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Abstract: This study delves into the concept of “infinity” within head-mounted display (HMD) virtual reality 
(VR) exhibitions. In this study, “infinity” is defined as an endless space and a boundless scope of virtual 
experience and interactions. We investigate how this expansive interpretation creates a unique and special 
exhibition experience that distinguishes virtual exhibitions from physical exhibitions. To this end, the study 
examines the effects of the spatial and participatory characteristics of virtual exhibitions on immersion, 
cybersickness, completion time, and interaction time. The experiment was conducted through surveys, 
behavioral observations, and interviews. The results showed that infinity of spatial characteristics increased 
participants’ immersion. While participatory characteristics had no direct effect on immersion, there was a 
significant interaction between spatial and participatory characteristics. The 3D (space) surrounded by walls 
and create (participation), which allows participants to create their own exhibits, was the only combination 
that decreased immersion and increased cybersickness. The combination with the highest immersion was 
“3D infinite (space)” and “change (participation),” indicating that a design that allows users to interact with 
the exhibition in an infinite space is useful for promoting immersion in virtual exhibitions. Adjusting the 
proportion of spatial and participatory characteristics according to the purpose of the exhibition is 
recommended since infinity of spatial characteristics increases interaction time and infinity of participatory 
characteristics significantly increases completion time. The results of this study have practical implications 
for organizations developing virtual exhibitions and shed light on the value of infinity-based virtual 
exhibitions and the specific elements that make them possible. 

Keywords: Virtual Exhibition, Infinity, Immersion, Cybersickness, Spatial Characteristics, Participatory 
Characteristics 

Introduction 

Exhibitions that create a sense of immersion for visitors are a long-standing aspiration and 

goal of artists, curators, and researchers (Bartlem 2005). In response to visitor demand for 

engaging and heartwarming content, virtual exhibitions employ various digital technologies 

such as videos, projection, augmented reality (AR), and virtual reality (VR) to provide high 

levels of immersion. Interactions with users and participatory elements that allow users to 

engage deeply with the narrative of the virtual exhibition have become an integral part of 

modern exhibition design (Park and Seong 2018). 
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Virtual exhibitions are particularly emphasized as an important means of bridging 

educational and cultural gaps by overcoming the spatial constraints of physical exhibitions 

(Marty 2011). For example, virtual exhibitions combine AR and VR experiences utilizing 

mobile devices and head-mounted display (HMD) devices in traditional offline exhibitions, 

providing visitors with expanded information and sensory experiences that are not typically 

accessible. For instance, the Smithsonian National Museum of Natural History in 

Washington, D.C. introduced AR technology in their “Skin & Bones” exhibition experience 

(Billock 2017). Visitors could closely explore additional information and normally invisible 

details through their smartphone or tablet. Furthermore, the Louvre, in Paris, France, 

partnered with HTC Vive Arts to create a VR experience of the Mona Lisa. The program, 

called “Mona Lisa: Beyond the Glass,” provides an experience that uses HMDs to provide 

details not visible to the naked eye (Antunes 2021). HMDs provide a multi-sensory experience 

due to complete isolation from the outside world, resulting in high immersion and 

engagement. These technologies can complement the existing exhibition space without 

additional devices or replace existing exhibitions using the web or VR applications. The 

“Immersive Van Gogh Exhibit” by Lighthouse Immersive projected Vincent Van Gogh’s 
artworks onto a large screen, extending the viewer’s experience without the need for a mobile 

device or VR headset. Visitors could enjoy a 360-degree view of Van Gogh’s work as it moved 

in response to piano music (Chen 2023). Similarly, other approaches that only utilize digital 

platforms are increasing. The British Museum, in London, England, digitized its collection 

for easy online access, and the Guggenheim Museum in New York, United States, used 

Google’s street view to digitize its artwork, thereby establishing an online virtual museum 

that anyone can access without restrictions of time and space (Romano 2022). 

Virtual exhibitions can offer rich content and a freedom that physical exhibitions alone 

cannot provide, and interactive technology can encourage visitors to engage proactively with 

the exhibition (Seok 2019). Therefore, the type of work displayed in a virtual space has more 

freedom of space and content than virtual exhibitions based on a real space. However, various 

virtual exhibitions are currently limited in that they provide an experience similar to that of 

traditional physical exhibitions (Park and Kim 2020) as they replicate the physical space and 

are presented through traditional curation methods. Although usability issues in virtual 

environments have been emphasized, attempts to explore the possibilities of VR and build 

free-form content to provide a distinct experience have been found to be insufficient (Barbieri, 

Bruno, and Muzzupappa 2017). Given that virtual exhibitions can create unique 

environments that maximize the possibilities of the medium rather than replicating physical 

spaces, further research is needed to develop and implement design elements to enhance the 

quality of the virtual exhibition experience and provide a memorable experience for visitors. 

In the design of virtual exhibitions, factors such as spatial design, interactive elements, 

interface and navigation tools, content, and technical quality are crucial, as noted by 

Schweibenz (1998), Mortara et al. (2014), and Wojciechowski et al. (2004). Unlike physical 
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exhibitions, virtual ones are not confined by physical space constraints and typically offer 

greater interactivity, enhancing visitors’ connection with the exhibition. Our study delves 

into the concept of “infinity” as a distinguishing feature of virtual over physical exhibitions, 

emphasizing the unique possibilities for showcasing works in a virtual space. This concept 

challenges the traditional notion of infinite physical space. In the domain of HMD VR, 

“infinity” is redefined as endless opportunities for the creation and immersive exploration of 

virtual environments. Moreover, Benyon (2022) notes that VR, as a digital space, is intangible 

but infinitely transmittable and transformable, covering unlimited spatial dimensions and 

the vast potential for user interaction and engagement within these spaces, a perspective 

deeply rooted in VR’s fundamental elements of virtual space and interaction. 

Furthermore, the concept of infinity transcends the boundaries of physical reality and 

stimulates visitors’ imagination, which in turn enhances immersion in virtual exhibitions, as 

suggested by Ahn (2015). This study explores the broader interpretation of infinity within the 

context of HMD VR and its impact on immersion in virtual exhibitions. We conduct an 

empirical analysis to better understand the application of this concept. Specifically, we 

examine the effects of applying infinity to the “spatial” and “participatory” elements of virtual 

exhibitions, aiming to propose a new paradigm for virtual participatory exhibitions. 

The research methodology comprised three phases. First, the unique characteristics of 

virtual exhibitions were derived, and a research hypothesis was formulated through a 

theoretical review of VR, virtual exhibitions, and immersion. Second, an experimental 

framework and stimuli were created to analyze the effects of spatial and participatory 

characteristics on immersion and cybersickness. Finally, the impact of these characteristics 

on immersion was analyzed through surveys, behavioral observations, and interviews. 

Theoretical Background 

Virtual Reality 

VR is a technological innovation that allows users to experience immersion while interacting 

with a virtual environment. The characteristics of VR can be described as follows: First, the 

environment is completely three-dimensional, and users can enjoy a high degree of autonomy 

in their interactions (Martinet, Casiez, and Grisoni 2010). Second, the information provided 

in VR allows users to access and process a variety of data through all sensory input (Steuer 

1992). Finally, VR blocks external stimuli and provides a fully immersive experience for the 

user (Lindeman, Sibert, and Hahn 1999). Therefore, immersion and interaction are among 

the defining characteristics of VR (Sherman and Craig 2018; Jeon 2017). 

Burdea and Coiffet (2003) also emphasized “imagination” as a third “I” of the “VR 

triangle: interaction, immersion, and imagination,” defining imagination as the ability to 

perceive things that do not exist, and it is an artistic and creative realm that implies endless 

possibilities for VR. Furthermore, in VR, one can create worlds where physical laws no longer 
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exist and go beyond the scope of physical reality through imagination (Huo and Zhang 2021). 

As Xu and Xiao (2020) argue, the ability to construct a nonexistent virtual situation expands 

the user’s cognitive range, a feature that is markedly absent in physical settings. Similarly, Jha, 

Singh, and Sharma (2019) note that VR generates an imaginative environment for exploring 

the places we have never been to in the real life. In terms of offering the freedom to explore 

new possibilities, imagination is connected deeply to “infinity.” Infinity symbolizes virtual 

environments with infinite possibilities beyond human recognition, established solely 

through imagination (Ahn 2015). As differentiation of virtual exhibitions, infinity through 

imagination plays a determinative role in providing visitors with deeper immersion. In this 

context, this study focuses on the concept of infinity to explore how it can be applied 

effectively to virtual exhibition design and what value it can create. Moreover, infinity is 

expected to offer a new experience that goes beyond physical reality and contribute to 

creating an environment where virtual exhibitions create a rich and engaging experience. 

Virtual Exhibitions 

The virtual exhibition area can be categorized into two main types: the representation of a 

specific time and place of a physical exhibition and the creation of distinct situations and 

experiences (Gilbert 2002). The former prioritizes the reproduction of physical exhibits and 

is currently the focus of research and development efforts, while the latter emphasizes the 

realm of imagination. One of the main challenges of virtual exhibitions that focus on 

reproducing physical exhibits is that it is difficult to differentiate them from physical 

exhibitions. Over-reliance on representation can confine VR within the shadows of the 

physical world, limiting its transformative potential. Unlike physical exhibits that are 

constrained by the laws of physics and material limitations, VR can present environments 

that defy these bounds-enabling designers to craft experiences that extend far beyond the 

mere replication of reality. As highlighted by Li (2021), VR itself has unique capabilities to 

create new art types that are impossible in the real world, thereby offering new forms of 

engagement. The spatial flexibility, multidimensional storytelling capabilities, and sensory 

experiences offered by VR constitute key differentiators from traditional exhibit design 

(Myrivili 2007; Tzortzi 2016). These elements highlight the potential of VR to transcend mere 

replication of physical exhibits, offering a value proposition that extends well beyond 

conventional exhibition paradigms. 

Furthermore, despite advances in technology, it is almost impossible to reproduce the 

synergy created by the atmosphere and spatial harmony of a physical exhibition, which plays 

an important role in the overall appreciation of an exhibit in a physical space (Gu, Kim, and 

Shin 2014). In this context, recognizing that the distinguishing factor that makes a virtual 

exhibition useful is not its physical representation but its intangible values, such as 

imagination, is important. 
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Immersion 

Immersion is a widely used concept in VR and digital gaming. However, immersion is not 

limited to technology-mediated experiences; it is a human state that can also occur naturally 

in nontechnology-mediated environments (Ghani 1995), representing a state of intimate 

engagement and optimal involvement with the environment (Bartlem 2005). Immersion 

can be viewed as a psychological state of being enveloped and included while interacting 

with an environment providing a continuous stream of stimuli and experiences (Witmer 

and Singer 1998). 

Immersion is sometimes described as a gradual psychological process. Brown and Cairns 

(2004) conceptualized immersion as a staged psychological process, proposing a model with 

three stages, namely, participation, immersion, and full immersion. Moreover, Jennett et al. 

(2008) argued that immersion in a gaming environment can be conceptualized as 

engagement, immersion, and full immersion and that immersion is a gradual psychological 

process that triggers an optimal state of “flow” (Csikszentmihalyi 1988) and a sense of 

presence described as “being there” (Heeter 1992). The MIT Enterprise Forum suggests that 

immersion can be increased through mental focus, multi-sensory interactions, and 

immersion configurations (Lee et al. 2016). 

Immersion is also explained through its multidimensional nature. Csikszentmihalyi 

(1988) cited the following as the characteristics of immersion, namely, mental focus on a 

limited set of stimuli, complete immersion resulting in the disappearance of self-

consciousness, dispersion of constraints, the absence of space–time concepts, enhanced 

cognition, and pleasure. Witmer and Singer (1998) divided the characteristics of presence 

into involvement and immersion. Furthermore, Chung and Yang (2012) conducted a study 

on measurement tools to evaluate 3D videos, which they refined into spatial and temporal 

engagement, dynamic immersion, and realistic immersion. The reliability and validity of 

these measures have since been further developed in subsequent studies (Baek and Chung 

2016; Lee and Chung 2019; Nam, Yu, and Shin 2017). 

As this study investigates the impact of infinity on immersion, it focuses on 

multidimensional characteristics rather than stages. Therefore, various criteria were used to 

measure immersion, such as spatial, temporal, dynamic, and realistic immersion and pleasure. 

Characteristics That Affect Immersion 

Immersion in a virtual exhibit is affected by numerous factors, including the size of the 

exhibit and the level of interactivity. In VR, however, the spatial nature of the environment 

affects visual immersion rather than the size of the exhibit as the digital environment allows 

for arbitrary scale changes and shifts in viewing position. Therefore, this study categorized 

spatial characteristics along with participatory characteristics presented in participatory 

exhibitions by proxying the degree of infinity. 
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Spatial Characteristics 

Spatial characteristics are a crucial factor that influences a visitor’s immersion experience in 

an exhibit, representing how the space in which exhibits are provided is used. Studies have 

shown that large screen sizes and viewing angles play an important role in increasing the 

perceived realism and presence of content, which affects immersion (Grabe et al. 1999). In 

addition, studies have found that the size and space utilization of an exhibition directly 

influence the temporal persistence of visitors (Bitgood, Patterson, and Benefield 1988). 

Virtual spaces increase the degree of freedom to design the spatial characteristics of 

exhibits, allowing for infinite size, distance, and viewing perspectives to give visitors more 

ways to experience the exhibits. However, the impact of a broad field of view (FOV) and 

varied perspectives on visitor experience is not completely understood, as highlighted by Tan 

(2004) and Patrick et al. (2000), indicating the need for further research to clarify their roles 

in enhancing visitor engagement and satisfaction. This study uses infinity as a defining 

element of spatial characteristics. First, spatial characteristics can be categorized into 

finiteness and infinity depending on whether the (FOV) is infinite. Second, depending on 

whether the viewing perspective is infinite, the finiteness can be divided into “two-

dimensional space (2D),” which provides only a single perspective, and “three-dimensional 

space (3D),” which provides four perspectives, namely, front, left, right, and bottom. 3D space 

provides more adjustability on the viewing perspective than 2D space. “3D Infinite (space)” 
is a space with no restrictions on viewing perspective and distance (Figure 1). 

Based on research showing that larger exhibits lead to longer viewing times and a higher level 

of immersion (Bitgood, Patterson, and Benefield 1988; Grabe et al. 1999), this study formulated 

two hypotheses for virtual exhibitions. These hypotheses will be tested using completion time or 

the total amount of time participants voluntarily spend exploring the exhibits. 

▪ H1-1: Infinity of spatial characteristics will have a positive (+) impact on immersion.

▪ H1-2: Infinity of spatial characteristics will have a positive (+) impact on the exhibit

completion time.
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Figure 1: Spatial Characteristics according to Infinity 

Participatory Characteristics 

In virtual exhibitions, the interaction of visitors with the exhibit is important along with the 

exhibition space and the exhibits (Park and Seong 2018). Participatory exhibitions focus on 

interaction during the exhibition, where the exhibit is completed through the active 

participation of visitors, and are broadly divided into those in which the artist invites 

participation and those in which the visitors participate in the production (Lee 2019). 

Considering the degree of participation, it can be said that exhibitions where visitors 

participate in the production have a higher degree of participation than exhibitions that invite 

participation, which can be understood as the level of interaction between the system and the 

user in virtual exhibitions. 

In this study, the level of engagement was defined in three ways. Exhibits “View” and 

“Change,” where the user interacts with the exhibit to affect the exhibit itself, and “Create,” where 

the user plays an important role in the creation of the exhibit. Based on the participatory 

characteristics, the following hypotheses were formulated (Figure 2). Interaction time is a measure 

of the amount of time participants spend interacting with the exhibit. 

▪ H2-1: Infinity of participatory characteristics will have a positive (+) impact on

immersion.

▪ H2-2: Infinity of participatory characteristics will have a positive (+) impact on

interaction time.
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Figure 2: Participatory Characteristics according to Infinity 

Cybersickness 

Cybersickness is a common problem that occurs during or after VR participation, where users 

may experience symptoms such as nausea, dizziness, headaches, and fatigue (Caserman et al. 

2021). This can sometimes be caused by a mismatch between movement and visual stimuli 

(Kim and Park 2013; Han and Kim 2011), and despite advances in hardware such as HMDs, 

it remains a problem in VR (Kim and Park 2013; Caserman et al. 2021). According to Chang, 

Kim, and Yoo (2020), a variety of factors such as hardware, contents, and individual 

differences can cause cybersickness. Previous research has shown that content elements such 

as visual flow, graphical realism, frame of reference, duration, content viewing angle, and 

controllability have a significant impact on the immersion experience in VR. 

This study investigates the impact of content factors on immersion in VR environments, 

with a particular focus on the viewing angle and participatory nature of the content. The 

viewing angle of the content refers to the spatial characteristics, which refer to the range of 

the observable world in the VR environment and is closely related to the visual perception of 

space. Previous studies have shown that limiting the FOV can reduce cybersickness; however, 

excessively reducing the FOV can disrupt immersion (Chang, Kim, and Yoo 2020). 

Conversely, a wider viewing angle increases cybersickness but simultaneously enhances 

immersion (Kim and Park 2013; Han and Kim 2011). The participatory characteristics of the 

exhibit are an important factor in the immersion experience. Users tend to experience more 

cybersickness when VR content provides passive observations rather than active 

participation, suggesting that the participatory nature of the content may mitigate 

cybersickness (Chang, Kim, and Yoo 2020). Furthermore, studies have also shown that deeper 

immersion in VR environments can reduce cybersickness (Lee 2019; Weech, Kenny, and 

Barnett-Cowan 2019; Rowland et al. 2022; Jonson et al. 2021; Martingano et al. 2022). 
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Therefore, this study hypothesizes that increasing the infinity of spatial and participatory 

characteristics can provide users with a more immersive experience that reduces 

cybersickness, which, in turn, increases users’ pleasure. 

H3: Increasing the infinity of the spatial and participatory characteristics will enhance 

the immersion experience and reduce cybersickness by providing pleasure to the user. 

Experiments 

Participant Recruitment and Experimental Methods 

A total of sixty participants (twenty-four men and thirty-six women) participated in the study, 

with the following age distribution: 53.33 percent (n = 32), 36.67 percent (n = 22), and 10 

percent (n = 6) of the participants were in their 20s, 30s, and 40s, respectively, with a mean 

age of 31.48 years and a standard deviation of 5.81. While 88.33 percent (n = 53) of the 

participants had previously used a VR device, only 11.67 percent (n = 7) considered 

themselves comfortable with VR. Thus, most participants are novice users with limited VR 

experience. All the participants had normal or corrected-to-normal vision. The participants 

were informed about the purpose and procedures of the study through a prior survey, and 

their consent was obtained. 

This study selected a 3 × 3 mixed factorial design, with participatory characteristics as a 

between-subjects factor and spatial characteristics as a within-subjects factor, where the order 

of exposure across conditions was expected to influence outcomes. The experiment lasted 

approximately forty minutes, during which the participants were randomly assigned to one 

of three different spatial characteristics to control for order effects. The experimental process 

included pre- and post-surveys on cybersickness and immersion, as well as individual 

interviews regarding the overall experience. The main purpose of the experiment was an 

exploratory investigation of how spatial and participant characteristics affect cybersickness 

and immersion. 

Stimuli Production 

The virtual exhibit environment was designed to display abstract content with ascending 

spheres forming a column. The degree of infinity was divided based on spatial and 

participatory characteristics, and the exhibition was defined into three parts—“two-

dimensional space (2D),” “three-dimensional space (3D),” and an open “3D infinite space” 
that extended up to 100 meters from the user. The 2D space provided only one side, while 

the 3D space provided four sides, namely, front, left, right, and bottom. Figure 3 shows how 

the space in the exhibition is organized. 
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Figure 3: Design of Spatial Characteristics 

 

Participatory characteristics comprise three levels—view (participation), change 

(participation), and create (participation). View (participation) is a noninteractive stage, and 

change (participation) has an interaction where the sphere explodes when the user touches it. 

Create (participation) allows the user to create a sphere by flipping their left hand; throwing 

the sphere with their right hand creates a column of spheres that fall away (Figure 4). 

The experimental environment was developed with Unity3D and experienced with 

Oculus Quest 2. The space for the experiment was developed in such a manner that 

participants could walk around freely. 

 

 
Figure 4: Design of Participatory Characteristics 

Data Collection 

The study used a variety of methods to collect data, including quantitative measures such as 

completion time and interaction time, as well as qualitative assessments of immersion and 

cybersickness. Furthermore, cybersickness was measured using the cybersickness questionnaire 
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developed by Kennedy et al. (1993). In addition, in-depth interviews were conducted based on 

behavioral analysis and questionnaire responses. The immersion questionnaire was based on 

Chung and Yang’s (2012) measurement tool and used the following criteria: spatial immersion, 

temporal immersion, dynamic immersion, and pleasure, which have been refined in 

subsequent studies (Lee and Chung 2019). Immersion was evaluated on a five-point scale; a 

higher score indicated a higher degree of immersion. 
 

Table 1: Immersion Questionnaire 
Category Questions 

Spatial Immersion 

I felt like I was in the exhibition space 
It felt like I was watching the exhibition in person 
I felt like a visitor to the exhibition 
I felt as if I had experienced a different world while appreciating the exhibition 

Temporal Immersion 

I did not notice the passing of time while viewing the exhibition 

I was completely immersed while watching the exhibition 

Time seemed to pass quickly while viewing the exhibition 

I could not think of anything else while watching the exhibition 

Dynamic Immersion 

I felt like I had to move my body while watching the exhibition 

The collision or movement between objects was felt strongly 

I felt like I was going to hit something 

I felt a big change in emotions due to the exhibits 

Pleasure 

It was interesting to see the exhibition itself 

I think the virtual exhibition is worth appreciating 

It was fun to see the exhibition 

Discussion 

Immersion Survey 

Following the analysis of immersion survey data based on spatial characteristics, a significant 

difference emerged in the overall immersion (F = 22.24, p < .001). The results reveal that 

immersion increases as the infinity of the space increases, from 2D (space) to 3D (space) to 

3D Infinite (space). Paired comparisons for the main effect of spatial characteristics using 

Bonferroni corrections indicate a main effect reflecting a significant difference (p < .01) 

between all types. Therefore, Hypothesis H1, which stated that spatial characteristics with 

infinity would have a positive effect on immersion, is supported. 
In terms of participatory characteristics, immersion increased in each category as infinity 

increased from view (participation) to change (participation), to change (participation), 

however, no significant difference was found (F = 1.6, p > .05). Therefore, Hypothesis H2, 

which stated that participatory characteristics with infinity would have a positive effect on 

immersion, was not supported. 
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When spatial and participatory characteristics were analyzed together, there was a 

significant interaction between spatial characteristics and participatory characteristics (F = 

3.92, p < .01), indicating that infinity had a different effect on immersion for the three spatial 

characteristics compared to the three participatory characteristics. Figure 5 demonstrates that 

3D infinite space increased immersion for all participatory characteristics. Furthermore, 

create (participation) maintained a high immersion for all spatial characteristics, meaning 

that the level of creation increases immersion regardless of spatial characteristics. 

However, it is interesting that 3D Infinite (space) in change (participation) has the highest 

immersion of all cases and not “3D Infinite (space)” in “create (participation).” According to the 

interviews, the 3D Infinite (space) with all the exhibits was already immersive, and interacting 

with it further increased immersion. Conversely, the 3D Infinite space in create (participation) 

had an impact because it was empty when participants began viewing the exhibit. 
In Figure 5, the create (participation) and 3D space (3D) had one downside. The score 

was high, but it was the only dip in the graph to show a different trend. In Figure 6, which 

shows cybersickness, create (participation) was the highest when it met 3D (space). In Figure 

7, which shows completion time, the completion time was significantly higher for create 

(participation) compared to view (participation) and change (participation). The highest level 

of participatory characteristics, create (participation), increased participants’ completion 

time, which appeared to have a negative effect on 3D (space), and had a higher level of 

cybersickness than other spaces, and similarly for immersion. In the in-depth interviews, the 

responses suggested that, for the 3D (space), it was “hard to be in immersion because it was 

claustrophobic and dizzying.” 
 

 
Figure 5: Total Immersion according to Spatial and Participatory Characteristics 
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Cybersickness Survey 

Cybersickness was analyzed by subtracting the post-experiment values from the pre-

experiment values in the cybersickness questionnaire. Therefore, data greater and less than 0 

indicate an increase and decrease in cybersickness after the experiment, respectively. 

In Figure 6, most of the data is below 0, indicating that cybersickness was mostly reduced 

after the experiment. In particular, cybersickness decreased sharply in 3D (space) and view 

(participation), and all data was negative in 2D (space) and 3D Infinite (space). In the 

interviews, participants reported that they usually felt cybersickness in virtual experiences but 

rarely felt cybersickness in this experiment. However, in the 3D (space), data was shown to 

be positive in the order of create (participation) and change (participation), indicating that 

cybersickness increased slightly. When examining spatial characteristics and participatory 

characteristics separately, as the infinity of spatial characteristics increased, there was an 

upward and downward pattern, with cybersickness increasing in 3D (space) compared to 2D 

(space) and decreasing in 3D infinite (space); meanwhile, cybersickness increased as the 

infinity of participatory characteristics increased. 

However, with respect to the cybersickness item, there was no significant difference in 

cybersickness as infinity increased in terms of spatial characteristics (F = .23, p < .05) and 

participatory characteristics (F = .64, p < .05). Furthermore, no significant interaction between 

spatial characteristics and participatory characteristics (F = .83, p < .05) was observed. This 

indicates that infinity does not have a different effect on immersion for the three spatial 

characteristics than for the three participatory characteristics. Therefore, Hypothesis H3, 

which stated that infinity reduces cybersickness by providing users with the pleasure of 

immersion, was not supported. However, most of the cybersickness decreased after the 

experiment, especially in 3D infinity, which can be considered a positive result. 

 

 
Figure 6: Total Cybersickness Score (Subtracting Pre-Cybersickness Scores from Post-Cybersickness Scores) 
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Completion and Interaction Time 

In this study, completion time measures the time between the participant’s viewing of the exhibit 

and their voluntary termination of viewing, whereas interaction time is the total amount of time 

a participant spent interacting directly with the exhibit or interacting to create it. 

Completion time remained extremely high in create (participation) across all spatial 

characteristics (Figure 7). There was a significant main effect of participatory characteristics 

on completion time (F [2, 57] = 263.85, p < .01), which was driven primarily by the difference 

between create (participation) and the other groups (Tukey HSD, p < .01). However, there 

was no significant effect of completion time on spatial characteristics. In other words, 

regardless of the spatial characteristics, user-generated exhibits significantly increase 

completion time. Therefore, Hypothesis H2, which claimed a positive effect of spatial 

characteristics with infinity on completion time, was not supported. However, create 

(participation) was found to have a significant effect on completion time (F = 9.68, p < .001). 
 

 
Figure 7: Completion Time according to Spatial and Participatory Characteristics 
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Figure 8: Interaction Time according to Spatial and Participatory Characteristics 

 

Interaction time dramatically increased in 3D infinite (space) for change (participation) 

and create (participation; Figure 8). Participants were more interactive in 3D infinite space. 

There were significant effects of spatial characteristics and participatory characteristics on 

interaction time (p < .001). This was mainly due to the difference between the 3D Infinite 

(space) and the other two groups by spatial characteristics (Bonferroni, p < .01) and the 

difference between the view (participation) and the other two groups by participatory 

characteristics (Tukey HSD, p < .001). Therefore, Hypothesis H4, which claimed a positive 

effect of participatory characteristics with infinity on interaction time, was not supported. 

However, 3D infinite (space) showed a significant increase in interaction time for all 

interaction types. In fact, participants said in interviews that they wanted to “explore more” 
and “try more and keep going.” 

In summary, contrary to this study’s hypotheses, interaction time, and not completion 

time, increased with increasing spatial infinity. Moreover, completion time, and not 

interaction time, increased with increasing participation infinity. 

Interviews 

The participants reported that experiencing an open, infinite space (3D infinite) gave them a 

sense of space and depth, making them feel included in the space. “In 2D and 3D (space), it 

was like looking at an aquarium; however, in infinite space, it was like stepping into the 

aquarium and touching it,” one participant said. Many respondents also mentioned that the 

infinite space made the artwork stand out more, increased their focus, made them feel like 

they were experiencing a lot, and that the infinite space itself was a lot of fun. 
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On an emotional level, participants reported feeling “mesmerized” and “healed,” “like I 

was imagining a faraway place,” and “happy to have a space to think endlessly because of its 

infinity.” These answers reveal the connection between infinity and imagination. 

In terms of interactive characteristics, in 2D, participants said they felt like they were watching 

and appreciating the exhibit, and in 3D, they felt it was similar to an actual interactive exhibit. 

Notably, 2D and 3D (space) lacked an experiential feel. In 3D infinity, participants wanted more 

movement, felt like they could do more, and felt more in control. Many participants wanted more 

interaction, especially in the view phase, when they experienced 3D infinity. 

Regarding the advantages of virtual exhibitions, one of the participants mentioned that 

“physical exhibitions can be a bit distracting, but virtual exhibitions can be fully appreciated 

by yourself” and expressed that “it would be interesting to open an infinite space as an 

exhibition,” and “I wish it could be more interactive and develop in different ways.” 
However, other participants said, “It’s better to go to a museum and see the actual painting.” 

Conclusion 

In recent years, VR has become increasingly popular (Park and Kim 2020), and various 

presentation methods for exhibition spaces using VR are being implemented (Yang and Lee 

2017). This study analyzes how infinity affects user immersion through its spatial and 

participatory characteristics, with the goal of proposing a unique form of virtual exhibitions. 

The results of this study have practical and theoretical implications for the design and 

implementation of virtual exhibitions. 

Practical Implications 

This study demonstrated that the infinity of spatial characteristics is quantitatively related to 

visitors’ immersion. In particular, the combined analysis of spatial and participatory 

characteristics showed that infinite space led to the highest immersion across all participatory 

forms, underscoring the significance of spatial “infinity” in enhancing visitor engagement, 

regardless of the form of participation in the exhibition. 

However, for create (participation), despite some differences in spatial characteristics, a high 

level of immersion was consistently observed. This finding indicates that in creative participatory 

forms where users actively construct the exhibit, the role of spatial characteristics may be less 

pronounced. Conversely, in view (participation) and change (participation), immersion was 

notably higher in environments with infinite spatial characteristics, suggesting the importance of 

spatial “infinity” in both noninteractive and interactive exhibit designs. 

In a 3D space surrounded by walls, some decreases in immersion and increases in 

cybersickness symptoms were observed during create (participation). Based on these results, 

it can be suggested that an open, infinite space is more appropriate for participatory 

exhibitions, where users create the exhibits themselves, than a closed, walled space. This 
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recommendation is supported by participant feedback and quantitative data showing that the 

infinite space stimulated the users’ desire to interact and made them more engaged. 

Conversely, it can be concluded that when designing a walled exhibition space, it is necessary 

to consider a larger scale than the 5m cube space used in this study and assess the possibility 

of cybersickness in advance. 

Considering these findings, we posit that an open, infinite space is more conducive to 

participatory exhibitions, especially in a context where users are creators themselves, as 

opposed to closed and walled environments. This approach could better stimulate user 

interaction and engagement, which is supported by participant feedback and quantitative 

data. For walled exhibition spaces, considering a larger scale than the 5m cube space used in 

this study is advisable to minimize cybersickness and enhance the immersive experience. 

Considering the results of completion time and interaction time based on participation 

type and spatial characteristics, create (participation) had a significantly longer completion 

time, while 3D infinite (space) had a significantly longer interaction time. Based on these 

results, it could be confirmed that in virtual exhibitions, user-centered, creative, and 

participatory exhibits retain visitors for longer times in the exhibition space, and an infinite 

space encourages user interaction. 

Finally, the results of experiments on cybersickness showed that an expansive 

environment that allows visitors to walk freely plays a crucial role in reducing cybersickness. 

As the range of movement in a virtual exhibition space may be physically limited, introducing 

a secondary movement feature such as teleportation may be considered to compensate for 

this limitation. In addition, the suddenness of the safety boundary that emerged with the 

change in spatial scale was confusing for some participants. As a solution, introducing a user 

interface that displays the estimated location of the safety protection boundary may be 

considered, which is suggested to improve visitor experience and reduce anxiety. 

The study concludes that infinite space is suitable for virtual exhibitions across all 

participation types and is particularly useful for highly interactive exhibitions. In particular, 

user-created participatory exhibits are best implemented in infinite space, which creates an 

environment that retains visitors in the exhibition for longer periods and enhances 

interaction. However, for optimal immersion, a design that interacts with the exhibit that is 

already created is required. These results will provide deeper insights into the understanding 

of exhibit design, especially the design of virtual exhibitions. 

Reflecting on the implications of “infinity” and “immersion” in VR exhibitions, one 

practical scenario for a better-designed VR museum experience would involve a harmonious 

blend of specific, realistic settings and the expansive nature of virtual spaces. For instance, a 

VR museum could start with a detailed recreation of a historical site or an art gallery, offering 

users a tangible connection to a specific time and place. This initial realistic setting could 

serve as a gateway to more expansive, “infinite” virtual experiences, where visitors can then 

engage in immersive and interactive journeys that extend beyond the physical replication. 
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Theoretical Implications 

Numerous studies attempted to enhance the immersion of virtual exhibitions and therefore 

provide a differentiated experience through the possibilities of VR technology (Park and Kim 2020; 

Lee 2018; Kim and Yong 2021). However, few studies have empirically validated the specific 

factors for their implementation. While previous studies have separately examined immersion 

based on size and interactivity, this study analyzed the mixed effects of spatial and participatory 

characteristics, yielding results that can be helpful to the design of virtual exhibitions. 

Moreover, infinity was introduced as a concept that should be applied to spatial and 

participatory characteristics to realize a unique sense of immersion in virtual exhibitions. 

Infinity is a concept that expresses the imagination as a VR element, an awareness of scale 

beyond our perception. Infinity should be treated as a distinguishing factor between physical 

and virtual exhibitions, and its usefulness is verified in this study. The results were particularly 

clear numerically depending on the infinity of the space. Further, an interview response 

mentioned: “[I]f the virtual exhibition was an infinite space, I would want to participate.” 

Limitations 

This study has several limitations. First, the experiment was conducted with a specific abstract 

exhibit, making it challenging to generalize the results of the experiment. Second, due to the 

lack of existing research, only two factors that affect immersion were studied. In addition to 

vision and interactivity, sensory experiences such as hearing and touch are important 

immersion factors in VR and should be considered in future research. Third, the study was 

based on single-user experiences; hence, future research could explore multiuser experiences. 

Despite these limitations, this study provides a guideline for utilizing spatial and participatory 

characteristics to enhance immersion in virtual exhibitions, and it can contribute to 

expanding possibilities for future virtual exhibitions. 
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