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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

The use of immersive environments is rapidly spreading beyond the fields of research and gaming into many
other application areas. Given the human-system issues unique to systems with these characteristics, timely
guidance covering these issues is necessary to help all sectors of industry to design, field and operate quality
immersive systems and build appropriate trust in products and services that use these systems.

This document provides ergonomics guidance for a range of immersive environments, including those
involving virtual reality, mixed reality and augmented reality. This guidance builds on the more general
guidance in the ISO 9241 series, which applies to interactive tools and the physical environment within
which they are used.

© IS0 2024 - All rights reserved
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Ergonomics of human-system interaction —

Part 820:
Ergonomic guidance on interactions in immersive
environments, including augmented reality and virtual reality

1 Scoj

This doc
systems
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simuy

d) comj
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This doc
immersiy

This doc
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the cons
developé
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3 Terl
For the p

pe

iment identifies ergonomic or human-systems issues and guidance for the deyelopment a
nvolving immersive environments, augmented reality and virtual reality. This-includes:

fonments where the user is provided with a perception of being physieally present in a
fed world;

ronments where the user is represented virtually and can interactin a real-world environi

fonments involving artificial reality, augmented reality, virtual reality, mixed reality an
lated realities;

buter-generated environments where the user interact$'with simulated objects in a manng
w the user would interact with the real-world counterparts of these objects.

iment is not an exploration of the philosophical; ethical or political issues surrounding t
re environments.

iment limits its treatment of the technelogies used to create immersive environments to
nteractions with users and does notinvestigate other aspects of these technologies.

et audience for this document is(decision-makers, designers and engineers who would ben
deration of human-systems issues of immersive environments. Futurists, researchers, te
s, regulators and legislaters could also find this document useful.

mative refereneces

b no normativereferences in this document.

ms and definitions

urpeses of this document, the following terms and definitions apply.

hd use of

rirtually-

ment;

1 similar

r similar

he use of

focusing

efit from
chnology

ISO and |

EC maintain terminology databases for use In standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 High-level concepts

3.11

immersion

<immers

ive environments> experience and participation in a particular environment (3.2.5)

© IS0 2024 - All rights reserved
1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=2136e4e2571bd50d19274f1523138a96

3.1.2

IS0 9241-820:2024(en)

presence

<immers

3.1.3
flow

ive environments> psychological sense of being in a particular environment (3.2.5)

<immersive environments> state of mind an individual enters when completely involved or focused on any

challenging and/or enjoyable activity

3.1.4

naturalness

correspondence with everyday interactions between humans and real-world objects that they interact with
Note 1 td entry: Naturalness relates to everyday behaviours that can be expected to be performed, without any
specializdd learning or training.

[SOURCH: ISO/IEC 4944:—,1 3.1.4, modified — "expected to have already learned" has(been replaced by
"expectefl to be performed without any specialized learning or training" in Note 1 to entpyyand the EXAMPLE
has been|removed.]

3.2 Refalities and environments

3.2.1

reality

<immerdive environments> set of facts, beliefs and rules that are accepted as true

3.2.2

natural world

<immersdive environments> world that has actual physical existence

Note 1 to pntry: In this document, "natural world" is used toxefer to the physical elements of the real world (|3.2.3).
3.2.3

real worlld

<immerdive environments> natural world (3.2:2) as experienced by the user (3.4.1)

Note 1 to| entry: The real world goes beyondthe physical existence of the natural world to also include|the facts,
opinions gnd knowledge about, and the agtions and experiences of and with, the components of the natural yorld that
are comnjon to most people in the user'ssociety.

Note 2 tolentry: The real world represents the perception that individuals have of the natural world. Thus,|there can
be minor|differences between-different individuals' perceptions of what the real world is, despite all of tHese being
based on their experiences within the same natural world.

Note 3 td entry: In this document, the term "real world" is used to contrast with artificially-created jmmersive
environménts (3.2.6).

3.24

alternatjveteality

<immerdivesenvironments> possible perceivable reality (3.2.1)

3.2.5

environment

<immersive environments> physical, chemical, biological, organizational, social and cultural factors
surrounding one or more persons

[SOURCE: ISO 26800:2011, 2.3, modified — "<immersive environments>" has been added as the domain.]

1) Unde

r preparation. Stage at the time of publication: ISO/IEC DIS 4944:2024.

© IS0 2024 - All rights reserved
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3.2.6
immersive environment
environment (3.2.5) that surrounds a user (3.4.1) and with which the user interacts

Note 1 to entry: For the purposes of this document, immersive environments are those environments that involve
virtual, mixed or augmented realities.

3.2.7
virtual reality
interactive experience taking place within a simulated environment (3.2.5)

3.2.8

mixed reality
merging |of the real world (3.2.3) and virtual worlds to generate new environments (3.2.5) where| physical
and synthetic objects co-exist and interact

[SOURCH: ISO/IEC 18038:2020, 3.14, modified — The admitted term "MR" has been remoyed:|

3.2.9
augmented reality
interactiye experience of a real-world (3.2.3) environment (3.2.5) whereby the objecCts that reside in the real
world (3.R.3) are augmented by computer-generated perceptual information

[SOURCH: ISO/IEC 18038:2020, 3.2, modified — The admitted term "AR" has been removed.]

3.3 Systems and interfaces

3.3.1
augmented reality system
view of the physical world that is supplemented by compuifer-generated text, images, data or other media

[SOURCH: ISO/IEC/IEEE 26511:2018, 3.1.4]

3.3.2
mixed r¢ality system

mixed and augmented reality system
system that uses a mixture of representations of physical world data and virtual world dafa as its
presentation medium

[SOURCH: ISO/IEC 18039:2019, 3:1.13]

3.3.3
user inté¢rface
Ul
set of alljthe components of an interactive system that provide information and controls for the user (3.4.1)
to accomjplish specific tasks with the interactive system

[SOURCH: 1SO9241-110:2020, 3.10]

3.3.4
natural user interface

NUI

user interface (3.3.3) where the user (3.4,1) operates the interface through an intuitive manner related to
everyday human behaviours in a real world (3.2.3)

Note 1 to entry: "Natural" refers to the user's expectations, behaviour and feelings that are involved in interacting
with an NUL

Note 2 to entry: Everyday human behaviours refer to actions of the user which can be performed without the need for
learning and training beforehand.

© IS0 2024 - All rights reserved
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Note 3 to entry: Interactions with NUIs typically model interactions performed in the natural world (3.2.2), including
(but not limited to) touch, gestures and/or auditory interactions.

[SOURCE: ISO/IEC 4944:—, 3.1.2, modified — "through a manner" has been replaced by "through an
intuitive manner"” in the definition; "behaviours that the user can been expected to have already learned"
has been replaced by "actions of the user which can be performed without the need for learning and training
beforehand" in Note 2 to entry; "vocal interactions" has been replaced by "auditory interactions"” in Note 3
to entry.]

3.4 Ergonomic-related concepts

3.4.1
user
person who interacts with a system, product or service

Note 1 to pntry: Users of a system, product or service include people who operate the system, people who mpke use of
the outpuf of the system and people who support the system (including providing maintenance and-training]).

[SOURCE: 1SO 9241-11:2018, 3.1.7]

3.4.2
guiding pser
user (3.4.1) who exerts some level of control over the situation experienced by other users within an
immersive environment (3.2.6)

EXAMPLE1 An administrator, who is outside the immersive envirgnment, monitors what is happening in the
immersive environment and can make real-time changes to it that wilkhave an immediate effect on users yvithin the
immersive environment.

EXAMPLE 2  Within an immersive environment used for training teams, a team leader instructs other mpmbers of
the team pn what they are to do individually.

3.4.3
usability
extent tolwhich a system, product or service canbe used by specified users (3.4.1) to achieve speciffied goals
with effectiveness, efficiency and satisfaction in a specified context of use (3.4.8)

Note 1 to fentry: The “specified” users, goals and context of use refer to the particular combination of users,|goals and
context of use for which usability is being\considered.

Note 2 td entry: The word “usability” is also used as a qualifier to refer to the design knowledge, competencies,
activitiesfand design attributes that contribute to usability, such as usability expertise, usability professional, usability
engineeripng, usability methodfusability evaluation and usability heuristic.

[SOURCH: 1SO 9241-11:2018, 3.1.1]

3.4.4
accessibiility
extent toywhichrproducts, systems, services, environments (3.2.5) and facilities can be used by people from a
populatllzn with the widest range of user needs, characteristics and capabilities to achieve identifiegl goals in
identified-contexts-of Hse{3-4-8}

Note 1 to entry: Context of use includes direct use or use supported by assistive technologies.
[SOURCE: I1SO 9241-112:2017, 3.15]

3.4.5

user experience

user (3.4.1) perceptions and responses that result from the use and/or anticipated use of a system, product
or service

Note 1 to entry: Users' perceptions and responses include users’ emotions, beliefs, preferences, perceptions, comfort,
behaviours and accomplishments that occur before, during and after use.

© IS0 2024 - All rights reserved
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Note 2 to entry: User experience is a consequence of brand image, presentation, functionality, system performance,
interactive behaviour and assistive capabilities of a system, product or service. It also results from the user’s internal
and physical state resulting from prior experiences, attitudes, skills, abilities and personality, and from the context of
use (3.4.8).

[SOURCE: 1SO 9241-11:2018, 3.2.3, modified — Notes 3 and 4 to entry have been removed.]

3.4.6

harm from use

negative consequences regarding health, safety, finances or the environment (3.2.5) that result from use of
the system

Note 1 to entry: The negative consequences can be for the user or for any other stakeholder.

Note 2 to pntry: Although avoidance of harm from use (i.e. eliminating any exposure of risk that poses potengial harm)
cannot bejachieved completely, the design of an interactive system can aim to mitigate risks to an acceptable minimum.

[SOURCH: ISO 9241-11:2018, 3.2.4, modified — Note 2 to entry added.]

3.4.7
human-¢entred quality
extent to which requirements for usability (3.4.3), accessibility (3.4.4), user experience (3.4.5) and avoidance
of harm from use (3.4.6) are met

Note 1 to pntry: Provision of the necessary technical functionality is a prerequisite for human-centred qualify.

Note 2 tolentry: Usability, accessibility, user experience and avoidance of harm from use can only be managed to the
extent thdt they can be controlled by designed aspects of the interactivesystem.

Note 3 to[entry: Human-centred quality is a collective term for the\intended outcomes of interaction of thejuser with
the systern.

[SOURCH: 1SO 9241-11:2018, 3.2.1]

3.4.8
context pf use
combinafion of users, goals and tasks, resources and environment (3.2.5)

Note 1 toentry: The “environment” in a context of use includes technical, physical, social, cultural and orgahizational
environmjents.

[SOURCE: ISO 9241-11:2018, 3.1.15]

3.5 Interaction-related’éoncepts

3.5.1
natural pser interface interaction

NUI interaction

user-sysfem interaction making use of a natural user interface (3.3.4)

3.5.2
modality
mode of interaction referring to one of the human senses

[SOURCE: I1SO 9241-112:2017, 3.11, modified — Notes to entry have been removed.]

3.5.3
multi-modal
mode of interaction simultaneously involving multiple modes of sensing

Note 1 to entry: This usually involves the visual, auditory and haptic (3.5.4) modalities (3.5.2).

© IS0 2024 - All rights reserved
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sensory and/or motor activity based in the skin, muscles, joints and tendons

Note 1 to entry: Haptics consists of two parts: touch (3.5.5) and kinaesthesis.

[SOURCE

3.5.5
touch

:1SO 9241-910:2011, 2.1]

sense based on receptors in the skin

Note 1 to

entry: Cutaneous receptors are used for the perception of touch.

[SOURCE

4 Uni

4.1 General

This clay
involved
issues, th

4.2 Re

4.2.1 (

Compute
real worl

422

The naty
and subj
interact
that regt
subject t
natural

NOTE

4.2.3 Virtual reality

4.2.3.1

: 1SO 9241-910:2011, 2.3]

ue characteristics of immersive environments

se identifies some of the unique characteristics of immersive envirfonments that go beyd
in other types of interactive systems. While these unique characteristics give rise to el
is clause only identifies the characteristics and leaves the ergonomic issues to Clauses 5-9

alities

teneral

rs provide the opportunity to simulate a wide range of realities, from those occurring w
d to those that can only be imagined.

'he actual reality of the natural world

bct to many other laws and custems. Individuals experience the natural world and lear
vith it from an early age. While no individual fully understands all of the natural world,
late the natural world arécomplete in and of themselves. While objects in the natural v
b change, this change f6llows predictable patterns. This is what is considered to be real
yorld.

The natural worldas experienced by a user is referred to as the "real world".

General

Virtual

nd those
fgonomic

ithin the

ral world exists in an unlimited.three-dimensional form that is governed by the laws df physics

h how to
the laws
vorld are
ty in the

fion and

reality is generally used to describe a reality totally created within an informa

communications technology (ICT) system, whether or not the reality is based on the natural world or the
real world.

NOTE 1

and realit

The concept of a virtual continuum recognizes that as long as a human user is involved, there will be some
physical elements of the real world involved directly. However, the term "virtual reality" focuses on the environment

y that is created within the ICT system that the user is interacting with in a real-world manner.

To produce virtual reality, an ICT system uses a set of rules to represent the laws of that reality and a
means of rendering a virtual world that users can experience and interact with. As opposed to the real
world, the set of rules governing a virtual world will usually be incomplete, missing at least some aspects of
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their counterparts in the real world. Users need to learn both how to interact with a virtual world and the
limitations on these possible interactions.

NOTE 2  While it is possible to model all the rules of a simple game, modelling the real world is necessarily
incomplete and typically focuses on modelling a set of tasks from the real world. Therefore, the desirable level of
completeness will be dependent on suitability for the task and consistency with user expectations.

4.2.3.2 Third-person perspective

The earliest versions of virtual reality involved the user manipulating the representation of a person (or
other object) on a computer display. While the display was able to present an artificially created reality in
which the user could be intellectually immersed, the user was not physically immersed in the environment.

In a third-person perspective, the user is able to observe the person (or object) being manipulated<«s well as
the envijonment in which it is interacting.

This maljes the user more of a puppet-master than a direct participant in the environment.

4.2.3.3 | First-person perspective

In a first{person perspective, the user observes the environment being interacted’with from the perspective
of an indlividual that is immersed in the environment. While this can include the observation| of some
simulatefl parts of the user (e.g. hands, arms, feet), the user usually does notobserve a full representation of
themselyes within the environment (e.g. unless viewed in some reflecting surface of the environmgnt).

This maljes the user more of a direct participant in the environment,

4.2.4 Augmented reality

Augmentled reality is generally used to describe the combination of elements in the real world with elements
generated and contained only within the ICT systeim. This is often done by overlaying computerized
projectigns on a real-world environment. These computerized projections do not have to follow|the laws
of physids of objects within the real-world envirenment; however, they are intended to be locatdd within
the same¢ physical space as the real-world environment. While augmented worlds are generally [intended
to be experienced as a single unified realityfusers need to be able to learn how to interact with tHe virtual
compongnts of this augmented reality, including limitations on these interactions.

4.2.5 Mixed reality

Mixed rdality is often used similarly to augmented reality to describe the combination of elemerjts in the
real world with elements generated and contained only within the ICT system.

Mixed rdality recognizes) that there is a continuum of possible realities that spans between the fomplete
reality of the naturalworld and a complete virtual reality. While individuals regularly deal only|with the
natural world, it is'1iot possible to deal only with a virtual world. This is because a virtual world if created
within the natural world and the actual interactions of its users are still governed by the laws of the natural
world, even,if they are interpreted differently within the virtual world.

4.3 Modalities

4.3.1 Multi-modal and multimedia

The natural world makes use of all of the human senses. Interacting by making use of a particular human
sense is referred to as interacting within a particular modality. Traditionally, the five main modalities are
visual, auditory, haptic (tactile), olfactory (smell) and gustatory (taste).

NOTE1 Balance and proprioception can potentially be added to the list of modalities that are relevant to immersive
environments.
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Virtual and augmented realities attempt to make use of as many human senses as possible. Currently,
this involves visual, auditory and haptic sensations. It is beyond the capabilities of current technology to
use olfactory or gustatory sensations. This is especially due to the long latency of those sensations when
perceived by a human, which does not allow for quick changes to be recognized.

The natural world is multi-modal in that all objects in the natural world can be simultaneously experienced
via all available senses. In virtual worlds, it is important to ensure that objects can be simultaneously
interacted with in all available modalities. Virtual worlds often have limitations on the extent of their
support of multi-modality.

The focus of traditional ICT systems is on multimedia, in order to choose individual media to use for
different pieces of content that can "best" be used to present the content in an engaging, effective, efficient

and SatiSfyiug TITATIIIET.
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The use ¢f cameras\éan be used to track the user's eyes, head and other body parts.

NOTE

5 of immersive environments is to increase the realism of the immersive experience.

wing subclauses on modalities focus on the user's perspective, thus they deal\with inpy
outputs of the user, rather than inputs to the systems and outputs from the sygtem.

Visual inputs to the user

can see the (natural, augmented or virtual) environment either as a projection on space sur
or via some form of head-mounted display. While a head-mounted display can be more f

gear. Even special glasses can be a distraction to usersswho do not normally wear glasses

enes can be created either from three-dimensional photos or from computer-generated
mbination of these sources.

hcerns include:
mount of physical intrusion on the uset.(e.g. the need for devices mounted on the user);
uality (realism) of the visual scenes;

bility for scenes to be updatéd in real time as the user moves within the immersive envirg

ort for users with low-0r no vision or no stereo vision.

Visually recognized outputs of the user

The patticular body parts to be tracked will depend on the nature of the immersion.

ts to the

Founding
exible in

sually represents the environment, it can be less natural€er-users not used to wearing similar head-

cenes or

nment;

While vi

ual eve tracking and haptic head tracking is available with head-mounted displays, more

fomplete

visual tracking generally requires devices mounted in the environment rather than attached to the user.

Visual tracking of three-dimensional orientations and movements generally involves the use of more than
one visual sensor.

Major concerns include:

a) the amount of physical intrusion on the user (e.g. the need for devices mounted on the user);

b) the precision of the physical tracking possible when analysing the results of the cameras;

c) theability of visual tracking to be used in real time as the user moves within the immersive environment.
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4.3.3 Auditory

4.3.3.1 Auditory inputs to the user

The user can hear the (natural, augmented or virtual) environment either as a projection in the space
surrounding the user or via some form of headphone or hearing device. While a headphone or hearing device
could be more flexible in how it visually represents the environment, it can be less natural for users not used
to wearing similar head-mounted gear. Some hearing aids can have difficulties when used with headphones,
while others make use of wireless technologies to avoid the need for headphones.

Auditory inputs can be created either from recordings or from computer-generated sounds and speech or
from a combination of these sources.

Listening to sound from three-dimensional sources involves the use of stereo (two or more sepatrpte audio
sources)

Major cohcerns include:
a) the gmount of physical intrusion on the user (e.g. the need for hearing devices worn by the user);
b) the quality (realism) of the auditory information as well as its projection into the immersive envifonment;
c) the gbility for audio information to be updated in real time within thesmmersive environment
d) occlusion of relevant real-world sounds;

e) support for users with no hearing or no stereo hearing.

4.3.3.2 | Auditory recognized outputs of the user

Microph¢nes can be used to input auditory information.and to physically track the user. While a mi¢rophone
can be aftached to the user or hearing devices worn-by the user, or both, more complete auditory|tracking
generally requires microphones to be mounted in the environment rather than attached to the user:

Identifyihg the user's location and orientation in three-dimensional space involves the use of severa| sensors,
for example several microphones.

Major cohcerns include:
a) the gmount of physical intrusion on the user (e.g. the need for microphones mounted on the usgr);
b) the quality of the speech fecognition processing;

c) the precision of the physical tracking possible when analysing the results of the microphones;

d) the ability of recegnition and tracking to be used in real time as the user moves, speaks arjd makes
sounds withintthe immersive environment;

e) envifonmental noise.

4.3.4 Haptic

4.3.4.1 General

Haptics involves the physical properties of touch and movement. Whereas visual and auditory interactions
can be one-directional, generally, haptic interactions involve simultaneous inputs and outputs.

4.3.4.2 Haptic inputs to the user

While the visual and auditory modalities can easily be used to produce a wide range of inputs to the user,
haptic inputs to the user are relatively limited and often require specialized devices. Although haptic outputs
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of the user are very commonly used to interact with ICT systems, the range of haptic inputs to the user is
often limited to very primitive feedback that such actions have been received by the system.

EXAMPLE1 The user recognizes that a key on a standard keyboard is successfully pressed by experiencing the
movement of the key until it is stopped when it reaches its lowest possible position. Likewise, the user recognizes
when a button on a mouse is pushed. Even where this haptic feedback is available, auditory clicking is often used to
provide additional feedback.

The most commonly used haptic input to the user (apart from the physical device itself) is vibration. Such
vibrations need to be suitable for human perception. Common frequencies used in mobile devices are 130 Hz
to 180 Hz. For vibrations, frequency, amplitude and body location(s) in contact with the vibrating device are
parameters to be taken into account. The amplitude can be modulated to create different experiences, as
long as these differences are sufficient for detection inclnding when the person is maving Different body
locationg can be used to convey information (e.g. vibration belt or bracelets for navigation), as lohg as the
fact that different parts of the body have different sensitivity to vibration is taken into account.

In the nafural world, physical actions on an object always provide predictable haptic feedback (e.g]in terms
of motion or physical resistance). Providing such feedback when interacting with a viztaal objedt usually
requires|a specialized device that can provide the same types of feedback as the physical objecq that the
virtual opject represents. This can involve the haptic properties of:

a) position, shape and size;

b) stiffpess;

c) surface friction, roughness and texture;
d) mass and perceived weight;

e) temperature.

Devices that can provide sensations that can simulate “these properties tend to focus on very specific
properti¢s of very specific types of objects, for example braille displays.

Failure tp simulate these properties can lead to.iiconsistent behaviours occurring in a virtual envifonment.

EXAMPLE 2 A user who tries to sit on a virtualchair is likely to fall onto the floor. A user who walks int¢ a virtual
wall is likely to walk right through it.

4.3.4.3 | Temperature

In traditijonal computer systems, temperature is seldom used to provide information to a user, becatise of the
latency df the human in recognizing changes in temperature of a single location. However, in an ithmersive
environment, there are many locations that can provide information via different temperatures. Likewise,
the ambilent temperatutre, if it is too high or too low for comfort, can have an effect on the user's pbility to
function

When temperature’is used to provide information:

a) therpngeof temperatures used should avoid potential harm (from excessively high or low tempgratures)
to thi user;

b) meaningful differences in temperature should be large enough to be easily distinguished by the user.

4.3.4.4 Hapticrecognized outputs of the user

The main sources of user outputs (system inputs) in traditional ICT systems is often via the haptic modality
(using keyboards and mice). However, the use of keyboards and mice is specific to interacting with computers
and is not realistic when interacting with other types of objects in an immersive environment. Likewise,
stylized gestures made on an ICT screen are limited to traditional ICT systems.

In virtual environments, haptic user outputs can take the form of natural gestures that would be used to
interact with specific objects in specific ways. These natural gestures can be captured by multiple cameras
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without the need for actual physical contact. Placement of the cameras is most easily achieved in a specialized
environment.

In mobile environments, gestures and movements are an important interaction modality. Gestures can be
made both on a device and with a device (including full-body movements). Such gestures can be detected
through a camera or through sensors, such as compass or magnetometer, accelerometer, GPS and different
types of indoor location systems (connected via wireless technology). When detecting user gestures and
movements, it is important to consider the precision of the sensors in relation to the type of movements to
be detected.

4.4 Three dimensions

4.4.1 (General

Both natural and virtual worlds exist in three-dimensional space (length, width, height]. There is a
distinctipn, however, in how this space is realized.

In the ngtural world, within the limits of physical laws and capabilities, a user is able to navigate to any
location [that is not currently occupied by another object. The user is also able)to interact with} objects,
including moving them, using all three dimensions.

Immersiye environments (including virtual worlds) can go beyond naturalspace to realize user intdractions.

4.4.2 3D in specialized environments

Many immersive environments make use of specialized devices.to.provide a multi-modal experienfe. These
specialized devices are often installed in a facility (such as.a;room or building) which limits the actual
(natural) physical space available to the immersive environment. This can result in a disjunction|between
distance$ that a user can actually physically travel (inithe natural environment housing the ithmersive
environment) and the distances that the immersive enwironment is simulating.

EXAMPLH While an immersive environment camvirtually represent an entire city through which| the user
is walkinfg, the user cannot actually physically walk the corresponding real distance without additionpl special
equipmeryt, due to the actual size of the facility within which the immersive environmentis physically located| However,
the use of the specialized environment allows.thé mounting of cameras that can visually observe the movements of
the user through the environment and allows.the projecting of images of the virtual environment, lessening the need
for devicds being physically attached to the user to provided interactions with the immersive environment.

4.4.3 3D in augmented environments

Augmentation can take plade-anywhere in the natural environment, but doing so can limit the availability of
devices that are sufficiently portable to be used in some locations.

EXAMPLH When_ using augmented reality to aid a person in exploring a city, the user can be limited fo the use
of some fprm of head¥mounted display that overlays images from the user's immediate natural environnjent and a
limited anount of'haptic sensors that can easily detect the user's physical motions in that natural environment. It is
unlikely that there will be devices that can visually observe the user as the user walks through the city.

4.5 Issueswithrinmteractions i immersive enviromnments

4.5.1 General

Ergonomics is concerned with the well-being and performance of the user. This includes concern for usability,
user experience and freedom from harm (e.g. motion sickness or accidents). These different aspects interact
with one another in an immersive environment.

NOTE1 While usability and freedom from harm concerns can lead to the immersive environment providing
important notifications and other forms of user assistance, concerns for naturalness and realism of user experience
can limit the ways in which these notifications and other forms of user assistance are provided to the user.
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While not applicable to all immersive environments, it can be more natural to have the environment act
like a friend in providing advice to the user rather than it just presenting notifications in the way typical computer
applications do.

The ergonomics of immersive environments can be organized into the following high-level categories, each

of which

can be further subdivided:

a) roles of the immersive environment;

b) immersion;

c) user

interactions with an immersive environment;

d) user
e) cont

Each of {
provide §
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apply haj

a) esca

b) enhg

FUSer IMTeractions Withim aIm ImIersive environment;
bxt awareness of the immersive environment.

hese categories is considered in the following clauses, which discuss human-system is
ruidance unique to immersive environments.

| provides information on other ergonomic and related standards)\felevant to in
hents.

dance on some roles of immersive environments

ss a wide range of technology applications, three main roles of immersive environments
be been identified that each have their own uniquegergonomic issues:

bing reality;

ncing reality;

c¢) cha

ging reality.

sues and

hmersive

that can

Each of these roles of immersive envirdnments is considered in the following subclauses, which discuss

human-system issues and guidance unique to immersive environments.

5.2 Esfaping reality

5.2.1

Immersiye environments can create imaginary alternative realities that allow the user t
(intellecfually and partially physically) from the real world.

Virtual reality.syStems can provide immersive environments that are significantly different fron
world, including realities that are not consistent with the real world.

eneral

D escape

the real

Augmented Teality systems can provide Immersive environments that add imaginary features that appear
to exist and act within the real world.

5.2.2 Limiting the escape from reality

a) The immersive environment should provide distinct actions for entering the immersive environment
and for exiting the immersive environment and returning to reality.

NOTE 1

This is important to help the user to distinguish between escaping from and re-entering reality.

b) The immersive environment should provide assistance to the user in identifying appropriate times for
disengaging with or pausing interactions with the immersive environment.
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NOTE 2  Various conditions that can indicate the appropriate time include:

1) atthe end of a pre-defined activity;

2) after spending the amount of time that was available for the immersive activity;

3) whenitisimportant for the user to attend to the needs of the real world.

5.2.3 Recognizing that the user remains part of the real world

The immersive environment should help to ensure that the user does not take any actions in the immersive
environment that will have negative consequences in the real world.

NOTE

of potentiplly harmful situations that are present in the real world in which the immersive environmentis’s

The imm
in the re

necessarjy responses or assist the user in making suitable responses to the real-world situation.

While im

to still b
in order

e aware of any real-world situations that can justify disengaging with the immersive env

such situfations.

5.2.4 Ensuring that escaping reality does not change the real world

The immjersive environment should ensure that the user recognizes the difference between bei
imaginaily alternative reality and being in the real world.

NOTE 1
immersiv,

NOTE 2
immersiv|

b environment.

b environment.

EXAMPLHE When exiting the immersive environment, the user is given the following message: "Re-en
real worldl - a different reality and set of rules.dpplies."

5.2.5 Re-entering the immersive)environment

The imnpersive environment(should provide the user with a means of saving the current sta
environment.

The imm
in a save

ersive environment should provide the user with a means of re-entering the immersive env
1 state.

5.3 Enhaneing reality

5.3.1

M 1
aRara

This includes avoiding both physical and other forms of harm. Problems could occur if the user isrot aware
t

uated.

ersive environment should alert the user if it is necessary to respond to any identifiable em¢rgencies
al world, and then either disengage with the user to avoid distracting the usén from mdking any

mersion and presence are major objectives of immersive environments, it is important forf the user

ronment

fo deal with them in a timely manner. Problems can occur if the user-misses or delays dealing with

hg in the

Problems can occur if the user starts to believe ‘¢onspiracies or "alternative facts" from the imaginary

Problems can occur if the user behaves in the real world in ways that are only allowed in the imaginary

fering the

te of the

ronment

Immersive environments can augment reality to aid users in understanding and interacting with the real world.

EXAMPLE Travel guides and cultural interpretation systems can make use of augmented reality to

inform us

ers.

guide and

Augmented reality systems can provide immersive environments that add commentaries and instructions
relating to objects and locations within the real world.
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Managing the information provided when enhancing reality

The immersive environment should ensure that information it provides about the real world does not
intentionally mislead the user.

The immersive environment should ensure that the user realizes the limitations of the information about
the real world that it provides.

5.3.3

Providing user control of how and when enhancements are presented

The immersive environment should ensure that the user is not distracted from the real world by the
unwanted presentation of information.

The immersive environment should ensure that the user does not miss information that is needed
the user |n interacting with the real world.

5.4 Chlanging reality

5.4.1

Immersiye environments can change the user and/or assist the user in changing the real world.

EXAMPLE1 Immersive environments can be used for education and training that is intended to change
knowledge and skills.

Greneral

to assist

the user's

EXAMPLE 2  Immersive environments can be used to aid users in interacting (locally or remotely) with complex

systems sjuch as in performing complex medical procedures and controlling various types of equipment and

Virtual yeality systems can provide immersive environments in which users can learn and
simulatigns and virtual experiments without having actual facilities and equipment in the real w
without the consequences of performing dangerous orpotentially irreversible actions.

Augmented reality systems can provide information, predictions and heightened physical capah
assist th¢ user in interacting (locally or remotely}‘with objects and controls in the real world.

5.4.2

the real world

The immiersive environment should help the user to avoid harmful actions.

NOTE

a) wherle their actions will-affect the real world;
b) actiops that cannotde reversed;

c) actiops that canresult in harm.

5.4.3

Distinguishing between actions that affect the immersive environment and those that

This can include helping the users to recognize:

facilities.
conduct
rorld and

ilities to

affect

Irroviding user access to information that supports interactions

The immersive environment should provide appropriate user assistance to support interactions.

NOTE

Basic user assistance can include:

a) suitable error avoidance and error-handling support;

b) ameans to obtaining help and information regarding possible interactions;

¢) ameans to reviewing the history of the interactions which led to the current situation.
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6 Guidance on immersion

6.1 Co

ntributing to immersion

Immersion is a sensory experience that engages users with a virtual or mixed reality.

Various aspects of immersion include:

— spatial immersion, where the immersion focuses on a three-dimensional location within the immersive
environment;

— temporal immersion, where the immersion focuses on the current point in time, which has been led up

to by
pote

— emo
Immersi
a) thed
b) thern
c) thei
d) theq
Addition

6.2 Th

6.2.1 ¢(

Regardld
within a
this virty
immerse

6.2.2 §

a SETies Of experiences within the Immersive environment, and where this point preced
htial experiences;

ional immersion, where the user feels engaged within the immersive environment.
n depends on:

ompleteness of the virtual or mixed reality;

aturalness of the virtual or mixed reality;

hvolvement of the user in the virtual or mixed reality;

roduction of an optimal user experience.

hlly, the suitability of the immersion depends on freedomfrom harm.
e completeness of the virtual or mixed reality

teneral

ss of the technologies involved, immersion takes a user from the real world and places
virtual or mixed reality. Immersion-only takes place within the boundaries and limit
hal or mixed reality. The boundaties and contents of this reality limit the ability for a u
(.

upporting three-dimensional (virtual or mixed) space

bs future

the user
htions of
ser to be

The immersive environment. _should support the user's apparent navigation within three-dinjensional

virtual (d

The imnj
dimensid

NOTE

r mixed) space, regardless of the physical actions involved in this navigation.

ersive environment should ensure that the dimensions and behaviour of objects with
nal virtualifer mixed) space are realistic based on the expectations of the virtual or mixed

In miXed realities this can involve the system maintaining a contextual awareness of the objects.

6.2.3 §

n three-
| reality.

upporting realistic timings

The immersive environment should ensure that time moves consistently with the expectations of the virtual

or mixed

reality.

For the purposes of some realities, the elapsed time may be compressed or expanded in relation to the
passage of time in the real world.

The immersive environment should ensure that actions within the system take realistic amounts of time

based on

NOTE
actions in

expectations of reality in the immersive environment.

This can be accomplished by combining fast processing with appropriate delays to simulate
the virtual or mixed environment.
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6.3 The naturalness of the virtual or mixed reality

6.3.1 General

Immersion involves making the virtual or mixed reality seem natural to the user. This involves de-
emphasizing the role of the computer and any peripheral devices with which the user interacts and focusing
on natural user interface interactions with objects that "naturally” belong in the virtual or mixed reality.

Where technical limitations could limit the naturalness, the use of perceptual illusions can help to maintain
naturalness in the interface and interactions.

NOTE

ISO/IEC 4944 provides guidance on evaluating the naturalness of a user interface.

6.3.2 ljllaximizing the use of natural user interactions

The immlersive environment should maximize the use of natural user interactions to increase the

the expe

NOTE

Fience.

This is often done by providing support for multi-modal interactions.

6.3.3 :Lsing perceptual illusions

When t
should cj

NOTE
user's int
anothert

EXAMPLE
of walkin|
walking i
does not 1

re are technical limitations on the range of interactions possible, the immersive env
eate perceptual illusions that will maintain the maximum amount of reality.

Perceptual illusions can be used to break the correspondenceé between actual physical propertig
erpretation of those physical properties, by using one type\of sensory perception (e.g. vision) t
pe of sensory perception (e.g. feelings of motion).

Rotating the view of the environment with every'step that is taken can provide the perceptyl
o long straight distances within a limited spacesby requiring the user to keep physically turn
h order to maintain the same orientation with tlie environment. However, it is important that thi
pad to motion sickness.

The imnjersive environment should avoid ttiggering adverse reactions (e.g. motion sickness)

perceptu

6.3.4 §

al illusions that it creates.

ynchronization of the presentation of information

The immjersive environment should:

a) resp

b) syng

bnd in real time to wser inputs;

hronize information presented in various modalities;

c) avoid creating-situations that could result in motion sickness.

6.4 Th

e involvement of the user in the virtual or mixed reality

Feality of

ronment

bs and the
override

b1 illusion
ing while
5 rotation

with the

6.4.1 General

Immersion concerns the active involvement of the user in the virtual or mixed reality.

NOTE

Some aspects of this active involvement are sometimes referred to as "user engagement".

6.4.2 Supporting the user's sense of presence

The immersive environment should engage the user by supporting the user's sense of presence within the
environment.

NOTE

This can be accomplished regardless of whether it involves first-person or third-person involvement.
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6.4.3 Supporting flow of user involvement

The immersive environment should support the flow of user involvement within the virtual or mixed reality.
NOTE This can be supported by:

a) providing meaningful tasks within the environment;

b) focusing on the virtual or mixed reality (rather than the real world).

6.4.4 Supporting user trust

The immersive environment should encourage the user to trust that interacting with the virtual or mixed
reality wjill not result in harm from use.

While a [virtual or mixed reality cannot protect the user from all forms of harm, it iscimportant that
interactipns with the virtual or mixed reality do not add additional risks of harm from use:

6.5 THe production of an optimal user experience

6.5.1 (General

Immersipn involves allowing the user to experience the virtual or mixed geality to the fullest extent|possible.

6.5.2 “locusing on intended user experience
The immilersive environment should support and encourage thesintended set of user experiences.

NOTE This can involve both the inclusion and exclusion of (¢n)important or distracting objects and actfions to be
supported within the environment.

6.5.3 Handling interactions and experiences realistically

The immersive environment should realistically"handle successful and unsuccessful user interactions and
experienges.

NOTE While the focus of most systems is on facilitating successful interactions, the real world inclfides both
successfull and unsuccessful interactions.

6.6 Avpidance of harm frenruse

6.6.1 eneral

Immersipn involves:the whole user committing to the immersive experience. This involves trusting that the
immersiye experience will not harm the user, as detailed in the following subclauses.

6.6.2 voiding physical harm resulting from an immersive environment

The immersive environment should avoid physical discomfort and sickness resulting from user interactions,
including:

a) repetitive strain injuries, especially those from making repeated "unnatural” actions;

b) posture strains from long periods of being in the same position and from abnormal postural positioning
used to interact with the immersive environment;

¢) additional strain and discomfort from wearing or interacting with specialty devices that are used to
create the immersive environment;
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d) simulator sickness, which is similar to motion sickness, but can occur without any actual motion of the
subject;

e) Dbinocular stress, which is the dissociation of accommodation and convergence when using stereoscopic
displays;

f) mismatch between the optical properties of the system and optical properties of the user;

g) stress or damage to the user's hearing due to excessive sound volume.

6.6.3 Managing emotional effects of an immersive environment

Immersi
emotiond

EXAMPLH
of time th|

The immnj
physical

The imnj
response

6.64 A

The immlersive environment should avoid situations wihere users can harm the real environment

the immg

7 Gui

7.1 Us
While it
(such as
interacti
The mair

a) inter

b) intey

| effects on their users.

velopers can wish to increase use of their immersive environments, it is important that
become dependent on escaping to the immersive environment, especially at ingppropriate

ersive environment should take action to avoid becoming addictive.

Each time the user enters the immersive environment, a message is presented identifying t
at the user has spent in the environment during the last week.

ersive environment should adhere to ethical constraints as welkas being consistent w
hnd intellectual expectations.

lersive environment should ensure that the levels of feap anxiety, stress and other ¢

\lvoiding harm to the physical environment
brsion is taking place.

dance on user interactions within an immersive environment

er interactions with an immersive environment

is possible to provide an immersive environment in which the user is largely a passive
a simulated amusement park ride), most immersive environments create immersion by
bns that they respond to.

| types of interacdtions between an individual user and an immersive environment include:
actions te.¢ontrol properties of the immersive environment;

actions‘to obtain information within the immersive environment;

ignificant

the user
times.

e amount

ith other

motional

s to an immersive environment are within reasonableJimits for the user to be able to handlle.

in which

observer
the user

c) inteq

actions to move within the immersive environment;

d) interactions with inanimate objects within an immersive environment;

e) interactions with interactive objects within an immersive environment.

Each of these types of interactions is considered in the following subclauses, which discuss human-system

issues th

at are unique for immersive environments.
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7.2 Controlling properties of an immersive environment

7.2.1 General

While the majority of user interactions are focused within the immersive environment, there are some
controlling interactions that necessarily take place outside the immersive environment because they are
intended to control the properties of the immersive environment, even if they are able to be initiated from
within the immersive environment.

7.2.2 Providing a suitable range of control

consiste

mt with the intended roles of the immersive environment.

The immersive environment should make recognizable for the user the capabilities for and) limit

controlli
NOTE 1

NOTE 2

hg its properties.

If the capabilities are not recognized, then they will not be used.

limitations.

The immlersive environment should allow users to pre-select how and how.much they wish to eng

interacti

e objects in reality.

7.2.3 Transitioning between controlling the immersive environment and acting within it

The immkrsive environment should make the transition between controlling the properties of the in
environment and acting within it readily available and easy<o use.

The progression of time in the immersive environment'should be able to be paused to support contt

properti

NOTE
time pres

ES.

This will allow the user to carefully consider any control actions without being affected by un
Sures.

7.2.4 Supporting the naturalness of the controls

The imnjersive environment should make the means of transitioning to controlling the properti
immersiye environment both natural and distinctive from other actions that the user could perfo

actingw

The acti

thin the immersive-environment.

bns involved im~centrolling the properties of the immersive environment should be nat

consistemt with actions-that can be performed within the immersive environment.

NOTE

This cainhelp to maintain the user's focus on and belief in the reality of the immersive environme

7.3 Obtaining information within an immersive environment

ar that is

htions on

If limitations are not recognized, then the user can become frustrated whetr encountering upexpected

age with

nmersive

olling its

necessary

es of the
rm when

ural and

nt.

7.3.1 General

Users obtain information within an immersive environment by:

— using their senses within the immersive environment;

— dete

rmining their current position within the immersive environment;

— identifying objects within the immersive environment;

— receiving feedback to the actions they perform within the immersive environment;
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— taking special actions to obtain particular information within the immersive environment.

7.3.2 The real-time nature of an immersive environment

Due to the dynamic real-time nature of an immersive environment, it is likely that the user will miss some of

the information being presented by the immersive environment.

The immersive environment should focus the user's attention on the presentation of essential and

particularly important information that could otherwise be missed.

7.3.3 Multi-modality in an immersive environment

While immersive environments typically make use of multi-modal interactions, there are limits to
of interaftions that are available in some modalities. For example it is often difficult to provide
tactile anjd haptic feedback to user actions.

While it fs important to present information in the appropriate modalities wherever pasSsible, the in
environment should ensure that all essential and particularly important information)bepresented :
some mojdality.

The immnpersive environment should avoid creating feelings of disorientation” that can arise
disconngct between what the brain thinks the body should be feeling and what'it actually feels.

NOTE A visual representation of the user or of parts of the user (e.g. the user's hands) can help to limit
disorientqtion.

7.3.4 Avoiding sensory overload in an immersive environment

The immprsive environment should ensure that the use of m@dality shifting does notresultin the ov¢
of information in any individual modality, unless that is aspecific goal of the immersive environme

NOTE 1 | Modality shifting involves shifting inputs and/er outputs normally performed in one modality

he types
realistic

hmersive
It leastin

'rom the

potential

brloading
nt.

0 another

modality.[This is often done for accessibility purposes, Modality shifting could be necessitated because of limitations

in the cappbilities of some modalities to be used, either by the system or by the user.

NOTE 2 | It can be useful for the user to~béable to simplify the contents and information in the i
environmient to avoid sensory overload.

7.4 Mg¢ving within an immersive environment

7.4.1 (General
Some mdvements of a user'within an immersive environment include:

— entefing and exiting the immersive environment;

mmersive

— changing the direction of sight and adjusting the viewing angle within the immersive environment;

— navigating through the immersive environment;

— planning and following a route through the immersive environment;

— moving the position of the user within the immersive environment;

— turning and changing the direction of travel;

— controlling the speed of movement;

— avoiding and dealing with collisions within the immersive environment;

— concurrently moving and interacting with objects within the immersive environment.
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7.4.2 Providing a suitable set of movements

The immersive environment should support the full range of essential and important movements of the user
within the environment.

NOTE 1
environm

The range of essential and important movements will depend on the goals and the role of the immersive

ent.

The immersive environment should ensure that the user is able to recognize the capabilities for and
limitations of movements within an immersive environment.

NOTE 2

If the capabilities are not recognized then they will not be used.

743 §

The immni
the actu
environr

The im
as possi
environr

7.4.4 Providing suitable feedback on the success of movements

The imnj
success d

7.5 Inft

7.5.1 (
Some tyj]
— seled
— oper

— pick

— settihg down an object;

— thro
— posif

— rotaf

upporting the naturalness of movements

ersive environment should ensure that there is a clear and consistent correspondence
il actions performed by the user and the resulting movement of the user within' the in
hent.

rsive environment should ensure that the user actions needed to create-movements are a
le and as consistent as possible with movements that can be perfofméd within the i
nent.

ersive environment should provide immediate and sujtable feedback to inform the us
r failure of attempts to move within the immersive environment.

reracting with objects within an immersive. éhvironment

keneral

ical interactions with objects within animmersive environment include:
ting an object;

ating an object;

ng up an object;

lving an object in-a particular direction;
ioning an qbject;

ing an.objéct.

Some ad1litiona1 interactions with objects within an immersive environment include:

between
hmersive

s natural
nmersive

er of the

— adding virtual objects to the environment;

— hiding real world objects in a mixed environment;

— adjusting the properties of an object, including:

— resizing the object;

— colouring the object;

— removing a virtual object from the immersive environment.
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7.5.2 Providing a suitable set of interactions

The immersive environment should support the full range of essential and important interactions between
the user and the objects within the environment.

NOTE1 The range of essential and important interactions will depend on the goals and the role of the immersive
environment.

The immersive environment should ensure that the user is able to recognize the capabilities for and
limitations of interactions between the user and the objects within an immersive environment.

NOTE 2  Ifthe capabilities are not recognized then they will not be used.

7.5.3 Supporting the naturalness of the interactions

The imnjersive environment should ensure that there is a clear and consistent correspondence [between
the actugl actions performed by the user and the resulting interactions of the user with,ebjects wfithin the
immersiye environment.

The imnjersive environment should ensure that the user actions to create interactions are as nptural as
possible and as consistent as possible, with actions that can be performed withinthe&immersive envifonment.

7.5.4 Providing suitable feedback on the success of interactions

The immnjersive environment should provide immediate and suitable feedback to inform the usr of the
success qr failure of attempts to interact with objects within the inlmersive environment.

7.6 Interactions with interactive objects in the immiérsive environment

7.6.1 (General

Some typical interactions with interactive objects\within an immersive environment, beyond those with
inanimatle objects, include:

— communicating with the object;
— adjusting controls on the object;
— initigting or ending some action/of the object.

NOTE Real-world objects tHat)dre part of a mixed reality will respond to real-world user actions, whether or not
their response is captured by.the system that creates the immersive environment.

7.6.2 Providing a suitable set of interactions

The immlersive environment should support the full range of essential and important interactions nvolving
interactiye objects within the environment.

NOTE 1 | The range of essential and important interactions will depend on the goals and the role of the immersive
environment.

NOTE 2 These interactions can be in response to the actions of users or other interactive objects or can be initiated
by the interactive object itself.

7.6.3 Recognition within the immersive environment

The immersive environment should immediately recognize the results of interactions by interactive objects
(whether in virtual reality or mixed reality).

The immersive environment should provide immediate and suitable feedback to inform the user of the
success or failure of interactions by interactive objects within the immersive environment.
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8 Guidance on supporting multiple users within an immersive environment

8.1 User-user interactions within an immersive environment

In addition to the other types of interactions, an immersive environment can also make user-user interactions

possible.

a) who

User-user interactions involve:

can interact within the immersive environment;

b) controlling individuals' locations within the immersive environment;

¢) social interactions that are apparent to all users;

d) pers
8.2 Inf

8.2.1 (

bnal interactions that are limited to some users.
eracting with others within the immersive environment

feneral

Inanim

— one ¢r more other individual real users;

— one ¢r more groups of real users;

— one

— ami

— one ¢r more groups of virtual people within the environment;

— thesg
In multi-
a) real
b) real
) peoy
and

8.2.2 Making expectations clear to real users

The immersive enviténment should make all real users aware of the expectations relating

interacti

ersive environment, one real user could be provided the means to intéract with:

r more virtual individual persons within the environment;

k of both real and virtual individuals within the environment;

nvironment.

1ser environments it is important to recognize that:

lisers can be unpredictable;

ndividuals differ in more ways than can be readily modelled by a system;

le within a group move and)behave in a manner that is influenced by the overall group's 1
pehaviour.

bns with ether users within the immersive environment.

The immlerst

8.2.3 l]:odelling virtual people

a) the level of involvement expected of each virtual person and of groups of virtual people;

ovement

to their

b) the main traits and actions that are modelled for each virtual person and each group of virtual people.

NOTE Immersive environments often attempt to model virtual people sufficiently to make them
actions appear indistinguishable from real users. Thus, the traits and actions of real users that the immersive
environment recognizes and supports are often also modelled for virtual persons.
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8.3 Controlling an individual's location within the virtual environment

8.3.1 General

Within a mixed reality system, it is typical for each individual user to independently control the view that
they experience.

Within a virtual reality system, the view that an individual user experiences can be:

— individualized by each "independent” user (active viewing), where each user can move and act within
the environment independently, only needing to interact with other users when they come in contact
with one another;

— controlled by a single guiding user (passive viewing), especially when using the virtual enviroy
cooperative tasks, for example guided tours and the design or evaluation of systems.

NOTE 1 Itis possible to change the person who is guiding the experience.
NOTE 2  While one person guides the experience, other interactions with the en¥ifonment can
reselved to that person or made available to all users. In any case, it is typical to proyide a means for a

comrpunicate with each other.

NOTE 3  Itis possible for the immersive system to simulate a guiding user.

8.3.2

The imm
actions df all individuals and the results of their actions.

8.3.3 4

When a
causing

When abl[upt changes of location are initiatedby a guiding user, the immersive environment shoulc

a) war

EXA

chan
locat

b) re-ol

8.4 Simultaneously interacting with an object within the virtual environment

8.4.1

Within it|n

q

]

(

aintaining the latest state of the environment

ersive environment should model the latest state of the/environment, including the loc3

\lvoiding disorientation caused by the actions0f'other users

buiding user changes location within the efivironment, the immersive environment sho
ther users to experience effects-related disorientation.

users who are affected by unexpécted changes of location;

IPLE When a guiding usér-causes a change of location to another user, the other user is warr
be by the immersive envirenment going dark for a moment before the other user is transported t
on.

[ient the affected.usets once the change has taken place.

teneral

tmersive systems that support multiple simultaneous users, it is possible for each indivi

ment for

either be
l users to

tion and

h1d avoid

B

ed of this
p the new

Hual user

to indepenaently attempt to interact with the same object.

Control of the object can be:

— maintained by the first individual to "touch" the object and who remains in contact with the object (first
come, first served control);

— taken over by the most "powerful” user (prioritized control);

NOTE1 This can be especially important in training and supervisory situations.

— negotiated between the users via their communications with one another (shared, single control);
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— based onacombination of the actions of all users currently interacting with the object (joint simultaneous
control).

NOTE 2

interacting, including the relative "strength", "power", "speed" and "skills" of different users.

8.4.2 Maintaining awareness of joint interactions

This complex control can make use of various factors to determine the results of the multiple users

When individuals are interacting simultaneously with the same object within an immersive environment,
the immersive environment should ensure that all users interacting with the object are aware of what is
taking place.

8.4.3

When m
should efpsure that:

a) thel
b) whe
whig
c) they
obje
d) thern
8.5 So
8.5.1 (
"Social" i
— cha
— com
Some tyy]
— gree
— gest
— com
Addition

Managing joint interactions

1ltiple individuals can simultaneously interact with the same object, the immersive-env

asis for determining control of the object can be understood by all users;

'e control can be maintained by one or a pre-selected group of users, thére is a means of 1
h users currently maintain control;

sers are provided a means of communicating with one anotherto.negotiate by whom and
't is to be controlled;

esults of the interaction are obvious to all individuals within the immersive environment.
cial interactions supported by the immersive‘énvironment

teneral

discyissing, debating, arguing, compromising, resolving conflicts and coming to agreement on i

gazing at one anothef;

l]mteractions initiated by each user can influgnce the group of other users, including interact
g

e the environment (including objects within the environment) for all users;

municate between users (share;information), without changing the environment (

ical social interactions include:

fing one another;

iring towards one another;
nunicating information with one another.

hLtypes of social interactions include:

ronment

hanaging

how the

ons that:

ncluding
ssues).

— taking turns;

— passing control between users.

8.5.2 Support for social interactions

In multi-user systems, the immersive environment should provide a suitable set of social interactions, in
addition to the task-related interactions it provides.
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8.5.3 Awareness of social expectations

In multi-user systems, the immersive environment should make users aware of:

a) the social expectations that they are expected to follow;

b) any social taboos that they should avoid violating;

c¢) how

8.6 Pe

to act appropriately in the immersive environment.

rsonal interactions supported by the immersive environment

8.6.1 Jeneral

"Person
— com

— only

|" interactions are private interactions that take place between a set of individuals that:
nunicate between themselves (share information);

affect the individual users and do not affect other users or the rest of the enwironment.

8.6.2 Support of personal interactions within an immersive environment

In multi-

1ser systems, the immersive environment should:

a) proviide a suitable set of personal interactions, in addition to its social and task-related interact

b) mak

9 Gui

e the users aware of how to ensure that their personal intéractions remain private.

Hance on context awareness of the immersive environment

9.1 General issues with context awareness

Context
experien
immedia

awareness of the interactive systemiis an important component of providing an in
Ee. Context awareness occurs when an individual comprehends what is happening
e environment.

Context qwareness involves:

— the perception of elements i the environment within a certain time and space;

— comprehending the medhjrg of those elements;

— proj¢cting their nedryfature status.

Some of the ergonomic issues with context awareness in an immersive environment include:

a) mod

blling-the immersive environment and updating this model in real time;

ions;

hmersive
in their

b) relatingithe physical, artificial and mental model components of the immersive environment;

¢) interacting with the real world.

9.2 Modelling the immersive environment and updating this model in real time

9.2.1 Real-time modelling of the immersive environment

The immersive environment should present the user with a constantly updated model of the immersive
environment.
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9.2.2 Real-time modelling of the user

The immersive environment should continually monitor the user's positioning within the immersive
environment and use this information to constantly update its model of the user within the immersive
environment.

9.2.3 Real-time responses to user interactions

The immersive environment should identify any intended user interactions and respond to them in real time.

9.3 Re

lating the physical and mental components of the immersive environment

The immiersive environment should model both its physical and mental components.

It is imp
physical

a) Rein
cont

b) Resk
knoy

¢) Rem

tied
expe

9.4 Int

9.4.1 (

Interacti
particuld

NOTE 1

NOTE 2

natural olpjects and using it to create fully*virtual objects. Natural properties of a natural object could limit

of virtual

9.4.2

The immiersive envirogiment should be aware of the real world in which it is taking place.

NOTE
ofuseas
interactio

prtant to be aware of the cognitive space created in an immersive environment)as wg
Kpace. Semantic recognition of the environment surrounding the viewer can include the fo

forcing: leveraging a real location that is inherently meaningful and supplementing it wit
bnt appropriate to that location.

inning: embellishing mundane real locations with compelling virtual content that a use
s and loves, changing the real world to fit the needs of the virtualcentent and story.

embering: recognizing that while most of the real world can beymundane, the personal 1
to specific locations are not, and providing a lever thatiean be exploited to make co
riences.

eracting with the real world

teneral

bn with virtual, augmented and mixed “environments takes place in a real environnj

The amount of context awareness will-depend on the type of reality involved.
In a mixed reality, there is also a difference between using mixed reality to augment the pro

properties to augment the-natural object.
\wareness of the real'world
This can-bg/accomplished by using sensors to examine the real world and/or by asking the user a

bries of questions that help to identify potentially relevant components of the real world that can
ns antexperiences with the immersive environment.

11 as the
[lowing:
h virtual

- already

hemories
mpelling

ent. The

rs of the real-world environment can litnit the characteristics of immersion that are suitalple.

perties of
he ability

[ the start
affect the

9.4.3 /

- 1
VUIUIIIG IIdI X

The immersive environment should use its awareness of the real world to limit or discourage the user from
getting into situations that could result in harm to the user, the system or the natural environment.

NOTE 1

NOTE 2

a) occlu

While virtual reality environments are typically restricted to be safe, augmented and mixed environments,
the real environments within which they occur can involve dangers for users.

Some of the ergonomic issues related to possibilities of harm include:

ding of information about potential dangers;

b) changesin the real environment that could present possible dangers;
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¢) running against an object in the real world which is not visible in the virtual environment;
d) requiring time-dependent interactions;
e) the mental load and other strains on the user.

NOTE 3  Stressrelated to emotional immersion has the potential to distract the user in a way that can be hazardous
or, in the worst case, make the user totally ignore potential dangers.

9.4.4 Connecting with the real world

A mixed-reality environment should control the presentation of information to connect the user's experience
of the real world with that of the virtual world.

9.4.5 rljroviding appropriate transitions between realities

The immersive environment should provide appropriate transitions between the user interacting{with the
real world and interacting with virtual components to maintain the immersive experiencg.

NOTE Appropriate transitions are those suitable for the task and in keeping with-the goals and desfgn of the
immersivp environment.

9.4.6 Dealing with boundaries

The immnjersive environment should make clear to the user any baGndaries that it has and any| physical
boundarles from the real world that limit the user's movement.
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