of the indicators were evaluated
according to a 5-point Likert scale. ,e importance and
feasibility options were scored according to the expert
opinions. ,e mean values of “navigation system” (M� 3.9)
were between 3.4 and 4.2, and those of the remaining in-
dicators were larger than 4.2. All these indicators were
ranked as “very high important.” Higher scores represent
greater importance and practical feasibility of VR devel-
opment for temple tour guiding.

4. VR Touring System Framework
and Development

In this study, we use the Delphi method by the experience
and intuition of experts to integrate the criteria for finding
the functionalities of the interactive VR touring system

accurately. Moreover, according to Table 5, the system
functionalities and system architecture are then established.
,is section provides an overview of the system function-
alities and architecture. Finally, the A-Frame framework and
panoramic VR construction process are also described.

4.1. System Functionalities. ,e local culture of Taiwan is
conveyed through the system that allows the faithful and
tourists to understand the history of the place. ,erefore,
after collecting in-depth information on the historical
background and cultural references of the Jian Temple as
well as visiting the site and interviewing the visitors, we
found out that the general users would like to use the system
to achieve the following purposes:

(1) Planning and design of a site-specific guided tour to
provide visitors with an understanding. As temples
are interacting with people and are constantly being
updated in the flow of time and space, the temples
themselves are showcases that allow visitors to learn

Table 2: Level of dispersion.

Standard deviation (SD) Quartile deviation (QD) Level of dispersion
0≤ SD≤ 1 0≤QD≤ 0.5 High
1< SD≤ 1.5 0.5<QD≤ 1 Moderate
1.5< SD 1<QD Low and no consensus

Table 3: Level of agreement and consensus.

Coefficient of variation (CV) Kendall’s coefficient of concordance (W) Level of agreement and stability
0≤CV≤ 0.5 0.5≤W Good agreement, no additional round
0.5<CV≤ 0.8 0.3<W≤ 0.5 Moderate agreement, possible need for another round
0.8<CV 0≤W≤ 0.3 Weak agreement, need for additional round

Table 4: Results for the Delphi first round.

Dimension/indicator M SD QD CV
Functional perspective
Search function 4.5 0.67 0.50 0.15
Feedback function 4.5 0.67 0.50 0.15
Reminder function 2.7 0.78 0.5 0.29
Technology integration
Smart terminal management 3.0 0.77 0.75 0.26
Social media integration 4.7 0.64 0.25 0.14
APP development 3.6 0.68 0.50 0.19
Smart system
Tour guiding system 4.7 0.64 0.25 0.14
Navigation system 3.7 0.64 0.50 0.17
Archival system 3.9 0.70 0.50 0.18

Kendall’s W� 0.30

Table 1: Level of importance.

Mean (M) Level of importance
4.2<M≤ 5 Very high important
3.5<M≤ 4.2 High important
2.7<M≤ 3.5 Moderate important
M≤ 2.7 Low important
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and experience culture in a way that is not only
spiritual but also subliminal. VR allows users to get
to know the environment of the temple and the order
and location of the rituals so that they can learn
about it without being there.

(2) By completing the planning of the guided tours, the
temple grounds can become an exhibition space,
which will not only attract visitors but also bring in
crowds and give a different impression and experi-
ence to religious tourism. ,e VR application also
allows users to learn about the history of the temple
and the stories of the deities without ever visiting the
site.

,erefore, we have initially summarized the three major
dimensions and nine indicators for the actual construction
of the virtual temple space in the form of an interactive tour
and VR technology, and through the Delphi method, an
expert group decision-making technique, we have imple-
mented two rounds of questionnaires and conducted a
round-robin feedback process to integrate the opinions of
various experts, from which we have selected the important
indicators for the application of VR in interactive tours,
which have been agreed upon by the experts, as a reference
for the introduction of the tour guiding system at the shrine.
In addition, this study focuses on user interaction for system
development, and under the framework of relevant software
development methods, the user guide system is designed to
be implemented on the temple site so that the system be-
comes an important medium for human interaction with the
environment, allowing tourists to adopt a self-guided ap-
proach to stimulate their experience of traditional culture
and add value to the guiding. After two less important and
significant indicators were eliminated according to Table 5 of
Delphi assessment processes, the requirement of the VR
touring system was established. ,e VR system mainly
demonstrated the temple space through interactive guiding
and VR technologies.,e goal of the system is to design VR-
based interaction different from conventional tour guiding
methods to help users view the display space from their
points of view. ,e users cannot only control camera view
angles but also select the paths and guiding information as if
they were actually walking in the temple. Considering the
results of the Delphi assessment, we propose the interactive
VR touring system should be the next step in design
modifications and a basis for future development. ,is VR
touring system is divided into UI framework subsystem, VR
guide subsystem, mobile APP subsystem, and archival
subsystem, as depicted in Figure 2.

4.2. System Framework and Architecture. To be able to
quickly prototype and evaluate VR touring experience, we
focus on the web-based backend system as target application
platform to meet the requirements specified in Section 4.1.
Smart devices are usually equipped with a camera as well as
mobile positioning and wireless Internet access; this study
employed these features in a cross-platform VR mobile
application with multimedia and LBS capabilities. ,e

system architecture comprises three major parts: the user,
frontend, and backend views, as depicted in Figure 3.
Moreover, these multimedia capabilities are supported a
broad range of web-based application on many mobile
device and not tied to specific wearable device/VR glasses or
PC/Laptop. In this study, WebVR [41, 42] was built to
present the virtual temple space with interactive guidance
and VR technology so that users can browse the exhibition
space from their own viewpoint and not only can they
control the camera angle but also choose their own browsing
path and navigation information, making them feel like they
are actually in the scene. Finally, we used the Cordova
framework to achieve cross-platform results and to reduce
the problems caused by the difference in platforms among
users.

4.2.1. Frontend of System Architecture. A-Frame [43] API is
then used to construct WebVR effects. A-Frame is an open-
source framework for the ,ree.js physical component
system for VR experiences. Developers can create 3D and
WebVR scenes using HTML, while incorporating popular
game development patterns used by engines such as Unity.
,is technique offers a complete immersive and interactive
experience including 360-degree content, interactive effects
that support location tracking and control of the device, and
cross-platform device usage such as VR glasses head-
mounted displays, smartphones, and computer desktops.
Furthermore, Primitives [43] in A-Frame Docs features
basic geometric shapes (boxes, spheres, cylinders, planes,
etc.), Collada models that can be created by importing 3D
modelling tools or downloaded from the Internet, a sky that
defines the background, and a camera that defines the angle
from which the user views the scene, animation, light and
shadow, panoramic video, etc. ,rough HTML tags, de-
velopers can easily create WebVR scenes. ,us, the VR tour
guiding system built using A-Frame enabled the users to
view the webpages on smart devices anytime and anywhere.
With the immediate display on webpages, the applications of
VR become increasingly convenient and improve users’
visual experience. Moreover, the website system was pre-
sented in conventional text and graphics modes combined
with fancy effects created using jQuery. Javascript was used
to resolve problems between different browsers to present
latest news and the most comfortable viewing experience to
users. Social media were used to introduce the Ji’an Temple
and create a brand on the social media platform to increase
the popularity of the temple. ,e Facebook fan page of the
temple attracts more than 2000 users. ,e manager can
analyze and optimize relevant data through Google Ana-
lytics and FB data to evaluate whether posts achieve desired
effects.

4.2.2. Backend of System Architecture. ,e main computer
runs a Node.js server, and the server and its database are first
established to provide VR mobile tour services. Relevant
service elements are compiled to perform background ser-
vices by rendering the VR scene with A-Frame. ,rough
such interaction, the user can acquire information about an
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attraction. In this manner, both modes integrate virtual
images into a real-world setting, providing an interactive
guided tour to users of the application. ,e Cordova plugin
[44] is used to establish the cross-platform VR mobile tour
system’s backend data interface, which is connected and
synchronized with the server and database. Cordova is an
open-source mobile application development framework
designed to enable programmers to develop cross-platform
mobile applications with web-based application program-
ming interfaces (APIs). It also grants JavaScript access to
these interfaces to gain control of system hardware resources
(e.g., camera or compass). Because smart devices run on
numerous operating systems, Cordova can be used to help

programmers ensure that uniform results are achieved
across various platforms, thus minimizing the problems
users face when changing platforms. Cascading style sheets
are used to organize the screen layout and control the
background opacity. ,e final results are transmitted to a
browser (HTML format).

4.2.3. Some Discussion on the Panoramic VR Construction
Process. ,e use of virtual reality devices is becoming more
and more popular, and with the increase in demand, de-
velopers are more actively betting on this. However, there is
currently no standard specification for the service content of

Table 5: Results for the Delphi second round.

Dimension/indicator M SD QD CV
Functional perspective
Search function 4.8 0.42 0.25 0.09
Feedback function 4.6 0.52 0.5 0.11
Technology integration
Social media integration 4.7 0.48 0.5 0.10
APP development 4.5 0.71 0.5 0.16
Smart system
Tour guiding system 4.8 0.42 025 0.09
Navigation system 3.9 0.57 0.25 0.15
Archival system 4.8 0.42 0.25 0.09

Kendall’s W� 0.78

UI framework
subsystem 

Search function

VR guide
subsystem 

Mobile APP
subsystem 

VR mobile
information

systems 

Feedback function

System Subsystem Servicce

Archival
subsystem 

Route guiding
function 

Navigation
function 

iOS APP

Android APP

Cultural temple
JSON data
processing

Figure 2: System functionalities.
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virtual reality; therefore, it is difficult for all users to achieve
the best experience with the application of virtual reality.
When the real-time update of a program is too slow, the
screen resolution is too low, or the design does not consider
the body feel and the environment, and it may cause dis-
comfort to the user.,is research has developed a VR system
that can be applied to any device using only a web link. ,e
previous VR devices are expensive, and each VR application
usually has its own dedicated device, and the application
programs of the devices are not in common with each other.
Even if most people are interested in VR, they cannot afford
the cost of enjoying VR. ,e development of WebVR is to
solve the current bottleneck of VR promotion. To use
WebVR technology, there is no need to learn new pro-
gramming languages or new VR development software
packages from previous VR developers. WebVR allows
developers to quickly get started with the VR development
model through web languages such as JavaScript andHTML.
As in the past, you need to spend a lot of money to buy
professional software. A simple web editor can immediately
join the developer’s team, which greatly reduces the entry
barrier for VR development. Furthermore, through the
open-source A-Frame framework, VR scenes can be used on
mobile phones, PC, Oculus Rift, and HTC Vive. Using this
construction method has the following advantages and
characteristics: (1) A-Frame can reduce redundant codes.
Redundant and complex code has become an obstacle for
early adopters. A-Frame reduces the complex and redundant
code to one line of HTML code. For example, only one <a-
scene> tag is required to create a scene. (2) A-Frame is
specially designed for web developers. It is based on DOM,
so it can manipulate 3D/VR content like other web appli-
cations. Of course, it can also be used in conjunction with
JavaScript frameworks such as React; (3) A-Framemakes the
code structured. ,e code of ,ree.js is usually loose.
A-Frame builds a declarative entity-component-system on
top of ,ree.js. In addition, the components can be pub-
lished and shared so that other developers can use them in
the form of HTML.

,erefore, to provide users with a deeper understanding
of the culture and sights of Ji’an Temple, VR display tech-
nology was employed in this project, with the aim of
superimposing real-life images and data with computer-

generated virtual objects to create a complex visual sensory
experience and increase users’ knowledge of the area.
However, to familiarize users with the local environment, we
would design interactive and immersive VR tours with
panoramic photos/videos of the area to enable users to learn
about the culture and characteristics of the locality through
the game and to increase their willingness to participate in
the interaction, while the designers were able to add more
tourist information to the existing tourist environment, thus
increasing the feasibility of navigation. ,e following de-
scribes the steps and research methods required to build a
panoramic VR navigation system, as shown in Figure 4. ,e
first step is to use a panoramic camera to photograph the
environment of the tour location shown in Figure 5 and
dynamically load the JSON formatted scenery tour infor-
mation to the server. ,e panoramic photographs/videos
shot are imported into the A-Frame framework as a
graphical scene builder, scripted for control and other re-
lated functions such as viewing angles, and developed for use
in panoramic VR navigation via Cordova cross-platform.

4.3. System Demonstration. ,e VR tour guiding system
built using A-Frame enabled the users to view WebVR on
smart devices anytime and anywhere. With the immediate
display on webpages, the applications of VR became in-
creasingly convenient and improve users’ visual experience.
,e website was presented in conventional text and graphics
modes combined with fancy effects created using jQuery.
Javascript was used to resolve problems between different
browsers to present latest news and the most comfortable
viewing experience to users. A-Frame was used to create a
VR system. In the VR system of Ji’an Temple tour guiding, a
user can see a trigger spot in the center of the monitor
(Figure 6). Users can swipe the screen of cell phone or move
their cell phone to select a position they want to go. Clicking
a position can trigger corresponding locations. Figure 7
demonstrates that films containing information of rele-
vant cultural relics are available and audio guiding that can
be played by clicking the play button below. In addition,
social media are used to introduce Ji’an Temple and create a
brand on the social media platform to increase the popu-
larity of the temple. ,e manager of the fan page sometimes

User Frontend Backend

Node.js Cordova

MySQL

JavaScriptHTML 5

A-Frame Framework 7

interactsMobile device

PC/Laptop Wearable
device

Cardboard/
VR glasses

Request/
Respond

Figure 3: System architecture.
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plan and design graphics and text contents of posts, and he
can also analyze and optimize relevant data through Google
Analytics and FB data to evaluate whether posts achieve
desired effects. Finally, the display of operation of VR
headset glasses is shown in Figure 8.

5. QUIS Results and Discussion

To understand the user’s satisfaction with the usage of the VR
touring system, we employed the Questionnaire for User
Interaction Satisfaction (QUIS) [45] to conduct a quantitative

study. ,e survey respondents are mainly temple officials,
pilgrims, and Internet citizens. Moreover, the main focus was
on answering representative questions with adequate satis-
faction and helpfulness.,e questions were answered by users
following their action learning using the VR touring system.
,e questionnaire had four dimensions: (1) overall reaction to
the VR touring system; (2) display of the VR touring system;
(3) contents of the VR touring system; and, (4) usage of the
VR touring system. ,e questionnaire is divided into these
four parts and contains 18 questions. Among them, the users
were asked to rate the importance and feasibility of each

Take pictures of 
scenic spots with a 
panoramic camera

Attraction 
photos/videos

Build a server

Scene building
Write operation 

control script

JSON 
navigation data

Write data 
reading script

Tourist attractions 
guide information 

text

WebApp

Android iOS

WebVR

Browser 
view

Export

Import

Import

Import 
photos/videos

Import data in 
JSON format

a-frame VR build

Cordorva cross-platform system construction

Figure 4: ,e workflow for building a panoramic VR touring system.

Figure 5: An example of the panoramic image in Ji’an Temple.
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indicator according to a 6-point Likert scale, with anchors of 1
(strongly disagree) and 6 (strongly agree) [32].,e aim was to
obtain a general understanding of the satisfaction of each user,
which could provide evidence and a foundation for data
analyses. From Table 6, the mean values of the four di-
mensions revealed that the usage of the VR touring system as
favorable (4.72); however, their overall satisfaction toward the
tour guiding display was slightly lower (4.53). In a further
analysis of various items, the median value of 3.5 was used for
a 6-point Likert scale. ,e mean values of 18 items were
higher than 3.5, the median value, suggesting that the users
generally considered the VR touring system to be satisfactory.

,e mean values of the first item “I think the VR touring
system is (undesirable/excellent)” and the second item “I
think the VR touring system is (difficult to use/easy to use)”
were close to 5 points, indicating that the proposed system
was easy to operate and excellent in quality. However, the
mean values of the sixth item “I think the VR touring system is
(dull/lively)” and the ninth item “,e resolution clarity of the
screen is (blurred/clear)” were 4.00 and 4.17, respectively, that
is, the sixth item and the ninth item are the two poorer
satisfactions. ,ese results revealed that this system is gen-
erally satisfactory and easy to operate, but relatively
uninteresting.

Figure 6: Independent control of tour routes.

Figure 7: Video story and audio guiding.

Figure 8: Display of operation of VR headset glasses.
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6. Conclusions

,e system evaluation was divided into two stages: expert
assessment and target user usability test. In the first stage, 10
experts of relevant domains and objective perspectives were
invited to provide their opinions through the Delphi
questionnaire surveys. ,rough literature review, we sum-
marized three major dimensions and nine indicators for the
experts to evaluate. Subsequently, based on the experts’
opinions, two indicators (reminder function and smart
terminal management) were removed. VR tour guiding was
established thereafter. In the second stage, users, including
students, Internet users, and pilgrims, were invited. VR tour
guiding, based on the integrated outcomes of the Delphi
expert questionnaires, was provided to these participants,
and the usability of the system was tested. QUIS was
employed to analyze the users’ satisfaction to the tour
guiding system; the satisfaction analysis comprised four
main axes: the overall reaction, tour guiding display, tour
guiding content, and tour guiding operation. ,e developed
system was rated by the target users through the QUIS for its
usability.,is study analyzed the overall reaction to the tour-
guiding system, display, content, and operation.,e analysis
results revealed that, in general, the users perceived VR tour
guiding to be convenient and easy to use. ,e tour guiding
system’s display and content presented clear information to
the users, aiding them in gaining further understanding of
the introduced item. Statistical analysis results of the expert
and user questionnaires revealed that interactive VR was

more efficient in communicating information to users than
conventional text and graphics webpages. Because interac-
tive VR tour guiding was incorporated into the proposed
system, the interaction between the users and objects in-
creased the users’ concentration as well as information
communication efficiency. ,rough this combination, a
revolutionary method of tour guiding was developed.
Conventional graphics and text interpretation can no longer
satisfy the needs of the general public. Additional infor-
mation technologies must be integrated with tour guiding to
attract user attention by adding diverse options to interactive
VR tour guiding systems. ,e easy-to-operate and conve-
nient systems can provide unprecedented online browsing
experience to users or customers of businesses and subse-
quently strengthen customers’ attachment to businesses
effectively.

7. Limitations and Future Studies

,ere is still room for improvement in this research in the
future. First of all, our target sample is limited to the case of
Ji’an Temple in Taiwan. It did not take into account the
technological and cultural changes between different
countries, so a limitation with our chosen method was that
we were unable to make any detailed comparisons between
application performance and user experience with other
methods. Only QUIS research can be conducted. Further-
more, this research uses a panoramic image method to
implement a VR navigation system. Although it has a three-

Table 6: QUIS result analysis.

Items Rating
1 2 3 4 5 6 M SD

Overall reaction to the VR touring system 4.53
I think the VR touring system is: Undesirable/excellent 5.00 0.739
I think the VR touring system is: Difficult to use/easy to use 5.00 0.426
I think the VR touring system is: Unsatisfactory/satisfactory 4.50 1.087
I think the performance of the VR touring
System is: Low/high 4.42 0.669
I think the VR touring system is: Boring/exciting 4.25 0.622
I think the VR touring system is: Dull/lively 4.00 1.044
Display of the VR touring system 4.61
To read the information on the screen is: Difficult/easy 4.83 0.835
,e structure of system functionalities is: Confusing/obvious 4.83 0.835
,e resolution clarity of the screen is: Blurred/clear 4.17 0.718
Contents of the VR touring system 4.67
,e word used for the functional button is: Inconsistent/consistent 4.58 0.669
,e relevance of touring contents and usage
Requirements is Never/always 4.67 0.778
,e position of the message on the screen is: Inconsistent/consistent 4.67 0.888
Does the touring help to further understand? Never/always 4.75 0.622
Usage of the VR touring system 4.72
To self-operate the VR touring system is: Difficult/easy 4.83 0.937
To use the mobile tracking function is: Difficult/easy 4.42 0.996
To use the audio and video touring
Functions is: Difficult/easy 4.92 0.996
Compared with the text navigation, is
the VR touring system easier to understand? Never/always 4.58 0.793
,e prompt message displayed on the screen is: Helpless/helpful 4.83 1.115
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dimensional effect, the spherical virtual image will form an
obvious intersection point stitching problem directly above
and directly below the space. In the future, it is hoped that
the problem of the intersection of the spheres can be im-
proved without affecting the three-dimensional effect. In
addition, at present, the concept of simulating the horizontal
distance between the eyes is used to draw the scene hori-
zontally. If you turn your head in other directions to watch, it
will be visually distorted and the images will not be able to
merge. In the future, further discussions can be made in this
direction, which is expected to reduce the dizziness. Finally,
the future application of VR combined with imagination can
develop infinite possibilities; in addition to the existing visual
and auditory senses, humans still have touch, smell, taste, and
various other senses so that users can have a more immersive
experience in the virtual world. Integrating these perceptions
in the future will be one of the important directions.
,erefore, including how to simulate various perceptions,
how to combine, transmit, and synchronize various sensory
signals, etc., are all important topics; in addition, new ap-
plications developed by VR, such as how to remotely control
through VR and how to provide further 360° panoramic video
services with lower latency will also drive the evolution and
development of various new technologies.
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