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Abstract

Distributed collaboration in Mixed Reality (MR) promises

to revolutionise how people connect across different physi-

cal environments, offering experiences akin to face-to-face

interactions. However, previous work has mostly focused

on enabling this vision in overly simplified settings such

as with only two users interacting in identical distributed

environments. Scaling current systems to work with large

groups and for common real-life scenarios is a persistent

challenge that requires addressing multiple tensions. We

identified six challenges: 1) supporting locally congruent

actions from heterogeneous remote spaces, 2) communicat-

ing accurate user behaviours through virtual representa-

tion instead of physical bodies, 3) facilitating organic group

interactions within limited physical space, 4) maintaining

conversational dynamics even in asynchronous exchanges,

5) providing equal access to physical objects for all partic-

ipants, and 6) enabling efficient task switching within a

complex ecology of applications, devices, and accessibility

needs. This workshop aims to gather researchers and prac-

titioners to explore actionable strategies for resolving these

challenges. Through a mix of presentations, hands-on activ-

ities, and group discussions, participants will generate new

ideas and develop a research agenda to articulate the future

of MR collaboration systems. The workshop outcomes will

include a list of concrete next steps for the community to

bring distributed MR collaboration at scale.

CCS Concepts

• Human-centered computing→Mixed / augmented

reality; Collaborative interaction.
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1 Motivation

Collaboration is essential for solving complex problems. It

becomes especially critical when tackling large-scale sci-

entific challenges, where diverse expertise is needed and

different people contribute in various ways. However, as our

world becomes increasingly distributed, these collaboration

efforts face new hurdles. Software solutions such as video-

conferencing tools have become instrumental in maintain-

ing connections despite distance and fostering new global

collaborations that might have been impossible otherwise.

Yet, these tools require us to adapt our communication styles

and often fall short of providing an effective collaborative

environment: they struggle with conveying body language,

nonverbal cues, and eye contact, while also encouraging

multitasking, reducing engagement, and increasing cogni-

tive strain [1].

MR offers the potential to create collaborative experi-

ences that preserve the nuances of face-to-face communi-

cation while leveraging the digital capabilities of modern

technology. By blending the virtual and physical worlds, MR

can create co-presence illusions–the impression that remote

collaborators are present in the same physical space [11,

14]– and bring back the real world’s physicality, which

the computer-supported collaborative work (CSCW) and

proxemics literature highlighted as key to effective collab-

oration [2]. This includes key elements like contextual un-

derstanding, rapid turn-taking, interaction with physical

objects, and maintaining personal space and spatial aware-

ness [5]. However, in practice, achieving this vision in MR

has proven challenging, as it requires solutions that address

both the technical constraints and the human-centred as-

pects of designing such applications [4, 5, 16].

In an effort to derive and define these challenges, we

previously organised a workshop with the goal of bringing

face-to-face-like experiences into distributed MR. Experts

from various universities, including some of the authors

of this paper, were invited. However, not all of us could

attend the workshop in person, which necessitated a hy-

brid setup. We initially opted for a videoconferencing plat-

form, but time zone differences would have prevented some

participants from joining. Other remote attendants able to

join would also not have been able to fully engage in the

activities we had planned. For instance, “body storming”

where participants simulate collaborative scenarios using

the space makes it impossible to include remote attendants.

Spontaneous cues and non-verbal actions are also highly di-

minished during conversations, preventing the same degree

of involvement.

While time zone differences could not be solved, we con-

sidered conducting the workshop using MR to enable the

embodied presence of at least some remote participants.

Given that many of us had access to headsets, this was also

a chance to “dogfood” the technology and learn from our

own experiences. As such, we attempted commercially avail-

able MR solutions, such as Arkio 1 or Wooorld 2. However,

the many discrepancies and complications we experienced

made us quickly give up on the idea of using these to run our

1https://www.arkio.is/
2https://www.wooorld.io/

workshop. For instance, the non-verbal cues of in-person

attendees, such as pointing to a whiteboard in the work-

shop venues, were not meaningful. It also took us a while

to recognise who was who, as our avatars were highly car-

toonish. Even verbal communication with the collaborative

MR application presented challenges, as talking in a low

voice to specific collaborators in the MR space was impossi-

ble without disrupting other conversations. Like on Zoom,

participants repeatedly tried speaking at the same time and

had to negotiate who was to go first. In-person attendees

suffered additional problems as co-located participants’ po-

sitions did not match their real-world location and it was

impossible to disable their avatar representation or mute

them individually. Finally, we abandoned hybrid efforts al-

together and continued the workshop in-person only.

Despite the often-touted potential of MR to transform re-

mote meetings, this previous workshop highlighted how far

we still are from reaching this point. Nevertheless, our failed

attempt to conduct it in MR led to insightful discussions

about what to do next to bring us closer. We notably iden-

tified a set of grand challenges, deeply rooted in both the

technical and human-centred aspects of collaborative MR.

Therefore, themotivation of the present workshop is to

push the reflection to the next step by identifying im-

mediately actionable items towards addressing these

challenges. Bringing together world experts from diverse

disciplines, CHI is the ideal venue to conduct this second

iteration. We expect this will bring actionable items to the

collaborative MR research agenda and accelerate research

on breaking the barriers towards the vision of distributed

MR. We detail the six challenges we curated for this work-

shop in the next section.

1.1 Challenges

For MR to be adopted as a de facto distributed communica-

tion tool in the modern world of hybrid work, it must scale

to the various real-life contexts of users. To illustrate this

tension, consider the following scenario: you are a Univer-

sity academic leading a tutorial in MR with 20 students from

your 6-seat home dinner table.

The first challenge is that your physical space cannot

easily be aligned with 20 other physical spaces. These en-

vironments will inevitably have different fixed (e.g., walls,

doors) and semi-fixed (e.g., tables, chairs) features, dimen-

sions, shapes, and objects (e.g., task-relevant tools). For ex-

ample, while you might see students sitting around a large

dinner table, students attending from their dorm room desks

will have a much smaller work surface for activities. These

disparities also create challenges for nonverbal and verbal

communication that must be reconciled: someone’s “on my

right side” might be “behindme” for another user, depending

on how they are arranged in their available space.

The second challenge is that virtual representations can

be limited in representing the user’s behaviour. While the

fidelity of virtual avatars is steadily increasing with avatar

personalisation options, live reconstruction, body tracking,

and even facial expressions, this is greatly dependent on the

capabilities of the employed technology. Importantly, not all

students may have access to identical technology: each will



be limited in expressing only what their virtual represen-

tation affords to communicate, which can vary broadly. In

worst cases, this can make it hard to quickly identify users,

what they are looking at, and what they are intending to

do. Catching non-behavioural cues such as a leaning body

posture or eyebrows raising becomes difficult. Irrespective

of the used technology, the user’s abilities may also differ

from what they appear to be: while modern avatar creators

support cultural and racial diversity to some degree, fur-

ther dimensions, such as visible and invisible differences in

ability, may not be perceivable.

The third challenge is that your physical space does not

accommodate the whole group at once. You could render

avatars of students on each seat and around the table, but

the rest would have to appear beyond walls or overlap with

the furniture, diminishing the co-presence illusion. This

becomes even more of a problem when wanting to imple-

ment dynamic group formations: switching to break-out

groups, you might not be able to physically walk around

and monitor the overall progress easily.

The fourth challenge is that some students may not be

able to attend synchronously but would still like to feel like

they had been there. For example, when viewing a ‘replay’ of

the class in MR, they might want to be asked questions and

respond as if the class was happening right now. This would

require the teacher to have interacted with them while they

were away as if they were there, or AI-driven simulated

interactivity. However, how to support such interactions

and create the feeling of being present with others is unclear.

The fifth challenge is that the benefits of physical inter-

actions with props and other objects cannot be shared by all.

MR can facilitate the spontaneous use of local physical ob-

jects in collaboration, allowing users to incorporate their

surroundings into discussions. However, the physical dif-

ferences between objects, their locations, and their very

availability, can hinder remote users from engaging equally.

For instance, while co-located students might discuss and

manipulate detailed physical models, remote users might

have to rely on nearby everyday items as proxies. This dis-

parity can limit remote users’ interaction richness and tacit

participation, revealing key gaps that must be addressed to

enable seamless physical participation in MR settings.

Lastly, the sixth challenge is that collaboration may be-

come inefficient when not supporting dynamic tool-switching,

diverse user needs, and multitasking. While participating in

a “real world” tutorial, a student might be taking notes on

their laptop or tablet, doing a quick search for a particular

concept, putting the homework deadline in their calendar,

checking the time on their watch, and raising their hands to

ask a question. These diverse tasks often involve short inter-

actionswithmultiple devices andmaterials, which varywith

the user’s habits, needs, and impairments. This is poorly

supported in immersive collaboration applications, where it

is frequently not even possible to check the time without

accessing the main menu.

Prior work has started addressing these challenges. Het-

erogeneous spaces [4, 5, 9], expressive human avatars [13,

15], scalable group collaborations [16], asynchronouswork [3,

10], distributed task spaces [6, 8, 9], and integration with ex-

isting physical and digital tools [7, 8, 12] have been increas-

ingly explored topics in recent years. However, significant

progress toward realising the full potential of MR collab-

oration will require more than isolated advancements. It

demands articulated, joint efforts across research and prac-

tice to integrate these developments into cohesive systems

that support the richness and fluidity of in-person collab-

oration, even when participants are physically apart. To

move closer to this vision, our workshop aims to identify ac-

tionable strategies and foster collaboration among experts,

ensuring that future MR systems can truly enhance remote

collaborative experiences.

1.2 Workshop Goals

The goal of this workshop is to gather an interdisciplinary

group of researchers and practitioners to collaboratively

address the previously described challenges. While we fo-

cus on these six key challenges, this list is not exhaustive.

Many other barriers and complexities exist in the realm of

distributed MR collaboration, which will inevitably need to

be addressed as the field evolves. We use these six challenges

as a starting point, recognising that they will need to be

refined and expanded upon in the future as new insights

emerge. By focusing on these, the workshop aims to:

• Identify concrete research questions to overcome the

identified tensions in terms of technical progress,

fundamental research, and infrastructure needs.

• Draft a detailed agenda to answer these questions

with immediate actionable items, articulating the

community’s efforts.

• Create a “living lab” gathering the diverse expertise

of the CHI community, regularly meeting to share

insights and collaborating to implement the agenda.

Through a combination of discussions, hands-on activ-

ities, and collaborative ideation, this workshop seeks to

move from understanding the mission to defining the ac-

tions needed for to scale distributed MR collaboration to

real-life needs. The following list of questions will drive the

session:

• Spatial Congruency in Heterogeneous Environ-

ments:How can we create congruent MR interaction

spaces across diverse physical environments?

• Embodied Interactions through User Represen-

tations:How canMR systems accurately portray em-

bodied interactions across diverse distributed teams?

• Organic Group Formation within Distributed

Teams:How canwe support dynamic and fluid group

interactions within large, distributed MR settings?

• Asynchronous MR Collaboration: How can MR

enable embodied conversations across different times

to facilitate effective asynchronous collaboration?

• Tangible Interactions Across Locations: How can

MR systems support shared interactions with tangi-

ble objects across distributed locations?

• Fluid Task Switching in Distributed MR Col-

laboration: How can distributed MR environments

support seamless transitions between collaborative

tasks?



Focusing on these questions will enable a deeper under-

standing of how MR systems can scale up to the ’messiness’

of real-life collaboration while supporting flexible, fluid in-

teractions and a strong sense of co-presence.

2 Organisers

Adélaïde Genay is a Lecturer in computer graphics and

visualisation at the University of Melbourne, Australia. Her

main expertise is avatar embodiment in MR and Human-

computer Interaction (HCI). Her research interests include

avatar perception, remote collaboration, and immersive vi-

sualisation for decision-making. She defended her PhD on

avatar embodiment in Augmented Reality (AR) in 2022, at

Inria Bordeaux within the Potioc team. Then, she worked as

a postdoctoral researcher at Monash University and at the

University of Melbourne (2023-2024) where she later joined

the HCI group. Adelaide has published in HCI and graphics

venues, such as ISMAR, IEEE VR, and TVCG.

Brandon Victor Syiem is a Postdoctoral Research As-

sociate at the University of Sydney, Australia. His research

interests lie in the intersection of eXtended reality, artificial

intelligence, and cognitive psychology. Brandon received

his PhD from the University of Melbourne in 2023 where

his work focused on the cognitive and perceptual effects of

AR. He has worked as a postdoctoral research fellow at the

University of Melbourne, Queensland University of Technol-

ogy, and currently at the University of Sydney. Brandon has

published work related to XR in top HCI venues, including

CHI, ISMAR, and IJHCS.

Emily Wong is a Research Fellow at the University of

Melbourne, undertaking a Master of Philosophy in HCI at

the University of Sydney. With a background in systems

thinking and co-design, her research focuses on HCI and

collaboration in MR. Creating spaces and facilitating activ-

ities that help people collaborate is a central theme of her

previous work. Emily has previously published in top HCI

venues including CHI and DIS.

Tiare Feuchtner is a Tenure-Track Professor at the Uni-

versity of Konstanz, where she co-leads the HCI group. She

is also an associated researcher at Aarhus University, where

she completed her PhD in computer science. Her main re-

search interests are embodiment and novel user interfaces

for mixed reality technologies to enable multi-user interac-

tion and asymmetric collaboration. Tiare has mainly pub-

lished in HCI-related venues, such as CHI, ISMAR, UIST,

IEEE VR, and ISS.

Jarrod Knibbe is a Senior Lecturer in HCI at the Uni-

versity of Queensland. His research interests include per-

ception, haptics, wearables, and XR. His work has proposed

new haptic theories for VR, explored the user experience of

novel interactive technologies, revealed VR insights from

YouTube videos, and developed interactions that are now

embedded into the latest Samsung smartphones. He has

published across HCI, including at CHI, UIST, ISMAR, TEI,

and ISS.

Jens Emil Grønbæk is an Assistant Professor at Aarhus

University, Denmark. He received his Ph.D. from Aarhus

University supported by Microsoft Research. His current

research explores proxemics and flexible interfaces for dis-

tributed team collaboration, with the invention of new adap-

tive interfaces for video conferencing, telepresence, and MR

collaboration. Jens Emil has several publications at CHI,

UIST, DIS and ISS, and regularly serves as an AC for CHI.

Eduardo Velloso is a Professor of Computer Science

at the University of Sydney. He is interested in the novel

user experiences that are enabled by the combination of

novel input and sensing modalities, the design of new in-

teraction devices and techniques, and the use of artificial

intelligence and machine learning in interactive systems.

His work has received awards at the top HCI venues, includ-

ing CHI, TOCHI, UIST, TEI and DIS, and has been covered

by media outlets like New Scientist, the BBC, and Wired.

3 Plans to Publish Workshop Proceeding

We will encourage all participants to submit their proposals

on arXiv in addition to making them available on the work-

shop’s website we developed (http://blendedrealities.org/).

Furthermore, we plan to co-author a joint publication cap-

turing key insights and research directions to be hosted on

arXiv.

4 In-person or Hybrid

The workshop will be conducted in person only. Ideally, our

vision for the workshop would require a hybrid mode of

operation, leveraging MR to let remote participants join us.

However, as outlined in subsection 1.1, current MR systems

poorly support distributed collaboration in such settings,

and it is precisely our goal to determine how to solve these

limitations.

Videoconferencing systems are also incompatible with

some of the activities we plan to run. For example, our after-

noon activity will involve brainstorming on whiteboards or

easels, sketching and annotating ideas in break-out groups.

We also want to encourage participants to “bodystorm” by

simulating situations with their bodies and using the space

around them. Running these tasks in hybrid mode would re-

quire trading physical props for digital tools even for locally

present attendants, hence reducing the advantage of phys-

ically attending this workshop and leveraging embodied

cognition and physicality.

The workshop will also be run synchronously to ensure

the best experience possible. Nevertheless, recognising the

global nature of our audience, all the materials will be made

available for asynchronous viewing, as detailed in section 5.

5 Accessibility and Asynchronous
Materials

We will set up a discussion forum (e.g., Slack or Discord) to

facilitate pre- and post-workshop engagement. This space

will allow participants to introduce themselves, share their

initial thoughts on the workshop themes, and engage with

fellow attendees. This asynchronous engagement will help

create a sense of community among participants and enable

them to start forming connections before the event, making

the in-person discussions more effective.

Presentations and discussions will be recorded and made

available for participants to review at their convenience.



We will also assign a member of the organising team or

a volunteer to document the workshop activities through

notes, photos, and recordings, ensuring that these materials

are accessible to all participants afterwards. Material made

available before the workshop will meet SIGCHI accessibil-

ity standards by including descriptions for images, subtitles

for videos, and correctly tagged PDFs.

6 Pre-Workshop Plans

The workshop’s website (http://blendedrealities.org/) will

provide the participants with the needed information to

write their proposals and prepare for the workshop, includ-

ing:

• The objectives and workshop organisers. To clarify

the scope of our goals, a manifesto will describe the

vision of distributed collaboration in MR that we will

be aiming for.

• A summary of the six tensions in distributed MR

collaboration, with links to relevant academic papers

and articles.

• Short videos and demos illustrating some of the cur-

rent challenges and potential solutions in MR collab-

oration.

• A curated list of key questions and scenarios to con-

sider before theworkshop, aimed at stimulating thought

and discussion around the workshop themes.

Participants will be encouraged to review these materials

before attending. We will promote the workshop widely

within the HCI and MR communities through relevant mail-

ing lists (e.g., CHI, ISMAR, IEEE VR), social media platforms

like Twitter and LinkedIn, and targeted outreach to research

groups and industry professionals in related fields. Addition-

ally, we will reach out to previous workshop participants at

CHI and similar conferences to encourage a diverse mix of

academic, industry, and practitioner attendees.

Interested participants will be asked to submit a position

paper (3-4 pages) detailing their perspectives on one or more

of the workshop themes. Submissions should include a brief

description of their research background, motivation, and

ideas for future work in MR collaboration. We will review

the submissions based on relevance, quality, and diversity

of perspectives. Selected participants will represent a broad

range of expertise, ensuring an interdisciplinary dialogue.

Selected participants will be asked which challenge they

would like to focus on during the workshop in order to

accommodate their interests to the best we can.

7 Workshop Activities

The morning will start with a kick-off and getting to know

each other. The afternoon will be focused on meeting the

workshop’s goal through a whiteboard exercise. The sched-

ule is planned as follows:

8 Post-workshop Plans

After the workshop, the proposed action plans will be sum-

marised on the workshop’s webpage. We will maintain a

communication space (e.g., Slack or Discord) for partici-

pants to continue sharing ideas, resources, and progress

on collaborative projects. Recordings of key sessions and

Time Activity

09:00 - 09:30 Welcome and Introduction: The work-

shop will begin with a brief introduction

from the organisers, outlining the goals

and structure of the day.

09:30 - 10:15 Opening Talk / Panel: A keynote or

panel will provide an overview of the six

tensions in MR collaboration, emphasis-

ing the need for collective exploration of

solutions.

10:15 - 10:30 Break

10:30 - 11:30 Presentation of Participants: Partici-

pants will form 6 groups and introduce

themselves to each other. A volunteer

from each group will make a lightning

talk presenting their group to others.

11:30 - 12:30 Whiteboard Exercise: Each group will

be assigned one of the six questions and a

scenario imagined by the organisers. They

will brainstorm action plans (e.g., studies

to run, prototypes to build, theory to cre-

ate) to answer their question within the

scope of their scenario.

12:30 - 13:30 Lunch

13:30 - 14:30 Whiteboard Exercise (continued)

14:30 - 15:00 Break

15:00 - 16:30 Round-table Discussion: Participants

will present their action plans, followed

by a discussion on how it will bring us

closer to running this kind of workshop

in distributed MR.

16:30 - 17:00 Wrap-up: A summary of key takeaways

and next steps.

19:00 Dinner: A social gathering for further

discussions and networking.

Table 1: Workshop Schedule

supplementary materials will also be provided to ensure

participants can revisit discussions or catch up on missed

content.

We will encourage participants to develop their ideas into

extended papers for submission to venues such as CHI, IEEE

VR, and ISMAR, supported by follow-up virtual meetings to

foster collaboration. If there is sufficient interest, we plan

to propose a special interest group at a future conference,

aimed at building a dedicated community around advanc-

ing MR-supported distributed collaboration. This will help

maintain momentum and create a lasting impact from the

workshop.

9 Expected Size of Attendance

We anticipate 18-24 participants. This will enable us to form

groups of 3-4 participants to address each challenge.

10 Call for Participation

Mixed Reality (MR) has the potential to transform distributed

collaboration, enabling teams to work together as if they



were face-to-face. However, there are fundamental chal-

lenges still preventing MR from fully supporting the re-

quirements of modern distributed work.

This workshop aims to articulate and address these chal-

lenges by exploring solutions to the tensions between the

properties of face-to-face collaboration and the demands of

distributed work.

Workshop Topics: We invite contributors from Human-

Computer Interaction, Computer-Supported Collaborative

Work, Virtual/Augmented/Extended Reality, and related

fields to submit papers addressing, but not limited to, the

following topics:

(1) Spatial Congruency in Heterogeneous Environ-

ments:How can we create congruent MR interaction

spaces across diverse physical environments?

(2) Embodied Interactions through User Represen-

tations: How can MR accurately portray embodied

interactions across diverse distributed teams?

(3) Organic Group Formation within Distributed

Teams:How canwe support dynamic and fluid group

interactions within distributed MR settings?

(4) Asynchronous MR Collaboration: How can MR

enable live conversations during asynchronous col-

laboration?

(5) Tangible Interactions Across Locations: How can

MR systems support shared interactions with tangi-

ble objects across distributed locations?

(6) Fluid Task Switching in Distributed MR Col-

laboration: How can distributed MR environments

support seamless transitions between collaborative

tasks?

Submission Guidelines:We welcome submissions of

position papers (3-4 pages) that present research challenges,

potential solutions, case studies, or visions related to any of

the workshop topics. Submissions should adhere to the ACM

Master Article Template. Selected authors will be invited to

participate in the workshop at CHI 2025.

Contact: For more information or questions, please con-

tact Adélaïde Genay: adelaide.genay@unimelb.edu.au.
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