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ISMAR 2024 panel on Terminology

IEEE ISMAR 2024
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Facilitator
« Kiyoshi Kiyokawa (NAIST)

Panelists

« Mark Billinghurst (UniSA)
« Takeshi Kurata (AIST)

« Missie Smith (Auburn University)
+ Wolfgang Broll (TU llmenau)
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XR is dead, lon
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The usefulness of reinterpreting
and redesigning existing
terminology

its usefulness and limitations
(XR = XR)

The lack of shared
understanding regarding the
origin, definition, and
classification of terminology

The appropriate timing and modality
of standardization

(whether it should take the form of a
de jure or a forum standard)

Insufficient involvement of The proliferation and misuse of
academic experts in standardization

activities and its consequences social backgrounds

The current status of the term XR, and

terms based on psychological and

% A%:

The context-dependency of
language use
(which term to use, for whom, and
in what situation)

The mismatch between academic and
standardization organizational structures
and terminological systems

The impact of terminology use on
evaluation, and the visibility and
dissemination of research
(awards, recognition)

“No Terminology, No Standards, No Future: Semantic Interoperability for Bridging Stakeholders in XR,” in Proc. IEEE ISMAR-Adjunct, pp. 505-509, 2025.
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Standardization Committee in ISMAR 2025, 2026, IEEE VR 2026

Events

>z Establishment Purpose

2026 Tutorial - IEEE ISMAR 2026 - October 5, 2026

* Strengthen the continuous collaboration Gusn . XRStand 2026: XR Standards and Open Science Practices
between academic activities, such as et ot dos ety e e e
ISMAR, and standardization activities,
with the goal of enhancing the value of BRI o | [ e |

both.

* Bridge the gap b demi d
rl e t e a etwe e n a Ca e m I a a n Reproducibility gaps in VR research, open standards such as OpenXR versus proprietary ecosystems, and
i n d u St ry. whether standardization should mandate benchmarks.

Organized by the IEEE VR 2026 XR/VR Standardization Committee - Moderator: Jen-Shuo Liu - Panelists: Neil Trevett, Tim
Weissker, J. Edward Swan II, Richard Skarbez

Event page — [ Committee ] [ 1 resource J

2 02 5 Workshop - IEEE ISMAR 2025 - October 8, 2025

2026 Panel - [EEE VR 2026 - March 25, 2026

IEEE VR Standardization in XR/VR: Challenges and Priorities Beyond Terminology

ISMAR XRStand 2025: 1st International Workshop on Standardization in XR
Keynote on virtual worlds interoperability, 10 accepted papers (lightning talks and posters), and invited talks
on the Reality—Virtuality Continuum and metaverse platforms.

Organized by the IEEE ISMAR 2025 Standardization Committee - General Chairs: Yahya (Yohan) Hmaiti, Ryosuke Ichikari,
Seonji Kim

{ Committee } [ 14 resources J

https://xrstandards.org/
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https://xrstandards.org/

ISMAR 2026 Standardization Committee Members

Chairs

Takeshi Kurata Jen-Shuo Liu William Sherman Simon Su
AIST, Japan Columbia University, USA NIST, USA NIST, USA

Yohan Hmaiti Seoniji Kim Abolghasem Sadeghi- Tim Weissker Matt Whitlock
University of Central KAIST Niaraki RWTH Aachen University NIST
Florida Sejong University
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Coinage is not Adoption

s

XR as Extended Reality

(Beyond VR [ The first umbrella

Not as an Umbrella term)
by S. Mann and C. Wyckoff, MIT

[ Not Extended Reality }XR as a

Neutral umbrella term

(Symbolic expression)
by OpenXR, Khronos Group

MR MR

Revised as an
umbrella term to

include VR

term widely used

The Judas Mandala
Coinage | £

1983: Artifi IR lit . . . :
VR oy ML Krvoger \ AR Mixed Reality Mixed Reality

by P. Milgram and by R. Skarbez, M. Smith,

Virtual Reality / Augmented Reality [ Kishino and M. C. Whitton
by D. Broderick in the navel,

by T. Caudell and
D. Mizell, Boeing

-

|
timeline v v \ >
1982 1991 1992 1994 2017 2021
‘{* ‘E:;EEE: -------- \""\
AN S SSRISaS L TTTES I T ——— NN
> o« Sa ~\"s TSba TSmmaly Tl T S N Y.
Late.1980s 1999 2008 2009 2015 2016 2017 2018-2019 2024

Adoption
timeline ARToolKit
VPL Research By H. Kato andJ/[ I\/Ilcrosoft misused “MR” ARKit, ARCore OpenXR WebXR

M. Blllmghurst

AR Browser P Pokémon GO Incon8|stent usage of XR” W|th|n Umty

(Wikitude, Layar, Junaio, 1
sxs / /
< !

Sekai Camera, etc.)
[ “VR” in ISO/IEC TR 18121 ][ “AR” and “MR"” in ISO/IEC 18039 ][ “XR" as XR in ISO/IEC 5927
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“Extended Readlity” existed — but where was umbrella XR?

BLEl Mann & Wyckoff: Extended Reality y

" XR as Extendod Roaliy (NotBlonded Really ~ XRasa

- Proposed before AR (1992) and MR (1994). ot oSV | [ | (Symbolio expressiom) | ith
- Described environments extending human VRAR MR T MR
perception beyond VR. B r
- Not introduced as an umbrella covering VR | e —+£ e | R
+ AR + MR. 19?3\ 1991 19?3,__55:_:_:_13?__‘_‘ ____________________ 2017 2021

Adoption \\\l};:;‘lgxs\ \\\\\*:::i:::.;.:é.g;-~.2.0-0.8‘-2009 _2-0_1.5.-;;)1; 2017\\:;(;I8-2019 2024 >

it vy Researdh |

ARKit, ARCore OpenXR, WebXR

rrrrrr

’ Pokémon GOﬁ[ Inconsistent usage of “XR” within Unity ]
unalo,

~ N,
SR ‘4/
»

[ “AR” and “MR” in ISO/IEC 18039 ][ “XR" as XR in ISO/IEC 5927

A
“VR" in | O/IEC TR 18121

Little (No) evidence that XR was used as :
an umbrella term before around 2017, \

while MR largely fulfilled that role. Not into the adoption timeline. ]

If Extended Reality had already been established as today’s umbrella concept,
why was another umbrella concept, Mixed Reality, needed?
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MR filled the umbrella role — then its meaning became unstable

1994 Milgram & Kishino:
Reality—-Virtuality Continuum

« MR covered an intermediate region and
became an early umbrella concept.

 Fully virtual VR could be interpreted as
outside MR.

EXIE Microsoft HoloLens

« “Mixed Reality” was used for optical see-

through AR experiences.

- A narrower/different use from the original

conceptual scope.

<& ISMAR 2026

[ Not Extended Reality } XRasa

XR as Extended Reality

Revised as an
(Beyond VR The first umbrella Neutral !,lmbrella term umbrella term to
Not as an Umbrella term) term widely used (Symbolic expression) include VR
by S. Mann and C. Wyckoff, MIT by OpenXR, Khronos Group
V 193?@“&6‘?@&2:?” AR Mixed Reality Mixed Reality
Virtual Reality /_ Augmentad Reality l;y ;gmuiram and :zdRMs'kgs\/eﬁftmhsmlth'
by D. Broderick in the novel, by T. Caudell and
The Judas Mandala D. Mizell, Boeing
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timeline v v v
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M. Billinghurst
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A
“VR" in ISO/IEC TR 18121

[ “AR” and “MR” in ISO/IEC 18039 ][ “XR" as XR in ISO/IEC 5927

Ib Proliferation of ‘MR’

’l Considerable confusion
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Why was “XR"” chosen for OpenXR?

When nhaming OpenXR, the working
group in Khronos Group needed a
neutral label

« Created a neutral label that “does not
take sides” but includes all.

“X" = any reality you like
not a fixed expansion such as
“Extended” or “Cross”

WebXR (W3C) takes a similar placeholder philosophy:
“Your Reality Here"”

{[ Not Extended Reality } XR asa \:
1

XR as Extended Reality
(Beyond VR

Not as an Umbrella term)
by S. Mann and C. Wyckoff, MIT

1983: Artificial Reality
by M. W. Krueger

-

VR AR

Virtual Reality

by D. Broderick in the novel, by T. Caudell and

D. Mizell, Boeing

/*w-;—\
1 .
1 Revised as an
The first urmblela Neutral !.lmbrella t.erm b oesaasan
term widely used (Symbolic expression) I  include VR
- by OpenXR, Khronos Group ,’

Mixed Reality

by P.M

Augmented Reality F. Kishino

MR

Mixed Reality
by R. Skarbez, M. Smith,

ilgram and
and M. C. Whitton

timeline ARToolKit

VPL Research A

By H. Kato and
M. Billinghurst
N,
~,

~,
Sa

“VR" in ISO/IEC TR 18121

The Judas Mandala
; L ] S
Coinage >

timeline v v v
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Ses SeSEsssoo---I0C 2
Sl N o T e e SO
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OpenXR, WebXR | }

ARKit, ARCorel|
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Pokémon GOﬁ[ Inconsistent usage of “XR” within Unity ]
\,

S \‘/

[ “AR” and “MR” in ISO/IEC 18039 ][ “XR" as XR in ISO/IEC 5927 J)
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The activities that helped popularize umbrella XR
did not require X = Extended.

O\
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Why umbrella XR is not simply “Extended Reality”

1 Historical evidence 2 Mannetal. [33] — 2018 3 Rauschnabel et al. [34]
- 1991 Extended Reality « In 2018, Mann et al. used + Independent conceptual
was not today’s “Extended Reality” as an argument:
umbl‘e”C] Concept umbl‘e”C] Concept letel‘ XR hqd ° VR replqces reqlity rqther
- Little evidence of begun gaining visibility than extending it.
umbrella XR until ~2017; through OpenXR / WebXR. . They therefore keep “XR”
MR largely filled that role. « They also proposed but interpret it as xReality
( Multimediated Reality as a . xasa
A s higher-level concept.

(Symbolic expression) Vq riqblelplqcehOIder.

bbbbbbbb . Khronos Group

Not as an Umbrella term)
by S. Mann and C. Wyckoff, MIT

« If XR = Extended Reality, the
= hierarchy conflicts with
e e today’s umbrella use of XR.

‘V
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When an acronym acquires a meaning later

SOS A familiar academic habit
The 1906 distress signal was chosen as Student writes only an acronym
a simple, unmistakable Morse pattern !

The letters had no intrinsic meaning, Advisor: “Write out the full term first.

Usually good advice

But what if the acronym itself is
the intended form?

“Save Our Ship” [ “Save Our Souls”
are later popular interpretations
— But not the original meaning.

XR-only sources + “Extended Reality (XR)”
sources
— Newcomers may naturally infer
“XR = Extended Reality.”

XR is not historically identical to SOS.
But SOS shows how a plausible expansion can be mistaken for the original meaning.

& . IS M A R 2026 XR is XR: Revisiting the Evolution and Governance of XR-Related Terminology XWORLDS’26 10 (f\ﬁ‘b
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Popularity Z consensus Z historical evidence

Wikipedia / collaborative knowledge Al [ large-scale Web data
- High visibility does not necessarily « Once one interpretation dominates the Web,
mean community consensus. Al systems may reproduce it as the default
- If one interpretation edited by answer
someone/some party dominates a « Even when historical evidence is more
page, alternative historically nuanced.
grounded interpretations can - Only with careful prompting, a different
become difficult to introduce. answer may emerge.
Dominant Al answer User trusts More papers Even more
Web usage & reuses & pages Web data

\ A possible self-reinforcing loop /

Frequency can become apparent authority.
Apparent authority can generate more frequency.
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Stakeholders involved in the formation, dissemination, and
maintenance of terminology

Public Terminology Promoters Powerful
--------------- »(social media}"“"'““" LEs (Brand-focused) & .
Influential

Researchers (Field-claiming)

Consumers
Citizens
For ensuring \\( Web/Al agent Standards

consistency and p
accessibility “ T — i | »
. erminolo
Academic gy

communities

Journals Forum

’

Academic Sustained collaboration
institutions Industries . .
among academia, industry,
and SDOs is essential.

Universities
Research institutes
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Lack of experts ]

Standardization
Committee
in ISMAR/IEEE VR

Societies

De jure

Grassroots/Open
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How about the definition of Metaverse

« Snow Crash: the novel in which the term "metaverse” was first used written by Neal
Stephenson
- (Original) Metaverse: VR Environments + society within the environments

« Where should the boundaries of the term ‘metaverse’ lie?

Augmentation
Is AR also a metaverse?
ReaI.WorId l\/let.averse by Niantec Source: Metaverse Roadmap Overview (2007-2025)
Spatial computing
Augmented )
Reality Lifelogging
~ Is this roadmap diagram the cause of
Apple uses spatial computing E —;- the confusion? !
differently-- o T o
w @
Mirror Virtual
o Worlds Worlds
Industrial Metaverse Origina| metaverse
by Snow Crash
Simulation y
K\ XR is XR: Revisiting the Evolution and Governance of XR-Related Terminology XWORLDS'26 13 (:. 5‘3
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One Person, Many Hats (One Person, Different Hats, Different Views)

* Interverse

« The concept of fusing digital multiverse with the universe

- Original definition by Japanese national project (SIP): Virtual economy forms and
related technologies that return value in cyberspace to physical space

- My own definition: MR + Society across the Real World and the Metaverse

Physical space Cyber space

UNIVERSE Cir‘“'atetsgzgss'“e g METAVERSE Real Environment Virtual Environment
— INTERVERSE =

: i \ Universe Metaverse
e i) (% Pt—— ] Interverse VR+
e ™ Human e s Society in the Society within
experiencesandwogrking style support information Real World ) MR + the Metaverse

T Environmental Society across the Real World
Al (il A%, information
AL T J and the Metaverse
I e M Y Y e

health behavior proposals, urban h’;‘ =
development

Human and vehicle movement praposals, PR: Physical Reality MR: Mixed Reality VR: Virtual Reality

ional health analysis

Source: SIP (Strategic Innovation Promotion Program), My own interpretation of Interverse
Cabinet Office, Government of Japan
W\ . . . . :‘gy
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Umbrella XR is XR (= Extended Reality)
Current ISO/IEC terminology

( [ Not Extended Reality L- XR )
o Xxtende eall as a
XR is treated as an umbrella concept XRoas Extended Reatty  —eisiomaic | Neutral umbrella term [ Forsedos o
without expanding “X” as “Extended.” ot e s LVJ wiyued ) (Sumbolie expression) | e
panding - MR MR
After the historical and conceptual WIR Ui ) AR e
developments discussed today, a neutral ./ %*&Cn,js” . .
symbolic definition is a reasonable place “"‘°“"°1982 1991 1992 1994 2017 2021
to have landed. - e‘iifff='=':‘5:‘5;a;::;_—_—_—_—_—_—: ---------------- °\:\
Adoption Late 19\805 \~\ i 1999 2008-2009 2015 2016 2017 2018 2019 2024 >
fmeline ‘ ByAHFnga"t'f‘atnd ARKit, ARCore OpenxR, WebXR
If this discussion matters to you, please Ll P°“fi”°“@ '”°°"‘°"“i”_t_”ia_giff_ffj't_hf_u”_”f-
Consider partiCithing in L “VR" in ISO/IEC TR 18121 [ “AR” and “MR” in ISO/IEC 18039 “XR™ as XR in ISO/IEC 59 27
. ISMAR/IEEE VR Standardization Committee
or/and

+ ISO/IEC JTC 1 standardization activities.
Please Contact us to learn how to get involved.

§ - ) ) . , =P
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