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摘要 

 歸功於虛擬實境（VR）技術的發展，使得虛擬實境可以逐漸應用在現

實生活當中。近幾年來，博物館一直嘗試應用虛擬實境的特性來增強參訪者的

體驗，目前也有許多研究工作著重在為博物館中的文物建模，但可惜的是與虛

擬實境可為博物館展覽帶來的效果之相關研究相對較少。因此，在本研究中，

我們用 S—O—R 的研究模型，並針對不同的文物類型：器物類、書畫類、書

法類，探討虛擬實境的系統設計特性對使用者體驗的影響。 

 本研究的研究方法是採用問卷形式，參訪者會實際體驗故宮博物院展覽

的虛擬實境。問卷分析後的結果顯示，虛擬實境的系統設計對使用者體驗及未

來的參訪意圖有很大的相關性。本研究比較也針對不同的文物類型做比較，結

果表示不同的文物類型適合的系統設計是不同的。最後也根據問卷結果對不同

的文物類型提供了未來系統設計的建議，可以作為未來設計相關博物館展覽虛

擬實境的參考。 

 

關鍵字：虛擬實境、虛擬博物館、虛擬實境使用者體驗、S-O-R 模型 
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Abstract 

Virtual reality (VR) technology has already reached the level of maturity 

allowing it to be introduced into real-life applications. Recently, museums have been 

trying to apply it to enhance visitors’ experience and significant research efforts 

have also been made toward modeling relics in VR. However, there have been few 

studies on the real effects of VR exhibitions.  

In this study, we draw upon the stimulus–organism–response framework to 

theorize how system design feature stimuli affect the visitors’ experience of the VR 

exhibition at the National Palace Museum (NPM) and how the experience of VR 

impacts the visit intention. Furthermore, the study compares the VR effects across 

different kinds of relics (artifact, painting, and calligraphy). We create four 

empirical models: Model 0 does not consider the differences among relics, Model 1 

focuses on artifacts, Model 2 focuses on paintings, and Model 3 focuses on 

calligraphies.  

A comparison of the different models shows that in Model 0, design features 

affect the VR experience, which in turn, impacts the visitors’ visit intention. The VR 

experiences were characterized by two dimensions: immersion and involvement. 

The former emphasized the visitors passively immersed in the VR and the latter 

referred to visitor initiative. Comparing Model 1, Model 2, and Model 3, all the 

design features have impact on the immersion level for all relic types.  In case of 

calligraphy, the vividness impacts the involvement level and in case of artifacts, the 

interactivity impacts the involvement level. 

Based on the analysis, we also propose an improvement for the NPM’s 

present VR exhibition. The findings of this study can be referenced when designing 

new VR exhibitions for different relics. 

 

Keyword: virtual reality museum exhibition, virtual reality experience, S-O-R 

model. 
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Chapter 1: Introduction 

Museums were introduced in the European Renaissance, intended as 

showrooms to allow the aristocracy and wealthy businessmen to display their 

collections. In 1683, the first public museum opened in Britain, but the museum 

maintained its noble image. In 2007, the International Council of Museums formally 

defined a museum as follows: “A museum is a non-profit, permanent institution in 

the service of society and its development, open to the public, which acquires, 

conserves, researches, communicates and exhibits the tangible and intangible 

heritage of humanity and its environment for the purposes of education, study and 

enjoyment”. According to this definition, the role of the museum in society is 

threefold: education, study, and enjoyment. Its five main functions include 

collection, conservation, communication, research, and exhibition.  

From the visitors’ perspective, regardless of the era, the exhibition function 

is the most direct way that the museum communicates with the visitors. The 

exhibition creates the first impression of the museum, and visitors tend to judge a 

museum by the first impression. Thus, to increase the quality of the exhibitions is 

one of the important functions of museums. 

A museum exhibition can be considered as a medium through which the 

museum communicates with visitors by displaying the objects in public. The 

different kinds of exhibitions have different purposes, which determine the nature of 

exhibitions. For example, an exhibition in an amusement park is for entertainment or 

fun, a business exhibition is for attracting people’s attention, an exhibition in an art 

gallery tends to reduce the exhibiting skills and let the original charm of the artwork 

attract the visitors directly, and an exhibition in a history museum may emphasize 

the historical background or story of antiquities. Although the NPM can be 

classified as a history museum, the historic background and story give the NPM a 

unique status. The exhibitions in the NPM not only involve the elements of 

enjoyment or attraction but also deliver knowledge, effectively achieving 

educational goals.  

Visitors are the target of exhibitions. Thus, the exhibition design should 

fulfill the expectations of the visitors. However, the museum faces the problem that 
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discrepancies exist between the demands of the visitors and the information the 

museums try to convey. For example, a family that visits the NPM on a Sunday for 

the purpose of relaxing, having fun, and enjoyment may not explore the information 

or the meaning of the exhibitions. It is a challenge to strike a balance between these 

two aspects. 

Owing to technological development, VR technology has already reached the 

level of maturity allowing it to be introduced into real-life applications such as 

medicine, education, and cultural heritage. Recently, significant research efforts 

have also been made in the area of modeling the relics in VR. VR combined with 

computer vision techniques offers a natural view of real scenes enriched with virtual 

objects. Museum exhibitions have continued to be updated in an effort to enhance 

the visitors’ experiences.  

The VR development in the NPM is an extension of its digital museum 

program. Commencing in 1988, the Ministry of Science and Technology in Taiwan 

(MOST) proposed the digital museum program. Because all the artifacts, cultural 

relics, and other collections are digitally stored, through the Internet, the visitors can 

overcome the space limitation. They do not need to go to the physical museum but 

also can visit the digital museum. The development of VR elevates the digital 

museum to a higher level. The features of VR can simulate a more interactive and 

immersive environment. Since 2015, the NPM has decided to use VR in the 

museum, making a more complete digital museum. The aim of the NPM’s VR 

exhibition is to provide visitors a better experience. It is hoped that through VR, the 

museum can simulate a more immersive environment to enhance the motivation and 

interest of visitors, and that the visitors can also receive the information the museum 

wants to express. This fulfills the aforementioned goals of the museum: education, 

study, and enjoyment. Therefore, we intend to explore the effects of the VR 

exhibition. 

In this paper, we draw upon the stimulus–organism–response (S–O–R) 

framework to theorize how system design features affect the visitors’ experience of 

NPM’s VR exhibition and how the VR experience impacts the visit intention. 

 In the stimuli part of the S–O–R model, we focus on the design features of 

the VR system. The VR system can be considered as a conduit to connect the 
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information sender and receiver (Steuer, 1992). Both these affect the experience. 

However, we are more interested in understanding the ability of this medium (i.e., 

NPM’s VR) to transmit the information the sender (NPM) wants to convey. 

Therefore, we focus on the VR system design features as the stimuli. According to 

past research, we divide the design features into three dimensions: realism, 

interactivity, and vividness (Zeltzer, 1992 & Slater, et al., 2009 & Herbelin, et al., 

2016). Based on these design features, we will discuss how these factors affect the 

experience in the VR system from these three dimensions. 

The visitors’ experience is the organism part in the S–O–R framework. The 

experience will be discussed from two perspectives in this study: immersion and 

involvement (Witmer and Singer, 1998). Reeves described the experiences in a VR 

system in terms of “a sense of being there” (Reeves, 1991). Based on past research, 

the experience in the VR system can be classified into immersion and involvement 

(Witmer and Singer, 1998 & Heeter, 1994 & Slater and Wilbur, 1997). Thus, we can 

use the level of immersion and involvement as the visitors’ experience of the NPM’s 

VR. 

The response part of the S–O–R model is the visit intention. Here, the term 

“visit intention” refers to a visitor’s intention after experiencing the VR system. It 

links to the NPM’s expected outcomes through the exhibition VR. As mentioned 

above, there are three goals of the NPM’s VR exhibition. First, to heighten the 

motivation to visit the museum; second, to enhance the interests of visitors while 

experiencing the exhibition; and finally, that visitors receive the information the 

museum wants to convey. 

 Furthermore, the relics in the NPM’s VR system can be divided into three 

categories, artifacts (jade cabbage), paintings (one-hundred horses), and 

calligraphies (two poetry calligraphies from Song dynasty). Each category has its 

own characteristics and cannot be compared to others, and thus should have its own 

VR system design. Therefore, we will focus on these three kinds of relics and study 

how the design features (interactivity, vividness, realism) impact the visitors’ 

experiences (immersion, involvement) and how the visitors’ experiences impact the 

visit intention for each kind of relic. Specifically, our research questions are as 

follows:  
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 How the vividness of the virtual reality exhibition impact on the visitors’ VR 

experiences? What is the difference in three kinds of relics? 

 How the interactivity of the virtual reality exhibition impact on the visitors’ VR 

experiences? What is the difference in three kinds of relics? 

 How the realness of the virtual reality exhibition impact on the visitors’ VR 

experiences? What is the difference in three kinds of relics? 

 How the immersion effects visitors’ visit intention? What is the difference in three 

kinds of relics? 

 How the involvement effects visitors’ visit intention? What is the difference in three 

kinds of relics? 
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Chapter 2: Literature Review 

2.1 Virtual reality in museum exhibition 

VR refers to a realistic and immersive simulation of a three-dimensional (3D) 

environment, created using interactive software and hardware, and experienced or 

controlled by movement of the body (Dictionary.com, 2017). VR is being 

introduced in psychological therapy around the world. In the VR environment, users 

can immerse themselves by using perception organs to interact with the objects in 

the environment through special devices. The first references to the concept of VR 

appear in science fiction in 1935, describing a goggle-based VR system 

("Pygmalion's Spectacles", Project Gutenberg, 1935). Since then, VR has progressed 

but slowly. After the 1980s, technological breakthroughs have increased the 

significance of VR.  Currently, VR technology has already reached a level to allow 

it to be introduced into real-life applications such as entertainment, education, and 

museum exhibitions. Recently, significant research efforts have been made in the 

area of modeling the relics in VR. A combination of VR with computer vision 

techniques, can offer a natural view of real scenes enriched with virtual objects.  

Museums are keen on presenting their collections in a more appealing and 

exciting manner to attract visitors. Recent surveys in Europe show that 

approximately 35% of museums have already started (June 2003) to develop 3D 

presentations of objects in a virtual environment (VE) (Tsapatori, 2003). In many 

cases, these projects are only in the initial stages, but their number is rapidly 

growing and it is evident that museums are starting to recognize the potential of VR. 

In addition, VR is a promising technology that can contribute to solving certain 

problems in museum exhibitions. For example, most museums do not have the space 

and resources required to exhibit their entire collections; the nature and fragility of 

some objects prevent museum curators from making them available to the public, 

and the interaction of museum visitors with the exhibited artifacts is very restricted 

(Wojciechowski, et al., 2004). 

In order to understand the effectiveness of VR, we need to understand the 

effect of VR on the human psyche (Steuer, 1992). Most research on this subject is 

related to human experiences in VR. Museum experiences are staged and consumed 
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through connections between museums and visitors (O'Dell, 2007; Stamboulis & 

Skayannis, 2003). Therefore, to determine the effectiveness of VR exhibitions, we 

must understand the visitors’ experience in the VR exhibition. However, most of the 

studies on VR exhibitions concentrate on modeling or designing the virtual objects, 

whereas the studies on humans’ experience and the effects of VR exhibitions are 

relatively few.  

Moreover, one of the difficulties museums encounter while trying to widely 

apply VR to exhibitions is the existence of different kinds of relics, including 

artifacts, paintings, and calligraphies. Each relic has its own features. There has been 

no prior research on the impact of the features of relics on the effects of VR 

exhibitions. 

2.2 Stimulus-Organism-Response (S–O–R) framework 

The realistic S–O–R model is presented and it simply pictures that 

stimulation and human responses (reaction, action) are linked by an organismic 

component (Buxbaum, 2016). This model used in this study builds on the S–O–R 

framework, which starts from environmental psychology (Mehrabian and Russell, 

1974). This model depicts how various aspects of the environment as stimuli (S) 

affect individuals’ internal organisms (O), and in turn, their responses (R). In the 

present context of NPM’s VR museum exhibition, stimuli refer to the VR system 

design features that the visitors used. The organisms represent internal processes and 

structures intervening between the stimuli and individuals’ final responses, which 

consist of perceptions, experiences, and evaluations. The responses represent the 

individuals’ final actions. (Zhang, Wang, et al., 2015). 

The S–O–R model is practical and widely used in behavioral psychology 

(e.g., impulse purchase, consumer behavioral, and others). This model can be 

applied well to explain individuals’ reactions and responses to external cues. The 

research on the factors that contribute to experiences have two aspects: related to 

system design factors and related to individuals (e.g., Steuer (1992), Witmer & 

Singer (1998), Lombard & Ditton (1997)). It is important to make a distinction 

between these two. Because the former are under the control of the designer and can 

even improve the present system, we focus on the design features of the NPM’s VR 

system in this study. Moreover, we intend to investigate how these features affect 
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the VR experience of the visitors, and then the experience will impact the VR 

performance. This research architecture corresponds to the S–O–R model. Thus, the 

S–O–R framework is an appropriate theory for this study. 

2.2.1 The design features as stimulus (S) 

This study focuses on the design features to explore how these features 

impact the visitors’ VR experience and the response. We summarized the relevant 

literature on the contributions of VR system design features to VR experience in 

Table 2.1, and applied three dimensions of design features to our S–O–R model: 

interactivity, vividness, and realism. 

Table 2.1. The summary of literature about design features in VR 

 Interactivity Vividness Realism 

Sheridan 

(1992) 

 Control of sensors 

relative to 

environment 

 Ability to modify 

the physical 

environment 

 The extent of 

sensory 

information 

 

Zeltzer 

(1992) 

 Autonomy 

 Interaction 

 Bandwidth of 

sensation 
 

Steuer 

(1992) 
 Interactivity  Vividness  

Naimark 

(1990) 
 Interactivity 

 Realness  

(focus on 

sensorial rich) 

 Realness  

(focus on realness 

of VE) 

Witmer 

& 

Singer, 

(1998) 

 Natural modes of 

interaction and 

control 

 Perception of self-

inclusion in the 

VE. 

(focus on 

sensorial rich) 

 Isolation from the 

physical 

environment 

 Perception of 

self-inclusion in 

the VE. 

(focus on realness 

of VE) 

Sanchez 

Vives, 

et al., 

(2009) 

 How they are able 

to interact 

 How data is 

displayed (focus 

on sensorial rich) 

 How data is 

displayed (focus 

on realness of 

VE) 
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Sheridan (1992) identified five variables that contribute to constituting the 

presence. Three of these are related to VR system design: the extent of sensory 

information, the control of sensors relative to the environment, and the ability to 

modify the physical environment. Zeltzer (1992) provides a similar matrix of 

variables including autonomy (human control), interaction (real-time control), and 

presence (bandwidth of sensation). Two major dimensions across the various 

technologies are depicted by Steuer (1992): vividness, referring to the ability of a 

technology to produce a rich sensory mediated environment, and interactivity, 

referring to the degree to which users of a medium can influence the form or content 

of the mediated environment. Laurel (1991) and Rheingold (1991) make similar 

distinctions. Michael Naimark (1990) proposed a similar definition and described 

the elements as realness and interactivity. Witmer & Singer (1998) claimed that the 

factors that affect experience include isolation from the physical environment, 

perception of self-inclusion in the VE, natural modes of interaction and control, and 

perception of self-movement. It has been reported that experimental studies have 

found that the factors that contribute to high-quality reported experience are mainly 

concerned with the form of how data is displayed to participants and how they are 

able to interact (Sanchez-Vives & Slater, 2009). 

Most of the relevant research emphasized the importance of interactivity. 

Interactivity can be defined as the extent to which users can participate in modifying 

the form and content of a mediated environment in real time (Steuer, 1992). For 

measuring the level of interactivity, there are three aspects to evaluate: speed, range, 

and mapping. The speed refers to the rate at which input can be assimilated into the 

mediated environment (Steuer, 1992). Typically, a system that can react to the user’s 

requests more promptly has higher level of interactivity. The range refers to the 

number of changes that can be effected on the mediated environment (Steuer, 1992). 

The range is an element that contributes to the interactivity. The greater the number 

of parameters that can be modified, the greater the level of interactivity in the VE. 

The last aspect is the mapping, which refers to the way in which human actions are 

connected to actions within a mediated environment (Steuer, 1992 & Norman, 1988). 

For an example, for a user as a pitcher in a baseball game of a VE, how the user acts 

in the physical world to throw out the virtual ball in the VE is determined by the 

mapping. In terms of throwing the ball in the VE, a system design that requires 
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pressing a button on the controller has lower degree of mapping than one that 

requires waving the controller. In general, the appropriate mapping strategy should 

match the natural action as closely as possible.  

The issues with respect to how data is displayed to participants can be 

divided into two aspects: vividness and realism. Schuemie, et al., (2001) gave a 

broader definition about how data is displayed as factors related to the sensory 

fidelity of the display used for showing the content. However, in our model, a 

narrow definition of vividness is used. The vividness is defined as the ability of a 

technology to produce a rich sensory mediated environment (Steuer, 1992). There 

are two views to examine the level of vividness: breadth and depth (Steuer, 1992). 

The breadth of vividness is the ability of a communication medium to present 

information across the senses. The greater the number of senses used in the VR 

system, the higher the vividness of the VR system. The depth of vividness means the 

resolution within each of perceptual channels. The depth of vividness also can be 

described in terms of “quality”: an image with greater depth is generally perceived 

as being of higher quality than one of lesser depth (Steuer, 1992). 

Realism puts more focus on how real the VR system design appears; a 

person can be fooled into believing that the experienced situation is real if his mind 

cannot detect any discrepancy between the expected and mediated outcomes of their 

actions (Herbelin et al., 2016). Several variants of the term have been proposed in 

the literature (e.g., Sheridan, 1992; Slater & Usoh, 1994, Slater et al., 1994 and 

Slater & Wilbur, 1997). 

2.2.2 The visitors’ NPM’s VR experience as organismic (O) 

The organism in the S–O–R model represents the structures and processes 

that constitute this component as biological and psychological. Psychological 

concepts that indicate the functions of the organismic component include perception, 

emotion, judgment, thinking, and motivation. A more general concept of the 

psychological organism is the organism’s mental activity as a function of motivation, 

experience, and knowledge (Buxbaum, 2016). In this study, we are interested in the 

visitors’ NPM VR experience, and thus represent it with the organism component in 

the S–O–R model. Experience is defined as a person’s observation of and/or 

interaction with objects, entities, and/or events in the environment (Lombard, 2000). 
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Based on the literature review, user experience addresses the human impact of VR in 

addition to technological hardware (Steuer, 1992).  

For measuring the effect of the VR, several definitions of experience in VR 

have been proposed. Heeter (1994) state that VR can create both personal and 

environmental experience. Personal experience refers to the extent to which the 

person feels like he is part of the VE; environmental experience refers to the extent 

to which the environment itself acknowledges and reacts to the person in the VE. 

Schloerb (1995) separated the VR experience into subjective experience, the 

likelihood that the person judges himself to be physically present in the VE and 

objective experience, the likelihood of successfully completing a task. Slater and 

Wilbur (1997) make a distinction of experience between the terms “presence” and 

“immersion.” “Presence” refers to a subjective experience such as the sensation of 

being in a VE. “Immersion” refers to an objective experience of aspects of the 

system, such as field of view and display resolution. Zeltzer (1992) uses the term 

“presence” as a measure for the number and fidelity of available sensory input and 

output channels. His definition of “presence” is similar to the immersion defined by 

Slater and Wilbur (1997). Witmer and Singer (1998) gave the term “immersion” 

another definition and differentiated it from “involvement.” Immersion is defined as 

a psychological state characterized by perceiving oneself to be enveloped by, 

included in, and interacting with a VE; involvement is defined as a psychological 

state experienced as a consequence of focusing one’s attention on a coherent set of 

stimuli or related activities and events (Witmer and Singer, 1998). This definition of 

“immersion” more closely agrees with the subjective definition of experience 

proposed by Zeltzer.  

Kalawsky warns that “experience is a multidimensional parameter that is 

arguably an umbrella term for many inter-related perceptual and psychological 

factors” (Kalawsky, 2000). Although many researchers proposed different 

definitions of the experience in the VE, there are some similarities and duplications. 

According to the literature review of VR experience described above, in view of the 

explanations of Witmer and Singer, we summarize the similar distinctions 

separating the experience in a VE into two parts: immersion and involvement. The 

former emphasizes that the person is “passively” immersed to the VE and the latter 
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implies the person takes the initiative to be involved the VE. We summarize these 

studies in Table 2.2. 

Table 2.2 The summary of literature about experience in VR 

 Immersion Involvement 

Heeter 

(1994) 

 The extent to the 

environment itself acknowledges 

and reacts to the person in the 

VE. 

 The extent to the person feels 

like he is part of the VE. 

Schloerb 

(1995) 
 

 The likelihood that the per-

son judges himself to be physically 

present in VE. 

Slater & 

Wilbur, 

(1997) 

 An objective experience 

of aspects of the system such as 

field of view and display 

resolution. 

 A subjective experience such 

as the sensation of being in a VE. 

Zeltzer 

(1992) 

 The measure for the 

number and fidelity of available 

sensory input and output 

channels. 

 

Witmer & 

Singer,  

(1998) 

 A psychological state 

characterized by perceiving one-

self to be enveloped by, included 

in, and interacting with a VE. 

 A psychological state 

experienced as a consequence of 

focusing one’s attention on a 

coherent set of stimulus or related 

activities and events. 

 

Therefore, the visitors’ NPM VR experience as the organismic component of 

the S–O–R model can be divided into two dimensions: immersion and involvement. 

According to the Table 2.2, immersion is defined as a psychological state 

characterized by perceiving oneself to be enveloped by, included in, and interacting 

with a VE (Witmer and Singer, 1998). There are similar definitions from Heeter, 

who defines environmental experience as the environment itself acknowledging and 
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reacting to the person in the VE (Heeter, 1994); Slater and Wilbur define the term 

“immersion” as an objective experience of aspects of the system such as field of 

view and display resolution (Slater and Wilbur, 1997); Zeltzer also defines a similar 

meaning using the term “presence” (Zeltzer, 1992). Thus, immersion is more 

focused on the experience induced by the environment and the natural design of the 

VR system. Witmer and Singer offered an apt description: “immersing people in a 

simulated environment is what VEs are designed to do, and that is why VEs have the 

potential to produce experience” (Witmer and Singer, 1998). Involvement is defined 

as a psychological state experienced as a consequence of focusing one’s attention on 

a coherent set of stimuli or related activities and events. Heeter used the personal 

experience, which refers to the person feeling like he is part of the VE to give a 

similar description (Heeter, 1994). Schloerb also proposed a similar thought about 

subjective experience, the likelihood that the person judges himself to be physically 

present in VE (Schloerb, 1995). Different from the immersion, involvement is more 

focused on the personal view, especially the individuals’ attention. The amount of 

involvement will vary according to how well the activities and events attract and 

hold the observer’s attention (Witmer and Singer, 1998).  

2.2.3 The visit intention as responses (R) 

 The responses represent the individuals’ final responses in the S–O–R 

framework (Zhang, Wang, et al., 2015). The responses in our S–O–R model are the 

performances we want to achieve through the VR system. Thus, in the context of 

this study, visitors’ responses after experiencing the NPM’s VR system are defined 

as visit intention. In previous studies, measuring the visitors’ performances has 

included the following items: spent time in the museum, visit frequency, enjoyment, 

interest, and knowledge takeaway (Kang & Gretzel, 2012; Smith & Wolf, 1996; 

Glynn, et al., 1996). From these, we summarize three components of visit intention: 

the motivation of visiting, the interest in visiting, and the information or knowledge 

learned from visiting.  
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Chapter 3: Research framework and hypotheses 

 According to the above discussions, we present our research framework in 

Figure 3.1. 

Figure 3.1 The research framework based on the S–O–R model 

3.1 Stimulus-Organism 

 In our model, environmental stimulus is focused on VR system design 

features. Based on the Table 2.1. in chapter 2, we listed the relevant design features 

that have an effect on the VR experience. These factors are: interactivity, vividness 

and realism. 

3.1.1 Effects of interactivity 

Most of the research has taken interactivity as an important factor that 

contributes to the VR experience. The ecological theories especially emphasize the 

role of interactivity in creating the VR experience (Schuemie, et al., 2001). Much 

empirical research has shown that the interactivity is positively related to the VR 

experience (e.g., Welch, Blackmon, et al., 1996). Essentially, the greater the 

interactivity in the VE, (for example, the prompter response time of VR system, the 

more parameters visitors can control in the VE, and the more intuitive the mapping 

function), the more the visitors can be convinced by the VE that he is present in a 

real environment, i.e., the greater the immersion of the VR system. Additionally, the 

higher the level of interactivity in the VE, the greater the chance that the visitors will 

pay attention on the objects in the VE and be involved in it. Therefore, we 

hypothesize: 
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H1a. The level of interactivity is positively related to the level of immersion of 

VR experience. 

H1b. The level of interactivity is positively related to the level of involvement of 

VR experience. 

3.1.2 Effects of vividness 

The greater the number of visitors’ senses used or the higher the quality of 

each sense in the VE, the more vivid is the VE.  For example, comparing a VE in 

which visitors only used the visual sense to see flowers with the one in which the 

visitors can hear bird sounds or sense smells, the latter is a more vivid VE. A screen 

with a higher resolution is more vivid than one with a lower resolution. Several 

empirical studies have found a relationship between aspects of VE vividness and VR 

experience (see Schuemie, et al., 2001, Table 1, for an overview of the effects of 

vividness factors VR experience). In a highly vivid VE, the visitors can feel the 

environment more clearly, thus they can more easily be immersed into the VE and 

even take the initiation to be involved in it. Therefore, we hypothesize: 

H2a. The level of vividness is positively related to the level of immersion of VR 

experience. 

H2b. The level of vividness is positively related to the level of involvement of VR 

experience. 

3.1.3 Effects of realism 

Issues with respect to how data is displayed to the visitors in the VE can be 

divided into two aspects: vividness and realism. Realism is more focused on how 

real the VR system design appears. Gutierrez-Maldonado (2010) described the 

realism as the participant’s sense of believability and realism of the content. The 

more closely the VE mimics the environment, the more similarly visitors will react 

to way they would in the real environment (Freeman, 2000). Thus, if all objects in 

the VE are designed just as in the real environment, a visitor could be fooled into 

believing that the experienced situation is real; he is likely to be naturally immersed 

in the VE. If he cannot detect any discrepancy between the expected and mediated 
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outcomes of their actions, he can pay attention to objects or actions in the VE just as 

in the physical world. Therefore, we hypothesize: 

H3a. The level of realism is positively related to the level of immersion of VR 

experience. 

H3b. The level of realism is positively related to the level of involvement of VR 

experience. 

3.2 Organism-Response 

 In our model, the visit intention refers to the visitors’ performance impacted 

by the VR experience, including the motivation to visit, the interest in visiting, and 

the information and knowledge gained from the visit. The relationship between the 

VR experience and the performance has been discussed extensively. Welch stated 

that, “there is a pervasive belief that presence is causally related to performance.” 

(Welch, 1999). Schuemie et al. (2001) also said that one of the most important 

results of VR experience is that the experience can evoke the same reactions and 

emotions as a real experience. Thus, we assume that the VR experience will affect 

visit intention. 

3.2.1 Effect of immersion 

 In our study, VR experience is divided into immersion and involvement. The 

immersion more concentrates on the experience induced by environment. It 

emphasizes that the conditions of the VR system immerse people in the VE, and the 

person is “passively” and unconsciously immersed. Previous studies also indicated 

the correlation between immersion and performance. For example, studies found the 

relationship between immersion and leadership (Slater et al., 1998 and Steed et al., 

1999). Thus, we assume that the visitors who are more immersive in VE would 

naturally interact with the VE or unconsciously follow the guide in the VE. 

Moreover, they could receive the information the museum wants to convey by the 

VE, learn more about the contents, gain increased interest in the contents, or even 

want to repeat the experience. There is much empiric evidence to demonstrate the 

usefulness of immersion for emotional responses or reactions (Regenbrecht et al., 

1998 and North et al., 1998). Therefore, we hypothesize: 
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H4. The level of immersion of VR experience is positively related to the visit 

intention. 

3.2.2 Effect of involvement 

The involvement centers on the personal view, especially on the visitor’s 

attention. In terms of the involvement described by Witmer and Singer (1998), 

involvement in a VR exhibition means the person takes the “initiative” to involve 

himself in the VE by means of paying more attention to it rather than simply 

glancing at objects in the VE. Slater et al. (2009) claimed that the involvement was 

reaction to the content of the VE. In general, if visitors more involved in something, 

it means that they are more willing to observe and they could get a better 

performance. In previous research, apart from VR, the involvement was used in 

many fields, e.g., consumer purchasing and online shopping intention. In these 

studies, they proved that the outcomes are affected by the involvement level 

(Vermeir & Verbeke, 2006 and Park et al., 2007). Therefore, we hypothesize: 

H5. The level of involvement of VR experience is positively related to the visit 

intention. 
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Chapter 4: Research method 

4.1 The case of NPM’s exhibition VR 

 In the NPM’s VR, the visitor wears a head-mounted display (HMD), hands 

with the controllers and the background music broadcasted continuously (Figure 

4.1). There is a little space the visitor can walk around and the scenes in the virtual 

environment is just like visiting an exhibition in the museum (Figure 4.2).  

          

Figure 4.1                                                           Figure 4.2 

  The visitors of using NPM’s VR (1)               The visitors of using NPM’s VR (2) 

The right- and left-hand controllers correspond to the right hand with a 

flashlight and left hand with a white glove in the VE. There are two functions by 

which the visitor can control objects in the VE. The controller has a button. Using 

the right-hand controller to interact with the corresponding object in the VE, the 

visitor can use the flashlight to scan the relics, and the relics will come in front of 

the eyes for the visitor to examine them in detail. The left-hand controller 

corresponds to a left hand wearing a white glove in the VE. If the relic in the VE can 

be picked up, the visitor can hold down the controller’s button to “grab” it up, and it 

will fall when the button is released.  

 There are three kinds of relics in the NPM’s VR: artifact, painting, and 

calligraphy. The artifact in the VE is a jade cabbage. In the VE, the visitors can walk 

around the jade cabbage and bend over to get closer to it. Using the flashlight to 

scan the jade cabbage, it will enlarge and float in front of the eyes and the voice 

navigation of relic introduction begins to be broadcast; the visitor can watch it more 
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carefully and listen to its background story (Figure 4.3, 4.4). Moreover, the visitor 

can use the left-hand controller to grab it up, arbitrarily rotate it, and even release it 

to the floor (Figure 4.5, 4.6).  

          

Figure 4.3                                                          Figure 4.4 

Scan the jade cabbage (Before).                       Scan the jade cabbage (After). 

                 

Figure 4.5                                                        Figure 4.6 

      Grab up the jade cabbage.                          Drop down the jade cabbage. 

The painting in the VE is one-hundred horses. The original state of the 

painting in the VE is on the wall. Once the visitor uses the flashlight to scan it, the 

voice introduction will start to play and the painting will be enlarged to full-screen 

around the visitor. It seems like walking into the painting (Figure 4.7). There are two 

calligraphies of poetry from the Song dynasty in the VE. The visitor can scan the 

calligraphy with the flashlight to get closer to it. The calligraphy will float in front of 

the eyes after being scanned, and the visitor can also walk closer to it to see it more 

clearly (Figure 4.8, 4.9). Because the painting and calligraphies cannot be picked up, 

the user can only interact with these two types of relics using the right-hand 

controller (flashlight). 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 21 

Because there are different types of relics in the NPM’s VR, we are 

interested in exploring the impact of relic types in our research framework. We 

create four empirical models. In Model 0, we test the general effect of VR and use 

all the data regardless of relic types. In Models 1, 2, and 3, we test our research 

framework by focusing on the jade cabbage, the one-hundred horses painting, and 

the calligraphies, respectively. 

Figure 4.7 The part of screen after scanning the painting of one-hundred horses. 

 

Figure 4.8                                                         Figure 4.9 

Before scanning the calligraphies.                      After scanning the calligraphies 

4.2 Research design 

 The NPM’s VR is exhibited in Taiwan’s National Cheng-Chi university.  All 

of visitors are college or master students in campus. The time of experiencing the 

VR is unlimited. There is only one VR device can be used. For avoiding waiting 

time is too long, there are no more than 8 visitors in the exhibition at the same time. 

In order to motivate the visitors who are full participation and complete the 
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questionnaire. We will provide $100 NTD cash voucher after identifying the valid 

questionnaire. We will give some instructions before experiencing the VR and 

instructions are as follows:  

 You will wear the VR devices and hands with the controllers. There is a button 

on the controllers. 

 There are three types of relics you will see in the NPM’VR: jade cabbage, 

painting of one-hundred horse and two calligraphies.  

 You can decide which one you want to experienced first but all of relics should 

be experienced. 

 Each relic can be interacted by pressing the button on the controllers. 

 After experiencing the VR, the visitor will finish the questionnaire at the 

scene. In the questionnaire, each measurement will be answered three times 

according to each type of relics respectively. 

4.3 Development of questionnaire 

For validating the model, we developed a questionnaire. The visitors are 

asked to fill in the questionnaire after experiencing the NPM’s VR. We are going to 

consider the difference of relics in the VE, and thus we will ask the same question 

for each relic. The measurement of VR system design features are proposed in Table 

4.1. 

Table 4.1. Measuring the design features in questionnaire 

(Reference to presence questionnaire from Witmer, Jerome, Singer, 2005) 

Interactivity 

Range 
The amount of changes that can be effected on the mediated environment 

(Steuer, 1992). 

I thought I had a lot of control over the relic. 

I could admire the relic at will. 
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Mapping 
The way in which human actions are connected to actions within a 

mediated environment (Steuer, 1992 & Norman, 1988). 

I could appreciate the relic naturally in virtual environment. 

I could appreciate the relic intuitively in virtual environment. 

I thought the operating design of the relic in the virtual environment was reasonable. 

Vividness 

The ability of a technology to produce a sensorial rich mediate environment (Steuer, 

1992). 

I could observe the relic from many viewpoints. 

The voice guidance of the relic was clear. 

I can fully brose the relic. 

Realism 

A person can be fooled into believing that the experienced situation is real if his mind 

cannot detect any discrepancy (Herbelin et al., 2016). 

I would forget the relic was virtual sometimes when I was experiencing the relic. 

I thought I was admiring the relic in the museum. 

I enjoyed the relic in the virtual environment as natural as in the real world. 

The measurement of the VR experience in our model has two aspects: 

immersion and involvement. The items are adapted from Presence Questionnaire 

(PQ) proposed in 1998 and the revised version in 2005 (Witmer, Jerome, Singer, 

2005). We develop the questions based on the questionnaires and refer to the final 

version in 2013. Additionally, considering the difference of relics in VR, we ask the 

same question for each relic. Our measurement items are listed in Table 4.2. 
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Table 4.2. Measuring the VR experience in questionnaire 

(Reference to immersion questionnaire from Jennett, et al., 2008 & presence 

questionnaire from Witmer, et al., 2005) 

Immersion 

a psychological state characterized by perceiving oneself to be enveloped by, included 

in, and interacting with a VE (Witmer and Singer, 1998). 

I blocked out things around me when I admired the relic. 

After the experienced the relic, I could not believe that was just a virtual relic for a 

moment. 

Appreciating with the relic in VR will arouse my curiosity. 

I focused on appreciating the relic. 

Involvement 

a psychological state experienced as a consequence of focusing one’s attention on a 

coherent set of stimulus or related activities and events (Witmer and Singer, 1998). 

I lost track of time during the experience of admiring the relic. 

I thought I was a visitor who attended a museum exhibition rather than a subject in the 

experiment. 

I thought I was really admiring the relic rather than controlling an object by using a 

controller. 

In past research, measuring the visitors’ performance comprised the 

following items: spend time in the museum, visit frequency, enjoyable, interest and 

knowledge take away (Kang & Gretzel, 2012; Smith & Wolf, 1996; Glynn, et al., 

1996). Based on these items, there are three views to measure the visit intention: the 

motivation to visit, the interest in visiting, and the information or knowledge gained 

from the visit. In the questionnaire, we consider these views and develop the items. 

We also consider the different relic types in VR and ask the same question for each 

relic. Our measurement items are listed in Table 4.3. 
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Table 4.3. Measuring the visit intention in questionnaire 

Visit intention 

Future visitation behavior beyond the immediate museum experience (Kang & Gretzel, 

2012). 

I thought the relic in NPM’VR attracts me. 

I thought the relic experience in NPM’s VR is worth for me. 

I thought the relic experience in NPM’s VR is meaningful. 

I would recommend my friends and family to experience relics in NPM’s VR. 

I thought the process of relic experience in NPM’s VR is interesting. 

The VR experience makes me like the relic more. 

I thought the relic in VR makes people pleasing. 

I thought VR is a good way to present the relic. 

After experiencing VR, I would like to go to NPM to see the exhibition associated with 

the relic. 

After experiencing VR, I would like to pay attention to the exhibition that related to the 

relic. 

After experiencing VR, I enjoyed this experience. 

After experiencing VR, I would like to continue appreciating the relic. 

4.4 Data collection 

 Finally, we total collected 120 responses and 118 of them are valid. 

Determination of invalid questionnaires are according to the answers are all the 

same through each item. Among the valid responses, 109 of them (92.4%) had filled 

the open questions. We categorized these responses and summarized in Table 4.4. 

 The visitors were from 17 to 30 years old, including 49 (41.5%) males and 

69 (58.5%) females. Most of them were students in National Cheng-Chi university 

including 93 college students, 19 master students, 3 doctoral students and only 3 

visitors were from outside the school.  
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 With regard to the related experiences to attend the NPM’s exhibitions, 19 

(16%) of the visitors did not have the related experiences and 78 (66%) of visitors 

had over twice experiences to join the NPM’s exhibitions. With regard to the 

experience to using the VR devices, 66 (56%) of the visitors did not the related 

experience. 

Table 4.4. summary of responses of open questions 

Category Number of responses 

Increase the number of relics 10 (9.17%) 

Increase the interactions 43 (39.45%) 

The screen is not clearly enough 69 (63.3%) 

The equipment is heavy or hard to use 22 (20.18%) 

The voice guidance is unclearly 25 (22.94%) 

The experience is awesome 17 (15.6%) 

Note: total numbers of open question responses are 109. 

 

Table 4.5. summary of valid participants 

 Experience of attending NPM’s exhibition Experience of using VR 

0 times 19 (16.1%) 66(55.93%) 

1 times 21 (17.8%) 30 (25.42%) 

2~3 times 48 (40.68%) 20 (16.95%) 

4~5 times 18 (15.25%) 0 

Over 5 times 12 (10.17%) 2 (1.69%) 

Note: total numbers of valid participants are 118. 
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Chapter 5: Model Analysis and Results 

5.1 Measurement Model Analysis 

 We chose the partial least squares (PLS) approach for the data analysis, 

owing to its minimal demands on sample size and its residual distributions, as well 

as its ability to model formative and reflective constructs (Chin, 1998). 

 The first stage of data analysis confirms the item reliability in the 

questionnaire through evaluating the factor loading of each item. The loadings of all 

items are listed in Table 5.1. To ensure the item reliability, a loading of items higher 

than 0.7 was acceptable and a loading lower than 0.5 was dropped (Hulland, 1999). 

The results in Table 5.1 show that all the loadings of each item fulfilled the criteria. 

 After confirming the item reliability, we assessed the construct validity 

including convergent and discriminant validity. Convergent validity shows how 

strongly each measurement item correlates with the construct with which it 

supposed to be associated (Gefen & Straub, 2005). Based on the recommendation of 

Fornell and Larcker (1981), we use Cronbach’s alpha, the composite reliability, and 

the average variance extracted (AVE) to examine convergent validity. In Table 5.1, 

the composite reliability and Cronbach’s alpha of each construct are over 0.7, which 

fulfill the suggestions of Nunnally (1978). The AVE of each construct is also higher 

than 0.5, which meets the requirements of Götz, Liehr-Gobbers, and Krafft (2010). 

Discriminant validity indicates each measurement item only correlates with the 

construct it is assumed to be associated with and correlates weakly with other 

remaining constructs in model (Gefen & Straub, 2005). When examining the 

discriminant validity, the cross-loadings and AVE should be considered. Based on 

the criterion of Fornell and Larcker (1981), the AVE of each construct should be 

higher than the construct’s highest squared correlation with any other construct, and 

each item’s loadings should be higher than all of its cross-loadings. Table 5.2 lists 

each item’s cross-loadings, and shows that all the items’ correlations with their 

construct are higher than any other remaining construct. Table 5.3 demonstrates that 

each construct’s square root of the AVE is greater than all of the remaining 

constructs. The results listed in Tables 5.2 and 5.3 show that the constructs have 

good measurement abilities. 
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Table 5.1 Item reliability analysis (n=118) 

Factors Items Loadings Reliability1 (𝛼)2 AVE 

Interactivity 

INT1 0.775 

0.891 (0.848) 0.621 
INT2 0.831 

INT1 0.776 

INT2 0.772 

INT3 0.784 

Vividness 

VID1 0.738 

0.872 (0.785) 0.695 VID2 0.880 

VID3 0.876 

Realism 

REL1 0.865 

0.923 (0.875) 0.801 REL2 0.912 

REL3 0.907 

Immersion 

IMM1 0.747 

0.853 (0.771) 0.593 IMM2 0.762 

IMM3 0.811 

IMM4 0.758 

Involvement 

INV1 0.808 

0.855 (0.747) 0.663 INV2 0.823 

INV3 0.812 

Visit Intention 

VII1 0.736 

0.947 (0.938) 0.597 

VII2 0.825 

VII3 0.803 

VII4 0.810 

VII5 0.764 

VII6 0.779 

VII7 0.756 

VII8 0.749 

VII9 0.705 

VII10 0.712 

VII11 0.856 

VII12 0.761 

Note: 1Composite reliability. 2Cronbach’s alpha 
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Table 5.2 Factor Structure Matrix of Loadings and Cross-Loadings 

Items 
Interactivity 

(INT) 

Vividness 

(VID) 

Realism 

(REL) 

Immersion 

(IMM) 

Involvement 

(INV) 

Visit Intention 

(VII) 

INT1 0.775 0.422 0.348 0.482 0.348 0.457 

INT2 0.831 0.460 0.388 0.509 0.378 0.538 

INT3 0.776 0.478 0.306 0.421 0.303 0.399 

INT4 0.772 0.472 0.390 0.387 0.342 0.440 

INT5 0.784 0.542 0.437 0.457 0.375 0.507 

VID1 0.431 0.738 0.389 0.380 0.260 0.502 

VID2 0.590 0.880 0.714 0.613 0.495 0.570 

VID3 0.467 0.876 0.536 0.558 0.438 0.534 

REL1 0.426 0.534 0.865 0.599 0.554 0.471 

REL2 0.393 0.633 0.912 0.597 0.445 0.477 

REL3 0.454 0.655 0.907 0.625 0.502 0.527 

IMM1 0.399 0.441 0.459 0.747 0.570 0.489 

IMM2 0.416 0.562 0.733 0.762 0.617 0.496 

IMM3 0.490 0.506 0.512 0.811 0.504 0.617 

IMM4 0.468 0.443 0.363 0.758 0.530 0.601 

INV1 0.437 0.386 0.446 0.631 0.808 0.562 

INV2 0.252 0.334 0.381 0.548 0.823 0.506 

INV3 0.381 0.483 0.534 0.573 0.812 0.475 

VII1 0.575 0.507 0.400 0.552 0.428 0.736 

VII2 0.546 0.505 0.365 0.531 0.515 0.825 

VII3 0.484 0.461 0.354 0.536 0.523 0.803 

VII4 0.496 0.538 0.431 0.585 0.486 0.810 

VII5 0.517 0.435 0.332 0.508 0.416 0.764 

VII6 0.425 0.538 0.468 0.613 0.470 0.779 

VII7 0.548 0.657 0.555 0.593 0.481 0.756 

VII8 0.504 0.535 0.422 0.530 0.419 0.749 

VII9 0.283 0.334 0.416 0.485 0.503 0.705 

VII10 0.308 0.443 0.539 0.509 0.500 0.712 

VII11 0.459 0.496 0.395 0.593 0.544 0.856 

VII12 0.396 0.463 0.415 0.579 0.566 0.761 
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Table 5.3 Correlations of Constructs 

Items 
Interactivity 

(INT) 

Vividness 

(VID) 

Realism 

(REL) 

Immersion 

(IMM) 

Involvement 

(INV) 

Visit Intention 

(VII) 

Interactivity 0.7878 
     

Vividness 0.60143 0.83377 
    

Realism 0.47561 0.67828 0.89487 
   

Immersion 0.57644 0.63704 0.67928 0.77004 
  

Involvement 0.44496 0.49613 0.56111 0.71996 0.81441 
 

Visit Intention 0.59807 0.6404 0.55044 0.71604 0.6331 0.77257 

Note: The shaded diagonal values are the square roots of AVE. 

5.2 Structure Model Analysis 

 According to Hair’s suggestion, a bootstrapping approach is used with 5000 

samples created for estimating path coefficients (Hair, 2013). We first calculated the 

path coefficients of all the models. Table 5.4 lists all the path coefficients of Model 

0, Model 1, Model 2, and Model 3. In Model 0, which disregards the relic types, all 

the path coefficients are significant. Figure 5.1 shows the path coefficient analysis of 

Model 0. The result shows that all the hypotheses are supported, including H1a, H1b, 

H2a, H2b, H3a, H3b, H4, and H5. We then used the differenced R2 between the 

models to compute the f2 statistics and Pseudo F-value statistics to explore the 

relationship between Model 0, and Model 1, Model 2, and Model 3. Model 0 is our 

basic model, which does not consider the relic types. Model 1, Model 2, and Model 

3 focus on specific types of relics. Model 1 focuses on artifacts; Model 2 is for 

paintings, and Model 3 is for calligraphies. The results are presented in Table 5.4. 
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Table 5.4 Testing of hypotheses 

Dependent Variable: Immersion 

Independent 

Variable 
Model 0 Model 1 Model 2 Model 3 

Interactivity (H1a) 
0.258 

(5.687***) 

0.289 

(3.823***) 

0.144 

(1.722*) 

0.184 

(2.137**) 

Vividness (H2a) 
0.193 

(3.788***) 

0.24 

(2.359**) 

0.206 

(2.315***) 

0.185 

(1.981**) 

Realism (H3a) 
0.426 

(8.328***) 

0.37 

(3.463***) 

0.482 

(5.801***) 

0.48 

(5.727***) 

R2 0.561 0.572 0.535 0.563 

Differenced R2  0.011 (0.025) 0.002 

f2  0.026 (0.055) 0.006 

Pseudo F-value  2.913* (6.238) *** 0.633 

Dependent Variable: Involvement 

Independent 

Variable 
Model 0 Model 1 Model 2 Model 3 

Interactivity (H1b) 
0.188 

(2.971***) 

0.223 

(2.131**) 

0.18 

(1.444) 

0.151 

(1.370) 

Vividness (H2b) 
0.117 

(1.654*) 

0.034 

(0.262) 

0.109 

(0.844) 

0.208 

(1.779**) 

Realism (H3b) 
0.392 

(6.310***) 

0.421 

(3.529***) 

0.397 

(3.867***) 

0.355 

(3.441***) 

R2 0.362 0.335 0.357 0.394 

Differenced R2  (0.027) (0.005) 0.032 

f2  (0.04) (0.007) 0.052 

Pseudo F-value  (4.56) ** (0.826) 5.969*** 

Dependent Variable: Visit Intention 

Independent 

Variable 
Model 0 Model 1 Model 2 Model 3 

Immersion (H4) 
0.54 

(9.728***) 

0.462 

(5.238***) 

0.578 

(5.641***) 

0.494 

(4.733***) 

Involvement (H5) 
0.244 

(4.156***) 

0.315 

(3.511***) 

0.183 

(1.691*) 

0.307 

(2.925***) 

R2 0.541 0.524 0.520 0.557 

Differenced R2  (0.017) (0.021) 0.016 

f2  (0.037) (0.044) 0.036 

Pseudo F-value  (4.206) *** (5.082) ** 4.083*** 

Note: *p<0.1; **p<0.05; ***p<0.01 
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Chapter 6: Discussion 

6.1 Discussion 

 We first focus on the stimulus part of immersion. Based on the results of the 

analysis, 56.1% of immersion can be explained by design features (interactivity, 

vividness, realism) in Model 0. Then, we take the relic types into account. All the 

path coefficients of Model 1, Model 2, and Model 3 are significant (57.2%, 53.5%, 

and 56.3%, respectively) and can be explained by design features. According to the 

Pseudo F-value statistics, Model 3 is not significantly different from Model 0, 

Model 1 is significantly better than Model 0, and Model 2 is significantly worse than 

Model 0. Overall, the R2 of Model 1 (artifacts) is the best of all the models. In the 

NPM’s VR, the design of the artifact (jade cabbage) is more interactive and vivid 

than the others. There are many more available interactions and viewpoints from 

which visitors can carefully examine the relic than for the other two relic types (i.e., 

painting and ancient calligraphy). The performance of Model 2 (paintings) is 

relatively weak. In NPM’s VR, the painting of one-hundred horses is full-screen 

around the visitor but outside the painting visitor can only see black. The edge of the 

painting is not clear too.  

 Comparing the immersion, the R2 of involvement is lower. In our basic 

model (Model 0), 36.2% of the involvement can be explained by design features and 

the relationship between design features and involvement is positively significant. 

The R2 of involvement for Models 1, 2, and 3 are 33.5%, 35.7%, and 39.4%, 

respectively. Based on the Pseudo F-value statistics, Model 2 is not significantly 

different from Model 0, Model 1 is significantly worse than Model 0, and Model 3 is 

significantly better than Model 0. Surprisingly, the R2 value of Model 3 

(calligraphies) is the best of all the models. With respect to the calligraphies in 

NPM’s VR, the level of interactivity, vividness, and realism are not the most 

prominent, and are actually the lowest. Conversely, the R2 of Model 1 (artifacts) is 

the lowest. However, the hypotheses of H2a, H2b, and H2c are not all significant in 

Model 1, Model 2, and Model 3. The paths of interactivity to involvement in Model 

2 and Model 3 are not significant. The paths of vividness to involvement in Model 1 

and Model 2 are not significant. Figures 6.1, 6.2, and 6.3 demonstrate the path 
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coefficient variance for different relic types. Next, we provide some suggestions for 

these different situations. 

Table 6.1 Comparison of mean and standard deviation through models 

Dependent Variable: Immersion 

Independent Variable Model 0 Model 1 Model 2 Model 3 

Interactivity 0.259 (0.045) 0.294 (0.076) 0.153 (0.084) 0.194 (0.086) 

Vividness 0.195 (0.051) 0.24 (0.102) 0.209 (0.089) 0.186 (0.094) 

Realism 0.424 (0.051) 0.37 (0.107) 0.477 (0.083) 0.474 (0.084) 

Dependent Variable: Involvement 

Independent Variable Model 0 Model 1 Model 2 Model 3 

Interactivity 0.189 (0.063) 0.226 (0.104) 0.19 (0.125) 0.158 (0.11) 

Vividness 0.115 (0.071) 0.028 (0.128) 0.102 (0.129) 0.204 (0.117) 

Realism 0.394 (0.062) 0.425 (0.119) 0.403 (0.103) 0.359 (0.103) 

Dependent Variable: Visit Intention 

Independent Variable Model 0 Model 1 Model 2 Model 3 

Immersion 0.542 (0.056) 0.472 (0.088) 0.578 (0.103) 0.5 (0.104) 

Involvement 0.243 (0.059) 0.311 (0.09) 0.189 (0.108) 0.308 (0.105) 

Note: the number is represented as mean (standard deviation) 

 The definitions of involvement concentrated on visitors taking the initiative 

to pay attention to the relics (Witmer & Singer, 1998). In other words, involvement 

emphasizes that the visitors need to take initiative to join. There are not many 

descriptions or words on the artifacts and paintings. The visitors did not have to read 

or pay other attention and still can appreciate on them. While admiring the jade 

cabbage in the NPM’s VR, visitors only need to grab it up intuitively and listen to 

voice introduction passively. While watching the painting of one-hundred horses in 

NPM’s VR, visitors can look at the painting in more detail than in the real world but 

still do not need to pay much attention to it. That is a choice. Overall, they can be 
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immersed in the virtual environment but do not need to get involved in. Therefore, 

the design features (interactivity, vividness, and realism) lead to higher levels of 

immersion than to involvement. 

 In the artifact type of relics (Model 1), the relationship between vividness 

and involvement is not significant and thus the hypothesis of H2b is rejected (see 

Figure 6.1). Vividness refers to the sensory richness of the VR, e.g., the high 

resolution of pictures or the stereo or surrounded sound voice guidance. If the jade 

cabbage originally cannot arouse visitors’ interest, no matter how many the 

viewpoints they can see, it will not affect visitors’ involvement. There is also a 

probable reason that the artifacts, unlike the calligraphy, do not need much visitors’ 

effort to appreciate on them. It will more attract visitors and even make them willing 

to get involved if there are more actions by which the visitors can interact with the 

jade cabbage, which they may never have thought of, or if it behaves just as in the 

real environment. Thus, visitors will not be more involved or focused on the artifacts 

in the exhibition VR when increasing the level of vividness. Therefore, we suggest 

that enhancing the level of interactivity and realism is much more effective to 

improve the visitors’ experience and will lead to better visit intention. 

 In the painting type of relics (Model 2), H2a and H2b are rejected (see 

Figure 6.2). As with artifacts, vividness does not affect the involvement. If a visitor 

does not have interest in the painting while standing in front of and admiring it in 

exhibition VR, increasing the level of vividness will not push them to be involved. A 

visitor might just see the painting but not pay attention on it, even in a highly vivid 

VR exhibition. In the painting type of relics, the level of interactivity does not affect 

the involvement. Unlike the artifacts, the paintings cannot be grabbed up and the 

actions by which visitors can interact with the paintings are fewer. In NPM’s VR, 

the visitor only can zoom in the painting and examine it more closely than in the real 

world. The visitor cannot do anything but see it. Owing to the limitation of relic type 

and original design in NPM’s VR, whether visitors are involved in paintings or not 

is not influenced by interactivity. It does not mean that interactivity really does not 

impact on the involvement in paintings. There should be more possibility to let the 

visitor interact with the paintings. For example, the visitor could be allowed to really 

get into the paining or even pick a leaf from a tree in the painting. However, for the 

NPM’s VR, we found that involvement is only influenced by realism, and can be 
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35.7% explained by realism. This shows that the realism is a prominent factor 

affecting the level of involvement. Therefore, when deciding the design features 

(interactivity, vividness, and realism) of painting type of relics in exhibition VR, 

realism is the factor most worthy of investment. 

 In the calligraphy type of relics (Model 3), H2a is rejected. (see Figure 6.3). 

The level of interactivity does not affect the involvement in the calligraphy type of 

relics. Only the vividness and realism contribute to involvement. Similar to the 

painting type of relics, the calligraphy type may not be picked up or turned around. 

The interactions by which visitors can interact with the calligraphy in the NPM’s 

VR are fewer. In NPM’s VR, the calligraphy can float in front of the eyes rather 

than be put it in a glass cabinet in the real world. Owing to the limitation of relic 

type and original design in NPM’s VR, the relationship between interactivity and 

involvement is not found but it still cannot be proven that interactivity really does 

not affect the level of involvement. The interactivity is still a potential factor. When 

designing the calligraphy type of relics, we should consider many more possibilities 

of interacting but not losing the spirit of calligraphy. For the NPM’s VR, when 

admiring the calligraphy, the level of interactivity will not affect the level of 

involvement. Thus, we suggest that for the calligraphy type of relics, it should first 

focus on increasing the level of vividness and realism for improving the level of 

involvement.  

 

Figure 6.1 Path analysis of basic model 
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Figure 6.2 Path analysis of Model 1 

 

Figure 6.3 Path analysis of Model 2 

 

Figure 6.4 Path analysis of Model 3  
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6.2 The result of findings  

6.2.1 Design features to immersion of VR experience 

 In our basic model, which disregards the relic types, immersion can be 

56.1% explained by design features. This result also proves that interactivity, 

vividness, and realism have a positive impact on immersion. 

 Compared to the other models, Model 3 is not significantly different from 

Model 0. The performance of Model 1 is relatively better and that of Model 2 is 

relatively poorer. This proves that relic types will affect the level of immersion. 

Owing to the feature of artifacts, visitors can grab them up and examine them from 

many more angles. Therefore, Model 1 (artifacts) has a better performance in 

immersion level. The performance of Model 2 (paintings) is relatively poorer. 

Compared to the artifact relics, the design of the painting relic is limited in the VE. 

Thus, creating a VE that can let the visitors unconsciously immerse in is difficult. 

Therefore, the performance of immersion in Model 2 is relatively worse. 

6.2.2 Design features to involvement of VR experience 

 In our basic model, regardless of the relic types, involvement can be 36.2 % 

as explained by design features. All the design features (interactivity, vividness, and 

realism) have a positive relationship with involvement. 

 Comparing the other models, Model 2 is not significantly different from 

Model 0. Model 1 is significantly worse than Model 0 and Model 3 is significantly 

better than Model 0. The paths of interactivity to involvement in Model 2 and Model 

3 are not significant. The paths of vividness to involvement in Model 1 and Model 2 

are not significant (see Figure 6.1, 6.2 and 6.3). Next, we provide some results for 

each relic type. 

 In the artifact type of relics (Model 1), a relationship between vividness and 

involvement is not found. If a visitor originally is not interested in the jade cabbage, 

despite increasing the level of vividness (e.g., broadcasting the voice introduction), 

the visitor still can choose to ignore it. The visitor may look at the jade cabbage or 

listen to the voice guidance in the VR exhibition to feel they are really joining the 

exhibition without paying attention to it. This is high immersion and low 
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involvement. Hence, the involvement will not be affected by the level of vividness, 

but rather by interactivity and realism. Therefore, we suggest that enhancing the 

level of interactivity and realism is much more effective to achieve better 

involvement, which will lead to better visit intention. 

 In the painting type of relics (Model 2), the relationship between vividness 

and involvement is not found. Additionally, there is no relationship between 

interactivity and involvement. If a visitor is not interested in the painting while 

standing in front of and admiring it in a VR exhibition, increasing the level of 

vividness will not push them to get involved. A visitor might just see the painting 

but not paying attention to it, even in a highly vivid VR exhibition. The level of 

interactivity also does not affect the involvement. Unlike the artifacts, the 

characteristics of the paintings and calligraphies are such that they cannot be 

grabbed up. The interactions are limited. Therefore, considering the possibilities of 

interactions between paintings or calligraphies is important for future work. The 

involvement can be 35.7% explained by realism. Therefore, we find that when 

choosing the design features (interactivity, vividness, and realism) of the painting 

type of relics to improve the level of involvement in exhibition VR, realism is the 

factor most worthy of investment. 

 In the calligraphy type of relics (Model 3), H2a is rejected. (see Figure 6.3). 

Similar to the painting type of relics, the relationship between interactivity and 

involvement is not found. Owing to the limitation of relic type and the original 

design in NPM’s VR, we cannot really be sure that the level of interactivity is not 

important to enhance the visitors’ involvement. We should consider many more 

possibilities of interaction without losing the spirit of calligraphy. However, the 

vividness and realism all contribute to the involvement. Apart from trying to create 

many more interaction possibilities, increasing the level of vividness and realism are 

also feasible to improve the involvement. 

 From the comparison of models, we also found that the results can be 

mapped to the real world. Compare the two situations: visit a VR museum exhibition 

and visit a real museum. The visitors were limited to admire the jade cabbage. They 

should stand away from the showcase of the jade cabbage. In the VR, the level of 

vividness is enough to let visitors know that was the jade cabbage; the visitors would 
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not care about how clearly it appeared but merely that they had the chance to 

interact with it. Therefore, for the jade cabbage, the level of vividness is not 

important but the interactivity is important, which agree with the results of the 

analysis. Additionally, in the situation of visiting a real museum exhibition, the 

visitors were not expected to interact with the calligraphies; they need to maintain a 

distance from the showcase, and thus they usually cannot clearly see the calligraphy. 

Therefore, the level of vividness of calligraphy in the VR is the most important 

factor. This also matched the findings. 

6.2.3 VR experience to visit intention 

 In our basic model, which disregards the relic types, 54.1 % of visitors’ visit 

intention can be explained by the VR experience. Immersion and involvement both 

have a positive relationship with visit intention.  

 Compared to the other models, Model 1 and Model 2 are significantly worse 

than Model 0 and Model 3 is significant better than Model 0, based on the results of 

the Pseudo F-value statistics. This means that the relationships between VR 

experience and visit intention are different for the different relic types. The results 

also show that VR experience positively affects the visit intention in all the models. 

This proves that no matter what type of relic, the level of both immersion and 

involvement have an impact on the visitors’ visit intention. Therefore, strengthening 

the VR experience (immersion, involvement) will lead to better performance of 

enhancing the visit intention in the museum VR exhibition for in any relic type. 

6.2.4 The lists of findings 

 Based on the descriptions above, we list the findings as follow: 

 Without regard to relic type (Model 0), all of the paths are significant. The 

design features (interactivity, vividness, realism) will affect the VR experience 

and the VR experience will impact on visitors’ visit intention. 

 The explanatory power of the design features for immersion is better than for 

involvement. 
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 Comparing the relic types (Model 1, Model 2, and Model 3), all of the design 

features (interactivity, vividness, and realism) will impact the immersion level 

for all relic types. 

 Comparing the relic types, the relationship between vividness and involvement 

for painting and artifact types of relics was not found. Only for the calligraphy 

type of relics, the vividness will impact on the involvement level.  

 Comparing the relic types, there was not found the relationship between 

interactivity and involvement for painting and calligraphy type of relics. Only 

for the artifact type of relics, the interactivity will impact on the involvement 

level. 

 We provide some suggestions according to the analysis results for designing 

the museum VR exhibition for different relic types: 

 Artifacts：All of the design features will affect the immersion level and 

only vividness does not affect the involvement level. Therefore, we 

suggest that maintaining the general vividness level and enhancing the 

level of interactivity and realism is much more effective to have better 

involvement and will lead to better visit intention. 

 Paintings：All of the design features will affect the immersion level and 

only realism contributes to the involvement level. Thus, when choosing 

the design features of painting type of relics to improve the involvement 

level, realism is the factor most worthy of investment. Moreover, the 

interactions between visitors and painting type of relic in the NPM's VR 

are limited. It is suggested to consider many more interactions between 

paintings and visitors in the future. 

 Calligraphies：All of the design features will affect the immersion level 

and only interactivity does not affect the involvement level. Additionally, 

the interactions are limited in the NPM's VR. Apart from trying to create 

many more interaction possibilities, increasing the level of vividness and 

realism are also feasible for improving the involvement level. 
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 VR experience positively affects the visit intention in all the models. Thus, 

strengthening the VR experience (immersion, involvement) will lead to better 

performance of enhancing the visit intention in the museum VR exhibition for 

any relic type.  
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Chapter 7: Conclusion 

 In this study, we focus on the impact of VR system design features on the 

VR experience. The results of Model 0 prove that the design features are all 

significantly related to the VR experience and the VR experience will affect the 

visitors’ visit intention. Thus, we can improve the quality of design features when 

designing a museum VR exhibition. For example, we could improve the vividness 

by means of increasing the picture quality or maintaining the realness when 

modeling objects. 

 Furthermore, we compare the VR effects across different kinds of relics. 

Each relic has its own features. According to our research framework (S–O–R 

framework), we create four models. Model 0 does not consider the differences 

among relics, Model 1 focuses on artifacts, Model 2 focuses on paintings, and 

Model 3 focuses on calligraphies. The present findings could be a reference to 

understand how to enhance the VR effects through relic types. For the artifact relics, 

we suggest making good use of its stereo feature to increase the level of interactivity 

and maintain the realness of the artifacts. For the painting relics, we suggest that the 

design should concentrate more on realism. For the calligraphy relics, we suggest 

enhancing the level of vividness and realism. These findings show that the concerns 

are different for different types of relics. The artifacts are stereo and the 

calligraphies are flat. Accordingly, the design features of the VR museum exhibition 

should be different. 

 The results of the findings are based on the NPM’s first VR exhibition. The 

VR technology used was relatively basic. There will be more advanced VR 

exhibitions in the near future. It is necessary to compare different exhibition VR 

systems or even additional relic types to verify the model. 

  



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 43 

References 

1. Burcaw, G. E. (1997). Introduction to museum work. Rowman Altamira. 

2. Buxbaum, O. (2016). Mental Processes Are Neuro-mental Processes. In Key 

Insights into Basic Mechanisms of Mental Activity (pp. 11-31). Springer 

International Publishing. 

3. Bohil, C. J., Alicea, B., & Biocca, F. A. (2011). Virtual reality in neuroscience 

research and therapy. Nature Reviews. Neuroscience, 12(12), 752. 

4. Chou, Cindy H. (2007) Legal protection and art licensing of cultural creative 

industries in Taiwan-case study on national palace museum (Master’s thesis, 

National Cheng Chi University, Taipei). 

5. Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with 

unobservable variables and measurement error. Journal of marketing research, 

39-50. 

6. Freeman, J., Avons, S. E., Meddis, R., Pearson, D. E., & IJsselsteijn, W. (2000). 

Using behavioral realism to estimate presence: A study of the utility of postural 

responses to motion stimuli. Presence: Teleoperators and virtual 

environments, 9(2), 149-164. 

7. Glynn, M. A., Bhattacharya, C. B., & Rao, H. (1996). Art museum membership 

and cultural distinction: Relating members' perceptions of prestige to benefit 

usage. Poetics, 24(2-4), 259-274. 

8. Götz, O., Liehr-Gobbers, K., & Krafft, M. (2010). Evaluation of structural 

equation models using the partial least squares (PLS) approach. In Handbook of 

partial least squares (pp. 691-711). Springer Berlin Heidelberg. 

9. Gefen, D., & Straub, D. (2005). A practical guide to factorial validity using 

PLS-Graph: Tutorial and annotated example. Communications of the 

Association for Information systems, 16(1), 5. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 44 

10. Gutierrez-Maldonado, J., Gutierrez-Martinez, O., Loreto, D., Peñaloza, C., & 

Nieto, R. (2010). Presence, involvement and efficacy of a virtual reality 

intervention on pain. Stud. Health Technol. Inform, 154, 97-101. 

11. Heeter, C. (1992). Being there: The subjective experience of presence. Presence: 

Teleoperators & Virtual Environments, 1(2), 262-271. 

12. Herbelin, B., Salomon, R., Serino, A., & Blanke, O. (2016). 5 Neural 

Mechanisms of Bodily Self-Consciousness and the Experience of Presence in 

Virtual Reality. Human Computer Confluence Transforming Human Experience 

Through Symbiotic Technologies, 80. 

13. Hair Jr, J. F., Hult, G. T. M., Ringle, C., & Sarstedt, M. (2016). A primer on 

partial least squares structural equation modeling (PLS-SEM). Sage 

Publications. 

14. Hulland, J. (1999). Use of partial least squares (PLS) in strategic management 

research: A review of four recent studies. Strategic management journal, 195-

204. 

15. International Council of Museums. Museum definition: ICOM. Accessed 

at http://icom.museum/the-vision/museum-definition/ 

16. Jyun Syong, Ciou. (2002). Framework and implementation of an integrated 

digital museum information system (Master’s thesis, National Chi Nan 

University, Nantou). 

17. Jennett, C., Cox, A. L., Cairns, P., Dhoparee, S., Epps, A., Tijs, T., & Walton, A. 

(2008). Measuring and defining the experience of immersion in 

games. International journal of human-computer studies, 66(9), 641-661. 

18. Chou, K. (2010). National Palace Museum 2010 Annual Report. 

19. Kalawsky, R. S. (2000, March). The validity of presence as a reliable human 

performance metric in immersive environments. In proceedings of the Presence 

Workshop'00. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 45 

20. Kang, M., & Gretzel, U. (2012). Perceptions of museum podcast tours: Effects 

of consumer innovativeness, Internet familiarity and podcasting affinity on 

performance expectancies. Tourism Management Perspectives, 4, 155-163. 

21. Li Zheng, Lu. (1998). Preface of museum exhibition [Electronic version]. 

National Museum of Prehistory, 6, 1-6. 

22. Lombard, M., & Ditton, T. (1997). At the heart of it all: The concept of 

presence. Journal of Computer‐Mediated Communication, 3(2), 0-0. 

23. Laurel, B. (1991). Computers as theatre. Reading, MA: Addison-Wesley.  

24. Lombard, M. (2000). Resources for the study of presence: Presence 

explication. Retrieved September, 3, 2000. 

25. MacDonald, G. F., & Alsford, S. (1997). The digital museum. Civilization. ca. 

26. Mehrabian, A., & Russell, J. A. (1974). An approach to environmental 

psychology. the MIT Press. 

27. Naimark, M. (1990). Realness and interactivity. In B. Laurel (Ed.), The Art of 

Human-Computer Interface Design, (pp. 455-459). Reading, MA: Addison-

Wesley. 

28. Numally, J. C. (1978). Psychometric theory. New York: McGraw-Hill (2nd). 

29. North, M., North, S., & Coble, J. (1998). Virtual reality therapy: an effective 

treatment for phobias in virtual environments. Clinical Psychology and 

Neuroscience, IOS Press, Amsterdam. 

30. O'dell, T. (2007). Tourist experiences and academic junctures. Scandinavian 

Journal of Hospitality and Tourism, 7(1), 34-45. 

31. Reeves, B. (1991). Being there: Television as symbolic versus natural 

experience. Unpublished manuscript, Institute for Communication Research, 

Stanford University, Stanford, CA. 

32. Park, D. H., Lee, J., & Han, I. (2007). The effect of on-line consumer reviews on 

consumer purchasing intention: The moderating role of 

involvement. International journal of electronic commerce, 11(4), 125-148. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 46 

33. Rheingold, H. R. (1991). Virtual reality. New York: Summit Books. 

34. Regenbrecht, H. T., Schubert, T. W., & Friedmann, F. (1998). Measuring the 

sense of presence and its relations to fear of heights in virtual 

environments. International Journal of Human-Computer Interaction, 10(3), 

233-249. 

35. Steuer, J. (1992). Defining virtual reality: Dimensions determining 

telepresence. Journal of communication, 42(4), 73-93. 

36. Schuemie, M. J., Van Der Straaten, P., Krijn, M., & Van Der Mast, C. A. (2001). 

Research on presence in virtual reality: A survey. CyberPsychology & 

Behavior, 4(2), 183-201. 

37. Slater, M., & Wilbur, S. (1997). A framework for immersive virtual 

environments (FIVE): Speculations on the role of presence in virtual 

environments. Presence: Teleoperators and virtual environments, 6(6), 603-616. 

38. Sheridan, T. B. (1992). Musings on telepresence and virtual presence. Presence: 

Teleoperators & Virtual Environments, 1(1), 120-126. 

39. Slater, M., Lotto, B., Arnold, M. M., & Sanchez-Vives, M. V. (2009). How we 

experience immersive virtual environments: the concept of presence and its 

measurement. Anuario de psicología, 40(2). 

40. Stamboulis, Y., & Skayannis, P. (2003). Innovation strategies and technology 

for experience-based tourism. Tourism management, 24(1), 35-43. 

41. Smith, J. K., & Wolf, L. F. (1996). Museum visitor preferences and intentions in 

constructing aesthetic experience. Poetics, 24(2-4), 219-238. 

42. Slater, M., Sadagic, A., Usoh, M., & Schroeder, R. (2000). Small-group 

behavior in a virtual and real environment: A comparative study. Presence: 

Teleoperators and virtual environments, 9(1), 37-51. 

43. Steed, A., Slater, M., Sadagic, A., Bullock, A., & Tromp, J. (1999, March). 

Leadership and collaboration in shared virtual environments. In Virtual Reality, 

1999. Proceedings., IEEE (pp. 112-115). IEEE. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 47 

44. Tsapatori, M. (2003). ORION Research Roadmap for the European 

archaeological museums’ sector (Final Edition). June 2003. 

45. Virtual reality. (n.d.). Dictionary.com Unabridged. Retrieved August 10, 2017 

from Dictionary.com website http://www.dictionary.com/browse/virtual-reality 

46. Visitor Figures 2015: Exhibition & Museum Attendance Survey (2016, April). 

London: The Art Newspaper. Special Report, No. 278. Retrieved from 

http://www.museus.gov.br/wp-content/uploads/2016/04/Visitor-Figures-2015-

LO.pdf 

47. Vermeir, I., & Verbeke, W. (2006). Sustainable food consumption: Exploring 

the consumer “attitude–behavioral intention” gap. Journal of Agricultural and 

Environmental ethics, 19(2), 169-194. 

48. Witmer, B. G., & Singer, M. J. (1998). Measuring presence in virtual 

environments: A presence questionnaire. Presence: Teleoperators and virtual 

environments, 7(3), 225-240.  

49. Welch, R. B., Blackmon, T. T., Liu, A., Mellers, B. A., & Stark, L. W. (1996). 

The effects of pictorial realism, delay of visual feedback, and observer 

interactivity on the subjective sense of presence. Presence: Teleoperators & 

Virtual Environments, 5(3), 263-273. 

50. Wojciechowski, R., Walczak, K., White, M., & Cellary, W. (2004, April). 

Building virtual and augmented reality museum exhibitions. In Proceedings of 

the ninth international conference on 3D Web technology (pp. 135-144). ACM. 

51. Witmer, B. G., Jerome, C. J., & Singer, M. J. (2005). The factor structure of the 

presence questionnaire. Presence: Teleoperators and 

VirtualEnvironments, 14(3), 298-312. 

52. Welch, R. B. (1999). How can we determine if the sense of presence affects task 

performance? Presence: Teleoperators and Virtual Environments, 8(5), 574-577. 

53. Zeltzer, D. (1992). Autonomy, interaction, and presence. Presence: 

Teleoperators & Virtual Environments, 1(1), 127-132. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 48 

54. Zhang, H., Lu, Y., Wang, B., & Wu, S. (2015). The impacts of technological 

environments and co-creation experiences on customer 

participation. Information & Management, 52(4), 468-482. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 49 

Appendix A 

Questionnaire in English version 

 With regard to the experiences of NPM’s VR, please indicate your level of 

agreement for each relic types (jade cabbage, painting of one-hundred horses and 

two calligraphies) with the following statements on the scale of 1 (strongly agree) to 

7 (strongly disagree). 

Interactivity 

No Measurement items 

1 I thought I had a lot of control over the relic. 

2 I could admire the relic at will. 

3 I could appreciate the relic naturally in virtual environment. 

4 I could appreciate the relic intuitively in virtual environment. 

5 
I thought the operating design of the relic in the virtual environment was 

reasonable. 

Vividness 

No Measurement items 

6 I could observe the relic from many viewpoints. 

7 The voice guidance of the relic was clear. 

8 I can fully brose the relic. 

Realism 

No Measurement items 

9 I would forget the relic was virtual sometimes when I was experiencing the relic. 

10 I thought I was admiring the relic in the museum. 

11 I enjoyed the relic in the virtual environment as natural as in the real world. 

Immersion 

No Measurement items 

12 I blocked out things around me when I admired the relic. 
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13 
After the experienced the relic, I could not believe that was just a virtual relic for 

a moment. 

14 Appreciating with the relic in VR will arouse my curiosity. 

15 I focused on appreciating the relic. 

Involvement 

No Measurement items 

16 I lost track of time during the experience of admiring the relic. 

17 
I thought I was a visitor who attended a museum exhibition rather than a subject 

in the experiment. 

18 
I thought I was really admiring the relic rather than controlling an object by 

using a controller. 

Visit intention 

No Measurement items 

19 I thought the relic in NPM’VR attracts me. 

20 I thought the relic experience in NPM’s VR is worth for me. 

21 I thought the relic experience in NPM’s VR is meaningful. 

22 I would recommend my friends and family to experience relics in NPM’s VR. 

23 I thought the process of relic experience in NPM’s VR is interesting. 

24 The VR experience makes me like the relic more. 

25 I thought the relic in VR makes people pleasing. 

26 I thought VR is a good way to present the relic. 

27 
After experiencing VR, I would like to go to NPM to see the exhibition 

associated with the relic. 

28 
After experiencing VR, I would like to pay attention to the exhibition that 

related to the relic. 

29 After experiencing VR, I enjoyed this experience. 

30 After experiencing VR, I would like to continue appreciating the relic. 
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Appendix B 

Questionnaire in Chinese version 

 


