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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
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roduction

In recent years, many people have widely spoken about virtual reality (VR) and augmented reality (AR).
As the terms have not yet been standardized, media and IT companies use various words such as VR,
AR, and mixed or merged reality (MR). This document refers to VR and AR as immersive technologies.

Immersive technologies are now becoming popular. At an early age, it grew in the entertainment
industry, such as games, but now it is expanding its scope into education and training. Various
standardization organizations have also begun to study the standards required for 360° video, virtual
environments, and rendering technologies and the problems associated with using these technologies.

Due

traiming (LET) domain is expected to improve learning efficiency. At the same time, howeévs
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to the sense of immersion and practicality, immersive technology in the learning,-édy

e concerns, such as the age of the device's available use and VR sickness or fatiguer It is
ider several issues carefully, as some problems can have a more severe effe¢t'when ap
ation sector.

ring a wide range of applications. The following issues were identified and captured
irements for Immersive content and technology in the LET domain!

Human factors guideline for the utilization of VR and MR cofitent

A catalogue information model for the utilization of VR@and MR content

Ication, and
b1, there are
essential to
plied to the

ersive technologies are emerging technology addressing a divers€ group of stakeholders and
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efore, this document gives a trend and outlook description of the immersive techno
ET. This document specifies the understanding ‘of immersive technology implicatio
ersive technologies; and provides suggestions:for items that could be standardized.
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Information technology for learning, education, and
training — Immersive content and technology

1 Scope

This document specifies potential directions for using immersive technologies in learning, education,

and [training (LET) and provides suggestions on what can be standardized for this purp
purposes of this document, immersive technologies include augmented reality (AR)f Vit

(VR]
Thisg

Thel

For {

ISO

3.1
virt
artif

Note]
degr

[SOL

3.2

mix
disp
prog

Note

, mixed reality or merged reality (MR).

bse. For the
tual reality

document does not apply to technologies such as metaverse, digital twin and extended reality (XR).

Normative references

e are no normative references in this document.

Terms and definitions

he purposes of this document, the following terms and-definitions apply.

hind [EC maintain terminology databases for usedn'standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://wikw.electropedia.org/

nal reality
icial environment presented using computer technologies

1 to entry: Virtual reality~has a high level of immersiveness, fidelity of information represgntation, and

pe of active learner participation compared to other forms of mixed reality.

JRCE: ISO/IEC TRA8121:2015, 3.6]

pd reality,

lay continbum in which both real and virtual images are combined in some way and in some

ortion

1 to entry: Augmented reality (AR) and virtual reality (VR) are considered to be on the mixed reality

cont

3.3

ITUUIIT

immersive technology
tools that enable the integration of virtual content and the physical environment in a manner that
supports user engagement with the resulting blended reality

Note 1 to entry: Some types of immersive activities and experiences include virtual reality, augmented reality,
pervasive games, digital twins, telepresence, and holography.

Note 2 to entry: Supportive technologies that are used to support these activities and experiences may include a
combination of different items such as speech recognition, haptics, cameras, 3D displays, headsets, audio, gesture
recognition, omnidirectional treadmills, etc.
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3.4

augmented reality

virtual obje

Note 1 to ent

cts superimposed upon or composited with the real world

ry: Virtual and real-world objects co-exist in augmented reality systems.

4 Abbreviated terms

AR

augmented reality

AV
HMD
LET
MR
VR

5 Undel

5.1

The Virtua
worlds, as
MR. At the

Imm

environment) and AV (closer to the virtual environment). Adding elements of virtuality to the

world is the

Augmented vircuality

head mounted display

earning, education, and training
mixed reality or merged reality

virtual reality

'standing immersive technology

ersive technology

ity continuum represents all the technological possibilities between the real and vil
shown in Figure 1.[10]1 The space in between these two extremes could characteriz
[wo ends of the sub-continuum making up this ' mixed reality are the AR (closer to the

nature of AR, while adding elements of'the real world to virtuality is that of AV. Immef

tual
e as
real
real
sive

technologigs integrate virtual content into the real environment by leveraging these technologies|(AR,
VR, MR) to pllow users to participate in mixed-reality naturally.
| > |
_> 4—
1 2 3 4
Reality virtuality (RV) continuum
Key
1 real envfronment
2 augmen[ed reality (AR)
3 augmented Virtuality (AV)
4  virtual environment
5 mixed reality (MR)

5.2 Indu

Figure 1 — Simplified representation of a RV Continuum/[19]

strial trends and outlook

5.2.1 Market trends and outlook

According to Gartner's Hype Cycle report,[2] which analyzes the development and maturity of various
emerging technologies, AR and MR technologies have entered a "difficulty of disillusionment" as of
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2018. These technologies are poised to become part of mainstream technology within the next 5 to
10 years. Gartner predicts that MR will outperform AR and VR in terms of technology, and MR will be
an essential interface technology connecting humans and machines. Their report, published in 2022,[4]
predicted that metaverse, based on immersive technologies such as AR and MR, would become the
mainstream technology, which entered the innovation trigger stage.

Related industries are also still growing, and many new players have appeared in this field. According
to an estimate by Goldman Sachs, AR and VR are expected to grow into a $95 billion market by 2025.
[13] Today's most sustainable demand for technology is in the gaming, live events, video entertainment,
and retail industries, but over time, applications utilizing immersive technology will emerge in various
areas, such as healthcare, education, the military, and real estate.

p

5.2.] Standardization trends of ISO and IEC

The
Ima
Pict
ISO
JTC
have

VR and MR related standards are usually in the purview of ISO/IEC]TC 1/SC 24 (Comput
pe Processing, and Environmental Data Representation) and ISO/IEC JTC 1¢SC 29 (Codi
ire, Multimedia, and Hypermedia Information). VR and MR applications relating to LET
[EC JTC 1/SC 36 (Information Technology for LET). Recently, through the cooperatior
1/SC 24 and ISO/IEC JTC 1/SC 36, ways to utilize immersive technelogy in the field d
been discussed.

er Graphics,
ng of Audio
come under

of ISO/IEC
f education

5.2.3 De-facto standard organizations

The andards on

VR 4

[EEE and Khronos group are the two leading organizations associated with de-facto st
nd MR technologies.

zation with
hess caused

The [EEE P2048l] is developing 12 standards for VR'@nd AR. They are working on standard
a foqus on the technical side. IEEE P3079!7 is setting technical guidance to resolve VR sick
by the visual mechanism of the head-mounted display (HMD).

virtual and
middleware

The|Khronos Group also released a VR Initiative called OpenXR™1 (open standard for
augmented reality).[8] First, the Application Interface, which application developers and

proy
Ope
in th
laye
add
thei

iders write to, and which serves\to define and combine common, cross-platform fy
nXR™ enables application developers to write code that will run everywhere, focus on
eir applications, and not have to support multiple interfaces for various devices. Nex{
- allows VR/AR runtimes-to’interface with various devices. If a hardware manufactur
support for a new deviceythey implement code that conforms to the device layer specif
' hardware will be ihmediately compatible with the applications written for the applic:

nctionality.
innovating
the device
er wants to
ication, and
ition layer.

6 [mplications of immersive technology in LET domain

6.1| Prospect of immersive technology in LET domain

Ast o introduce
new
training are growing. The educational content market is only a fraction of the VR and MR markets. But
someday, when devices are available at a large scale, investment in learning, education, and training

applications using immersive technology will increase, driving the entire industry's growth.

heFourth Industrial Revolution (Industry 4.0) progresses around the world, attempts t

The role of VR in the LET domain enables activities that are difficult to experience in the real-world
(airplane piloting, surgery, archaeological experience, etc.) which can be classified as personal
experiences.[2] In contrast, multi-user accessible VR environments help design active learner-centered
teaching and learning strategies such as problem, project, and game-based learningl11l. VR technology
is positioned as an educational tool to create immersive environments, driving learner-centered,
experiential, and collaborative learning. Additionally, immersive technologies such as VR can provide

1) OpenXR™ is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by I1SO or IEC of this product.
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another opportunity for students with disabilities. It has proven to be an effective complement to
traditional learning methods and provides an essential bridge between theory and practicel3l.

These new technologies comprise real and virtual combined environments and human-machine
interactions generated by computer technology and wearables.

6.2 Types of immersive content

6.2.1 VR-based content

Content USI rr ‘II'I"fu']] rna]lfy r'nn]ﬂ Annﬂn Infr\ anfnnf Fr‘nafnr‘ 1'\" 360° 1 HRa8es anﬂ content moﬂo ]"\]7 3D

...............

simulations. Most VR-based content types are played through a see closed HMD.

— Content created by 360° images: Panoramic pictures or moving images that capture|objects in

all 3607 is used. This type is primarily used for virtual tours of places that are not easily accefssed
due to locations and time limitations. These could most fruitfully apply to social studies or sci¢nce.
360° i"}ages containing actual landscapes could make students feel as if they had been transpgrted
into thgse places. Creators also show only the intended images and thereby maximize the presence
of the dxperiences by fixing the target user’s vision to the camera. This type has the merit of|cost
relatively. Also, it is possible to play on common mobile devices.

— Content by 3D simulations: With authoring or graphics tools inthe computer, it could placg 3D
objects|in virtual simulated spaces. It could represent spaces like-ancient cities and future worlds
that dop’t exist. Creators enable greater freedom in users’ eyes and body movements. As this is thore
costly than 360° image content, it primarily utilizes in-game-and entertainment fields that could
generafte profits. A user needs a computer-based device with high specifications to try this content.

6.2.2 ARjbased content

AR-based cpntent includes marker or image recoghition, location-based service (LBS), and proje¢tion
type. Because this content overlays the real worldywith virtual objects, they require the use of a mgbile
device or the see-through device.

— LBS content: global positioning system(GPS) and/or gyroscope sensors, images showing gathgring
and id¢ntifying user locations. This-type is mostly found in an advertisement, marketing,|and
entertdinment. A leading example”’is Pokémon GO2) which requires active movements of uers.
Teachers or schools can use thistechnology for field trip activities.

— Marker or image-recognition content: The cameras mounted on the display devices recognized
given nparkers or images to display additional information by overlapping those. Most of thes¢ are
in the form of AR cards or AR books. This technology is used to project onto images not only to
show dpta in textbeoks or relics at museums but also to help little children learn the alphabefand

— Pr0]ec lon type content: Small pr0]ect0rs mounted on dlsplay dev1ces pr0]ect images dlrectly pnto

the devices requlred for use, few contents have developed so far. Recently, various companies have
been investing in the development of these types. It could use for sharing the same content in the
classroom or auditorium for many students.

6.2.3 Education beyond the constraints of time and space

Even in school, students could experience various sites and places they could not normally visit due to
time and money constraints. In science, abstract concepts such as observing the impact of a hurricane
or getting an up-close view of how blood moves through veins are now possible. Concerning geography

2) Pokémon GO is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO or IEC of this product.
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and culture, students could seamlessly move from one virtual city to another, taking in the sights and
sounds of a historic site or natural wonder.

Immersive technology could bridge the gap between students. The sick children in the hospital who
cannot attend school classes could participate in classes as if they were together in the classroom. It is
possible to experience various occupations, even in the countryside, where there are not diverse career
groups.

In the K-20 education and training field, there are many use cases for complex tasks such as a turbine
or car assembly. In the past, it took much time to learn assembly, but now complex assemblies can

efficiently work out with an AR guideline spread out in front of them.

6.2
VR

or t1
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I Higher emotional engagement

¢ould deliver higher emotional engagement to learners. The exhilaration of walKing o
aversing the deadly trenches of World War I could elicit an emotional respotise far ma
any movie ever could. According to the studies measuring biometric eyé*tracking, ele
onse, and heart rate changes, Nielsen found that VR users had a 27 % highér emotional

1] the content provided with the two dimensions of traditional videoAd3]

b Self-directed learning

l¢arn through VR/AR experience could be seen as a reasoenably active information ad
ning activity, in that the user directly selects what they see rather than viewing a single
her could choose many things from VR and AR-basedlearning, which means the key to le
b the student rather than the teacher. The advantage of self-directed learning is that, r¢

" level, they would feel a sense of challenge and<accomplishment and improve their sk
.

i

Issues about immersive technolegy

the other hand, new technologies léave room for questions such as whether they are
Iren or whether there is an educational benefit. It is essential to analyze the causes ar
e issues carefully before adopting them in education, considering the unknown side e

nology:.

|

Age of use

e are many devices available now, but few devices for children. In particular, the to
huality of content, such as also specify the use under adult supervision. They do nof

Somg articles gited that children are still in their mental and physical growing stage, and tH

affe

Apa

aEed for gaming and entertainment purposes, and ratings have not yet matched for
purposes. Recently, the education category was added content and nas begun to specity age. Some

cre

'ted morethan adults. Someone mentioned that the distance between each eye is the fa

't from' the device, we also consider the age ratings for content. Most of the materi

n the moon
re in-depth
ctrodermal
bngagement

tivity, i.e. a
image. The
arning pass
boardless of
(ills as they

suitable for
1d solutions
ffect of new

bls used for

state why.
ey could be
ctor.

h]l has been
educational

companies are making content based on the curriculum. These situations expect to see more content
suitable for education in the future.

6.3

.2 The effect on the body or/and mental/emotional

There are concerns about photo seizures, fatigue in the eye, dizziness, and musculoskeletal disorders.
Several institutions conducted experiments.l11[14] They tested the user's vision, stereoacuity, sense of
balance, and so on compared to the past after spending 20 minutes looking at the content. There was
nothing unusual about vision, but we were able to see that partial things of participant's stereoacuity
and sense of balance had a gap.[14l According to the study,[l extended use of high-end HMDs has
beneficial effects on preteen's vision and, in some cases, improves kids' myopia or hyperopia. According
to some studies,[212] it is mentioned that the utilization of HMD-based VR content can cause significant
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visual fatigue, and further research is needed to confirm the visual impact of using VR devices from a
long-term perspective.

Reset syndrome is a delusion that could start over again in real life, such as when the computer
malfunctions and presses the reset button. This state is due to a lack of distinction between virtual
and real. Because the virtual world is not real, that could prevent wrong behaviour such as violence
or profanity while using content. Also, acts in the virtual world (for example, jumping from a high
place) could happen in the real world because of not distinguishing between virtual and reality. This
phenomenon could be a fatal problem for young children with immature cognitive abilities.

rding how to use AR/VR/MR in LET

People who want to use AR and VR in education are not usually technical experts, so they do.not have

— Which tontent is available in the actual class?

— Smartpghone-based, console-based, PC based on the type of products, features, and budget,| and
would like guidance.

— Guidanfe needed on safety education for virtual reality through consideration of students' grades,
age, angl prevention education methods for addiction.

— Considér the relationship between educational goals and content. AR and VR technologies canngt be
considgred suitable for all subjects.

— What cpnsiderations are taken when creating educationaljcontent? For example, when shooting a
student with a 360° camera, how should the camera lo¢ation or editing point be handled?

7 The items for standardization to suggest

Immersive |technology devices and content até so diverse that standardization is required for
application|to education. Given the speed of development of immersive devices, the hardware arga is
expected tq become increasingly standardized, and this document proposes a standardization elefent
in terms of jmmersive content.

— Human|factor guidelines for AR and VR content in LET;

— Interacftion model in AR and\VR content for educational usage;

— Cataloguing models thatbring together the curriculum and AR/VR learning resources;
— Packagjng standdrds for adding AR and VR content to existing learning platforms;

— Learning andlytic systems that reflect the use of AR and VR content, etc.

However, givefithe past activities and the trends of other standardization organizations, the folloywing
focused on two themes. The following categories are the things to be needed standardization before
applying AR and VR for in the field of education:

7.1 Human factor guidelines for VR content in the LET domain

Practical and granular guidelines are needed to apply AR and VR technology to education. The
guidelines will help you make the most of your AR and VR skills in education. Guidelines may include:

— Things to consider before proceeding with VR, AR-based lessons (how to effectively check the
learner's health condition, Considering hygiene, etc.);

— Appropriate length or recommended time by content type;

— How to educate or prevent addiction or ethical issues based on learner's ages or grade;

6 © ISO/IEC 2023 - All rights reserved
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