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          Background The rapid increase in remote work due to COVID-19 has recently become one of the general work cultures. The remote working environment (RWE), including emails, messengers, and videoconferencing, has communication limitations, such as less random encounters and synchronous and spontaneous communication. Virtual Office (VO) has emerged as an alternative to overcome the limitations, but it has partially coped with the issues. Virtual reality workspaces (VRWS) have the potential to break through limitations. However, they still need to be actively utilized. Therefore, this paper aims to investigate the current state of VRWS’s spatial design and to identify its problems and limitations. In addition, the authors suggest a design direction for the proliferation of VRWS with respect to spatial design based on the design factors from the semi-structured review of previous literature.

          Methods Among 42 commercial VRWS platforms, six VRWS platforms including individual workspace are finally selected for design analysis. Design criteria and factors are identified from a semi-structured review of the literature related to design methodologies and assessment, and a framework for design is suggested. The framework analyzes the six targeted platforms, and the design direction for each factor for the future VRWS is claimed from the findings.

          Results The insights acquired from the investigation are as follows: First, the significance of individual workspace in VRWS should be emphasized. Second, user activities and interactions should be carefully considered in the spatial design of VRWS for user comfort and improvement of work productivity. Third, the imitation of the spatial design of workspaces in physical reality and the degree of compatibility with existing work tools are inversely proportional. Fourth, the ambience design of a virtual workspace is as significant to job satisfaction and work productivity as the aesthetic design of a physical workspace. Based on these insights, the authors proposed the design direction from the perspectives of spatial structure and usability, task objects and interaction, ambience design controllability, and personalization.

          Conclusions The study explores the current issues of VRWS and proposes the design direction of a personal workspace in VRWS via a design framework for its proliferation in the future. This research contributes to academia by laying the groundwork for further research on spatial design methodologies for workspaces in virtual reality and to the industry by providing virtual reality space designers and architects with a baseline for designing virtual reality workspaces.

        

      

      
        
Continuous Working Experience, Remote Work, Virtual Reality Workspaces, Working Environment, Work Productivity

      

    

    

  
    
      1. Introduction
      The COVID-19 pandemic has significantly increased the prevalence of remote working, maintaining higher levels compared to pre-pandemic times even after lockdowns ended. In South Korea, the proportion of remote workers is currently about 20%, up from 5% before the pandemic (KOSIS, 2023). In the United States, this figure has risen from 7% to approximately 35% three years post-outbreak (Parker, 2023, March). Social changes and digital technology advancements have facilitated this shift, making remote work a standard option (Fereydooni & Walker, 2020; Luebstorf et al., 2023; Statista Research Department, 2024). The Virtual Working Environment (VWE), increasingly adopted for remote work, shows its limitations. Initially, the Remote Working Environment (RWE), consisting of messengers, emails, video conferencing, and shared document platforms, was a quick solution to facilitate remote work. However, it has reduced synchronous communications, such as random encounters and spontaneous communications, while enhancing asynchronous communications that are typically more structured and purpose-specific (Yang et al., 2022). Given that workspace is a small society for employees occupying a substantial portion of their time a day (Samani, 2015), this shift in communication has resulted in practical issues, such as decreased belongingness and fewer opportunities for career advancement, which lead to psychological problems, such as feeling loneliness, social isolation, and depressions (Bloom et al., 2015; Fereydooni & Walker, 2020; Galanti et al., 2021; Kłopotek, 2017; Park et al., 2023; Toscano & Zappalà, 2020).

      The problem in the current remote working environment is the separation of working experience between individual and communal tasks. While working remotely, RWE was utilized only for communication with others, and it remained inactive while workers were conducting individual tasks. The Virtual Office (VO), another type of VWE represented by Gather, Soma, and Kumospace, has emerged to solve the problem with virtual space and avatars to provide continuous work experience, and it seemed practical shortly, but it has also shown to be not effective on integrating the individual and communal working environments (Cho et al., 2022; Figure 1). For instance, an employee at Zigbang, a company well-known for its rapid transition to a total remote work system with VWE platform Soma, said she had to keep Soma running on her computer inactive even while doing personal work (Nam, 2022). The advent of Virtual Reality Workspace (VRWS) has the potential to overcome the limitations of separate working experiences. VRWS provides users with a comprehensive environment for working with an immersive 3-dimensional virtual reality technology, thereby enabling workers to get continuous working experience (Aufegger et al., 2022; Kim, 2021; Park et al., 2023; Figure 1) by performing tasks with entailing various activities without leaving or changing the working environment for designated daily working hours. Furthermore, working with colleagues in a comprehensive VRWS environment enables synchronous communication, which can solve the psychological problems of RWE by making employees feel a sense of belonging, co-existence with colleagues, and social existence.

      
        
        

        Figure 1 
				
        

        
          Relationship of User's Work Activities and Spaces within each Working Environment Type
        
        

        

      

      Despite its advantages, the VRWS has not yet been widely adopted compared to the VWE (Morning Consult., 2022). As of 2022, sales figures for seven leading Head-mounted Display (HMD) models, which is an essential device for immersive virtual reality, in the VR headset market totaled about 22 million units (VR.Space, 2022, April; Boland, 2023). With projections of sales reaching around 40 million by 2024, the penetration rate of HMDs among the global workforce, which is estimated to be 3.51 billion (ILO., 2023), is only about 1.14%. The high initial cost, often cited as a barrier, is no longer a significant deterrent, as the financial outlay for establishing VRWS environments is comparable to that of a traditional workstation with desktops in physical offices (Tomlinson, 2021, September), and even more efficient for long-run maintenance.

      More importantly, it is due to the fact that VRWS still needs to be able to provide a better working experience than VWE. The current VRWS platforms do not yet take advantage of the two benefits of immersive virtual reality, utilizing spatial attributes for working and providing continuous working experience to employees. Indeed, numerous studies have shown the inefficiency of the current VRWS platforms for individual working experience (Biener et al., 2022; Knierim et al., 2018; Grubert et al., 2018b), and there is a noticeable lack of design strategies, guidelines, and even research on design methodologies for an optimal VRWS design. Therefore, the study investigated the significance of spatial attributes in VRWS and proposed a design framework by reviewing the precedented research. Based on the framework, it aims to analyze the existing VRWS platforms in terms of spatial design and initiate a discourse on how to advance the VRWS to support continuous work experiences and improve the spatial experience.

    

    

  
    
      2. Related Works
      Numerous studies have demonstrated the value of spatial attributes in enhancing individual task performance by organizing information, streamlining workflows, and improving memory. Spatial Cognition Theory (Hart & Moore, 1973) underscores the importance of these attributes in designing work environments. Further, research shows the effectiveness of spatial cognition in education (Wang et al., 2022) and interface design (Schoeffmann et al., 2014), while a recent study on professional word processing highlights how graphical user interfaces that utilize spatial labeling enhance document efficiency (Muylle et al., 2023). Barkley (2020) noted that externalizing complex information onto a device enhances memory storage and recall. These findings relate to the “method of loci” or “Memory Palaces,” proven to significantly boost memory for unfamiliar information through spatial association (Cho, 2018, November; Tomlinson, 2021, September). Thus, integrating spatial attributes into virtual workspace design can substantially improve workers’ efficiency, productivity, and satisfaction.

       In practical settings, space is widely utilized to enhance workers’ task performance. According to an office furniture corporation analysis, workers preferred the 120-degree desk with an expansive desk area, which allowed them to put catalogs and reference papers together and work with them (Fursys, 2020). Additionally, spatial elements such as partitions, office walls, and whiteboards are used to pin up materials. When handling document tasks, the use of physical paper has been found to improve memory by providing spatio-temporal information (Mangen et al., 2013). Notably, an experiment demonstrated that students reading on paper outperformed those using electronic displays regarding memory capability (Myrberg & Wiberg, 2015).

      While computers offer convenience in creating, editing, and saving task materials, they are limited by the 2-dimensional space of the display, which is smaller and more restrictive than a physical workspace. This limitation is evident when handling long documents that require scrolling, causing distraction (Mangen et al., 2013), and switching between multiple windows with documents, which increases cognitive effort (Seong et al., 2009). Computer-based environments make it difficult to access specific document sections simultaneously due to operating system constraints (Stoop et al., 2013). Remote working without a separate physical workspace also hampers productivity (Park et al., 2023). Workers often attempt to overcome the restrictions by using multiple monitors (Ling et al., 2017; Owens et al., 2012), or utilizing monitors with printed documents (Seong et al., 2009). However, these solutions pose financial, physical, and functional challenges.

      Meanwhile, it is known that the aesthetic aspects of spatial design also influence employees’ well-being and work productivity. Research has shown that the customization of the working environment with personal preference is positively related to workers’ well-being and productivity. Accordingly, new work cultures are emerging that allow workers to customize their work environment to their personal preferences, such as Workation (Kim, 2023; Lee, 2022; Voll et al., 2023), a culture referring to that workers are free to choose the space where they work, and Desk-terior (Borzykowski, 2017, February; Lee, 2022; Yoon, 2022), a culture explaining that workers decorate their workspace, the desk, to their taste.

      In VRWS, using spatial attributes enhances the creation of personal workspaces that mirror the convenience and efficiency of physical work environments, which was previously the limitation of VWE. This capability enables a comprehensive space providing continuous work experience by supporting diverse work activities. By leveraging advanced VR technologies, these workspaces can be customized to fit the unique needs of each worker, thereby fostering increased work productivity, engagement, and satisfaction. Consequently, VRWS can bridge the gap between virtual and physical office setups, offering a seamless transition for workers and ensuring consistent work performance across different platforms. This integration promises a significant advancement in how virtual workspaces are perceived and utilized in professional fields.

    

    

  
    
      3. Analysis of the Current VRWS Platforms based on the Design Framework
      
        3. 1. Design Criteria and Framework for VRWS Design
         There are no specific guidelines or framework for designing Virtual Space, especially VRWS, since virtual spaces have long been utilized as analyzing tools for the simulation of physical phenomena in physical spaces. Recently, virtual reality became famous as an alternative world for users during the pandemic, which led to research on the methodologies of spatial design in immersive virtual reality, identifying the limitations and practical issues in use (Berki et al., 2019; Biener et al., 2022), and establish theoretical foundation for the design of virtual workspaces (Aufegger et al., 2022; Ens et al., 2014; Fereydooni & Walker, 2020). Lenk, D. (2023) mentioned three design elements: layout, aesthetics, and interactive elements when designing a virtual office in the Metaverse. These can be compatible with three principles of architecture known as Structure, Function, and Beauty, which have long been the foundation for architecture design in physical reality. Meanwhile, Casteel (2022) proposed a framework for the analysis from the perspective of personal performance and productivity described with Architecture, Productivity Tools, and Soft Factors, explaining how to operate the system, interact with information, and communicate with space and people. Besides, Fujita et al. (2023) asserted the definition of “Human-Workspace Interaction,” and they applied seven categories (Visual, Physical, Postural, Social, Interactivity, Atmosphere, and Design) to analyze the interactions of humans in workspaces. Considering the results and opinions, the authors proposed a design framework for VRWS consisting of 3 design criteria.

        Structure design is defined as a skeleton of a spatial configuration of VRWS wherein users can ascertain their location and engage with virtual space and objects. Within the realm of virtual reality workspaces, two distinct spatial dimensions exist: cognitive space and interactive space. Cognitive space is a sort of passive space perceived by users with sensory organs, specifically visual sensors, through the incorporation of design elements such as floors, walls, and ceilings. In contrast, interactive space serves as the domain where users practically engage with one another and manipulate objects present within the cognitive space. This conceptual distinction aligns with the structure elucidated in the three principles of architecture, encompassing the ‘Visual, Physical, and Postural’ categories by Fujita et al. (2023).

        Ambience Design is a sensory area of spatial design influencing users’ cognitive psychological states, which are relevant to employees’ work productivity and satisfaction. It deals with all aspects of aesthetic design available in VRWS, including the location of the office by changing the background scenery over the windows, such as an office with a city view, a beautiful park, mountains, and the cosmos and galaxy space, and user’s autonomy to modify the spatial design elements such as texture, color, and brightness, and to decorate the work area with accessories and ornaments. It represents Beauty from three principles of architecture, and includes the ‘Atmosphere’ and ‘Design’ among the seven categories.

        Interaction Design is to define the interactions among users, objects, and space in a virtual reality environment. It is closely related to worker’s productivity and satisfaction with spatial experience. It has generally been called a “productivity tool” by previous research. This criterion deals with layouts and frames of the space, in which virtual objects are able to be located in order, arranged and rotated or zoomed in and out, and compatible with other types of data, programs, applications, or hardware devices. It is the same with Function from the three principles of architecture, and includes the ‘Physical’, ‘Social’, and ‘Interactivity’ among the seven categories.

      

      
        3. 2. Analysis of the Current VRWS Platforms
        In this paper, the authors defined four types of working environments (TWE, RWE, VO, VRWS) to classify the current platforms and limit the scope of design analysis. Based on the definitions, 42 platforms in service using HMDs in virtual reality environments were first selected as the targets for spatial design analysis (Lang, 2021; Traqq Team, 2024, January; XR4Work, n.d.). Among these, the platforms with specific purposes such as 3D visualization, digital twin, simulation test, education, socializing entertainment, or not concerned with work were filtered, and 14 remained. Again, platforms not supporting personal work were excluded, and six platforms (Ⅰ. Virtual Desktop VR, Ⅱ. Horizon Workrooms, Ⅲ. Immersed, Ⅳ. vSpatial, Ⅴ. Softspace, Ⅵ. Noda) were finally chosen as candidates for spatial design analysis (see Figure 2). The case analysis is predicated on the authors’ experiential engagement with the Meta Quest Pro devices and the empirical examination of spatial configurations. Additionally, insights have been derived from user comments and reviews, ensuring a comprehensive and objective assessment.
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            Research Flow Chart for Scope of Analysis
          
          

          

        

        In the context of Structure Design, four platforms (Ⅰ, Ⅱ, Ⅲ, Ⅳ) adhere to a “desk-type” structure (Figure 3, Left), akin to a traditional computer-based workstation environment in the physical realm. Within this configuration, users are encouraged to maintain a sedentary posture, and a virtual screen, mirroring a conventional monitor display, serves as the interactive space. While users can employ multiple virtual screens in this design, spatial utilization remains suboptimal, since the quantity of the display varies from only a solitary screen (Ⅰ) to as many screens as the cognitive space permits (Ⅳ). Conversely, two platforms (Ⅴ, Ⅵ) adopt a “space-type” structure (Figure 3, Right), which liberates users from posture constraints. In this design, information and materials manifest as virtual objects suspended in the air. Notably, the interactive space closely aligns with the cognitive space, suggesting a High-level portion of space utilization.
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            Desk-type (Left, Horizon Workrooms) and Space-Type (Right, Softspace)
          
          

          

        

        Regrettably, the flexibility of ambience design within VRWS is limited. Users can switch places, yet this is constrained to pre-designed options with a minimum of three to a maximum of thirteen choices, and users cannot edit them or import their own scenery or images of places. In general, desk-type platforms offer a more extensive array of location choices compared to space-type platforms. The feasibility of incorporating interior design functionality is more apparent in desk-type platforms, as the implementation of primary functions for task performance is simplified by connecting a personal computer to the virtual environment. It is also noteworthy that the personal embellishment of the interactive space through accessory and ornament objects is unavailable across all platforms.

        In the realm of interaction design, desk-type platforms exhibit limitations in the disposition and arrangement of information. This constraint stems from the confined interactive space, primarily dedicated to virtual screens, each with an allocated frame for screen disposition. While Ⅲ and the focus mode in Ⅳ permit users to position and rotate screens freely, Ⅰ allows only one virtual display, and Ⅱ allows up to 3 screens with fixed layout. Nevertheless, they demonstrate heightened compatibility through seamless integration with personal computers.

        Contrary to their desk-type counterparts, space-type platforms afford greater freedom in disposition. Task materials and information snippets are represented as virtual objects floating in the air in the virtual space. Users can easily extract the information from the objects and position, scale, transform, and edit freely regardless of the type of information, such as texts, images, videos, and others. However, they need predefined layouts or frames to arrange the objects in order, potentially causing confusion. The compatibility of the platforms is comparatively diminished as they operate independently within the HMD. While Ⅴ is designed to utilize contents from the internet and existing work tools in the form of virtual objects, Ⅵ requires users to create content entirely using objects within the platform.

        The authors found two common factors in the individual workspace of VRWS for each criterion. In Structure Design, there are Spatial Configuration and Spatial Utilization. The former one is categorized with desk-type and space-type, as seen in figure 3. The latter classified the candidates with low-level (same number of screens with physical environment), medium-level (the number of screens can exceed that in physical environment), and high-level (user can interact with infinite volume in 3-dimensional virtual space).

        Ambience Design has a Diversity of Places and Freedom of Interior Design. The former is the number of options that users can change the office location, divided into low-level (fewer options up to five, only pre-designed realistic scene), medium-level (pre-designed scene, supporting realistic, hyper-realistic, and abstract scene), and high-level (diverse scene types, support pre-designed and customizable scenes). The latter is freedom of the customization of design elements in VRWS, from N/A (not available), low-level (only adding virtual ornaments on the table or locating them in the space), medium-level (available to change texture, color of finish, changing furniture), high-level (transform the form, height, area of VRWS).

        Interaction Design consists of two factors, such as Disposition and Layouts, and Compatibility. The former is the freedom of virtual objects to be positioned and arranged, divided by low-level (fixed layout, not movable), medium-level (location changeable within the fixed layout), and high-level (freely positioning without any obstacles). In terms of Compatibility, It is divided into low-level (purely independent from the outer environment), medium-level (information and files can be imported), and high-level (software and programs can be operated). The results of the analysis are summarized in Table 1.

        
          Table 1 
				
          

          
            Results of Case Anlayses based on Design Framework
          
          

        

        
          
            	Spatial Design
            	Design Framework
            	Virtual Desktop VR
            	Horizon Workrooms
            	Immersed
            	vSpatial
            	Softspce
            	Noda
          

          
            	Structure Design
            	Spatial Configuration Type
            	Desk
            	Desk
            	Desk
            	Desk
            	Space
            	Space
          

          
            	Spatial Utilization
            	Low
            	Low
            	Medium
            	Medium
            	High
            	High
          

          
            	Ambience Design
            	Diversity of Places
            	Medium
            	Low
            	Medium
            	Medium
            	Medium
            	Low
          

          
            	Freedom of Interior Design
            	N/A
            	N/A
            	N/A
            	N/A
            	N/A
            	N/A
          

          
            	Interaction Design
            	Disposition and Layouts
            	Low
            	Low
            	Medium
            	Medium
            	High
            	High
          

          
            	Compatibility
            	High
            	High
            	High
            	High
            	Medium
            	Low
          

        

        

      

    

    

  
    
      4. Discussions and Conclusions
       The case analysis yields the following insights: First, the current platforms for VRWS do not yet seriously consider the importance of individual workspaces. In order to provide a continuous working experience to users, the platform needs to contain various working activities such as individual task performance, meetings, conferences, workshops, socializing, and relaxation. However, the current platforms tend to focus only on communication and collaboration, which is the same as the aim of VWE. Furthermore, the inadequate design of individual workspaces in VRWS incurs inconvenience and discomfort in use and leads users to avoid the platform.

      Secondly, the spatial design of virtual workspaces should consider user activity and interaction, reflecting a solid interdependence between structure and interaction design. Physical constraints such as gravity, irreversibility, the fixed spatial arrangements are no more significant factors for design in virtual reality, allowing user activity to influence spatial design predominantly. As such, in VRWS, spatial design should evolve to enhance the efficiency and comfort of user interactions within the workspace.

      Thirdly, as VRWS evolve from traditional desk-type setups to more expansive space-type configurations, compatibility issues emerge. In order to facilitate quick adaptation and popularization of VRWS, it is essential that applications and software familiar in a computer-based environment be usable in VR. However, mimicking physical desk settings in VRWS limits the capabilities of the 3-dimensional virtual space, constraining both its design potential and deteriorating work productivity, comfort and satisfaction. Therefore, achieving a balance between compatibility and interactivity is crucial for leveraging the full potential of virtual environments.

      Lastly, this analysis underscores the often overlooked significance of the ambience design of VRWS, which is a pivotal determinant for enhancing work productivity and satisfaction. Constraints, such as a limited array of place options and the absence of micro-scale customization for interior design details impede effective spatial atmosphere control. The current landscape confines users to pre-configured spaces curated by platform creators devoid of user autonomy. To fully exploit the potential of virtual reality in ambience design, it is imperative that users have the capacity to customize it independently.

      Based on the insights derived from the analysis, the study proposes critical considerations for the spatial design of VRWS. First, in structure design, it is crucial not to limit spatial design to a single configuration, as the needs for posture and interaction vary based on business types, specific situations, and individual work styles. The intended use and target users of the VRWS should guide the design process. Moreover, extending the interactive space to the maximum extent that cognitive capacities allow but within a sensible range is advisable. In virtual environments, users may struggle to interact with objects that are too distant. Therefore, the design should ensure all objects are within a reachable and easily recognizable area to facilitate effective user engagement and interaction.

      From the interaction design perspective, VRWS should be designed with structured frameworks or clusters to organize virtual objects systematically, preventing user confusion and reducing cognitive effort by grouping related information. Additionally, research into the three-dimensional positioning and scalability of virtual objects is crucial for providing a superior user experience compared to traditional screen-based environments. Maintaining compatibility with existing computer-based processes is critical for productivity and a significant barrier in transitioning from VWE to VRWS. Efforts should be made to develop applications that can operate effectively within VRWS or enable these systems to use computer-based software seamlessly, without direct integration with personal computers, thus enhancing the functionality and efficiency of the virtual workspace.

      Lastly, personalizing the design to control the atmosphere and user comfort is vital to spatial design in VRWS. Contrary to a physical office setting, users are authorized to fully control every perceivable aspect of the space within a VRWS. Nevertheless, it is crucial to acknowledge that VRWS is not inherently a spatial design tool, rendering it impractical to customize the entire virtual space. It becomes imperative to discern the scope of spatial design, striking a balance between optimizing work efficiency, ensuring convenience, and fostering psychological satisfaction.

      Integrating Artificial Intelligence (AI) into VRWS significantly enhances user interaction and spatial design. AI’s ability to process user-collected data—such as posture, bio-signals from simple sensors, and voice commands—enables real-time, adaptive responses that improve comfort, health monitoring, and workflow optimization. As Fukumura et al. (2021) suggest, workers anticipate AI to manage their working conditions for enhanced comfort and productivity automatically. AI not only acts as an assistant by suggesting healthier work habits and managing sub-tasks but also revolutionizes workspace customization through generative AI, which tailors environments to individual preferences, thereby expanding design flexibility and increasing user satisfaction. This adaptive approach makes VRWS more intuitive and personalized, meeting the unique needs of each user.

      The study investigated the current state of VRWS design, proposed a trajectory for the progress of spatial design in VRWS, and especially highlighted the significance of designing individual workspaces in VRWS for providing continuous working experience, which needs to be improved in VWE. The study still has several limitations in that it needs to deal with the physical facets associated with prolonged HMD use, such as ergonomics of physical posture and technical feasibility, which are not included in the scope of this study. This issue should be resolved before the VRWS design is discussed. It should be carefully considered for future research via collaboration with relevant fields to develop physical devices and the environment together. Nevertheless, the findings in this study are remarkable for its analytical investigation of design methodologies for VRWS from a spatial standpoint, establishing the groundwork for objective and quantitative research of VRWS design.

    

    

  
    
      Acknowledgments
      This work was supported by the Ministry of Education of the Republic of Korea and the National Research Foundation of Korea(NRF-2022S1A5A8052372).

    

    

  
    
      Notes
      
        Citation: Cho, K., & Cha, S. H. (2024). Immersive Computing: Perspectives on Spatial Design Strategies for Individual Virtual Reality Workspace Platforms. Archives of Design Research, 37(3), 105-117.
        Copyright : This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted educational and non-commercial use, provided the original work is properly cited.

      

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Aufegger, L., Elliott-Deflo, N., & Nichols, T. (2022). Workspace and Productivity: Guidelines for Virtual Reality Workplace Design and Optimization. Applied Sciences, 12(15), 7393.
			[https://doi.org/10.3390/app12157393]
		
        

        
          	
            
              2. 
            
          
          	Barkley, R. A. (2012). Executive functions: What they are, how they work, and why they evolved. New York: The Guilford Press.
        

        
          	
            
              3. 
            
          
          	Berki, B. (2019). Desktop VR as a virtual workspace: a cognitive aspect. Acta Polytechnica Hungarica, 16(2), 219-231.
			[https://doi.org/10.12700/APH.16.2.2019.2.13]
		
        

        
          	
            
              4. 
            
          
          	Best VR Productivity Apps. (n.d.). XR4work. Retrieved from https://www.xr4work.com/best-vr-apps-for-personal-productivity.
        

        
          	
            
              5. 
            
          
          	Biener, V., Kalamkar, S., Nouri, N., Ofek, E., Pahud, M., Dudley, J. J., Hu, J., Kristensson, P. O., Weerasinghe, M., Pucihar, K. Č., Kljun, M., Streuber, S., & Grubert, J. (2022). Quantifying the effects of working in VR for one week. IEEE Transactions on Visualization and Computer Graphics, 28(11), 3810-3820.
			[https://doi.org/10.1109/TVCG.2022.3203103]
		
        

        
          	
            
              6. 
            
          
          	Bloom, N., Liang, J., Roberts, J., & Ying, Z. J. (2015). Does working from home work? Evidence from a Chinese experiment. The Quarterly journal of economics, 130(1), 165-218.
			[https://doi.org/10.1093/qje/qju032]
		
        

        
          	
            
              7. 
            
          
          	Boland, M. (2023, February). How many VR headsets did meta sell in Q4?. AR Insider. Retrieved from https://arinsider.co/2023/02/06/how-many-vr-headsets-did-meta-sell-in-q4/#:~:text=For%20Quest%20Pro…,million%20units%20sold%20in%20Q4.
        

        
          	
            
              8. 
            
          
          	Borzykowski, B. (2017, February). What's so wrong with dressing up your desk? BBC News. Retrived from https://www.bbc.com/worklife/article/20170202-whats-so-wrong-with-dressing-up-your-desk.
        

        
          	
            
              9. 
            
          
          	Casteel, R. (2022, March). Personal productivity using virtual reality. Medium. Retrieved from https://medium.com/xr4work/personal-productivity-using-virtual-reality-83ab4e0ff9bb.
        

        
          	
            
              10. 
            
          
          	Cho, K., Eum, Y., Choi, H., Lee, S., & Cha, S. H. (2022). 가상 업무 공간의 디자인 현황 분석 및 향후 디자인 방법에 관한 제언 - 12개의 현행 사례의 비교분석을 중심으로 [Analysis on the Current Virtual Workplace Design Trends, and a Proposal for the Design Directions of the Future Virtual Workplace - Based on 12 Current Virtual Workplace Platforms]. Journal of KIBIM, 12(4), 80-92.
        

        
          	
            
              11. 
            
          
          	Cho, Y. (Ed.). (2018, November). "SBS 스페셜" 누구나 기억력 천재가 될 수 있다?...'기억의 궁전' 암기법 공개 ["SBS Special" Anyone Can Be a Memory Genius...'Memory Palace' Memorization Method Revealed]. SBS NEWS. Retrieved from https://news.sbs.co.kr/news/endPage.do?news_id=N1005002035.
        

        
          	
            
              12. 
            
          
          	Ens, B., Hincapié-Ramos, J. D., & Irani, P. (2014). Ethereal planes: a design framework for 2D information space in 3D mixed reality environments. Proceedings of the 2nd ACM symposium on Spatial user interaction, 2-12.
			[https://doi.org/10.1145/2659766.2659769]
		
        

        
          	
            
              13. 
            
          
          	Fereydooni, N., & Walker, B. N. (2020). Virtual Reality as a Remote Workspace Platform: Opportunities and Challenges. Microsoft New Future of Work, August 3-5.
        

        
          	
            
              14. 
            
          
          	Fujita, K., Takashima, K., Itoh, Y., & Kitamura, Y. (2023). Human-Workspace Interaction: prior research efforts and future challenges for supporting knowledge workers. Quality and User Experience, 8(1), 7.
			[https://doi.org/10.1007/s41233-023-00060-9]
		
        

        
          	
            
              15. 
            
          
          	Fukumura, Y. E., Gray, J. M., Lucas, G. M., Becerik-Gerber, B., & Roll, S. C. (2021). Worker perspectives on incorporating artificial intelligence into office workspaces: Implications for the future of office work. International Journal of Environmental Research and Public Health, 18(4), 1690.
			[https://doi.org/10.3390/ijerph18041690]
		
        

        
          	
            
              16. 
            
          
          	Fursys. (2020). 사무환경이 문화를 만든다 Vol 2. 오피스 일상을 바꾸다 [Office Environment Creates Culture Vol 2. Change Your Office Routine]. Seoul: (주)퍼시스 Fursys Books, p. 181.
        

        
          	
            
              17. 
            
          
          	Galanti, T., Guidetti, G., Mazzei, E., Zappala, S., & Toscano, F. (2021), Work From Home During the COVID-19 Outbreak: The Impact on Employees' Remote Work Productivity, Engagement, and Stress. Journal of Occupational and Environmental Medicine, 63(7), E426-E432.
			[https://doi.org/10.1097/JOM.0000000000002236]
		
        

        
          	
            
              18. 
            
          
          	Grubert, J., Ofek, E., Pahud, M., & Kristensson, P. O. (2018). The office of the future: Virtual, portable, and global. IEEE computer graphics and applications, 38(6), 125-133.
			[https://doi.org/10.1109/MCG.2018.2875609]
		
        

        
          	
            
              19. 
            
          
          	Grubert, J., Witzani, L., Ofek, E., Pahud, M., Kranz, M., & Kristensson, P. O. (2018). Text entry in immersive head-mounted display-based virtual reality using standard keyboards. 2018 IEEE Conference on Virtual Reality and 3D User Interfaces(VR), 159-166.
			[https://doi.org/10.1109/VR.2018.8446059]
		
        

        
          	
            
              20. 
            
          
          	Hart, R. A., & Moore, G. T. (1973). The development of spatial cognition: A review. In R. M. Downs & D. Stea R. M. Downs & D. SteaEds.). Image & environment: Cognitive mapping and spatial behavior, AldineTransaction, 246-288.
        

        
          	
            
              21. 
            
          
          	ILO. (2023, February). Number of Employees Worldwide from 1991 to 2024, by Gender (in billions) [Graph]. Statista. Retrieved from https://www.statista.com/statistics/1258668/global-employment-figures-by-gender/.
        

        
          	
            
              22. 
            
          
          	Kim, B. (2023, August). 일하면서 휴가...워케이션, 새로운 직장문화로 떠오른다 [Vacation while working...workcations are the new work culture]. Jayupress. Retrieved from https://www.jayupress.com/news/articleView.html?idxno=20699.
        

        
          	
            
              23. 
            
          
          	Kim, K. (2021, September). "직방" 가상 오피스 "메타폴리스" 출근해보니... 나는 재택, 아바타는 출근... 실제 사무실 근무 환경 ["Zigbang" virtual office "Metropolis"... I'm at home, my avatar is at work... Real office work environment]. Shindonga, Retrieved from https://shindonga.donga.com/science/article/all/13/2889916/1.
        

        
          	
            
              24. 
            
          
          	Kłopotek, M. (2017). The advantages and disadvantages of remote working from the perspective of young employees. Organizacja i Zarządzanie: kwartalnik naukowy, 4(40), 39-49.
        

        
          	
            
              25. 
            
          
          	Knierim, P., Schwind, V., Feit, A. M., Nieuwenhuizen, F., & Henze, N. (2018). Physical keyboards in virtual reality: Analysis of typing performance and effects of avatar hands. Proceedings of the 2018 CHI conference on human factors in computing systems, 1-9.
			[https://doi.org/10.1145/3173574.3173919]
		
        

        
          	
            
              26. 
            
          
          	KOSIS. (2023, October). Share of employees working from home or remotely in South Korea from August 2015 to August 2023 [Graph]. Statista. Retrieved from https://www.statista.com/statistics/1269664/south-korea-share-of-remote-workers/.
        

        
          	
            
              27. 
            
          
          	Lang, B. (2021, August). 27 VR apps for remote work, education, training, Design Review, and more. Road to VR. Retrieved from https://www.roadtovr.com/vr-apps-work-from-home-remote-office-design-review-training-education-cad-telepresence-wfh/.
        

        
          	
            
              28. 
            
          
          	Lee, J. Y. (2022, February). The colourful way South Korean workers cope with long hours. BBC News. Retrieved from https://www.bbc.com/worklife/article/20190809-deskterior-the-ornately-decorated-desks-of-south-korea.
        

        
          	
            
              29. 
            
          
          	Lenk, D. (2023, August). Basic guide : Create a virtual office in the metaverse: Metaprolane. Medium. Retrieved from https://medium.com/@donnalenk0420/basic-guide-create-a-virtual-office-in-the-metaverse-metaprolane-f26223c3d28.
        

        
          	
            
              30. 
            
          
          	Ling, C., Stegman, A., Barhbaya, C., & Shehab, R. (2017). Are two better than one? A comparison between single-and dual-monitor work stations in productivity and user's windows management style. International Journal of Human–Computer Interaction, 33(3), 190-198.
			[https://doi.org/10.1080/10447318.2016.1231392]
		
        

        
          	
            
              31. 
            
          
          	Luebstorf, S., Allen, J. A., Eden, E., Kramer, W. S., Reiter-Palmon, R., & Lehmann-Willenbrock, N. (2023). Digging into "zoom fatigue": A qualitative exploration of remote work challenges and virtual meeting stressors. Merits, 3(1), 151-166.
			[https://doi.org/10.3390/merits3010010]
		
        

        
          	
            
              32. 
            
          
          	Mangen, A., Walgermo, B. R., & Brønnick, K. (2013). Reading linear texts on paper versus computer screen: Effects on reading comprehension. International Journal of Educational Research, 58, 61-68.
			[https://doi.org/10.1016/j.ijer.2012.12.002]
		
        

        
          	
            
              33. 
            
          
          	Morning Consult. (2022, April). Share of internet users in the United States who have heard about Horizon Workrooms as of March 2022, by generation [Graph]. Statista. Retrieved from https://www.statista.com/statistics/1303310/us-adults-heard-about-horizon-workrooms-by-generation/.
        

        
          	
            
              34. 
            
          
          	Muylle, K. M., Van Laere, S., Gentens, K., Dupont, A. G., Grosber, M., & Cornu, P. (2023). Usability of Graphical User Interfaces With Semiautomatic Delabeling Feature to Improve Drug Allergy Documentation. The Journal of Allergy and Clinical Immunology: In Practice, 11(2), pp. 519-526.
			[https://doi.org/10.1016/j.jaip.2022.12.008]
		
        

        
          	
            
              35. 
            
          
          	Myrberg, C., & Wiberg, N. (2015). Screen vs. paper: what is the difference for reading and learning?, Insights, 28(2), 49-54.
			[https://doi.org/10.1629/uksg.236]
		
        

        
          	
            
              36. 
            
          
          	Nam, E. (2022, November). 1년 간의 메타버스 근무 솔직후기(좋은 점, 아쉬운 점) [A one-year working in Metaverse (the good, the bad, and the ugly)]. Data Eden. Retrieved from https://dataeden.tistory.com/2.
        

        
          	
            
              37. 
            
          
          	Owens, J. W., Teves, J., Nguyen, B., Smith, A., Phelps, M. C., & Chaparro, B. S. (2012). Examination of dual vs. single monitor use during common office tasks. In Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 56(1), 1506-1510.
			[https://doi.org/10.1177/1071181312561299]
		
        

        
          	
            
              38. 
            
          
          	Park, H., Ahn, D., & Lee, J. (2023). Towards a Metaverse Workspace: Opportunities, Challenges, and Design Implications. Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems, 503, 1-20.
			[https://doi.org/10.1145/3544548.3581306]
		
        

        
          	
            
              39. 
            
          
          	Parker, K. (2023, March). About a third of U.S. workers who can work from home now do so all the time. Pew Research Center. Retrived from https://www.pewresearch.org/shortreads/2023/03/30/about-a-third-of-us-workers-who-can-work-from-home-do-so-all-the-time/.
        

        
          	
            
              40. 
            
          
          	Samani, S. A. (2015). The impact of personal control over office workspace on environmental satisfaction and performance. Journal of Social Sciences and Humanities, 1(3), 163-175.
        

        
          	
            
              41. 
            
          
          	Schoeffmann, K., Ahlström, D., & Hudelist, M. A. (2014). 3-D Interfaces to Improve the Performance of Visual Known-Item Search, IEEE Transactions on Multimedia, 16(7), 1942-1951.
			[https://doi.org/10.1109/TMM.2014.2333666]
		
        

        
          	
            
              42. 
            
          
          	Seong, J., Lee, W., & Lim, Y. K. (2009). Why we cannot work without paper even in a computerized work environment. CHI '09 Extended Abstracts on Human Factors in Computing Systems, 4105-4110.
			[https://doi.org/10.1145/1520340.1520625]
		
        

        
          	
            
              43. 
            
          
          	Statista Research Department (2024, January). Work from Home & Remote Work - Statistics & Facts. Statista. Retrieved from https://www.statista.com/topics/6565/work-from-home-and-remote-work/#topicOverview.
        

        
          	
            
              44. 
            
          
          	Stoop, J., Kreutzer, P., & Kircz, J. (2013). Reading and learning from screens versus print: a study in changing habits: Part 1–reading long information rich texts. New Library World, 114(7/8), 284-300.
			[https://doi.org/10.1108/NLW-01-2013-0012]
		
        

        
          	
            
              45. 
            
          
          	Tomlinson, P. (2021, September). Working from orbit. Medium. https://medium.com/immersedteam/working-from-orbit-39bf95a6d385.
        

        
          	
            
              46. 
            
          
          	Toscano, F., & Zappalà, S. (2020). Social isolation and stress as predictors of productivity perception and remote work satisfaction during the COVID-19 pandemic: The role of concern about the virus in a moderated double mediation. Sustainability, 12(23), 9804.
			[https://doi.org/10.3390/su12239804]
		
        

        
          	
            
              47. 
            
          
          	Traqq Team (2024, January). 30 VR apps for working from home in 2024. Retrieved from https://traqq.com/blog/vr-apps-for-work/.
        

        
          	
            
              48. 
            
          
          	Voll, K., Gauger, F., & Pfnür, A. (2023). Work from anywhere: Traditional workation, coworkation and workation retreats: A conceptual review. World Leisure Journal, 65(2), 150-174.
			[https://doi.org/10.1080/16078055.2022.2134199]
		
        

        
          	
            
              49. 
            
          
          	Wang, B., Liu, Y., Qian, J., & Parker, S. K. (2021). Achieving effective remote working during the COVID-19 pandemic: A work design perspective. Applied Psychology, 70(1), 16-59.
			[https://doi.org/10.1111/apps.12290]
		
        

        
          	
            
              50. 
            
          
          	Wang, J., Liu, E., Geng, Y., Qu X., & Wang, R. (2022). A Survey of 17 Indoor Travel Assistance Systems for Blind and Visually Impaired People. IEEE Transactions on Human-Machine Systems, 52(1), 134-148.
			[https://doi.org/10.1109/THMS.2021.3121645]
		
        

        
          	
            
              51. 
            
          
          	Which popular VR headsets have generated the most revenue?. (2022, April). VR.Space. Retrieved from https://vr.space/news/equipment/which-popular-vr-headsets-have-generated-the-most-revenue/.
        

        
          	
            
              52. 
            
          
          	Yang, L., Holtz, D., Jaffe, S., Suri, S., Sinha, S., Weston, J., Joyce, C., Shah, N., Sherman, K., Hecht, B., & Teevan, J. (2022). The effects of remote work on collaboration among information workers. Nature human behaviour, 6(1), 43-54.
			[https://doi.org/10.1038/s41562-021-01196-4]
		
        

        
          	
            
              53. 
            
          
          	Yoon, M. (2022, March). 책상에 취향을 녹이다, 새로운 업무 트렌드 "책상 꾸미기" [Bring Your Taste to Your Desk, the New Work Trend "Desk Decorating"]. Zum Hub. Retrived from https://hub.zum.com/handmk/87264.
        

      

    

    

  OEBPS/images/big_37_3.jpg
Archives of
Design Research

2024.07 [ vol 37 [ n0 3

Korean Societyof Design Science





OEBPS/images/data/ksds_new/41435/ADR_2024_v37n3_105_f001.jpg
Virtual Reality
(Network)

Virtual Local
(Local)

Physical Reality
(Local)
Traditional Working

Environment
(TWE)

Virtual

Avatar

i
'
'
'
'
'
1
|
'
'
'
'
'
'
'
|
|
)
|
i
1
|
|
I
'
|
I
'

P: Personal Work / Col: Collaboration / Com: Communication
Continuous R

Intermittent Relation






OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ksds_new/41435/ADR_2024_v37n3_105_f002.jpg
Virtual Workspace
latiorms

: Platiorms Supp Platiorms Supporting
using HMD via General Office Worl Individual Workspace
Searching in =19 0=6)
the Interner

W=42)

~ Virtual Desktop VR
- Horizon Workrooms

i - Inmersed
Plati Platiorms VSpatial
i not supporting Soltspace
Wiy Spectfic Purposes Individual Works Noda

(01=28)

0=8)





OEBPS/images/data/ksds_new/41435/ADR_2024_v37n3_105_f003.jpg





