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Inclusive Immersion
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Inclusive Immersion: Project Info

A research and development project funded by the 
Engineering and Physical Sciences Research Council (EPSRC), 
Digital Economy Theme.
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Inclusive Immersion: Project Info

Project Duration: 01/07/2019—30/06/2023.

Project Value: ca. £700k.
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Inclusive Immersion: Project Info

Project Partners:

Brunel Design School, Brunel University London

Engineering Design Centre, University of Cambridge

Open Inclusion

Royal National Institute of Blind People (RNIB)

Games London, To Play For and Virti Health
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Brunel Digital Design Lab

A research group at Brunel Design School, focusing on:

Design-led technology innovation for digital and digital-
physical systems, products, services and experiences.

URL: <https://www.brunel.ac.uk/bddl>
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For more than twenty-five years the Cambridge 
Engineering Design Centre (EDC) has undertaken 
fundamental and applied research to generate 
knowledge that improves the design process.

URL: <https://www-edc.eng.cam.ac.uk/>
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Inclusive Immersion: Completed Work

4 user studies:

01) A questionnaire survey involving 101 users with access 
needs;

02) A series of focus groups with ca. 30 users with access 
needs;

03) A series of in-depth interviews with 20+ XR designers and 
developers;
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Inclusive Immersion: Completed Work

04) A detailed usability study with 41 users with different 
access needs, which is the main focus of today’s talk + 10 
“Just Older” users (65+) + Control Group of 10 students (20-
25 years old) + Pilot User Group.

The study adopted an inclusive design approach and involved 
users across the disability spectrum.  
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Inclusive Immersion: The Usability Study

The Overall Study Aim:

To develop a detailed specification of the use barriers in VR 
and AR and a catalogue of the user requirements to improve 
the design of immersive experiences.



ACM IUI 2024, Greenville, South Carolina, USA | 18/03/2024Professor Vanja Garaj: Exclusion Rates

Inclusive Immersion: The Usability Study

We also plan to structure a human performance model linking 
different types of disability and access needs with the use 
barriers and potential solutions to improve the accessibility.
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Inclusive Immersion: The Usability Study

To understand the exclusion rates...
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Defining pan-disability

The pan-disability user study
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We recruited 
real-world 
participants 
with multiple 
access needs.  
We matched 
primary 
needs to 
categories in 
our matrix.
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Methods

The pan-disability user study
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We ensured that testing conditions were right for all of 
our participants, for:

• Planning; 
• Travelling to us;
• Navigating on-site;
• Working in our testing space;
• Taking breaks;
• Recovering from sickness;
• Returning home.
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We chose XR 
experiences 
that had a 
wide variety 
of UI and 
interaction 
elements.
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Oculus Quest 
2 VR set, 
Meta
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YouTube VR,
Google
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“as it is” 
documentary,
360 Labs
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Job Simulator,
Owlchemy 
Labs
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Moss,
Polyarc
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Elixir,
Reality Labs
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Amazon 
Shopping,
Amazon
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Van Gogh 
Room,
ruslans3D
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We created a 
protocol that 
was flexible 
enough to 
support user 
testing even 
when poor 
design caused 
friction.
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A 3-hr time window to test 8 experiences allowed for:

• 3 mandatory breaks; 
• More breaks as needed; 
• Creative problem-solving, at length.

A separate note-taker freed our researcher for:

• Visual observation;
• Full engagement during problem-solving.
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Thinking ahead about the friction points.
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The pan-disability user study

51 tasks across 7 experiences.
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We coded our data in a way that would distinguish 
friction points and make design solutions stand out. 

Scores Description

0
It was impossible to start or complete a task, even when adaptations 

and/or assistance were provided.

1
The participant could start the task with adaptations, but could not 

complete the task with adaptations  and/or assistance.

2
The participant could both start and complete a task with adaptations  

and/or assistance.

3
The participant could start and complete a task with the out-of-the-

box configuration, and no adaptations or assistance were necessary.

 Gap in data (either not applicable or not yet transcribed)

“adaptations”

“assistance”
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Results (Preliminary)

The pan-disability user study
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Headset

Controllers

• 26.8% of participants required 

at least some bespoke 

adaptations and/or assistance 

to complete the task of putting 

on the headset.

• 24.4% of participants required 

at least some bespoke 

adaptations and/or assistance 

to hold and use the controllers.

Scores Description

0
It was impossible to start or complete a task, even when adaptations 

and/or assistance were provided.

1
The participant could start the task with adaptations, but could not 

complete the task with adaptations  and/or assistance.

2
The participant could both start and complete a task with adaptations  

and/or assistance.

3
The participant could start and complete a task with the out-of-the-

box configuration, and no adaptations or assistance were necessary.

 Gap in data (either not applicable or not yet transcribed)

T01 T02 T03 T04 T05 T06 T07 T08 T09 T10

P17 3 3 3 3 3 3 3 3 3 3

P08 3 3 3 3 3 3 3 3 3 3

P23 3 3 3 3 3 3 3 3 3 3

P18 3 3 3 3 3 3 3 3 3 3

P25 3 3 3 3 3 3 3 3 3 3

P20 3 3 3 3 3 3 3 3 3 3

P05 3 3 3 3 3 3 2 2 2 3

P12 3 3 3 3 3 3 3 3 3 3

P35 3 3 3 3 3 3 3 3 3 3

P30 3 3 3 3 3 3 3 3 3 3

P34 0 0 0 0 2 2 2 2 2 2

P16 2 2 2 2 3 2 3 3 3 3

P33 3 3 3 2 3 3 3 2 3 3

P32 3 3 3 3 3 3 3 3 3 3

P03 3 3 3 3 3 3 3 3 3 3

P02 3 3 3 3 3 3 3 3 3 3

P13 3 2 3 2 3 3 3 3 3 3

P39 2 2 3 2 3 3 2 3 3 3

P15 2 1 3 1 2 2 2 2 2 2

P28 3 3 3 3 3 3 3 3 3 3

P24 3 3 3 3 3 3 3 3 3 3

P22 2 2 2 2 2 2 2 2 2 1

P27 2 2 3 3 2 2 2 2 2 2

P14 3 1 3 1 3 3 3 3 3 3

P29 3 3 3 3 3 3 3 3 3 3

P40 3 3 3 3 3 3 3 3 3 3

P07 3 3 3 3 3 3 3 3 3 2

P11 3 3 3 3 3 3 3 3 3 3

P19 3 3 3 3 3 3 3 3 3 3

P36 3 3 3 3 3 3 3 3 3 3

P09 3 3 3 3 3 3 3 3 3 3

P01 3 3 3 3 3 3 3 3 3 3

P04 3 3 3 3 3 3 3 3 3 3

P26 2 2 2 2 3 3 3 3 3 3

P38 3 3 3 3 3 3 3 3 3 3

P21 3 3 3 3 3 3 3 3 3 3

P10 3 3 3 3 3 3 3 3 3 3

P31 3 3 3 3 3 3 3 3 3 3

P37 2 2 3 2 3 3 3 3 2 3

P06 3 3 3 3 3 3 3 3 3 3

P41 3 3 3 3 3 3 3 3 3 3

Access Need P#

Cognition

Perception: Touch

Perception: Sight

Perception: Hearing

Movement: Use of 

Hands

Movement: Use of 

Arms

Movement: Physical 

Mobility through Space

Movement of Head

Communication (Voice)

Headset Controllers
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Participants requiring at least some non-standard adaptations and/or assistance to complete the tasks

VR Experience 1
Interacting with OS menus

VR Experience 2
Passive 360 video

VR Experience 3
Moss: Predominantly seated and 

controller-based

VR Experience 4
Job Simulator: Embodied interaction with 

controllers

VR Experience 5
Elixir: Embodied interaction with hands

30.0% 31.7% 75.6% 75.6% 86.1%

Scores Description

0
It was impossible to start or complete a task, even when adaptations 

and/or assistance were provided.

1
The participant could start the task with adaptations, but could not 

complete the task with adaptations  and/or assistance.

2
The participant could both start and complete a task with adaptations  

and/or assistance.

3
The participant could start and complete a task with the out-of-the-

box configuration, and no adaptations or assistance were necessary.

 Gap in data (either not applicable or not yet transcribed)

T11 T12 T13 T14 T15 T16 T22 T23 T24 T25 T26 T27 T28 T29 T30 T31 T32 T33 T34 T35 T36 T37 T38 T39

P17 3 3 3 3 3 2 3 3 3 3 3 3 3 1 2 3 3 2 2 2 2 2 2 3

P08 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3

P23 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 2 3 3 2   

P18 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 3 3 3 3 3 2 3

P25 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3

P20 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3   

P05 3 3 3 3 2 2 0 3 3 3 3 3 3 3 2 2 3 2 2 3 2 2 2 2

P12 3 3 3 3 3 3 3 3 0 3 3 3 3 3 3 3 3 2 2 3 3 2 2 3

P35 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 2 2

P30 3 3 3 3 3 3   3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

P34 2 2 2 2 2 2 3 3 3 3 3 3  2 1 1 3 1 3 3 3 3 3 2

P16 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 2 2 3 3 3 3 3 1 1

P33 3 3 3 3 3 3   3 1 3 3 3 3 3 1 3 3 2 2 2 2 2 2

P32 3 3 3 3 3 3   3 1    3 2 2 3 3 3 2 2 2   

P03 3 3 3 3 3 3 3 3 3 0 0 0 0 3 3 2 3 2 2 2 2 2 0 0

P02 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2

P13 3 3 2 3 3 3 3 3 3 3 3 3 3 2 2 3 3 2 2 2 2 2 2 2

P39 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 2 2 2 2 2 2 2

P15 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 2 2 3 3 2 2

P28 3  3 3 3 3 3 3 3 3 3 3 3 2 3 3 2 3 2 2 2 2 2 2

P24 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 3 2 3 2 2 2 2

P22 3 2 2 2 2 2 2 2 1 3 3 2 2 3 1 2 2 2 2 1 2 2   

P27 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 3 2 2 2 2 2 2

P14       3 3 3 3 3 3  2 3 3 3        

P29 3 2 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3 2 2 2 2 2 2

P40 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3

P07 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 2 2 2 2 2 3

P11 3 3 2 3 3 3 3 3 0 3 3 3 3 3 3 3 3 2 3 3 3 3 3 2

P19 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3

P36 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2     2 2

P09 0 0 0 0 0 0 0 0 0 3 0 0 0 0 2 2 3 2 2 2 2 2 1 1

P01 0 0 1 2 0 0 2 0 0 3 0 2 0 0 1 1 1 2 1 1 1 1 1 1

P04 3 2 2 2 0 0 0 3 3 3 3 3 3 2 3 1 3 2 2 2 3 3 2 3

P26 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 1 3 2 2 2 2 2 2

P38 3 3 3 3 3 3 2 2 3 3 3 1 1 2 3 3 3 3 3 2 2 2 2 2

P21 3 3 3 3 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 2 2 2 2 2

P10 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3

P31 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

P37 3 3 3 3 3 2 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2  1 1

P06 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 2 2 3 3 3 2 3

P41 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 2 2 2 2 2 2

Access Need P# VR Exp. 2 VR Exp. 3 VR Exp. 4 VR Exp. 5

Cognition

Perception: Touch

Perception: Sight

Perception: Hearing

Movement: Use of 

Hands

Movement: Use of 

Arms

Movement: Physical 

Mobility through Space

Movement of Head

Communication (Voice)

VR Exp. 1
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Participants requiring at least some non-standard adaptations and/or assistance to complete the tasks

31.4% 51.6%

AR Experience 1
Passive in-room augmentation

AR Experience 2
Interactive augmentation

Scores Description

0
It was impossible to start or complete a task, even when adaptations 

and/or assistance were provided.

1
The participant could start the task with adaptations, but could not 

complete the task with adaptations  and/or assistance.

2
The participant could both start and complete a task with adaptations  

and/or assistance.

3
The participant could start and complete a task with the out-of-the-

box configuration, and no adaptations or assistance were necessary.

 Gap in data (either not applicable or not yet transcribed)

T40 T41 T42 T43 T44 T45 T46 T47 T48 T49 T50 T51

P17 3 2 2 2 3 3 3 2 2 2 3 3

P08 3 3 3 3 3 3 0 3 3 3 3 3

P23             

P18 3 3 3 3 3 3 3 3 3 3 3 3

P25 3 3 3 3 3 3 3 3 3 3 3 3

P20 3 3 3 3 3 3 3 3 3 3 3 3

P05 3 3 3 3 3 3 0 3 3 3 3 2

P12 3 3 3 3 3 3 3 3 3 3 3 3

P35 3 3 3 3 3 3 3 3 3 3 3 3

P30 3 3 3 3 3 3  3 3 3 3 3

P34 2 2 2 2 2 0 2 0 2 0 0 0

P16 3 2 3 3 3 3 0 2 3 3 2 2

P33             

P32             

P03 3 3 3 3 3 3 0 3 3 3 3 3

P02 3 2 2 1 3 1 3 2 1 1 1 1

P13 3 3 3 3 3 3 3 3 3 3 3 3

P39             

P15 3 3 3 3 3 3 3 3 3 3 3 3

P28             

P24 3 3 3 2 2 3 3 3 3 3 3 3

P22 3 3 2 2 2 2       

P27 3 3 3 3 3 3  3 3 3 3 3

P14 3 3 3 3 3 3 3 3 3 3 3 3

P29 3 2 3 3 3 3 3 3 3 3 3 3

P40 3 3 3 3 3 3 3 3 3 3 3 3

P07 3 3 3 3 3 3 0 3 3 3 3 3

P11 3 3 3 3 3 3 3 3 3 3 3 3

P19 3 3 3 3 3 3       

P36 0 0 0 0 0 0 0 0 0 0 0 0

P09 0 2 2 2 2 0 0 0 0 0 0 0

P01 0 1 1 1 1 1 0 1 1 1 1 1

P04 0 3 3 3 3 3 0 3 3 3 3 3

P26 3 3 3 3 3 3 3 3 3 3 3 3

P38 3 3 3 3 3 3       

P21 3 3 3 3 3 3 3 3 2 2 3 3

P10 3 3 3 3 3 3 0 3 3 3 3 3

P31 3 3 3 3 3 3       

P37             

P06 3 3 3 3 3 3 0 2 2 3 3 3

P41 3 3 3 3 3 3 3 3 2 3 3 3

Access Need P#

Cognition

Perception: Touch

Perception: Sight

Perception: Hearing

Movement: Use of 

Hands

Movement: Use of 

Arms

Movement: Physical 

Mobility through Space

Movement of Head

Communication (Voice)

AR Exp. 1 AR Exp. 2
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Percentage of participants who could not complete the tasks without some bespoke adaptation and/or assistance.

Percentage of participants who could not complete the tasks with some bespoke adaptation and/or assistance.

Access Need Headset Controllers VR1 VR2 VR3 VR4 VR5 AR1 AR2

Cognition 0% 0% 17% 0% 67% 33% 75% 20% 40%

Communication (Voice) 0% 25% 25% 50% 50% 50% 75% 0% 25%

Movement of Head 75% 75% 25% 50% 100% 75% 100% 100% 100%

Movement: Physical Mobility through Space 50% 25% 25% 25% 75% 75% 100% 33% 67%

Movement: Use of Arms 33% 33% 0% 0% 100% 100% 100% 50% 0%

Movement: Use of Hands 60% 40% 50% 20% 80% 80% 100% 40% 0%

Perception: Hearing 0% 33% 33% 33% 33% 100% 67% 0% 50%

Perception: Sight 11% 0% 44% 67% 78% 89% 78% 44% 86%

Perception: Touch 33% 33% 33% 0% 100% 100% 100% 0% 100%

Across All Participants 27% 24% 30% 32% 76% 76% 86% 31% 52%

Exclusion Rates

Access Need Headset Controllers VR1 VR2 VR3 VR4 VR5 AR1 AR2

Cognition 0% 0% 0% 0% 17% 0% 0% 0% 20%

Communication (Voice) 0% 0% 0% 50% 0% 0% 0% 0% 25%

Movement of Head 25% 0% 0% 50% 75% 25% 33% 50% 100%

Movement: Physical Mobility through Space 0% 0% 0% 25% 0% 0% 25% 33% 67%

Movement: Use of Arms 33% 0% 0% 0% 0% 0% 0% 0% 0%

Movement: Use of Hands 20% 20% 0% 20% 20% 40% 33% 0% 0%

Perception: Hearing 0% 0% 0% 33% 0% 0% 0% 0% 50%

Perception: Sight 0% 0% 44% 56% 44% 11% 22% 44% 71%

Perception: Touch 0% 0% 0% 0% 0% 0% 33% 0% 50%

Across All Participants 7% 2% 10% 29% 22% 10% 17% 17% 42%
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Inclusive Immersion: Project Info

The Overall Aim:

To design tools to improve the accessibility and inclusiveness 
of XR.

The idea is to replace the user-led adaptations and 
researcher’s assistance with IUI solutions.
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Towards an Equitable Social VR
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Towards an Equitable Social VR

A new project, also funded by the Engineering and Physical 
Sciences Research Council (EPSRC), Digital Economy Theme.
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Towards an Equitable Social VR

New Project Partners: Digital Catapult and Meta
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Towards an Equitable Social VR: Project Info

Project Duration: 01/01/2023—31/12/2025. 

Project Value: ca. £1 million

Focus on Social VR and the Metaverse.
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Towards an Equitable Social VR: Project Info

Investigating both the functional and psychosocial aspects. 
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Why do all this?
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Quality of Life

We believe that XR and various experiences it enables have a 
strong potential to contribute to the quality of life for disabled 
and older people.

The quality of life contribution can be explained by the 
construct of Virtual Mobility.

Social Life, Education, Employment, Entertainment, etc. 
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Questions?
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