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Abstract: Employee satisfaction and productivity are highly dependent on the alignment between 

the design of a workplace, the culture, the work activities, and the technology used, and while the 

understanding of such interactions has received increased interest in fields including architecture, 

health, and psychology, very little is known in relation to virtual work and reality (VR). VR work-

places have the potential to become an integral part of new work arrangements, enabling employees 

to execute teamwork and task work through (mature) simulated environments designed to meet 

individual, team, and organizational productivity needs. Thus, the aim of this study was three-fold: 

In study 1, we gained, through expert interviews, insights into contemporary thinking in workplace 

design, and gathered a greater understanding of the dimensions of design, behaviors, environments, 

and tools that affect collaborative work and productivity. In study 2, we observed knowledge work-

ers in home environments and open, closed, and balanced office layouts, in order to understand the 

potential for successful integration in VR. In study 3, we evaluated environmental needs and op-

portunities through VR. Based on our findings, we developed an Ecology of Work model, combin-

ing work systems and pillars of performance success. These are followed by discussions on design 

needs and implications for VR. 

Keywords: office and work environment; ecology of work; teamwork and task work; workspace 

improvement practices; virtual reality 

 

1. Introduction 

Over the past few years, substantial developments in digital technologies have en-

couraged a shift in the way we work and produce, from an office-based environment to 

remote work (also called “virtual work”) [1], with an increased focus on how virtual real-

ity (VR) can support and enhance work-related applications [2]. Remote work differs from 

traditional work in that workers are physically dispersed, communicating and working 

mostly via and assisted by digital technology [3], while VR enables users to experience 

and interact with life-like models or environments through interactive 3D visualization 

and graphical displays, provided through head-mounted displays and handheld, posi-

tion-tracked devices with one or more position trackers [4]. 

VR for work has received special attention since the unprecedented outbreak of 

COVID-19, which required millions of workers to work from home, almost overnight [5]. 

In 2020, in the United Kingdom, nearly one in two employees worked remotely, acting as 

a catalyst for digital transformation towards work in VR. Since early 2021, sales in hard-

ware for VR almost doubled, creating figures of units shipped in the range of millions, 

and success rates in the range of billions, and large enterprises have begun to engaged 

meeting environments for teamwork and task work [4]. 

For both work and VR, the environment in which work is executed can actively im-

pact workers’ workspace relationships, task performance, and overall job satisfaction [6]. 
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To illustrate, in the context of spatial dimensions (i.e., proximity, workspace assignment, 

and privacy crowding), closed offices, where employees have their own individual work-

ing areas distinctly divided either by using walls, cubicles or panels [7], have been demon-

strated to increase the perception of privacy, concentration and work efficiency. However, 

they limited opportunities for collaboration and supervision, and if not interrupted by 

occasional social interactions, created a feeling of oppression [8]. Open office spaces, de-

fined by the absence of interior partitions and rooms [7], have exhibited an increased net 

of usable areas and ease of re-configuration (i.e., cost reduction), as well as transparency 

and coordination through greater social interaction, cooperation, feedback and 

knowledge sharing communication. However, they reduce privacy [9], which, paired 

with constant background noise or poor lighting, has led to increased stress at work [10], 

concentration issues, and performance and productivity decrements [11]. 

Similarly, relationships were found between productivity and interior design, with 

low-quality office lighting, poor ventilation, and ambient sound levels higher than 55 dec-

ibels (dBA) creating physical and mental tiredness, and a lack of concentration and poor 

work performance [12]. Additionally, the ability to alter one’s work position by standing 

or walking compared to sitting continuously at a 90-degree angle impacts work efficiency, 

as do adjustable tables, chairs with appropriate seat heights, pan depth, or backrests, 

which, alongside an appropriate utilization of information technology (e.g., computer, 

laptop, keyboard, and mouse shape and size), can create significant health and cost bene-

fits if executed in accordance to the needs of the work characteristics and task details [13].  

Given the close relationship between productivity and performance satisfaction in 

response to spatial dimensions and interior design, newer workplace models are shifting 

to plans that include open offices with private spaces to appeal to both the collaborative 

and individual needs of employees [14]. Furthermore, cultural expectations and needs are 

considered to have a strong influence on how the workspace is perceived and utilized 

effectively. As shown in early anthropology and communication studies, defining and or-

ganizing spaces, such as intimate, social, and public spaces, and enabling productive 

teamwork and task work, has shown to vary significantly, depending on the cultural con-

text, such as employees’ cultural backgrounds and social settings [15,16]. 

These shifts in spatial design, as well as increases in cultural awareness, are particu-

larly relevant for working in VR [2]. VR can support demands for interactions, collabora-

tion, and knowledge sharing while still addressing individual workstyle needs, minimiz-

ing distraction, and decreasing crowding [17]. As an adaptable workspace, it can offer 

spaces and interior features designed for different work activities [17], acknowledge em-

ployees’ cultural diversity and differing communication styles, and, in doing so, effec-

tively improve productivity and wellbeing.  

At present, however, only a few studies investigated office design and productivity 

in the context of VR. It is known that immersive VR environments can significantly impact 

perceived vitality, stress [18], and mood [19,20], while simple changes in environmental 

features such as the colors of the walls as well as room temperature do not have such 

effects [21]. The latter has been addressed with a particular focus on productivity, sug-

gesting a more nuanced interaction between productivity and the environment provided 

in VR; with future studies being advised to consider behavioral and cognitive components 

such as personalized solo productivity versus shared space for collaborative team/task 

work, and effective time and contingent planning through smart notification management 

to enable effective synchronous and asynchronous work arrangements [22]. A more recent 

study [23] evaluated physical offices (open or closed office) versus VR offices (beach or 

virtual office) and addressed differences in performance (navigation task) and attitudes 

(flow, VR vs. no VR preference), showing that the physical, closed office and the beach VR 

were similarly ranked in reducing distraction and inducing flow, and that these two en-

vironments are preferred over the non-VR open office and VR open office environments. 

However, limitations due to study design (e.g., study duration, task characteristics, and 
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novelty effects) make it difficult to generalize the findings in relation to real-life work-

places, teams, and task characteristics [23].  

With this in mind, the aim of this study was to make an important step in enhancing 

the usability of (matured) VR [24]. Based on user experience analysis methods, this study 

sought to trace performance, verify the completion of the tasks, and improve the organi-

zation of the (virtual) workplace, by providing insights, guidelines, and implications in 

relation to user experience and human–computer interaction design. 

This was achieved by (i) conducting expert interviews to gain a perspective on how 

workplace design can affect collaboration, productivity, and work satisfaction; (ii) explor-

ing design and environmental features for virtual knowledge workers as well as those 

working in open, closed, and balanced offices, through the lens of ethnographic research 

and interviews; (iii) surveying knowledge workers using VR for solo, teamwork and task 

work activities, in order to understand the nature and importance of VR environments 

and customization. Based on these findings, we developed an “Ecology of Work” model, 

which features the work systems and pillars of performance success, followed by design 

guidelines for environments in VR.  

2. Materials and Methods 

2.1. Participants Data Collection 

For study 1, we spoke with experts such as academic researchers and industry exec-

utives working in the areas of organizational behavior, workplace strategy, architecture, 

product development, and real estate strategy. We asked questions regarding technology 

utilization and employee productivity (cf. Table 1 for an overview of methods used for 

each study, as well as a detailed list of questions addressed).  

Study 2a aimed at understanding the immediate and broader environmental needs 

of both remote and office knowledge workers (cf. Table 1). We observed eleven remote 

knowledge workers from 4 different companies (500+ employees) in the US and UK. 

In study 2b, we observed knowledge workers across companies in closed (n = 1), open 

(n = 3) and balanced office layouts (n = 3). These companies worked in various fields, in-

cluding architecture, insurance, gaming, advertising, and social networking, all located in 

the US. 

Study 3 surveyed 711 employees working at a large IT company in the UK and US, 

seeking to understand dependencies between room customization and context (e.g., work 

and task activities) when working in VR.  

Written consent was obtained from all participants. 

Table 1. Observations and questions of interests: expert panel and remote work. 

Study Aim and Methods Questions 

Study 1 

 To understand work culture, work 

behaviors, and work strategies of of-

fice layouts, and how technology can 

be utilized to foster work satisfaction 

and employment productivity 

 Expert panel interviews 

● How has technology caused a shift in the way workplaces are 

planned, designed, and utilized?  

● How has that shift impacted employees and their interactions 

with each other? 

● How do you reconcile the benefits of space ownership and the 

benefits of mobility in the workplace? 

● What can organizations do before, during, and after a rede-

sign to ensure new spaces are occupied as they were intended 

during their inception? 

● What do you see as the next wave of innovation for 

knowledge workers? 

Studies 2a 

and 2b 

 (a) To understand the immediate en-

vironmental needs, including move-

ment and posture, as well as broader 

Remote Working 
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environmental needs to ensure 

productivity in both remote and of-

fice knowledge workers 

 (b) To understand the working and 

productivity behavior of office work-

ers in closed, open, and balanced of-

fice layouts 

 Behavioral observations and inter-

views 

Immediate environment 

● What is within arm’s reach and why is it positioned there (ac-

cessible without getting out of “work position”)? 

● What are common shapes/materials/dimensions of desks? 

● How many monitors do remote knowledge workers have? 

● How much available space is there? 

● Do chairs roll? How far can they typically move? How else are 

chairs used?  

● What are the different postures we observed? 

● In what rooms/environments does work take place? Does pos-

ture vary in these spaces? 

● Where are furnishings/objects positioned in the area? Are they 

moveable/dynamic? 

● How do people move while in a workspace? 

● How often do people get up and move around the space? 

● How long are focused work sessions? What do breaks look 

like? 

Broader environment 

● Where does work take place? 

● What is the range of room dimensions and materials? 

● What windows are in the room, and where are they relative to 

the remote worker? 

● How bright are workspaces overall? 

● What devices are in the environment? 

● Who else enters the environment, and how is the interaction 

initiated? 

Office working in open, closed, and balanced office layouts 

Physical space  

● How is furniture placed within the space? 

● What do different work zones contain? 

● Does it encourage or detract from usage? 

Interpersonal interactions 

● How frequently is face-to-face communication happening? 

● How do employees signal (un)availability? 

Individual behavior 

● What seems to trigger mobility? 

● What environmental elements impact behavior? 

● How do individuals stake ownership of their space? 

Study 3 

 To understand dependencies be-

tween room customization and con-

text when using Virtual Reality 

 Survey 

● Is the ability to customize the room and environment a feature 

you’re excited about? (Yes/No) 

● What would be your goal when making changes in the virtual 

reality room and environment? (Open text) 

● What parts of your virtual environment would you most want 

to customize?  

● Anything else you want to say about customization? 
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2.2. Data Processing 

Expert Interview and Observational Data 

We generated an initial coding frame for organizing, exploring, and comparing data 

from both interviews and observations (of 175 h). No a priori coding framework was se-

lected; codes were generated inductively from the dataset using a simplified thematic 

analysis (i.e., content analysis) [25]. The method was chosen for its epistemological flexi-

bility; a second researcher (NDE) independently coded a sub-sample of the transcripts 

[26]. The research team met to discuss emergent codes and categories. These discussions 

provided new insights regarding the data and helped finalize the analysis. Content ob-

served and identified was inspected against the broader literature. The primary outcome 

of all of the studies was a qualitative assessment of the different environmental features 

and productivity, and its implication for VR. 

3. Results 

The results for each study are reported here; in addition, a table has been created with 

an overview of key findings regarding work- and environment-related aspects (cf. Table 

2). This is followed by the design of the “Ecology of Work” model, which is used as a 

guideline for considering VR workplace design and optimization. 

Table 2. Key findings based on work-related productivity characteristics and needs. 

Study Key Findings 

Study 1: Expert 

Interviews  

 Ultimately, a workspace must meet certain core human needs (ownership, attachment, and iden-

tity formation) to achieve optimal performance. 

 A delicate balance exists when creating a productive workplace: physical, cultural, and sensorial 

elements all impact on employee productivity and wellbeing. 

 While more technology in the workplace can increase productivity and collaboration, it is im-

portant to proceed with caution when designing; new technology can also create a new set of 

needs and pain points. 

 Effective change management is crucial to employees adopting and accepting a new workplace en-

vironment. 

 The quest for the ideal workspace is a work in progress; employees’ needs and activities have 

evolved, and workspaces are, ideally, created to accommodate these changes.  

Study 2a: Ob-

serving Remote 

Working 

 Desks tended to be wooden and rectangular. Electronics, writing materials, photos and beverages 

were often found on desks. Most remote workers had two monitors. Available space varied 

greatly, but most did not have a good view of their floors. 

 Most participants worked from a desk. If not, they were usually on the go. Windows were often 

positioned nearby, but room brightness varied. Pets, children and other people often entered 

workspaces. 

 Although half had rollable chairs, movement was minimal. A wide range of postures was ob-

served. Most furnishings/objects were not easily moveable. Breaks were frequent and often in-

volved leaving workspaces. 

Study 2b: Ob-

serving Office 

Working 

 Physical layout utilization has been shown to be dependent on the team and task functionalities 

and characteristics. Different work zones enable dynamic, spontaneous collaboration. The ability to 

move freely between zones is needed to encourage complete utilization of spaces. 

 Collaboration can take many forms; employees’ needs for collaboration depend on the nature of 

their work activities, and needs differ among organizations, teams, and individuals. 

 Norms dictate how freely work activity happens. Organizational culture and implicit and explicit 

norms influence the utility of collaborative spaces; flexibility in movement between spaces; accept-

ability of behaviors at and away from desks. 

Study 3: Work-

ing in VR 

 Findings are in line with results presented studies 1 and 2. Customization needs exist at the com-

pany, team and individual levels. 
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 Virtual Reality creates additional dynamics, with context specifically related to meeting goals and 

real-world contexts being important drivers. 

 The right customization will be the optimal balance between maximum user impact and the effort 

to produce (art) and implement (engineering), as well as user experience (design/user experience 

research). 

3.1. Study 1 

3.1.1. Expert Interviews 

Based on the expert interviews, five categories were identified: (i) managing shifts in 

work environments; (ii) redefining collaboration; (iii) a new virtual world; (iv) form meets 

function; and (v) space as culture.  

Managing Shifts in Work Environments 

The participants acknowledged that loosely structured spaces introduce new forms 

of socialization by encouraging more diverse, incidental interaction, and whilst an in-

creased density can make a space feel energetic and lively, such design should be comple-

mented by private areas to provide outlets for quiet and concentration. A lack of employee 

allegiance and connection to the organization and/or space was mentioned to significantly 

decrease the value of incidental spaces, and it was implied that space alone does not at-

tract employees; to this end, effective change management needs to happen to enable em-

ployee movement and interaction with the space, as well as each other. As such, new 

spaces should be designed as employee relations tools, targeted to increase retention and 

signify an investment in employees. 

“There are rooms that are loud, noisy, and lively, but this design supports a different level of 

socialization rather than one giant, crowded room or a single cubby that’s just for yourself.” (VP 

of product development) 

Redefining Collaboration 

Interviewees emphasized that understanding the journey for employees in a space is 

key; employees’ needs should be understood, and the values and physical culture must 

be manifested in the space. To successfully collaborate, there should be a democratization 

of the remote experience to equalize levels of input and eliminate imbalances that exist in 

hybrid (in-person and remote) interactions. The degree of ownership required in a space 

should be understood by examining the activities happening within different teams; here, 

needs can vary dramatically. A workspace should allow for self-navigation; when em-

ployees feel a space responds to their unique needs, retention tends to increase. Owner-

ship and identity can be created throughout a workspace without anchoring to one spe-

cific place (e.g., an assigned desk). 

“Individual identity has nothing to do with a desk. We figure out the house rules around meetings 

and interruptions. It’s almost like a community center for my organization.” (Global Head of real 

estate) 

A New Virtual World 

Experts expressed the notion that there has been insufficient research into current 

and emerging technologies to determine whether spontaneous virtual collaboration can 

be effective and productive. Hybrid work represents the largest obstacle to successful vir-

tual collaboration because of competing online and offline norms. When shifting from 

face-to-face collaboration to virtual communication, sharing complex information, deliv-

ering bad news, and ensuring privacy are the biggest challenges to overcome. Intermit-

tency in connectivity is most successful for complex problem-solving, as the sense of al-

ways being on stage with constant connectivity can negatively impact employee wellbe-

ing. Embracing new spaces and boundaries must happen organically: organizations 
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should provide the environment and capability, but employees must be able to figure it 

out for themselves. 

“Research suggests that face-to-face interaction is richer than electronic communication, but 

someone might discover that the tools have gotten so good that electronics might be better.” (As-

sociate Professor, Business School, US) 

Form Meets Function 

It was highlighted that understanding employees’ benchmark of reality before de-

signing a new space is necessary to create a space that meets employee needs and aligns 

with goals and values. The more aesthetically pleasing and functional a space is, the more 

people want to be there, and when spaces are designed correctly, they can encourage be-

havioral change. Organizations must give employees the cultural authority to utilize new 

spaces on their own without having to worry about perceptions and management’s opin-

ions. Office cultures grounded in physical design must be considered when designing co-

hesive, larger spaces for employees from different locations. 

“The technology you might be designing for might not be the technology when the space is fin-

ished.” (VP, interior design) 

Space as Culture 

Lastly, experts stressed that space is never neutral; it is always either positively or 

negatively impacting the contributions of employees and teams. To create a successful 

workspace, design must reflect an understanding of people and people must understand 

their building, without gaps between the design of a space and its effect on employee 

performance. Reallocations of space within an organization should be based on behavior 

profiles as well as the functional requirements of employees. A participatory process that 

permits employees to actively contribute to the design ensures spaces are used as in-

tended, but corporate cultures with social inequity do not support this type of ground-up 

participation and require a different approach.  

“When together, people are physiologically more relaxed, and reactions to comments are reinforc-

ing. In a virtual version, it feels more like a take-from-both-sides rather than the give-and-take of 

what is really a conversation.” (CEO, change management) 

3.2. Study 2a 

3.2.1. Remote Working 

Study 2 explored immediate environment, broader environment, and movement and 

posture when executing teamwork and task work activities. Each knowledge worker is 

here represented by a mock name. 

Immediate Environment 

The immediate environment here displayed unique features in relation to desk ma-

terial and shape; objects and artifacts found on each desk; the number of monitors used; 

and the type of space created for “availability” (i.e., being available for co-workers). Over-

all, most participants worked from a desk that was wooden, rectangular, and roughly 1 

m long and 0.6–0.8 m wide (cf. Figure 1a). If the employee did not utilize their standard 

workspace, they were usually on the go. Items that employees frequently needed and 

could be easily stored were often found on desks, including electronics (cf. Figure 1b), 

writing materials and beverages, as well as photos and art to create a personal and pleas-

ant environment (cf. Figure 1c).  
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(a) 

 
(b) 

 
(c) 

Figure 1. (a). Examples of the immediate environmental features of knowledge workers: use of ta-

bles and desks. (b). Examples of the immediate environmental features of knowledge workers: use 

of monitors and electronic devices. (c). Examples of the immediate environmental features of 

knowledge workers: customization of workspace. 

Broader Environment 

In this study, remote workers spent most of their time at home office desks, designed 

for predominantly sedentary contexts. Windows were often positioned nearby, but room 

brightness varied. Pets, children, and other people often entered workspaces. Interactions 

with them were initiated visually, aurally, or mediated through messages. While most 

work was carried out at desks, other spaces of interest included the balcony, kitchen coun-

ter, sofa/chairs, and an exercise bike (cf. Figure 2a–c).  
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(a) 

 
(b) 

 
(c) 

Figure 2. (a). Examples of observed visual, aural, or mediated interactions. (b). Examples of window 

setup in offices. (c). Examples of additional, non-traditional, workspaces utilized. 

Movement and Posture 

Although half of the participants had rollable chairs, movement was minimal; a wide 

range of postures was observed, including twisting, and leaning forwards and backwards. 

Focused work sessions could be as short as a few minutes, 15 or 20 min, and reached up 

to 45 min to slightly over an hour. Any longer sessions were extremely rare. Meetings 

were different, as they often lasted at least an hour, while breaks were frequent and often 

involved leaving workspaces (cf. Figure 3a–c). 
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(a) 

 
(b) 

 
(c) 

Figure 3. (a). Examples of different postures observed during working. (b). Examples of chairs and 

ability to move within the remote office work environment. (c). Catalysts for breaks in between work 

activities, including further descriptions from each knowledge worker. 

3.3. Study 2b 

3.3.1. Office Working 

In the context of office working, we focused on: (i) the physical space, by understand-

ing differences between spatial configurations and identifying key behaviors; (ii) the col-

laboration space, by observing interactions between employees, both work-related and 

social; and (iii) individual behavior, by exploring specific individuals to understand work 

activities and how employees interact with their environment. All three aspects were 
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examined in the light of an open, closed, and balanced office layout (cf. Table 3 for exam-

ple quotes based on observations related to each office layout). 

Table 3. Intentions of using office layouts for individual and teamwork: sample quotes from execu-

tive managers based on observations. 

Office Layout  Example Quotes Based on Observations 

Closed-office layout: physical space 

“Availability of meeting rooms is a pain 

point. One of our hacks is to meet in our 

space and use the whiteboard wall.” 

Closed-office layout: collaboration space 

“People use the form of communication that 

works best for them. It varies across teams; 

some use Skype, others prefer to text or 

physically pop by.” 

Balanced office layout: collaboration space 

“We’re not sure why this space isn’t being 

used. It could be that it’s too far to get to 

from the other floors or that there’s still a 

stigma associated with not being at your 

desk.” 

Open-office layout: physical space 
“The goal is to create a community vibe and 

create a sense of home.” 

Open-office layout: collaboration space 

“The space was designed to create ‘neigh-

borhoods’ with a community feel. We also 

prioritized having plenty of spaces for 

breakouts and collaboration.” 

Physical Space 

In open layouts, team spaces were highly customized with leave-behinds and a 

stamp of team personality, displaying a strong sense of camaraderie. Space designations 

were created, and employees moved freely and frequently between a variety of work 

zones based on their work activities. While the hierarchy was invisible, managers sat 

among their teams and meeting rooms were the only closed spaces. On the downside, the 

open layout forced employees to use quieter, “indoor” voices as they engaged in work 

and social conversations. The glass doors of closed offices complicated issues around pri-

vacy and surveillance, while the physical perks were an outside view, wellness rooms, 

and an incorporated lunchroom to ensure employee wellbeing. In some cases, the array 

of team and communal breakout areas was underutilized for individual and collaborative 

work as well as social exchanges, while any added strategic positioning of “pantries” had 

the added benefit of refuge and rejuvenation, i.e., snack and beverage offerings. 

The closed layout varied across floors according to department-specific activities and 

norms. Some were more cubicle-heavy with flatter hierarchies, while others were private 

office-heavy, more for managers and executives. Narrow interzone corridors and discern-

able individual workspace boundaries minimized opportunities for social interaction, 

while muted ambient conditions optimized focused work. 

The balanced layout with open desks, closed meeting rooms, breakout spaces, and 

private offices fostered a collaborative environment with options for privacy and refuge 

when desired. Open collaborative spaces between desks and teams were frequently uti-

lized, and teams sometimes left behind artifacts to reserve their space. Although hierar-

chies existed, the open-door culture for private offices encouraged communication and 

connection between managers and employees, as well as connectivity to the outside 

world. The meeting rooms were away from individual desks, encouraging unplanned, 

organic conversations as employees walked to meetings together. Comfortable and aes-

thetically pleasing spaces with touches of company identity created a second home feel 
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and encouraged employees to relax and feel attached to the space. Employee desks placed 

along the office perimeter increased exposure to natural light. 

Collaboration Space 

In open-layout spaces, employees forged bonds within their respective teams per 

seating arrangement and organizational structure. Where there was co-creation, there was 

team color: artifacts, a gaming setup, chatting, and noise. Whiteboards and post-it notes 

in closed meeting spaces were the signs of offline collaboration; however, online collabo-

ration was also utilized using the same tools. Spontaneous collaboration happened con-

tinuously and ranged from quick meetings to casual corridor chats, spontaneous learning 

for extended periods of time, and group brainstorming. Teams had their own open huddle 

spaces near desks and used them for quick meetings, relaxation, and a change in scenery. 

Cross-department meet-ups occurred in the lunchroom, a company-designated common 

area, and communal spaces such as micro kitchens and booths had multiple seating con-

figurations and served as collision points. 

For closed-office layouts, our study identified grounds for both work and social ex-

changes, such as play areas and wall stickers, and a leaderboard signaled team camarade-

rie. Learning moments inspired collaboration on the floor, but the focused nature of work 

resulted in momentary, if not sparse collaborative behavior. 

Lastly, in balanced office layouts, frequent spontaneous interactions occurred within 

teams and fostered a sense of community across departments. Implicit norms of transpar-

ency and open communication enabled face-to-face talk to flow at desks and open 

breakout spaces, while virtual communication with other offices and clients happened in 

meeting rooms with optimal tools and technology for digital collaboration. Employees 

were often found chatting in corridors and at desks. Breakout spaces within teams were 

rarely used for social interactions; norms around noise levels and boundaries seemed to 

exist and, in turn, obstruct prolonged social interactions. 

Individual Behavior 

The open-desk layout created a sense of transparency, while the size and placement 

of monitors allowed for individuals to create visual boundaries blocking their line of sight 

to colleagues; the use of headphones was prominent and used to signal unavailability and 

focused work. Jackets, stickers, and mugs were sprinkled across desk pods, along with 

the popular desk plant and occasional plush toys. Expressions of individual identity var-

ied and ranged from personal items to symbols of company affinity. Strong online per-

sonas existed, often characterized by memes and inside jokes exchanged on Slack, which 

was seen as part of team-building culture. When it came to personal matters, the open 

layout was not always inviting, and some took personal phone calls in other places; here, 

refuge areas were highly utilized for individual work, taking phone calls, and recharging. 

Employees’ ergonomic preferences manifested personalized work environments. Some 

preferred stand-up desks, whilst others created cubicle boundaries with pop-out drawers 

that mimicked a door or a wall. Lastly, limited storage space did not stop employees from 

modest personalization, such as free-handing flowers and butterflies on whiteboard cubi-

cle partitions. 

In closed-office layouts, the personal cubicle was a repository for self-expression and 

identity building. Employees personalized their cubicles with flowers and photos of fam-

ily and friends; they were building a “second home”, and, as such, the style and amount 

of personalization varied by person. The cubicle was the employee’s mainstay, and taking 

calls was acceptable, if not conventional.  

For balanced office layouts, our study demonstrated that individual privacy was lim-

ited by an open-desk layout, although employees appeared to be comfortable using head-

phones to block out surrounding noise when needed. The personalization of desks was 

allowed, and employees utilized this to varying degrees, showcasing different interests 

and past work. Company identity was visible on almost all desks through desktop 
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screensavers and mugs. Heads-down work occurred at individual desks, often for ex-

tended periods of time. Mobility was encouraged across varied and flexible work zones 

designed for different concentration and privacy needs. Given elbow-to-elbow proximity 

to peers, the holding of meetings at individual workstations was rare. Most preferred to 

use huddle rooms or open breakout spaces. 

3.4. Study 3 

Based on studies 1 and 2, a survey was conducted to evaluate the need for environ-

ment customization in the context of VR (cf. Table 4 for example quotes). This was con-

ducted in order to understand commonalities and differences between real-life needs ver-

sus those in VR, and to identify VR design and development implications. 

Table 4. Environment customization in the context of VR: survey themes with example quotes. 

Theme Example Quote 

Customizing based on meeting properties 

“[I want to] make the room environment 

more aligned with the size of the group en-

gaged in the meeting”. 

 

“I [would like to] use a 6/8/10 person desk 

for my 4 person meetings.” 

Customizing based on personal preference 

and real-world or preferred outside context 

“Being able to set up the room for either a 

typical meeting (feels comfortable, like being 

in a real room) or for a heads-down focused 

working meeting (with few aesthetic distrac-

tions, and more of a focus on productivity 

tools)” 

 

“[I would like to] decorate the (VR) room 

similar to how I decorate my home.” 

 

“I want customization of the (VR) office […] 

reflecting time of day, weather, influencing 

mood and aesthetic/light, [or to have the 

ability to] change the outside to the 

city/landscape I love”. 

Customizing to match company aesthetics 

and team identity 

“[I want to] feel aspects [in VR] of actually 

being in a physical [employee’s company] 

room.” 

 

“Be able to add swag to the room and the 

outside.” 

Overall, our findings suggest that workspace environments and customization are 

important at the company level (e.g., brand colors, logos, and mascots), the team level 

(meeting spaces, information persistence, etc.), and the individual level (avatars, settings, 

and personal items in the environment). Employee perception of ownership was per-

ceived to be very important and could be categorized as follows: (i) meeting properties; 

(ii) personal preference; and (iii) company and team identity. 

3.4.1. Customizing Based on Meeting Properties 

The ability to customize space based on meeting properties included three consider-

ations: the number of attendees; the focus of the meeting; and the utility (i.e., what tools 
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are needed for meetings). To illustrate, the results show the need for a VR environment to 

create space that facilitates the group size but that could be expanded indefinitely. This 

fosters more flexible and enhanced communication and interaction, but also allows the 

option to view content from different angles, enabling shifts in visual attention during, 

e.g., presentations. Different tasks and meeting goals manifested environmental needs 

such as collaborative settings, presentation settings, and social settings, including sticky 

notes and shared screens; a lecture-like setup including a podium and tools to facilitate 

structured discussions; and a coffee-house environment, with background music and the 

ability to play games and socialize. 

3.4.2. Customizing Based on Personal Preference and Real-World or Preferred Outside 

Context 

Most knowledge workers responded with customization goals that reflected a desire 

to customize based on individual taste and personal objects, reflecting real-life workspace 

and decorations, such as pictures of family members, mugs, pens, and paper. Participants, 

furthermore, emphasized non-VR preferences, such as a realistic view from the window 

showing distinct geographical locations (e.g., London or NYC offices), as well as the abil-

ity to change the view to that of the city/landscape they desired. Respondents wished for 

space to represent the time of day, appropriate lighting conditions, and outside weather, 

which they believed affected their mood and focus more positively. 

3.4.3. Customizing to Match Company Aesthetics and Team Identity 

Lastly, VR was employed to represent the company branding and aesthetics, while 

team identity was explored in relation to “team-specific personality”, with avatars of each 

member being displayed in the room, post-it notes of individual comments and typical 

verbal expressions, and an environmental theme specific to the avatars chosen within the 

team. 

3.5. The Ecology of Work Model 

Studies have demonstrated that every organization has unique needs, activities, en-

vironments, and knowledge worker characteristics. Drawing from our findings, we have 

developed an “Ecology of Work” model (cf. Figure 4), featuring systems and pillars of 

success, including the importance of collaboration, community, identity, and wellbeing, 

all of which represent design needs and implications in the context of VR. 

 

Figure 4. The Ecology of Work model. 
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3.5.1. Systems 

Nature of Work 

The nature of work is dynamic and highly specific to the task at hand. Employees 

move between different modes of attention based on their work activity; while concen-

trated work may require more controlled attention, social exchanges can lean more to-

wards rejuvenation. As work activities diversify and employees move more fluidly be-

tween modes of attention, the importance of separate spaces increases (cf. Figure 5). 

 

Figure 5. Examples of work activities and modes of attention. 

Space and Resources 

Spaces and resources can either facilitate or prevent work and collaboration. Physical 

space layout and tangible resources either enforce or eliminate privacy, mobility, and au-

tonomy. As such, a variety of available work zones allows employees to choose where to 

work based on their activities (cf. Figure 6). 

 

Figure 6. Proposed zones and designated areas to ensure productivity. 

Culture and norms 

Implicit and explicit norms guide employee behavior, interactions, and social cues. 

They set expectations for individual roles and employee dynamics. The culture of a com-

pany is informed by the company’s mission, vision and values, the attitude and conduct 

of leadership and management, and its organizational structure.  
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3.5.2. Pillars of Success 

Collaboration 

Physical layouts can either help or hinder collaborative needs. The strategic place-

ment of work zones (e.g., corridors near the home base) enables more dynamic, sponta-

neous collaboration. The ability to move freely between zones as needed encourages the 

complete utilization of spaces. 

Tools and technology that facilitate collaboration increase engagement and produc-

tivity, and can take many forms, including physical objects to guide attention (e.g., sticky 

notes), visual cues to aid innovation (e.g., whiteboards), innovative technology to encour-

age collaboration (e.g., interactive touch-screens), standard technology to enable effective 

workflows (e.g., video conferencing to work across locations), and playful elements to 

rejuvenate and increase engagement (e.g., playing video games together; cf. Figure 7). 

 

Figure 7. Illustrations of how technology can facilitate collaboration and increase engagement. 

Employees use social cues to signal availability: headphones, making or avoiding eye 

contact, doors left open or closed, digital status setting, blocking calendar, etc., although 

not all cues were respected in our studies. Attempts at engagement included the pop-by, 

digital check-ins, or physical surveys (peeking over desks, standing up to check). Individ-

uals find ways to explicitly signal un/availability when cues do not work, including emoji 

signs on a closed door to know when to approach. Availability is typically deferred by 

declining a pop-by or check-in, requesting a planned collaboration instead, or altering 

body language to lean into the workstation. Availability can be experienced as not merely 

binary, with employees finding ways to communicate a spectrum of availability (cf. Fig-

ure 8). Although interactions are unplanned, spontaneous collaboration can range from 

asking a quick question to sitting together and working through a task for hours. The 

duration of these exchanges depends on both the availability of employees and the nature 

of work activities. 

 

Figure 8. Availability spectrum for employees. 

Community 

Community building can happen intentionally or spontaneously. A tight-knit com-

munity supports individuals, encourages participation, and eases employees’ relation-

ships with their work and coworkers. Such group cohesion can be facilitated by:  

 Planned social exchanges; 

 Common areas designed to facilitate casual interaction; 

 Catered lunches; 

 Events designed for recognition. 
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Effective space design can support unplanned social interactions, and include 

breakout spaces to enable the blending of collaboration and relationship building; refuge 

areas, which permit transitions from public to private conversation; technology integra-

tion, which connects employees at all times; and collision points, which facilitate un-

planned run-ins. 

Identity 

Employees and teams use identity to claim space and create ownership. As space 

becomes more open, individuals struggle with smaller workstations, indistinct bounda-

ries, and a lack of adequate storage. When space encourages identity formation and ex-

pression, collaboration improves. Identity exists and forms at multiple levels: industry, 

which evolves around the industry’s perceptions and reputations; company, which con-

cerns heritage and clients; teams, including previous and current work, team members, 

and play elements; and employees, manifesting in values, interests, and professional skills 

(cf. Table 5).  

Table 5. Levels of identities and attributes for companies; teams; and individual employees. 

Identity Level Attributes 

A clear and unifying company 

identity 

 Communicates mission and values externally 

 Creates belonging internally 

 Elevates company status 

A distinct team identity 

 Facilitates group cohesion 

 Expresses pride in team output 

 Differentiates from other teams 

 Creates a subculture teams can identify with 

Employee identity 

Individuals celebrate their identity 

in a variety of ways: through figu-

rines, plants, photos, high-design 

functional items, awards, etc. With 

these, they signal the following: 

 Self-expression 

 Pride 

 Personal joy 

 Utility 

 Connection 

Wellbeing 

Employees need to be comfortable in their space before effectively engaging and col-

laborating with each other. Organizations recognize that employee wellbeing is tied to 

greater productivity and promote it in the following ways. 

 Natural elements: light, humidity, air quality and movement, noise, temperature; 

 Ergonomics: sitting/standing desk, rotating monitor stands, storage space, flexible 

privacy screens, window blinds, and desk lamps; 

 Food/hygiene/fitness: mental health and wellbeing are key for productivity, and 

workspaces, whether VR or in real life, need to have an infrastructure in place that 

allows for healthy food intake and opportunities to exercise; 

 Ambient conditions (noise, lighting): considering poor ambient conditions as a con-

tributor to stress, office spaces need to allow for individual customizations, depend-

ing on employees’ unique attention needs; 

 Accessibility: New designs of spaces should be universal and easy to use for all mem-

bers of staff whether mobile or not. This also includes adjustable chairs, desks, and 

considerations of office space for free movement; 
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 Resimercial design: Driven by the increase in Millennial and Gen Z workers and the 

blurring of work and life, the resimercial aesthetic takes elements of the home and 

introduces them to the commercial workplace. Employees are now accustomed to 

working from home or from a third place and want some of the same creature com-

forts in their office environment. 

When employees do not have control over their surroundings, they create shortcuts, 

including umbrellas rigged to shield views; sky lights positioned above desk; comman-

deering communal space; placing books under their computer to create a standing desk; 

positioning monitors to create privacy. 

4. Discussion 

The aims of this study were to (i) conduct expert interviews to gain a perspective on 

how workplace design can affect collaboration, productivity, and work satisfaction; (ii) 

explore design and environmental features for remote knowledge workers as well as dif-

ferent knowledge workers in open, closed, and balanced offices, through the lens of eth-

nographic research and interviews; and (iii) conduct a survey with knowledge workers 

using VR for solo, teamwork and task work, in order to better understand the importance 

of VR environments and customization.  

Based on the results, we developed an Ecology of Work model, featuring systems 

and pillars of success. The systems regard the: 

o “what”, including the parameters of activity in the workplace (i.e., nature of work); 

o “where”, addressing the zones in which work activities occur (i.e., space and re-

sources); 

o “how”, investigating the degree of freedom and flexibility to fulfill work activities 

(i.e., culture and norms). 

All three work together to achieve key pillars of success, including collaboration, 

community, identity, and wellbeing. 

4.1. Implication for VR Workplace Design  

The following section outlines the implications of our Ecology of Work model for VR 

workplace design and optimization (cf. Table 5) 

4.1.1. Nature of Work 

Firstly, VR needs to account for several activities and work arrangements, including 

individual working, distributed collaboration, and in-office work. We know from previ-

ous research [27,28] that productivity is a multifaceted concept, largely depending on 

deadlines, knowledge workers’ mental states (e.g., attention, motivation); the type of task 

(single tasks versus multi-tasking); and self-regulation behavior (e.g., task tracking versus 

external validation). It is, furthermore, shaped and impacted by synchronous and asyn-

chronous collaboration, and the visibility of other team members’ availability and work-

ing progress, through information sharing and project management and execution. As a 

result of this, for VR to be successful, it needs to incorporate tailored environments based 

on the productivity characteristics aforementioned [27]. 

4.1.2. Space and Resources 

VR needs to account for different teamwork and task work activities, such as indi-

vidual workspaces for concentration and identity alignment; team/group spaces for in-

creased efficiency and collaboration; and recreational spaces for relaxation and sparking 

serendipitous interaction and socialization. Open, “transparent” offices have been shown 

to be overstimulating, and as a result, reduce organizational productivity, suggesting that 

an environment that is not 100% open may be better suited for collaborative work and 

increasing creativity [17]. Furthermore, the concept of “distributed cognition” [29] 
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suggests that thinking processes are embedded in the physical work environment. A team 

can provide “cognitive space” to hold ideas and experiences. Returning to the same work-

place each day, keeping meeting notes on the board, and leaving work samples and half-

finished prototypes on tables can help teammates maintain a shared project mindset, 

sharpen their focus, and speed up the collaborative process. Since VR offers an infinite 

number of possibilities regarding how workspaces are created, these parameters will be 

important when designing work environments for everyone. 

4.1.3. Culture and Norms 

Beyond the physical layout of the office, the success of a workplace is largely influ-

enced by the culture and norms of an organization. The ways employees interact with one 

another, the organization, and their spaces impact productivity, collaboration, and overall 

wellbeing [9]. Anticipating and understanding the nuances of employee behavior leads to 

a more optimal use of space and elevates workplace productivity. As such, spaces in VR 

must be open to all so that workers can freely choose where to be based on their activities. 

This should, in addition, be supported by the freedom to personalize in settings with low 

privacy and high distraction levels, which can contribute to positive cognitive and affec-

tive states [30]. The personalization of spaces allows workers to feel a sense of control and 

ownership, by breaking the uniformity of spaces and tapping into the desire to have oth-

ers see them as they see themselves [31]. It helps affirm specific identity categorization, 

and create bonds and relationships over shared interests [32]. 

4.1.4. Pillars of Success: Collaboration 

Our findings show that physical layouts and the technology used (e.g., whiteboards, 

VC, interactive screens, etc.) can have a significant impact on teamwork and task work 

success. These findings are in alignment with previous work; for example, in our previous 

work [27], we showed that VR can enable joyful, energized teamwork sessions, with per-

sonalized avatars being a significant contributor to team cohesiveness, while the chal-

lenges that need resolution to permit effective collaboration in VR include lighter hard-

ware and improved comfort, as well as adequate technology and tool implementations, 

alongside VR spaces that enable both teamwork and task work. 

4.1.5. Pillars of Success: Community 

Our results indicate that effective space design can support unplanned social inter-

actions. For example, breakout spaces enable the blending of collaboration and relation-

ship building; refuge areas permit transitions from public to private conversation; tech-

nology integration connects employees at all times; and collision points facilitate un-

planned run-ins. In the context of VR, future studies will need to consider a similar set up, 

in order to facilitate all this. 

4.1.6. Pillars of Success: Identity 

Employees and teams use identity to claim space and create ownership. Identity ex-

ists and forms on multiple levels: industry, which evolves around perceptions and repu-

tations; company, which concerns heritage and clients; teams, including previous and cur-

rent work, team members, and play elements; and employees, as regards their values, 

interests, and professional skills. Identity and ownership also need to be acknowledged 

in VR, where customization in relation to (i) meeting properties, (ii) personal preferences, 

and (iii) company and team identity were mentioned as important factors in the uptake 

of VR in the workplace. 

4.1.7. Pillars of Success: Wellbeing 

Employees need to be comfortable in their space before they can effectively engage 

and collaborate with each other. Important aspects for greater wellbeing and productivity 
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include natural elements (light, humidity), ergonomics (e.g., rotating monitor stands, stor-

age space), food/hygiene/fitness (mental health and wellbeing courses), ambient condi-

tions (noise, lighting), accessibility (ease of use for all members of staff whether mobile or 

not), and resimercial design (e.g., elements of the home introduced in the commercial 

workplace). A number of studies have explored the relationship between wellbeing and 

VR exposure (for a review, see [33]). There is little to support the downplaying of VR and 

wellbeing at work; our findings encourage the use of VR office design to enable safe use 

outside (e.g., hot beverages, wires on the floor, headset weight and discomfort) and inside 

(e.g., eye-fatigue). However, future studies will need to explore VR wellness integrations 

and their relationships with productivity at individual, team and systemic levels in greater 

detail. Table 6 lists the ecology of work model and guideline for VR design and optimiza-

tion. 

Table 6. Ecology of Work model and guideline for VR design and optimization. 

Ecology of Work Model Components VR Design and Optimization Guide 

Nature of work: Parameters of activity 

in the workplace 

 Design VR for a variety of activities including solo work (i.e., concentrated 

working), co-working (synchronous and asynchronous), team working, 

learning, and emergent social exchanges. 

 Design VR for several modes of attention, including controlled attention 

(i.e., deep, focused working) with no opportunity for distraction; stimulus-

driven attention, such as carrying out routine tasks, which tolerates a de-

gree of interruptions or distractions; rejuvenation, which entails nudges for 

breaks for concentration, seeking out recharging environments, etc. 

Space and resources: Zones in which 

work activities occur 

Design VR work zones that go beyond the standard office environment, 

including: 

 Home bases, i.e., a quite area, concentrated on focused working; 

 Open plans, to support brainstorming and group communication; 

 Meeting rooms, to be able to have conferences, workshops, and training; 

 Breakout areas, for informal communication and recharging; 

 Touch towns, for spontaneous, flexible working;  

 Refugee areas, for more confidential conversations. 

Culture and norms: Degree of free-

dom and flexibility to fulfill work ac-

tivities 

Implicit and explicit norms guide employee behavior, interactions, and social 

cues, and set expectations for individual roles and employee dynamics. Since 

this is equally important when working in VR, VR needs to consider a design 

that facilitates improved communication flow, and the acquisition and 

refinement of empathy, compassion, and understanding of others. 

Pillars of success: Collaboration 

Foster collaboration through a variety of different work zones. Explore tools 

and technology that facilitate collaboration and increase engagement, and de-

sign a notification and information exchange management system that effec-

tively supports the parameters of activity in the workplace (e.g., focused work 

versus teamwork). 

Pillars of success: Community 

Community building can happen intentionally or spontaneously. VR needs to 

support group cohesion by:  

 Planned social exchanges (e.g., virtual events); 

 Common areas designed to facilitate casual interaction;  

 Events designed for recognition (e.g., workshops and trainings). 

Pillars of success: Identity 

Employees’ perception of ownership is very important, and findings have 

shown the need to allow for customization in relation to (i) meeting properties, 

(ii) personal preference, and (iii) company and team identity, including: 

 The number of attendees; 
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 The focus of the meeting; 

 The utility (i.e., what tools are needed for meetings, e.g., sticky notes, white-

board, screens); 

 Environmental needs such as collaborative settings, presentation settings, 

and social settings that represents a mutually agreed company theme. 

Pillars of success: Wellbeing 

Wellbeing in VR should be supported by providing: 

 Appropriate light, humidity, air quality and movement, noise, temperature; 

 VR sitting/standing desk, rotating monitor stands, storage space, flexible 

privacy screens, window blinds, desk lamps; 

 Nudges to take breaks and/or exercise (in VR); 

 Awareness of immediate surrounding areas for both safety (e.g., hot bever-

ages, wires on the floor) and practical (e.g., access to other devices) reasons; 

 Good ambient conditions (noise); 

 Accessibility: New designs should be universal and easy to use for every-

one, and should thus be considered in VR design when it comes to adjusta-

ble chairs, desks, and free physical movement when utilizing VR. 

 Recreating features of the home environment in VR to foster a feeling of 

comfort. 

4.2. Limitations 

Future research is advised to address the following limitations: 

Through extensive observations, we have shown that successful office environments 

enhance employees’ sense of belonging, align with their identities, and increase their per-

ceived productivity. Future studies are encouraged to confirm these (snapshot) observa-

tions alongside interviews and the utilization of standardized coding schemes that allow 

one to evaluate team and task performance more objectively, and over a longer period of 

time, thus enabling the inference of predictive relationships between behaviors shown in 

an office environment and their impacts on organizational productivity. 

Secondly, while we conducted a survey to gather insights on the environmental fea-

tures needed to enhance productivity in VR, future studies will need to run more experi-

mental designs to understand the impacts of the features on productivity, as well as how 

variations in these, along with the capacity for personalization, may play a role in produc-

tivity outcomes in VR.  

5. Conclusions 

The aim of this study was to identify the current needs of solo, team, and organiza-

tional environments, and how the interplay between them can enhance overall produc-

tivity and work engagement. Through expert interviews and extensive observations, we 

have shown that successful office environments enhance employees’ sense of belonging 

and align with their identities, as well as offering more communication with peers and a 

stronger connection to the company. When developing VR for work, future studies are 

encouraged to objectively investigate the effectiveness of VR workspaces for both team-

work and task work. In particular, addressing multiple dimensions of VR use, and explor-

ing how these compare to other collaborative online tools in relation to its overall return 

on investment (ROI) will be crucial in establishing a wider adoption in the workforce mar-

ket. Future research should, therefore, assess VR workspaces and their impact on en-

hanced processes (e.g., coordination, communication), beneficial emergent states (e.g., co-

hesion, mutual trust), and individual, group and systemic outcomes (e.g., satisfaction, 

productivity, identity). Assessing the indicators of all these dimensions will provide a 

comprehensive understanding of the benefits of VR for work and, thus, ROI. 
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