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ABSTRACT
COVID-19 lockdowns accelerated user adoption of remote collab-
oration technologies such as Zoom and Microsoft Teams. Despite
the challenges of working remotely, many knowledge workers still
desire the flexibility of hybrid work and its personal benefits allow-
ing for more productive individual work. However, return-to-office
(RTO) mandates suggest an inclination that in-office work allows
for more productive teamwork. To resolve these conflicting desires,
Workspace VR was created. Unlike other social telework virtual
reality (VR) applications, Workspace VR enables uncoordinated,
social, collaborative, and productive individual work and teamwork
via virtual avatars, workspaces, and integration with user comput-
ers. Designed for Meta Quest devices, users can feel like they are
working together with others without constraints in Workspace
VR.

CCS CONCEPTS
• Human-centered computing → Computer supported coop-
erative work; Virtual reality.
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1 INTRODUCTION
The COVID-19 pandemic and subsequent lockdowns forced com-
panies and their employees, schools and their students, and other
knowledge workers to begin “working from home.” Also known as
working remotely or teleworking, the shift from in-person work
to isolated, out-of-office work simultaneously for so many people
allowed them to find new perspectives on their approach to work
and their intolerance for the annoyances of in-person work, such
as commute times, office politics, or simply feeling comfortable
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as oneself around others. Once the ability to work in-person re-
turned though, Microsoft shared survey results showing that 73%
of workers wanted to keep flexible work options [1].

Despite that majority’s desire for keeping flexible work options,
another survey says 33% of bosses want their employees back in the
office [2], and in another survey, 75% prefer some type of in-person
work for their employees [6]. There are beliefs that employees work
better when physically together. Microsoft research also suggested
that firm-wide remote work caused stronger silos to form between
teams, and they expect these silos to negatively impact the ability
to innovate [13]. This may be caused by the lack of serendipitous
encounters within interstitial spaces benefiting from physical prox-
imity like hallway walk-bys, watercooler chats, and pre-and-post
meeting conversations. Furthermore, today’s technologies support-
ing remote work, such as teleconferencing software (e.g., Zoom,
Microsoft Teams), asynchronous chat software (e.g., Slack, Discord),
and traditional work software like email clients do not completely
address or resolve the issues with remote collaboration and dis-
tributed work. For example, “Zoom fatigue” [10] from constantly
sharing ones face via webcam, the lack of body language when
communicating, or simply the state of unawareness of who is avail-
able when and where could be attributed to the inability of being
together with others while remote.

To help remote, hybrid, and in-person workers be productive
together while apart, Workspace VR was created. It is well under-
stood that virtual reality (VR) users with avatar embodiments can
feel more present in these virtual environments as well [11]. This
VR application addresses the need for an interstitial space for users,
particularly knowledge workers, to perform their work on their
real computers within a social VR environment. They and their
coworkers each have customizable avatars, and by using common
VR head-mounted displays (HMDs) like the Meta Quest 2 or Meta
Quest Pro, users can have their real hands tracked, virtually repre-
sented, and then seen by their coworkers, enabling more natural
forms of body language communication. Workspace VR effectively
empowers users to have intentional or serendipitous collaboration
with their coworkers.

2 RELATEDWORK
Some early research on using mixed reality for remote collaborative
work includes that conducted by Raskar et al. on “The Office of the
Future”, which used stereoscopic projectors combined with glasses
to show virtual content along with remote users [9]. Horizon Work-
rooms by Meta allows users to create avatars, host meetings, view
their real keyboards, view their computer monitor in VR, work
on shared whiteboards, and share content to a common screen;
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users can also teleport to different chairs within the virtual envi-
ronments [7]. The Meta Quest Pro version of the application also
allows for eye and face tracking, thus allowing for more natural
facial expressions [8]. Immersed1 is a VR application where some
users work 40-50 hours a week completely in VR [12]. The applica-
tion allows users to arrange and view multiple windows from their
desktop or laptop computers completely within VR, along with
customizable avatars, and the ability to meet with others in several
virtual environments like coffee shops for example. Like Horizon
Workrooms, Immersed lets users teleport to specific locations only.
Many more VR productivity and collaboration2 applications exist,
such as Spatial3 and Virtual Desktop4.

3 DESIGN
Workspace VR is designed to combine the best parts of existing
productivity and social VR applications while enabling more cus-
tomizability, ownership, and freedom. Workspace VR is a social
telework VR application that allows for users to work alone or with
others in a virtual office environment. It has the following features:

(1) Explorable virtual environment with claimable virtual desks
(2) Full-hand tracking
(3) Unconstrained locomotion via hands or controllers
(4) Simple and intuitive computer duplication and control into

the VR environment (see Figure 1)
(5) Simple and intuitive computer screen sharing
(6) Mixed reality view of the user’s real desk
(7) Customizable user avatars
(8) Simple and intuitive “room” join system
(9) Voice chat support

By supporting these features, Workspace VR addresses users’ needs
for autonomy and agency yet minimizes obstacles to productive
and collaborative work. For example, by supporting full-hand track-
ing and Meta Quest devices, users can view their tracked hands
and fingers, eliminating the need for controllers, and thus more
easily use their real computer keyboard and mouse via Passthrough
MR. At minimum, a user is expected to be seated with access to a
physical computer. With only their hands and existing computer
peripheral devices, they can perform the work they normally do
on their computers all while wearing a VR HMD. They can see
other coworkers if and when present, talk with them, and to a more
novel extent, view another user’s computer screen if shared to en-
able those “over the shoulder” collaboration scenarios common in
today’s shared office workspaces (see Figure 2).

4 IMPLEMENTATION
4.1 Virtual Environment
The virtual office space is from Unity’s SNAPS prototype package5,
which is no longer publicly distributed. Interactable buttons and
menus come from the Oculus Interaction SDK and Ubiq, which are
discussed in more detail in 4.3. Users can use “share” and “claim”

1https://immersed.com
2https://xrcollaboration.com/directory
3https://spatial.io
4https://vrdesktop.net
5https://blog.unity.com/games/customizing-snaps-prototype-assets-with-probuilder-
2

Figure 1: A user at their virtual desktop clicking on a website
with hand-tracked pinch gestures

Figure 2: Two users viewing a shared computer screen
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buttons, which allow users to claim a desk, see their connected
computer, view their real desk via Passthrough MR, and optionally
share their computer with peers in the room.

4.2 Desktop Streaming
Frozen Mist’s FMETP Stream 3.0 [4] with the FMETP Remote Desk-
top Add-On [3], both purchasable from the Unity Asset Store, enable
desktop capture and Quest input capture to allow remote desktop
control via virtual mouse and/or keyboard. To enable wireless desk-
top streaming, we host a Node.js Web Socket Server provided by
Frozen Mist to connect desktop servers to VR clients over the public
internet.

4.3 Interactions
4.3.1 Locomotion. The Oculus Interaction SDK provides prefabs
to support teleportation and 45-degree snap-turn locomotion via
tracked hands or controllers. Unique to Workspace VR is that users
may teleport to both predefined spots at desks or to any spot on
the ground in the environment. The Oculus Interaction SDK also
provides a novel locomotion-activation gesture with visual cues
that enable teleportation or snapping with simple pinch gestures.

4.3.2 Ubiq: Social Virtual Reality Framework. Workspace VR de-
pends on the social VR Unity package Ubiq [5]. Ubiq provides
Unity prefabs and a networking-agnostic implementation that sup-
ports both client-server application structures and/or peer-to-peer
networks seamlessly. Implementers are allowed to host their own
rendezvous servers to allow for room discovery and management,
but they also provide a public server that is configured for use by
default, thus enabling easy testing and support of up to 30 users
[5]. Furthermore, Ubiq provides several features, including:

(1) WebRTC Voice-over-IP (VoIP) for inter-user voice communi-
cation

(2) Customizable avatars
(3) A menu system for avatar customization, name customiza-

tion, and room management
(4) Networking C# scripts to enable networkedUnity GameObjects

5 CSCW DEMO AND RELEVANCE
At CSCW 2023, attendees may join each other in the virtual office
space via Meta Quest HMDs. They can access computers, view their
real keyboard and mouse via Passthrough MR, personalize their
avatars, chat with each other, and explore the virtual environment
together. There will also be an optional crossword puzzle for them
to complete with another user. User feedback will be obtained for
further application development. We believe the CSCW community
will find that Workspace VR combines simple yet novel interactions
and tools that support many computer-supported cooperative work
activities done by knowledge workers especially.

6 CONCLUSION
Workspace VR enables users to easily and casually telework with
their fellow coworkers in virtual reality. Users can access their com-
puters within the application, create and join networked rooms,
customize their avatars, and intentionally or serendipitously collab-
orate with their colleagues. With the mission to enable successful

remote, hybrid, distributed work between teams, Workspace VR is
an effective proof-of-concept social VR application. Future work
will focus on:

(1) Personalizable desks
(2) Customizable group workspaces
(3) Meetings rooms
(4) Full-bodied avatars (e.g., ReadyPlayerMe avatars6)
(5) Improved multiple monitor experiences with window drag-

ging and resizing.

REFERENCES
[1] 2021. The Next Great Disruption Is Hybrid Work—Are We Ready? Technical Report.

Microsoft. 1–38 pages. https://www.microsoft.com/en-us/worklab/work-trend-
index/hybrid-work

[2] 2022. A Third of U.S. Bosses/Executives Want Employees Back to Keep Track of
Them, According to New Data from Fiverr Business. https://www.fiverr.com/
news/return-to-office-survey

[3] 2023. FM Remote Desktop Add-on. https://frozenmist.com/
[4] 2023. FMETP Stream 3.0. https://frozenmist.com/
[5] Sebastian J Friston, Ben J Congdon, David Swapp, Lisa Izzouzi, Klara Brandstätter,

Daniel Archer, Otto Olkkonen, Felix Johannes Thiel, and Anthony Steed. 2021.
Ubiq: A System to Build Flexible Social Virtual Reality Experiences. In Proceedings
of the 27th ACM Symposium on Virtual Reality Software and Technology (VRST
’21). Association for Computing Machinery, New York, NY, USA, 1–11. https:
//doi.org/10.1145/3489849.3489871

[6] Sara Korolevich. 2022. The Great Return: Survey of Managers Reveals Return to
Office Battle in 2022. https://www.goodhire.com/resources/articles/the-great-
return-manager-survey/

[7] Meta. [n. d.]. Meta Horizon Workrooms. https://www.meta.com/work/
workrooms/

[8] Meta. [n. d.]. Meta Quest Pro: Our Most Advanced New VR Headset | Meta Store.
https://www.meta.com/quest/quest-pro/

[9] Ramesh Raskar, Greg Welch, Matt Cutts, Adam Lake, Lev Stesin, and Henry
Fuchs. 1998. The office of the future: a unified approach to image-based modeling
and spatially immersive displays. In Proceedings of the 25th annual conference on
Computer graphics and interactive techniques (SIGGRAPH ’98). Association for
Computing Machinery, New York, NY, USA, 179–188. https://doi.org/10.1145/
280814.280861

[10] René Riedl. 2022. On the stress potential of videoconferencing: definition and
root causes of Zoom fatigue. Electronic Markets 32, 1 (March 2022), 153–177.
https://doi.org/10.1007/s12525-021-00501-3

[11] Anthony Steed, Sebastian Frlston, Maria Murcia Lopez, Jason Drummond, Ye
Pan, and David Swapp. 2016. An ‘In the Wild’ Experiment on Presence and
Embodiment using Consumer Virtual Reality Equipment. IEEE Transactions
on Visualization and Computer Graphics 22, 4 (April 2016), 1406–1414. https:
//doi.org/10.1109/TVCG.2016.2518135 Conference Name: IEEE Transactions on
Visualization and Computer Graphics.

[12] Paul Tomlinson. 2021. Working FromOrbit. https://medium.com/immersedteam/
working-from-orbit-39bf95a6d385

[13] Longqi Yang, David Holtz, Sonia Jaffe, Siddharth Suri, Shilpi Sinha, JeffreyWeston,
Connor Joyce, Neha Shah, Kevin Sherman, Brent Hecht, and Jaime Teevan. 2022.
The effects of remote work on collaboration among information workers. Nature
Human Behaviour 6, 1 (Jan. 2022), 43–54. https://doi.org/10.1038/s41562-021-
01196-4 Number: 1 Publisher: Nature Publishing Group.

6https://readyplayer.me

383

https://www.microsoft.com/en-us/worklab/work-trend-index/hybrid-work
https://www.microsoft.com/en-us/worklab/work-trend-index/hybrid-work
https://www.fiverr.com/news/return-to-office-survey
https://www.fiverr.com/news/return-to-office-survey
https://frozenmist.com/
https://frozenmist.com/
https://doi.org/10.1145/3489849.3489871
https://doi.org/10.1145/3489849.3489871
https://www.goodhire.com/resources/articles/the-great-return-manager-survey/
https://www.goodhire.com/resources/articles/the-great-return-manager-survey/
https://www.meta.com/work/workrooms/
https://www.meta.com/work/workrooms/
https://www.meta.com/quest/quest-pro/
https://doi.org/10.1145/280814.280861
https://doi.org/10.1145/280814.280861
https://doi.org/10.1007/s12525-021-00501-3
https://doi.org/10.1109/TVCG.2016.2518135
https://doi.org/10.1109/TVCG.2016.2518135
https://medium.com/immersedteam/working-from-orbit-39bf95a6d385
https://medium.com/immersedteam/working-from-orbit-39bf95a6d385
https://doi.org/10.1038/s41562-021-01196-4
https://doi.org/10.1038/s41562-021-01196-4

	Abstract
	1 Introduction
	2 Related Work
	3 Design
	4 Implementation
	4.1 Virtual Environment
	4.2 Desktop Streaming
	4.3 Interactions

	5 CSCW Demo and Relevance
	6 Conclusion
	References

