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Foreword

ISO (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 1SO
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
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n-governmental, in liaison with ISO, also take part in the work. ISO collaborates closel
ernational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

brnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
e main task of technical committees is to prepare International Standards. Draft International
ppted by the technical committees are circulated to the member bodies for voting. Publica

brnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

exceptional circumstances, when a technical committee has collected~data of a different king
ch is normally published as an International Standard (“state of thé«art’, for example), it may d

brmative in nature and does not have to be reviewed until the ‘data it provides are considere
ger valid or useful.

ention is drawn to the possibility that some of the elements of this document may be the subjeq
nts. ISO shall not be held responsible for identifying.any or all such patent rights.

D/TR 22411 was prepared by Technical Committee ISO/TC 159, Ergonomics.
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Introduction

This Technical Report is intended to help standards developers understand the accessible design principles of
ISO/IEC Guide 71 and implement them into individual standards by providing design considerations and
ergonomic data related to human abilities. While this Technical Report was written primarily for standards
developers, it is recognized that much of the information is technical in form and committees are advised to
seek techmical advice on the interpretation of such data where relevant expertise is not available within the
committeef In addition to its application by standards developers, this Technical Report could also be useful to
manufacturers, designers, service providers, educators and others.

ISO/IEC Guide 71 stresses the concept that taking care of the needs of older persons and. persons with
disabilities| is important in developing relevant International Standards. The underlying idea is that produgts,
services ahd environments encountered in all aspects of daily life and intended for the eonstumer market gnd
the workplace should be designed to be accessible for all people including those with Special requirements,
such as olfder persons and persons with disabilities. This idea, called accessible design, has been spreadjng
all over thé¢ world. Some regional and national standard bodies have adopted the-JSO/IEC Guide 71 as their
own standgard or guidance.

ISO/IEC Guide 71 has successfully addressed the importance of being aware of the needs of older persons
and persons with disabilities. For seven design fields it provides stfuctured tables of factors and human
abilities that need to be considered in designing products and services. Its tables are intended to also direct
the attention of standards developers to these factors when ‘they draft or revise standards. Howeyer,
ISO/IEC Guide 71 does not exhaustively describe how to consider those factors or how to find solutions |for
them. What is required is to establish design methods for implementing the concept of accessible design ipto
individual $tandards. The methods demand a wider range-6f knowledge on properties and ergonomic datg of
human abjlities. Without such knowledge, better design“for persons with special requirements will not|be
realized.
Social and economic effects are expected from @ccessible design. In the social dimension, a greater numper
of individupls — including older persons and persons with disabilities — will be able to be involved in sogial
activities wWithout any restriction in using products or enjoying services and environments. The economic effect
is that profucts developed using accessible design can be purchased by a wider range of people, including
older perspns and those with disabilities, who are now a significant proportion of consumers with buyjng
power.

ISO/TC 189, Ergonomics, has.been involved in this challenging work, firstly with an ad hoc group and then
with Working Group WG 2;Ergonomics for persons with special requirements, the result of which has bgen
the develppment of this¥ Technical Report, which also incorporates factors that do not appear| in
ISO/IEC Guide 71 where considered necessary. Nevertheless, these design considerations and human abllity
data are afranged innaccordance with the structure of ISO/IEC Guide 71, for ease of reference.

This Tech icahReport widens the scope of users as far as possible and is not limited to the 5th to 9pth
ofWworking populations?). It constitute tarting point from which to offer technical information|for
acceSS|bIe design. It is not exhaustive and does not fully reflect the present state of knowledge and data for
accessible design: while some of the design considerations are well established, others are still under
development.

1) A percentile describes the percentage of people in a population group (e.g. 5 % or 95 %) for which the relation to a
certain body size is greater or smaller than the value given in each case. For more details, see ISO 7250.
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Ergonomics data and guidelines for the application of
ISO/IEC Guide 71 to products and services to address the
needs of older persons and persons with disabilities
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Scope

s Technical Report presents ergonomics data and guidelines for applying ISO/IEG, Guide 71 in
needs of older persons and persons with disabilities in standards development.

rovides:

ergonomics data and knowledge about human abilities — sensary;.-physical, cognitive abilit
allergies;

guidance on the accessible design of products, services and'environments.

ch of its design considerations or recommendations is¢based on ergonomic principles that are
making products, services and environments accessible to older persons and those with disah
plicable to products, services and environments encountered in all aspects of daily life, as we
nsumer market and workplace (herein, the term_fproducts and services” is used to cover all the

pport interoperability with assistive technology. Conformity assessment of any international,
mestic standards is outside its scope.

Normative references

e following referenced documents are indispensable for the application of this document.
brences, only the edjtion“cited applies. For undated references, the latest edition of the
cument (including any.amendments) applies.

D/IEC Guide 71¢€2001, Guidelines for standards developers to address the needs of older pe
'sons with disabilities

Terms and definitions

hddressing
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31

the purposes or this aocument, the Tollowing terms ana detinitions apply.

accessible design
design focused on principles of extending standard design to persons with some type of performance
limitation to maximize the number of potential customers who can readily use a product, building or service,

wh

ich may be achieved by

designing products, services and environments that are readily usable by most users without any

modification,

making products or services adaptable to different users (adapting user interfaces), and
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— having standardized interfaces to be compatible with special products for persons with disabilities.

NOTE 1 Terms such as design for all, barrier-free design, inclusive design and transgenerational design are used
similarly but in different contexts.

NOTE 2  Accessible design is a subset of universal design, where products and environments are usable by all persons,
to the greatest extent possible, without the need for adaptation or specialized design.

[ISO/IEC Guide 71:2001, 3.2]

3.2

assistive technology
assistive flevice
piece of gquipment, product system, hardware, software or service that is used to increase, maintain| or
improve functional capabilities of individuals with disabilities

NOTE This can be acquired commercially off-the-shelf, modified or customized. The term includes technical aids| for
persons with disabilities. Assistive devices do not eliminate impairment but may lessen the difficulty lan individual has in
carrying ouf a task or activity in specific environments.

[ISO/IEC Guide 71:2001, 3.3]

3.3
user
person whp interacts with the product, service or environment

NOTE Adapted from ISO 9241-11:1998.
[ISO/IEC Guide 71:2001, 3.6]

3.4
alternative format
different pfesentation which may make products and services accessible by the use of another mobility| or
sensory ability

[ISO/IEC Guide 71:2001, 3.8]

3.5
impairment
problem inf body function or structure such as a significant deviation or loss which can be temporary due, [for
example, o injury, or permanent, slight or severe, and which can fluctuate over time, in particular,
deterioratipn due to ageing

NOTE 1 Body functionr€an be a physiological or psychological function of a body system; body structure refers tg an
anatomic part of the‘body such as organs, limbs and their components, as defined by the World Health Organization
(WHO), seq Reference [42].

NOTE 2 |This definition differs from that in ISO 9999:2002 and, slightly, from the WHO definition, see Reference [43]

[ISO/IEC Guide 71:2001, 3.4]

3.6

accessibility

extent to which products, systems, services, environments or facilities can be used by people from a
population with the widest range of capabilities to achieve a specified goal in a specified context of use

NOTE 1 Context of use includes direct use or use supported by assistive technology.

NOTE 2  Term and definition adopted by TC 159 and first published in 2007.

2 © 1SO 2008 — All rights reserved
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4 General considerations

4.1 Need for technical guidance in implementing ISO/IEC Guide 71 in individual standards

ISO/IEC Guide 71 provides standards developers with guidance on taking into account the needs of older
persons and persons with disabilities when developing new standards or revising existing ones. It defines
seven design fields and human abilities and summarizes ergonomic factors to be considered in the form of
tables. These are followed by possible solutions with some practical examples.

However ISO/IEC GU|de 71 nelther fuIIy descnbes methods for reallzmg |ts pr|n0|ples nor shows ways to
COIfS vete < bte—s inec—herein are
no exhaustlve Standards developers need to interpret the prmmples of ISO/IEC Guide 71 and-find their own
tedghnical solutions, applicable to individual standards. To achieve this, ergonomic data on human’abilities as a
furjction of age and impairment (grouped by their nature) are necessary. This technical information |s currently
disfributed across multiple standards and documents. Therefore, it would be preferable.and helpfyl for users
of J[SO/IEC Guide 71 to have common technical guidance that they could consult during their drafting work
from time to time. This technical guidance, provided by this Technical Report,is intended| to bridge
ISQ/IEC Guide 71 and other, individual standards, as shown in Figure 1. Furthefmore, standards fpr different
prqducts or services can become inconsistent or contradictory if they lack” common data spurces on
acgessible design.

ISO/IEC
Guide 71

Providing techniques of accessible design for

products, services and environments, and

F |Sth0{jTR 2f'2I4d1 1 g ergonomic knowledge and data on

or the design fields an h ilities.
human abilities addressed uman abilities

in Guide 71
Products, services‘and
environments (Individual standards)
Standards

Figure 1,—ISO/TR 22411 in relation to ISO/IEC Guide 71 and individual standards

4.2 Approaches for achieving accessibility

Th|s Technical Report describes two different approaches.

The first is concerned with compensation for impaired abilities with alternative modalities. An exanpple of this
is providing visual information for visually impaired persons by means of other sensory modalities such as
hearing and/or tactile sense(s). This approach is called the alternative format in ISO/IEC Guide 71. Although
this method is primarily intended to compensate for serious impairments, it is also helpful for persons when
one of their modalities is occupied by another busy task, such as using auditory information for a person who
is involved in tasks with visual displays.

The second approach is to design products and services taking into account the extent of impairments,
including those related to ageing. Impairments occur in every aspect of sensory, physical, and cognitive
abilities. Many can be compensated for by ergonomic design methods provided the impairment is not serious.
Giving auditory information at a higher sound level for persons with hearing impairment is an example of this
approach, which relies on sets of data derived from knowledge on human abilities.

© 1SO 2008 — All rights reserved 3
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Some design methods extend over both approaches.

4.3 Human abilities data

In addition to design considerations, this Technical Report supplies human ability data relevant to the
accessible design of products and services. The data were adopted from scientific journals or publicly
available sources such as international or domestic standards and academic books. When ergonomic data
were not available, recommended, de facto, values have been described.

5 Usingthis Technical Report

This Technical Report follows the same structure as that of ISO/IEC Guide 71, for easy reference.

Clause 6 @

Clause 7 &
Report. It
drafting or

Clause 8

begins wit
about the
ISO/IEC G
research ig

Clause 9
design co
subclause

Annex A
ISO/IEC G
Clause 9.

6 Deve
process

6.1 Gern

ISO/IEC G
and perso|
existing st
Additional

escribes additional issues to consider when standards developers draft or revise a standard.

riefly mentions the present status of knowledge pertaining to the factors adopted-in this Techn
also addresses the need to cope with competing requirements in standards which can arise
revising a standard.

h a citation from ISO/IEC Guide 71 (in a box) relevant to the subcladse. Then design consideratic
factors follow, where available. The subclauses are linked to the rows in the tables

uide 71, Clause 7. When no information is given, none was-available at the time of writing: furt
necessary.

rovides basic knowledge of and reference data for human abilities. Some are directly related to
nsiderations in Clause 8 to supplement them with human ability data, where available. T
5 are linked to the columns in the tables of ISO/IE€ Guide 71, Clause 7.

ntroduces some guiding principles of accessible design to supplement the descriptions
uide 71. Annexes B to D describe visual ability data which supplement the relevant descriptions
A\nnex E shows a case report on cases of allergy.

loping standards — IsSues to consider during the standards developing
eral
uide 71:20014 Clause 6, describes a helpful process for ensuring that the needs of older persg

ns with disabilities are included when standards developers draft a new standard or revise
andard. Users of this Technical Report are advised to refer to ISO/IEC Guide 71 for an overvig
guidance is provided below.

cal

brovides design considerations for each factor described in ISO/IEC Guide 71. Each subclalise

ns
of
her

he
he

n
n

ns
an
PW.

6.2 Def

nition of the standardization lnrnjnrf

While the standards project is being defined and the purpose clarified, it is important to identify the end-users
of the product or service being standardized. Various standards, such as ISO 20282-1:2006 (for everyday

products),

provide methods for identifying important user characteristics.

During this process, the following fundamental design recommendations apply. See Annex A.

— Accessible products and services should find acceptance with as many persons as possible.

— Accessible design should not have adverse effects on the functionality of the product or service or on the

usabil

ity for any user.
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To

is theneficial to consult, for example, the principles of universal design (see Annex A) [44],

It i
teg
red
ha

acfivate the ehild-safety mode.

Iti
thg

.
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Accessible design should not impact the privacy of the users.

EXAMPLE 1 The voice output of cash dispensers is not audible to a third party.

1:2008(E)

Products and services should not discriminate against, stigmatize or disadvantage users in any other way.

EXAMPLE 2
the main foyer.

EXAMPLE 3
sensitive to noise.

A separate entrance for wheelchair users that takes the occupant to a back corridor rather than into

Voice output or key tones that can be switched off so as not to disadvantage users who are

International Standards under the technical safety laws of the respective countries.

Products and services should be designed for the intended environment and context of use.

Composition of the drafting committee

ve as a starting point for that information. However, experts in the subject should be consulted o
committee so that appropriate use of the data can be made 4within the context of the specifi
ng developed. The following considerations concerning the committee composition are also reley

Experts in ergonomics or human factors can help.lo interpret data on human physica
perceptual and cognitive abilities. They have the skills necessary to apply the data for the intg
groups that will be affected by the standard.

Older persons and persons with disabilities should be included for their first-hand experience.

Accessibility experts can provide a more.general knowledge on accessibility requirements.

| Content of the standard

keep the needs of older persons and persons with disabilities in mind during the writing of the s
s presupposed thatCa-product or service complies with the relevant International Standards
hnical safety laws~of the respective countries. However, persons with certain impairm

uirements that{differ from, and may run counter to, safety regulations. For example, someon
nd could wish¢to disengage a control which requires two-handed operation, for safety reasons

5 also\prerequisite that the surroundings (such as the lighting conditions, climate and noise levsg

accessibility of the product or at least in no way restrict it.

Products and services should pose no safety risk to their users and should comply with) th

e members of the committee drafting the standard should be aware of ageing and disability issug
ues affecting older persons and persons with disabilities should be eollected. This Technical |

e relevant

s. Data on
Report can
placed on
c standard
ant.

, sensory,
nded user

tandard, it

under the
ents have
e with one
, or to de-

I) promote

However, there can be situations where, despite following the guidelines and recommendations of this
Technical Report and other standards, the product or service is not equally usable by all persons to the
greatest extent possible. In those cases, the following measures can be taken to prevent the exclusion of
users.

a)

b)

Provide instructions and recommendations specific to users with special requirements to help t
the product to their needs.

Ensure compatibility with assistive technology.

EXAMPLE 1
enables connection to voice output or a Braille display.

© 1SO 2008 — All rights reserved
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c) Offer supplementary aids.

EXAMPLE 2 Supplementary modules or templates.

d) If accessibility of the product or service is affected by its installation or configuration, provide information
to the user or service provider to help him or her optimize the product or service use during this first
assembly.

e) In certain cases, train users with special requirements to facilitate the use of the product or service.

EXAM
specia

f)  Provig

—_
~
7

»
[¢]

6.5 ReView process

During thg
product o
members
persons a
requireme
ISO 13407

EXAMPLE
data helpeg
graphical sy
of 65) to de

Justasiti
the actual

6.6 Pub

The standard should be available in alternative formats that meet the needs of older persons and persons W

disabilities

EXAMPLE

users to adqpt the documents to their needs.

instructions and for training users.
e appropriate information on product properties that allows users to determine whether the prody
appropriate for their abilities to the full extent,

bn be re-equipped and adapted so that they are able to benefit from the expected Use, or

bnnot be used by them.

standardization process, existing ergonomic data and design guidelines can help to guide
service standard definition. When possible, this information should be further validated v
Df the intended user groups. This step is especially important when considering the needs of ol

hts, including the understanding of how to use the:product or service. Various standards, such
11999, provide processes for human-centred design and evaluation activities.

A new standard is being drafted to define graphical symbols for medicine prescription bottles. Exis

identify the possible colours and sizes for the) symbols. As a check on the requirements identified for

mbols, they are tested with a representative.sample of the target user group (50 % of which is over the
ermine whether the symbols can be visually identified and whether they are correctly understood.

5 important to review the standard-definition of the product or service, it is also worthwhile review
standard document itself from'the standpoint of (or with) older persons and persons with disabiliti

lication of the standard

See 8.2.

A standard is made available in large print, Braille or in an accessible electronic format, which allg

PLE 3 Accessible design can pmmo.te activities Di spec'a ists fﬂE adapi'ng aids ta the ptﬂd 1ct fﬂt prepar

ing

ct

the
ith
Her

nd persons with disabilities. This validation includes yerifying the physical, sensory and cognitive

as

ing
the
hge

ng
BS.

ith

WS

7 Resolution of contradictory requirements

The accessibility of a product is perceived very differently by individuals depending on their experience,
training and/or type or degree of impairment. In order to resolve conflicts between competing requirements
that can arise from different types of impairment, these should be weighed against each other using the
following criteria.

a) Number of potential users

The decision about what is readily achievable and what would be acceptable to the user should be
oriented towards the alternative which would address as many additional potential users as possible.
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Application areas for the product

When designing products and services for the public sector, it is particularly important to take into
consideration as many requirements and recommendations as possible since, in contrast to the private
sector, the user is usually not in a position to choose from several alternatives the product or service that
would be most appropriate for his or her personal abilities. Until fully accessible products and services are
available, accessibility can be secured by the installation of several supplementary units (such as
machines for wheelchair users and blind persons). These can be conventional products or services or
products or services designed for persons with a specific impairment (if necessary with adaptation).

E . iaf

followed during the early design stages of new products and services. Economic,appropriat
also be achieved by making only intended product or service functions or onlyxcertain prg
product line or services in a service line accessible.

cessible products need to avoid the inappropriate implementation of recommendations that bene

thg disadvantage of many.

EXAMPLE 1 If the loudness of speech or a signal intended to assist a hearing-impaired user is set too

disjurb or be audible to others in the vicinity who do not need to hear.

Where a product or service appears to breach accessibility guidelines, compromise solutions are re
EXAMPLE 2 If there is a demand for miniaturized products, the recommendations in this Technical Repg
be jmplemented to a reasonable extent when designing the product.

EX]|
cer

8

8.1

Th
de
stri

AMPLE 3 Where it is not possible to make all praducts in a product line fully accessible, accessible
fain impairments could be provided as part of the product range.

Factors to consider with design guidelines

General
s section is structured tolpresent the relevant guidance from ISO/IEC Guide 71 first (in a box), f

icture as those of.Guide 71. For some factors useful information is not currently available, th

ex{ra considerations-will be given in these cases.

8.

8.2.

) Alternative format

1 .General considerations

Accessibility should not result in an inappropriately high cost of the product or service~Therefore, the
considerations and recommendations of this Technical Report can already be taken/into @account or

ness may
ducts in a

fit a few to

high, it may

uired.

rt could still

versions for

pllowed by

5ign considerations about‘the factors presented in Guide 71. The considerations are presented in the same

erefore no

An

gitermativeformat~(defimed-im3-8) describes a different presemntationmor representationmintend

d to make

products and services accessible through a different modality or sensory ability. By providing all input and all
output, i.e. information and functions, in at least one alternative format, for instance visual and tactile, more
people, including some with language/literacy problems, may be helped. In terms of function for people with
dexterity and strength impairment, alternative packaging solutions may need to be envisaged.

[ISO/IEC Guide 71:2001, 8.2.1]

Providing several alternative formats increases the probability of making a product or service accessible to the
greatest number of people. There are two basic approaches (see also ISO 9241-20 and ISO 9241-171).
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a) Presenting information via different senses

In this approach, the same information is provided through more than one sense, such as providing visual
and auditory information for the same content.

EXAMPLE 1

can identify the floor number by touch. See Figure 2 a).

b) Presenting information via different aspects of the same sense

In this

apprnarh additional cues are pmvidpd such as thwing two different visual implpmpn’rafinnc

Floor designation in an elevator is displayed in both visual and tactile format so that blind persons

of

the s4

EXAM
persory
illumin

a) Raised sign for floor designation in elevator B)) Colour and line pattern in graph

8.2.2 Alt

me content.

PLE 2 Lines in a graph are displayed in different colours and different patterns so that coldur, defic
s can identify the lines by the patterns. Persons without colour deficiency can also identify the lines under
Ance conditions. See Figure 2 b).

Figure 2 — Examples of-alternative format

ernatives to visual information

ent
ow

The type @nd texture of surface finishes, can be important in providing tactile feedback which can reinfo
5 and warnings for those with visual impairment. Where the principal form of instruction on a

instruction
product or
sound (fee

Wherever
product in
Braille, as
should be
readable b

[ISO/IEC

in a building is written, alternatives would be voice (instructions “spoken” by a product or servig
dback from clicks, bells.and buzzers) or touch (tactile marking or grip).

feasible, visual information which is presented on electronic products should be available from
audio or othersensory stimuli for those with a visual impairment including those who cannot re
well for those-who have difficulty with reading or are unable to read. Printed visual informat
available-inalternative formats (electronic audio, large raised letters or Braille, etc.) which
y individuals without vision and in large print for those with low vision.

buide.71:2001, 8.2.2]

fce

e),

the
ad
jon
are

8.2.21

Tactile markings

Tactile markings can be used as an alternative to visual information not only for persons with visual
impairments but also for persons whose eyes are occupied with other tasks. In principle, tactile markings can
be used anywhere visual information is needed. However, some persons with touch impairments (e.g. older
persons or persons with diabetes) have difficulty sensing tactile information. Surface temperature is unsuitable
for conveying precise information. See 9.2.3.4.

Tactile markings are useful for indicating locations, recognizing surface structure, perceiving shape of goods,
and presenting information contained in characters, signs or plans.
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EXAMPLE The distinction of a shampoo bottle with tactile grooves from a rinse bottle that has a smooth surface

without grooves [49],

The following accessibility considerations are relevant to the use of tactile markings [46].

— The shape of the markings is designed to clearly correspond to the function assigned to it.
EXAMPLE 1 Door handles, rocker switches, emergency stop switches.

— The surface is designed so that the function can be recognized.

EXAMPLE 2 Walking areas, handle zones.

—| A pyramid shaped cross section is preferred for raised letters and lines. See Figure 3.

I’I

Figure 3 — Raised letter with pyramid shaped cross section

—| Smoothing sharp edges increases accessibility.

—| Dots with a convex shape (in contrast to cylindrical or peak form) and a sufficient amount of ra
above the surface increase accessibility.

—| The dimensions like height and size'are designed suitably to the spatial and temporal resolutig
sense. See 9.2.3.2 and 9.2.3.3.

—| If there is sufficient spacesBraille and raised characters can be provided additionally.

sed height

n of tactile

—| Non-abbreviated Brailleis preferred due to the international use and support of elderly blind usegrs.

A large variety exists-in'the recommendations for spacial dimensions of tactile markings and Braille

depending

on| for example,smaterial used, body dimensions (fingertips, feet, etc.) and environmental conditions. Table 1

summarizes them.
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Table 1 — Dimensions of tactile markings used in applications (for fingers)

Unit: millimetres

Tactile markings
Dimension Braille
International Standard National standard
0,5 to 0,8 [48]
Dots 0,6 £0,2 7]
0,8 to 2,0 146l
Raised
[47] [48]
height of Bars 0,5+0,1 0,5t00,8 0.4 401 1]
dots, bars 0251005
) ) [46]
and (ISO 11683:1997) 07t13
symbols Svmbol
ymbols 0,40 to0 0,48 -
(for embossed characters)
(ISO/IEC 7811-1:2002)
. 1,5+0,2
. , ) [48]
s.|ze . Dots (diameter) (IS0 11683-1997) 1,5t02,0
dimensions
of dots, Bars (length) 4,0+1,0 067 — —
bars and 34911 1842
symbols i “H I~ 19~ [46]
Yy Symbols (size) (1SO 11683:1997) 10 to 25
. . 2,13 t0 3,17
Inter-dot spacing (for Braille) — — (depending on country)
Inter-character spacing (for . N 3,13 104,05
Braille) (depending on country)
. . . 4,87 t0 9,17
Interline splacing (for Braille) — — (depending on country)

EXAMPLE B Convex dots or bars used to show the céntre of an operating part or the standard position of a consufner
product. Fidure 4 shows dimensions and positions of a-tactile dot and a tactile bar.

Dimensions in millimef{res

A

Ls3
A

0,5

\_/
2,0
15

0.8
0,5

a) Tactile dot and tactile bar for selector b) Selector switch using tactile dot
switch indicating a centre

P

ey

A slow

B standard

C fast

X longer than 5 x width of convex bar

Figure 4 — Examples of tactile dots and bars [48]
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Jouegot I

Centre of odd number of controlling part Centre of controlling part NI2th position from the left of
even number of controlling parts

NQTE N is the number of controlling parts.

c) Tactile dots used for multiple controlling parts to show a centre

Figure 4 (continued)

EXAMPLE 4 Use notches with different shapes at the edge or on the corner of a card\to-identify the card type, indicate

the

Examples of dimensions and positions of notches are shown in Figure 5.

direction of card insertion into a machine, or indicate the visual orientation of infermation presented gn the card.

Dimensions i} millimetres

o~ S— ‘;" c
< +| + .
- o~ = <—D
N
Y
 J L — A
+— Al A
A ) )\ ~
A A A  J Vi
! ! f "
B 0,8 B 1 B 0,7 B 1
For telephone For transportation For shopping
a) Shapes and dimensions of tactile notches on cards 50 b) Location of notcH on card

c¢) Mobile phone SIM card

Key

A front surface of card
B lower edge of card
C upper edge of card
D direction of insertion

The corner part of the notch shall be adequately rounded at the time of processing for the benefit of card-
handling by users.

Figure 5 — Examples of tactile notches
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EXAMPLE 5

Use tactile bars or dots installed on the ground and floor surface to aid the mobility of persons with visual

impairment. Two patterns of tactile ground/surface indicators are used: a) attention pattern used to call attention to
decision points for direction, and b) guiding pattern to direct the direction. Figure 6 shows examples of the dimensions of

these patterns.

b) Guiding pattern (se€ Table 3)

Figure 6 — Examples of tactile indicators on ground [51]

Table 2 — Dimension. of attention pattern shown in Figure 6 a) 51

12

Millimetres
Symbols Dimensions Tolerances
a 12
+1,5
a’ a+10 0
b 55 to 60
1
c 5 +0
NOTE WHthiT this Tange of dimensions, one gimension s set i
proportion to the size of a block.
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Table 3 — Dimension of guiding pattern shown in Figure 6 b) [51]

EXAMPLE 6 Tactile maps to show the routes or layouts of facilities. These“include information of presg

tac]
an

8.2

Au
de
be
ca

Au
prd
tim
pa
Th

Millimetres
Symbols Dimensions Tolerances
a 17
’ +1,5
a a+10 0
b 75
c 5 +l
d > 270
d’ d+10
NOTE The distance between the upper surface of the raised
parts at the joining part of the blocks (longitudinal direction of the
raised part) is 30 mm maximum.

ile ground/surface indicators, stairs, escalators, elevators, entrances and exits, ticket machines, gateways,
information of maps for restrooms including toilet, hand basin, etc.

.2.2  Auditory signals
ditory signals can be used effectively as an alternative to visual information. They are especially

conveyed to persons who cannot see or whose gyes are already occupied with other tasks suc
not attend to a visual display.

ditory signals used in human-machine intetfaces are simple and easy to install, but are sometim
their meaning compared to spoken instructions. When two or more auditory signals are emp
duct and service or when two or mere-products and services with an auditory signal are used a
e and at the same place, those signals are required to be clearly discriminable from each other
terns are one of the most robust cues with which the listener discriminates different auditory sign

b following accessibility considerations are relevant to the use of auditory signals.

The signals for the-same purpose in all products and services have the same temporal patt
different products-and services.

The signals for different purposes are clearly discriminable from each other.

The_auditory signals are designed functionally so that they can help the user handle the prg
visual information is not available or restricted, as in dark conditions.

tnt location,
icket gates,

useful for

ivering information to visually impaired persons. Auditory signals have the advantage that information can

h that they

bs abstract
loyed in a
[ the same
Temporal
als.

2N across

duct when

E

MPLE 1 Table 4 sShows an example of temporal patierns of operation confirmation signals 1221, The feception and

start signal indicates the reception of the operation of the apparatus or the start of the action of the product. The stop
signal indicates the stoppage of the action of the product. The base point signal indicates the reference position in the
case where the plural settings are switched by pushing one button repeatedly.

© 1SO 2008 — All rights reserved
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Table 4 — Examples of temporal patterns of operation confirmation signals

Division Pattern Tvpe ON time OFF time Information
yp (s) (s) auditory signal
ON
Receptlc_nn and Simple §|gnal 0110015 . Pip
start signal (one time)
ON
Stop signal Slmple Signal 051006 — Peep
(onetime) ” 7 B
ON1 ON2
‘ ‘ ‘ ‘ Combined
Base poinf signal OFF signal 0,05 t0 0,075 0,05 to 0,075 | ,” Pip pip (quick
(one time)
Remarks:
ON time 1 = ON time 2
ON time > OFF time
EXAMPLE P

completion

Table 5 shows an example of temporal patterns of end signals 2. The end signal indicates
bf the action after the product has continued the action for a specified time.

Table 5 — Example of temporal patterns of end signals

the

Divisibn Pattern TS ON time OFF time Information
y (s) (s) Auditory signal
ON
Case of hepring at |_| r Pip, Pip, pip, pip,
position distant OFF Simple signal
from the (Repetition) 03108 05t 1,0 (specified times,
instrument Remarks: slowly)
1 ON time < OFFtime
2  The number-of repetitions
is optionat;
EXAMPLE B Table 6-shows an example of temporal patterns of caution signals [21. The caution signal indicates {hat
the product|cannot be/Single-handedly in normal motion.
Table 6 — Example of temporal patterns of caution signals
Division Pattern Tvoe ON time OFF time Information
yp (s) (s) Auditory signal
ON
Strong caution r Simple signal Pip, F’Ip, pr..
: o 0,1 0,1 (quick and
signal OFF (Repetition) consecutive)
Remark:
ON time = OFF time
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8.2.3 Alternatives to auditory information

Wherever feasible, sound signals should be supported by visual or other sensory stimuli for those with a
hearing impairment (e.g. communication in writing, graphical symbols, vibration or sign language). In
particular, audible warnings, such as fire alarms, should also activate, for example, visual stimuli, such as
flashing lights that are well sited and clearly indicated.

[ISO/IEC Guide 71:2001, 8.2.3]

8.2.3.1 Visual Information

Viqual information is one possible alternative to auditory information. Temporal changes of-brightness or
colour, such as flashing lights, step-changed lights, blinking lights, and flickering lights, can also"bg used, like
auglitory signals, to indicate the state of controls such as start, termination and emergency,

The following accessibility considerations are relevant to the use of visual information+{or:signalling.

—| A flashing, blinking, and/or flickering light is effective in drawing attention afid-can be used for{conveying
task-relevant information to be discerned. However, light that is too bright'and a certain range of repetition
rates can be avoided to prevent photosensitive seizures. See 8.2.6.

—| Choices of colour, colour combination, and intensity of coloured light are appropriately determined.
Efficiency of coloured light for detection or discrimination caf bé taken into consideration for a better
choice of visual signalling. See 8.2.5. Some colours have associated meanings such as thosg related to
safety and this enhances the meaning of signs. See 8.8.

—| Viewing conditions such as lighting level, brightness.level, size, and viewing distance can critically affect
the appearance of visual signals. Visual signals can'be appropriately designed to consider those viewing
factors. Special care can be taken for dark conditions to assure better visibility.

—| Graphical symbols as well as text in displays can also be used to convey comprehensive meanings of
sound signals. See 8.7 and 8.8.

8.2.3.2 Tactile information

Taftile information is also a useful alternative to auditory information, particularly when vibratory, as in alarm
clocks.

The following accessibility considerations are relevant to the use of tactile vibratory signals.
—| Human tactile sensitivity to vibratory stimuli depends on the frequency and the part of the body touched.
The selectionnof an appropriate frequency depends on the part of the body with which it is intended to
interact. Seg.9.3.3.2.

—| Modeof touch (i.e. active or passive) and temperature of a tactile stimulator are critical for the fecognition
ofdactile stimuli. When skin temperature is too low, the sensitivity to tactile stimuli decreases. Spe 9.2.3.1.

EN/AMMDL = AWH) m H ! ol Joi L P T n TR 4
CARNVITTCE VIDTaUuuT T SIyiialr asCu i a TTNoUNe PTHul e tu T iaie ate TeLtTipl Ul a 11eSSayt.

8.2.4 Alternatives to voice input

Where voice input is used to activate a process, for example, building entry security systems, alternatives
such as keypads or the use of video monitoring should be considered.

[ISO/IEC Guide 71:2001, 8.2.4]

A number of biometric and other measures can be used in security systems as alternatives to voice
identification and verification. These include keypad or keyboard input of a password and/or username, retinal
scanning and identification by fingerprints.
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8.2.5 Biological identification and operation

Where biometric forms of identification are intended, an alternative form of identification or activation should
also be provided. For example, if systems require a retinal scan and a person does not have a retina, or the
system requires a fingerprint and the person does not have hands or uses a prosthesis, such people are
unable to operate the devices unless some alternative form of identification is substituted.

[ISO/IEC Guide 71:2001, 8.2.5]

Voice identification and verification, keypad or keyboard input of a password and/or username, and traditional

8.2.6 Prevention of seizures

Flicker ratgs, or flashing or blinking text, objects or video screens should avoid frequenciesthat are most likely
to trigger Visually induced seizures.

[ISO/IEC Guide 71:2001, 8.2.6]

The use (f blinking or flashing on computer and television screens induces:‘undesirable biological effe¢ts,
such as sgizures, especially in persons who are photosensitive. The extentto which this is a problem depe:rds
on the siz¢ of the flashing area, the rate of the flashing, and the colourComposition of the flashing matetfial.
Guidelineq on the use of flashing/blinking and moving images so as\to“avoid such undesirable effects are
under development (see also References [41] and [53]). The issué is considered to be applicable to]all
categories|of self-luminous displays such as videos, DVD, computér/video games, movies, and any other fqrm

of electric flisplay.
Moving or|drifting images, even if they are not flashing of blinking, also cause undesirable feelings such|as
sickness in some cases. This is called visually-induced“>motion sickness. The extent of the effect is alsp a
function of|screen size, moving type and speed, and, Contents of the image as well.

The followjng accessibility considerations are-relévant to the use of flashing/blinking and moving images|so
that these undesirable biological effects can belavoided.

— A sequence of flashes with morexthan three flashes within any 1 s period can cause undesiraple
biologjcal effects such as seizures:

NOTE There is no consensus for the upper limit in a number of flashes that can still cause photosensiftive
seizurgs even if it is beyond.thé frequency that the human visual system can critically see a flickering light [54].

— Rapidly changing.image sequences are provocative if they result in flashes on the screen.

— Avoidgance of:th€ use of a transition to and from a saturated red, irrespective of luminance, can decregse
the pdssibility-of occurrence of seizures.

—  Well-litsurroundings of the-screemrimagesand-viewers canreduce undesirable biotogicateffects:
8.2.7 Alternatives to visually displayed text or graphic information

8.2.71 General

Alternative information is “equivalent” to the original information when both fulfil essentially the same function
or purpose. Thus, the equivalent fulfils essentially the same function for a person with a disability (at least
insofar as is feasible, given the nature of the disability and the state of technology), as the primary information
does for a person without any disability.

NOTE This factor has been newly introduced with this Technical Report.
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8.2.7.2  Alternatives to textual information visually displayed
The following accessibility considerations are relevant to the use of textual information visually displayed:

— provision of non-textual information such as pictures, videos or pre-recorded audio as alternatives to
textual information visually displayed increases accessibility for persons with cognitive or reading
difficulties;

— pictures, videos, or pre-recorded audio that substitute visually displayed text can have information that is
equivalent to the corresponding text, e.g. a picture or video of a full moon, or the spoken phrase, “full

PRy a -k habibtad £for thho £ b T L ol A L
TTTOUTT, Al DT SUITSTIUTC U TUT TUTCTTAT, TS T O iviooTT,

—| however, when selecting an alternative graphic, conflicts with common usage of visual Signs |s avoided,
e.g. a graphic showing a full moon is used on heaters to indicate night mode of operation./See 8.8.

NQTE This factor has been newly introduced with this Technical Report.
8.2.7.3  Alternatives to graphical information
The following accessibility considerations are relevant to the use of graphical-information:

—| provision of textual or pre-recorded audio information as alternatives to graphical informatioh can help
persons with visual impairments or blind persons to understand<dhe graphical information;

—| text or pre-recorded audio that substitutes graphical information can have information that is equivalent to
the information conveyed by the corresponding graphie:

EXAMPLE A picture of a flag is described by text\providing the function (e.g. language selection)| rather than
the visual properties (colour) that are unable to be\perceived by a blind person: a picture of a Gefqman flag is
described by the text “Germany or German” instead’of “Flag: black, red, gold”.

NQTE This factor has been newly introduced with this Technical Report.
8.3 Location and layout of infarmation and controls and positioning of handles

8.3.1 Location

The position of informatign‘and controls on a product, or in a building, or even the point at which infprmation is
ilable for a service.(e7g. warnings about the terms on which dry-cleaners accept clothes for procg¢ssing) are
important. They neédjto be prominent for someone with a visual impairment or language/literacy disability,
visjble from the angle of view of someone standing and seated in a wheelchair, and easily accessed by seated
or ptanding users without bending and stretching. This may mean that the positioning needs to be flexible or
adjustable orduplicated. Information or controls should be located in a position where they will not be
obstructed;-for example when a product is held by either or both hands, or held in a different way by someone
with manipulation or strength impairment.

[1S C Guide 7172001, 8-371]

8.3.1.1 Position of information

Detectability of visual information largely depends on its positioning when placed in the periphery of the sight
of a person. The detectability depends on the size of the useful field of view, which in turn depends on the
viewing condition.

The general shape of the useful visual field is an ellipsoid with the horizontal axis longer than the vertical. The
effective range for presenting visual signs is larger in the horizontal direction than in the vertical. The size of
the useful field of view becomes larger when the target size is larger, the contrast becomes higher and the
colour difference between the target and the background becomes larger also.
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The size of a person's useful field of view is reduced with age and tends to shift to a lower direction (relative to
horizontal line), particularly when the person is walking [93]. The useful field of view is considerably limited for
persons with low vision. It varies widely in size and shape depending on their impairments, such that persons
with macular degeneration have only a limited visual area in the central part of the visual field. Special care
needs to be taken for positioning of visual information for those persons. See 9.2.1.5.

The follow

— visual

ing accessibility considerations are relevant to the positioning of information:

information is placed near the central part of field of view;

— highe
— visual

8.3.1.2

+ £ 1 H a1 1 PNH £ 4l + + H dat U9~ N H TN
CUTIU dot, IGIHUI EelrAviyelpiv] |alyc| CUTUUT UTTTeToTioe Ur uaie LGIsUL odim Immioradov UUlUULGUIIIly,
information for older persons can be presented in the lower portion of the environment.

Location of controls

Controls are placed such that they can be operated easily by someone standing or seated' in a wheelch

alr,

without beinding and stretching. The reach envelope of humans is affected by the length and the rangg of
motion (RgM) of upper limbs of the human body. In general, RoM decreases with age,\and the reach envelgpe
also becorpes smaller. See 8.12.1 and 9.3.2.1.

The follow|ng accessibility considerations are relevant to the easy operation, of controls:

— contrdls are easy to reach (see 8.12);

— contrgls and displays and the way they are grouped together are’easy to recognize and easy to assign

— contrdls and displays are clearly and meaningfully arranged;

— adjustment steps are implemented logically;

— double- or multi-functional controls are avoided;

— the nymber of controls required is limited;

— the vigibility of controls is considered-so that they are placed in the visible range of the user (see 9.2.1.%).
8.3.2 Bujldings

The desigh of buildings can-incorporate simple measures that enable people to feel more confident in the
physical epvironment, such’ as well placed, sturdy handrails. Controls and door handles within easy reach
facilitate uge by those ‘with impairment in dexterity, manipulation, movement or strength.

[ISO/IEC Guide #1:2001, 8.3.2]

Buildings ¢

of their age or their impairment. AcceSS|b|I|ty considerations can be given to any building, but are espeC|aIIy
important for public buildings and buildings open to the public, as follows:

— rail, road, sea and air travel buildings and associated concourses and car-parks;

— administrative and commercial buildings, e.g. courts, offices, banks, post offices, shops, department
stores and shopping centres, and public service buildings, including police stations;

— health and welfare buildings, e.g. hospitals, health centres, surgeries and residential homes;

18
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— refreshment, entertainment and recreation buildings, e.g. cafes, restaurants, public houses, concert halls,
theatres, cinemas, conference centres, community buildings, swimming pools and sports centres;

— religious buildings;

— educational, cultural and scientific buildings, e.g. schools, universities, colleges, zoos, museums, art
galleries, libraries and exhibition centres;

— residential buildings, e.g. hostels, hotels, residential clubs, university and college halls of residence,
nursing homes and prisons.

In nany countries, special laws, regulations, guidelines and standards are of relevance. Some such| standards
were considered in the preparation of this Technical Report. Detailed measures and illustratigns for the
comstruction of parts of buildings are provided via representative examples in 8.12.7 and 8.16. Only those
dimensions and representations that are sufficient for the requirement of accessible design are congidered.

8.3.3 Layout

The layout of information and controls will also determine how easy they areto.read by someone wijth a visual
or pognitive impairment. Factors to consider include logical grouping of information and controls, line length of
text, relevance of information and relationship of controls to actions to be undertaken.

[ISP/IEC Guide 71:2001, 8.3.3]

The layout of controls can be determined considering logical\grouping and relationships of controlg based on
cognitive abilities (see 1ISO 1503). For text design see 8.7:4,°8.7.2, and 8.7.6.1. For physical issue$ in layout,
seg¢ 8.12.7.

—

Although the logical layout of controls and displays in a system or product is important for all psers, it is
especially critical for users with visual or cognitive\impairment.

The following ergonomics principles and accessibility considerations are relevant to the layout of controls.
—| Organize related information into.groups and ensure that grouping is made obvious in the display itself.
—| Maintain a consistent formatfrom one display to another.

—| Clearly label individual-displays, so users can easily identify them and understand the relationships
between them.

—| If tactile markings are provided, ensure that controls are not triggered accidentally by a person [feeling the
tactile markings.

EXAMPLE 1 Buttons in lifts/elevators are sufficiently separated spatially to avoid misoperation.

—| Position controls in a spatial layout on a display or product that corresponds with the layout of the objects
they control.

EXAMPLE 2 Objects arranged horizontally are best adjusted by controls also arranged in a horizontal pattern.

— Position controls relative to their use or importance.

EXAMPLE 3 Frequently used controls or those that are safety-critical are placed in a more accessible/prominent
location.
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8.4 Lighting levels and glare

8.4.1 Provision of lighting

Appropriate lighting ensures that those with a visual impairment are better able to see instructions and
controls. This should also be considered for those with a hearing impairment to assist with lip reading or sign
language communication.

[ISO/IEC Guide 71:2001, 8.4.1]

Provision ¢f lighting depends largely on the visual task, environment and visual capabilities of the person._ For
example, reading small characters requires higher lighting levels to increase visibility, but a lower lighting tevel
is sufficient for relaxing in a living room.

A sufficient lighting level is required to maintain safety, especially in transportation environments such|as
railway stdtions, subway stations, bus stops, busy roads and pedestrian areas. Entrances 10 buildings, stajrs,
elevators gnd escalators need also to be lit sufficiently to ensure safety.

=

For produgts, a sufficient illumination can be achieved by placing lamps outside (e/Q: ticket vending machine,
automated teller machine) or inside (e.g. oven, refrigerator). The level of illumination needs to be sufficiently
high. Adjugtable illumination (e.g. instrument panel) can be used if the productis used at different ambient
conditions|(e.g. day and night) or if visual capabilities are much different within.the user population.

Polished or highly reflective surfaces, as well as glossy papers, can calse’a glare from reflected light sources.
See 8.184.

Appropriate lighting levels for older persons and for persons_with visual impairments can be determined|by
taking intq account their visual sensitivity. For many such “people, an increased level of lighting may |be
required. If is noted, however, that there is a large variationiin the extent of impairments, and the appropripte
level of lighting depends largely on the type of impairment. For example, those who have opacification of the
cornea or lens, or albinism, often find it difficult to see-in bright light. Care needs to be taken not to cause glare
when incrgasing the light level.

8.4.2 Copsideration of ambient lighting

The likely lighting levels in typical use’should be considered, for example television controls may be operaled
ina darkeled room, and installation/of a product may be in a dark space.

[ISO/IEC Guide 71:2001, 8.4.2]

Lighting for tasks and susreundings can be appropriately designed so that there is no large brightness change
between the task andithe ambient lighting. Attention to ambient light level for walking areas is also important
to ensure pafety. This'is particularly important for older persons and persons with low vision, because their
peripheral vision, Which plays an important role in walking, is often limited.

8.4.3 Bujldings

Adjustability of lighting levels in a building is desirable to suit different needs but sudden changes in lighting
levels should be avoided.

[ISO/IEC Guide 71:2001, 8.4.3]

Appropriate lighting levels in buildings can be defined for each part of the building by taking into account the
purpose of the place, such as entrance, living room, dining room, or working room, and the extent of visual
impairment. Higher lighting levels may be required for visually impaired persons, depending on the type of
impairment, as long as they do not have an effect of severe glare.
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The appropriate lighting level can also be defined by taking into account the type of visual tasks involved.
Visual tasks are categorized into the following groups: a) detection of objects, b) recognition of colour, c)
reading characters and symbols, d) walking and other behaviour, and (e) relaxation and comfort. For each
category, the lighting level can be defined appropriately. Producing a dark spot or bright-to-dark change in
buildings causes accessibility problems, because persons with low vision often have difficulty seeing the
details of the dark area due to their reduced ability to adapt to sudden changes of brightness.

Standard lighting levels required for various indoor workplaces are defined by the CIE (International
Commission on lllumination), see Reference [56] and ISO/CIE 8995-1:2002. They can generally be used for
younger and older people as well.

8.J.4 Avoidance of glare

Tol
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b high light levels and strong directional light can result in deep shadows or glare. Reflecting s
brmation panels and glossy paper in instruction books or on packaging containingswarnings
bided, to reduce the possibility of glare.

D/IEC Guide 71:2001, 8.4.4]

urfaces on
should be

Du
pe
de
for
tas

Th
de
it a

Po
Se

Ge

lighting for illumination of tasks and workplaces. The following are some considerations for the soluf

e to the increase of optical scatter in the eye, the effects of glare are exacerbated for older peo
pbple with some types of visual impairment (e.g. cataracts, corneal edema, vitreous opacities). Vi
creases in the presence of glare for older people in particular [57] Récovery from glare also takes|
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ished or high-reflection surfaces, as well as:glossy papers, can cause glare by reflecting ligh
e 8.18.4.

neral solutions to the problem of glare include shielding of bright light sources and the use

Avoid placing very bright lights against dark ceilings or walls. Choose light-coloured walls and
soften the effects of bright.ight.

Shield bright objectsfrom usual lines of sight. For example, if a light bulb is seen when seated
table, it is better-to.hide the direct view of the bulb by adjusting its shade or repositioning the fix

Avoid clearienses or shades on fixtures; they do not shield the light bulb from view.

Spreadilight over large areas by lighting ceilings and walls, or by using fluorescent tubes shi
directview.
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b age factor for glare is found in CIE Reference [58]. A\unified glare index (UGR) for illuminafion is also
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ts or “cans”

Place task lights to the side of the viewer, not in front, to avoid reflected glare from shiny surfaces, like

polished wood or glossy magazines.

Use shades, blinds or curtains to minimize glare from windows.
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8.5 Colour and contrast

8.5.1 Choice of colour

This is important for ease of recognition and ease of seeing. Some colour combinations are also more
effective. For example, some colours, such as red/green, are not distinguishable by a significant minority of
the population (those with colour blindness).

[ISO/IEC Guide 71:2001, 8.5.1]

Colour is Used as a way of marking, distinguishing and drawing attention. The colour appearance of objectg or
light sour¢es for older persons and for persons with visual impairments, including those with{ colpur
deficiencigs and low vision, differs from normal colour appearance. Careful choice of colourcor’ colpur
combinatigns for those persons increases accessibility.

Colour appearance also changes with luminance levels. At lower luminance levels, namely-alfew cd/m2 or{10
lux, bluish|colour looks relatively brighter and reddish colour on the contrary darker. Colour becomes mpre
desaturatgd as luminance decreases. Care can be taken in choosing appropriate<colours for use in low
luminance| See Annex D.

Colour appearance also changes with age. A typical example of the change for-older persons is that bluish
colour looks darker due to the absorption of the short-wavelength (blue) component of light in the eye lgns
(yellowing [of the eye lens). Letters coloured blue on a dark background are.good examples difficult-to-see[for
older perspns. White appears yellowish, also due to the yellowing of théeye lens, and this brings older people
poor colour discrimination between white and yellow.

For the spgcial use of colour for safety, a set of colours is defined’in ISO 3864-1:2002.

The follow|ng accessibility considerations are relevant to theiuse of colours and colour combinations:

— Whengver colour is used to convey information, the information accompanied by other non-colpur
information such as figures or letters can increase accessibility. See 8.2.1.

— Use of too many colours can cause accessibility problems.

— When| blue is used, higher luminance of the colour or higher illuminance than the moderate level ¢an
incregse accessibility for older persons. See 9.2.1.1.

— The cplour combinations ©f,green/red and yellow/blue are used with significant luminance contrast [for
persons with colour deficiencies to avoid confusion of the colours.

— Persops with lowvision have reduced discrimination and identification of colours. Care in the choicq of
colouts can increase accessibility for those persons.

8.5.2 CoJour.combinations

The best colour combinations depend on the purpose of information, whether it is for guidance or a hazard
warning, and the lighting conditions under which it is most likely to be viewed. For example, black on yellow or
light grey are general purpose combinations which provide strong definition without too much glare, pastel
shades on pastel backgrounds or red lettering or symbols on light grey are difficult to see and should normally
be avoided.

[ISO/IEC Guide 71:2001, 8.5.2]

Colour combination is a useful tool for identifying and discriminating objects. Colour appearance changes with
age, visual impairments, and luminance levels can be taken into account in creating colour combinations to
increase visibility. See 8.5.1.
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A conventional method of colour combination is to use opponent colours, such as red/green and yellow/blue.
Some combinations of red and green, however, are difficult to discriminate by persons who have colour
deficiency. Colour discrimination ability is reduced for people with low vision. Luminance contrast can help the
discrimination of colours for those people.

Colours are perceived as a limited number of “similar-colour” groups, such as red, orange, yellow, green, etc.
This is called categorical colour perception and is widely used in the application of colour and colour
combinations. See 9.2.1.3.

The following accessibility considerations are relevant to the use of colour combinations.

—| Large luminance contrast can greatly help persons with colour deficiency, as well as those dith| low vision,
to discriminate colours.

—| Colour combination by colours of different colour categories increases detectability. See 9.2.1.3.

Taple 7 presents gives colour combinations that are recommended for signs and background in self-luminous
displays [46].

Table 7 — Colour combinations for signs and backgrounds

B3ckground Sign colour
colour Black White Purple Blue Cyan Green Yellow Red
Black + + - + + + -
White + + + - - - +
Purple + + \- - - - -
Blue - + - + - + -
Cyan + - - + - - -
Green + - = + - - -
Yellow + - + + - - -
Red - + - - - - +
+ | very suitable
— | not suitable
NQTE The colour cembination of black and purple in Table 7 usually does not appear well in high contrast of luminjance due to
thg age-related sensitivity1oss for blue and purple lights for older people. Purple can be used with higher luminance in this cpmbination.

8.5.3 Colour coding of information

Alllinformation conveyed with colour should also be available without the perception of colour. Colpur coding
shauld not be used as the nnly means for r‘nn\/pying infarmation indir‘nting a response ar disti uuishing a

visual element.

[ISO/IEC Guide 71:2001, 8.5.3]

Coding of information by colour is a simple and useful way of making it easily perceivable, identifiable and
distinguishable. Colours used for such purposes can be selected based on categorical colours as described in
8.5.2and 9.2.1.3.

Under some viewing conditions, however, such as in low luminance, and for some persons with colour
deficiencies, colours are difficult to discriminate. Accompanying the use of colours that are used for coding by
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other forms of coding (such as: textual, graphical, auditory and/or tactile information) increases accessibility
for those with colour deficiencies and low vision. See 8.1.

Some colours have their special associated meanings. See 8.2.3 and 8.8.

8.5.4 Luminance contrast

Contrast of luminance is one of the most critical factors for visibility. The higher the contrast, the better the
visibility. The sensitivity to contrast for fine images decreases with age due to optical scattering in the eye. The
contrast sensitivity is much lower for persons with low vision due to various types of visual impairments. See

9.21.7.

Effective luminance for different colours changes with age and consequently the contrast of colours.chang

See 8.5.1,

The follow

9.2.1.1 and Annex B.

ng accessibility considerations are relevant to the use of luminance contrast.

— High gontrast is clearer in public signs or images and in characters of visual displaytérminals (VDT).

— Luminance contrast increases discrimination when colours are not well discriminated from each other.

— Extremely high contrast, such as black and white, can cause accessibility problems by generating gl
for older persons and persons with low vision.

— Adjus

NOTE

able contrast can increase accessibility.

This factor has been newly introduced with this Technical Report.

8.6 Size¢ and style of font and symbols in information, warnings and labelling of controls

The required size of font for information, warningsxand labelling of controls, relates to the probable view

distance,

evel of illumination and colour contrast of the text against its background. The choice of fq

whether with or without serif, in upright form\or italics and light, medium or bold appearance also ha

significant

impact on legibility. Standards developers should also be aware that text written in CAPITAL lett

is more difficult to read. This is significant:for those with a visual impairment. Consideration should be givern

specifying

size and style of font and symbols for warnings.

[ISO/IEC Guide 71:2001, 8.6]

ng
nt,
b a
ers
to

8.6.1 Ge

heral

With incred@sing age,.the-lens in the eye loses elasticity and the ability to focus clearly. The legibility of font 4
symbols i§ associated with the reader’s ability to visually discriminate one character from another, ang
affected by the physical construction and properties of the font or symbol. Legibility is different from readab

which add
is affected

esses'the meaningful grouping of alphanumeric characters to form words or sentences. Readab

nd

is
lity,
lity

by.grammar, writing style, or even the spacing between characters or sentences.

Persons with low vision tend to prefer light text on a darker background rather than darker text on a light
background. See Figure 7.

24

Positive polarity Negative polarity

Figure 7 — Examples of polarity
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The following accessibility considerations are relevant to the use of style and size of fonts.

The context in which the font is used can affect the combinations of sizes, styles and colours that can be

used to improve accessibility.

Appropriate font size and style for various presentation media, such as printed information a
screens, can increase accessibility.

nd display

NOTE Other International Standards provide additional guidelines for various situations (e.g. 1SO 9241-303 for

displays).

For tactile characters, see 8.2.2.1. For graphical symbols see 8.8.

8.64.2 Font size

A feader’s visual acuity is one of the critical parameters that affect the legibility~of letters or syn
betfter the visual acuity he or she has, the smaller the legible font size he/she.can see. Viewing con
vispal acuity. Visual acuity is a function of luminance and viewing distance. The acuity becomes wq
luminance decreases. The acuity in near viewing distance (less than about’1 m) becomes worse W
Sep 9.2.1.2.

The following accessibility considerations are relevant to font size:

—| A larger font size can improve accessibility under low luminance conditions.

—| A larger font size can improve accessibility for older persons at near viewing distances.

NQTE “Luminance” here means the luminance of,thie background (brighter part) when positive picture polg

or luminance of the letter (brighter part) when negative picture polarity is used.

8.4

Fo

Fonts in negative polarity can improve accessibility for persons with low vision.

.3 Font style

Nt style is also a factor affecting legibility. Figure 8 shows the characteristics concerning font style|.

hbols. The
exts affect
rse as the
ith ageing.

rity is used,

P

G T Mmoo w >

ey

body height

font height

font (body) width
stroke width
ascender
counterform
descender

Figure 8 — Font characteristics
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The following font design characteristics can improve accessibility for older persons and persons with low
vision:

— consistent stroke widths;
— open counterforms (the open space in letters like “e” and “a”);
— clearly visible ascenders and descenders (such as tails on the lower case letters “b” and “j”);

— wider horizontal proportions;

— extendled horizontal strokes for certain letterforms (such as the arm of the lower case “r’ or the crosspar
of the[lower case letter “”).

The fonts yised in Figure 9 highlight the differences between several styles.

Cat Car Qat Cat

a) Poor legibility b) Good legibility

Figure 9 — Font style comparison

Figure 9 b), “Good Legibility”, uses a font created by the .American Printing House for the Blind that is Well
suited for|users with low vision. Other specially created fonts may also be investigated by standafds
developerg.

For older persons, there is some evidence that serif fonts assist reading speed, while sans-serif fonts are
actually preferred subjectively. With high resolution displays or printed hardcopy, it is preferable to focus|on
overall fonf design, and ensure that serifs, if present, do not negatively affect legibility. However, as Figure[10
shows, when the output resolution (either on paper or screen) is low, a sans-serif font can increase
accessibilify because there will not belenough dots or pixels to render the serifs clearly.

ENERE ®
N ]
N HE EN EEEEN
] EN H N
N u HE EEEN
] ] E N
N u E EEEEE
a) Serif font b) Sans-serif fonts
Key
A serif

Figure 10 — Serif and sans-serif fonts on low-resolution 5 x 7 dot-matrix display
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The following are further accessibility considerations for font styles [46].

Bold letters generally have better visibility than plain ones provided that the line width is not too
The ascenders of lower case characters project above the type height by approximately 20 %.
Lower case characters with descenders project below the line of text by approximately 20 %.

Characters are designed to avoid confusion, e.g. between the number zero “0” and the
between upper case “” (“I’) and lower case “L"(“I").

Fo
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md
be

8.6
Vig
inf
pa

even if the physical characteristics of the light are the same.

Co

8.1

8.1.

nt style is not only an issue for visual abilities, but guidance on font styles also exists in¢rgla
bds of persons with dyslexia. At the most basic level, the sans-serif fonts should be avoided,

ween persons with dyslexia.
.4 Special consideration for fonts used in display screens
ual appearance of self-luminous screen displays is different from reflected images used

brmation (hardcopy documents, books), and the difference affectsCaccessibility of display
ticular, the appearance of contrast and colour in self-luminous displays.differs from that of reflec

ntrast values for a certain range can increase accessibility of screens. See 8.5.4 and 9.2.1.6.

Clear language in written or spoken information

1 Information available as text

great.

letter “O”,

tion to the
although a
re complex recommendation is to enable the reader to choose his or her own font, as-situations do vary

in printed
design. In
ed images,

Infi
red
de

[1S

brmation should be made available in text format wherever possible, in addition to other forms,
ognition and translation into speech and other languages for those who have trouble seeing, rec
Ciphering non-text information presentations.

O/IEC Guide 71:2001, 8.7.1]

o facilitate
bgnizing or

Products comply with IEC 62079:2001 if the instructions are prepared in the languages of the count|

the

Th

product is to be marketed-(see References [34] and [60]).
b following accessibility considerations are relevant to user instructions.

All essential-information can be presented in alternative formats so that it can be perg
recognized Unambiguously. Specialists are consulted when preparing user instructions in Braill
shorthand. For essential information, the use of graphics and graphic elements can be supple
explanations in text (see 8.2.7), which also allow the preparation of audio user instructions.

ry in which

eived and
e or Braille
mented by

trintinn an ha
t e

o a3
otro GO To—Car

Audio user instructions (cassette, CD, MP3, Daisy Book, etc.) are usually preferable to a versio

n in Braille.

A point in their favour is that an audio version is also accessible to blind persons who are not familiar with

Braille. At least with complex products such as telephone systems, a short instruction manual i
preferable.

n Braille is

Electronic user instructions (such as those on the Internet or on data media supplied with the product)

can be prepared in an accessible format, e.g. HTML format according to the guidelines o

f the Web

Accessibility Initiative (WAI) of the World Wide Web Consortium or accessible PDF. Accessible formats
can be used in preference to graphical formats (e.g. PS, GIF and JPEG) or offered as an alternative.
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8.7.2 Complexity of information

Instructions or operations which are too complex will often deter older persons and persons with limited
intellect from using a product or device. Simple written or spoken messages are also clearer to understand by
someone with a visual or hearing impairment.

[ISO/IEC Guide 71:2001, 8.7.2]

Effective communication is promoted by using clear and simple language. Persons with cognitive or learning
impairment often have difficulties accessing written information. Using clear and simple language is also
useful for persons with a drrerent natve Tanguage, MCIudimng thoSe WNOo Communicate  primarty 1m_Sjgn
language.

Keeping dpcument layout consistent, designing apparent graphics and using easily understandable language
benefits alwide range of users, especially persons with cognitive impairment and those who 'have difficlilty
reading.

The following accessibility considerations are relevant to communication with pérsens with cognitive
impairment or learning disabilities and for those who have difficulty reading.

— Use the clearest sentences and simplest words appropriate for the content of.the document.

— Supplement text with graphic or auditory presentations where they-Will facilitate comprehension of the
document.

— Creat¢ a style of presentation that is consistent across the docéument.

8.7.3 Printed instructions

These shquld use short sentences of simple, straightfarward and non-technical language and may inclyde
simple illugtrations.

[ISO/IEC Guide 71:2001, 8.7.3]

No additional guidance is offered.

8.7.4 Sppken information

Rules for gpoken information are similar to those for printed information. The context should always be giyen
to ensure [that information~is“meaningful and instructions should be provided in a logical order. Key points
should be feinforced by{repetition. People with hearing loss are at an increased risk or disadvantage if spoken
announcements are nottoud enough, or if the pitch is too high or too low.

[ISO/IEC Guide 7422001, 8.7.4]

8.7.4.1 'Soundievel of sSpokemanmouncements

The sound level of announcements, or voice instructions, has a large influence on the comprehension of
spoken information. Announcements are required to be comfortably loud for listeners; announcements that
are too soft or too loud may not be fully understood. Spoken announcements sound comfortably loud when
the listener can recognize them nearly 100 % without any special effort.

The comfortable sound level for announcements depends on the environment in which they are presented. In
quiet environments, the absolute level of announcements is a key factor. Persons with age-related hearing
loss prefer louder speech. However, the amount of increment required is not very large: a few decibels on
average.
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In noisy environments, the difference between the level of an announcement and that of the background noise

determines the intelligibility of the announcement. When the noise level is low, the effect of noise

is usually

negligible. When the noise level is high, a constant signal-to-noise ratio is required to attain comfortable

listening. Control systems that adjust sound level automatically are available to keep a certain sign

al-to-noise

ratio, and are sometimes used for spoken announcements in public spaces as well as for acoustic traffic
signals. When the noise level is even higher, people tend to have difficulty in speech communication.

Provision of necessary information in an alternative form of instruction can increase accessibility.
detailed descriptions of preferred speech levels in noisy conditions, see 9.2.2.3.

Some persons with severe hearing loss prefer an even higher speech level, depending on their hea

8.1.4.2 Cognitive aspects of voice instruction
Vojce instructions are widely used, not only as an alternative format for visually impaired people &

genheral information for all people in private as well as public spaces.

Cognitive aspects of auditory processing decline with age. Older people have more-difficulty tha
ones in ignoring irrelevant information from one source when processing relevant information fro
They also require more time to switch their processing from one source of auditory input to ano
pepple also have greater difficulty in perceiving auditory information via synthetic speech. They alsg
tagks and respond to instructions more slowly. For some persons who have faster processing abilit
spged of voice instruction does not necessarily improve their performance. If a task requires that ol
sinultaneously process or manipulate information, as well as remember it, performance also decline

M3
dis

ny of the cognitive deficits that accompany increasing age are ‘also seen in younger persons wit
abilities.

The following is relevant to the accessibility of systems and products providing voice instructions.
Minimize background noise and reverberationiwhen recording voice instructions, and provid
with the capability to adjust the volume of the.presented instructions, where feasible.

Consider using male voices for instructions, as these voices are sometimes better understoo
with high-frequency hearing impairments. This is especially desirable for voice instructions f{
over telephone lines. However, (there are other considerations relevant to determining the g
voice used for instructions (e.g. cultural issues), which can make the use of a female voice pref

Because voice is a serial/transient medium, design instructions that are simple to under
minimize the number_of ‘responses a user has to make to a single instruction.

Minimize requirements on short-term memory. See 9.4.3.
To addresséslower processing speeds due to ageing or certain cognitive impairments, use repe
instructions™or descriptive information for some users. Provide systems that employ voice

instructions with the capability of replaying instructions on request.

Consider using a speech rate of approximately 140 words/min for voice instructions, and length

For more

ring profile.

ut also for

n younger
n another.
her. Older
learn new
y, a slower
der people
S.

n cognitive

e the user

d by users
ransmitted
ender of a
brable.

stand and

titive voice
brompts or

en pauses

between sentences (beyond that of normal speech) to allow more time for processing inforn

ation. It is

advisable to test the product or system with the intended users in order to determine the speech rate and

pause length that yield the best performance and highest level of user acceptance.

Provide users with sufficient time to respond to voice instructions. Older people need at least
half times as long to respond verbally to voice instructions, compared with younger ones. They
considerably more time if a manual response is required (e.g. inputting a number via keypad)

one and a
often need
instead of,

or in addition to, the vocal response. Thus, application response time allowances need to be determined

through evaluation that includes older people and persons with physical, cognitive an
impairment, if they are members of the intended user group.

older users, if appropriate to the task situation.
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8.7.4.3 Voice warnings or alerts

Voice warnings and alerts differ somewhat from general voice instructions, in that attracting the attention of
the user is a priority. Data suggest that female voices have a greater attention-getting ability than male voices.
However, recommendations concerning the use of male vs. female voices are sometimes culture-dependent;
for example, male voices are used in fire-alarm systems in Japan.

The appropriate sound pressure level and frequencies for warnings and alerts all differ generally somewhat
from voice instructions. See 8.7.4.2.

8.7.44 ([Speech communication in noisy environment
A spoken|announcement is understandable when the signal-to-noise ratio is above a certain fevel. l{ is
comfortablly audible for listeners when the signal-to-noise ratio is above a certain threshold (higher.'than that
required fgr complete understanding).

The boundary of signal-to-noise ratio, both for understanding and comfortable listening, canibe determined|for
young and| older listeners. See Figure 43 and ISO 9921.

8.7.4.5 [Speaking rate
The speaking rate is defined as the number of speech items uttered in a’unit time period. The ratq is
expressed| for example, as the number of words per minute or the number of syllables per second. A norial
rate is, forfexample, 140 to 170 words/min in English or 8 to 9 mora/s indapanese. See 8.7.4.2 and 8.10.2.1.

NOTE Mora is a unit of sound related to pronunciation, while syllablé is a unit of sound consisting of a vowel or ¢f a
vowel and g consonant or consonants.

8.7.5 Mudltiple languages

Where insfructions are to be provided in more than ene language, written information in each language shopld
be presenfed in separate sections of a manual rather than interleaved on a page; spoken information should
be precedéd by a clear statement in the languageto be used.

[ISO/IEC Guide 71:2001, 8.7.5]

Identificatipn of the language used in_a document and the meaning of abbreviations and acronyms is essential.
This will improve the readability éf the information for all persons.

If instructipns are required-in more than one language, the instructions for each language can be kept
separate gnd not mixed«Spatial separation of the printed instructions in each language, if printed in the same
document,| or use ofta.-separate document for the instructions for each language, facilitate accessibility.
Identificatipn of the language in the application content also facilitates accessibility.

EXAMPLE “Fine” in English and “fine” in Italian have different meanings, although their spellings are the same. Iflthe
language is|notjdentified, they cannot possibly be distinguished.

In the case of abbreviations and acronyms, someone unfamiliar with a particular abbreviation or acronym will
not understand what it means. An explanation of each abbreviation or acronym where it first appears in the
text facilitates accessibility.

NOTE Language means spoken, written, or signed languages such as French, Japanese, American Sign Language
and Braille.
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8.7.6 Other factors

8.7.6.1 Document navigation mechanisms

Clear and consistent navigation mechanisms increase the likelihood that people will find what they are looking
for in a document and improve readability for all people.

Provision of information about the document layout (e.g. a table of contents for documents or a site map of a
Web site) can increase accessibility.

NQTE—Thisfactor ras beenm mewty mtroduced withthis—Techmicat Report.

8.71.6.2 Language support

Pefrsons who have difficulty in reading, writing or speaking often also have difficulty,in\using praoducts and
selvices safely and effectively.

T

0

e following accessibility considerations are relevant to language support.
—| For users who have difficulty reading or who are illiterate:

1) consider using speech displays for instructions and prompting of actions, as well as the use of
multi-media instructional material, including video instructions;

2) consider the use of task-relevant graphics (e.g. illustrations or photographs) as a supplg¢ment or a
substitute for text instructions.

—| For users who have difficulty writing or typing, minimize the amount of writing or typing reduired, and
consider substituting speech recognition as an:input mechanism.

—| Provide equivalent alternatives to speech input (e.g. use of keyboard) for users who have difficulty
speaking or cannot speak.

—| Provide multi-language user interfaces, if appropriate.

—| Use simple, unambiguous-and easy-to-understand language.

—| Avoid difficult terms,.complex grammatical structures and long sentences.
—| Avoid use of thé-passive tense.

NQTE This-factor has been newly introduced with this Technical Report.

8.8 Graphical symbols and illustration

The_use of meaningful graphical symbols or illustrations, in addition to text, should be considered in
instructions and also on a product, for ease of assembly or use. For example the same symbol should be
used on the respective ends of parts to be joined, when assembling a product, or in the labels on controls.

[ISO/IEC Guide 71:2001, 8.8]

Graphical symbols as well as pictorial illustrations constitute useful tools that allow people to identify objects,
convey meaning and communicate. The use of these symbols and illustrations in addition to text helps people
understand the content of the text. International Standards on graphical symbols include ISO 7000, ISO 7001,
ISO 7010, ISO 9186 and ISO/IEC TR 19766:2007, as well as References [61] and [62]).
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The following are accessibility considerations relevant to the design and use of graphical symbols and
illustrations.

— The same design principles and basic forms, as well as combinations of them, facilitate the understanding
of the symbols.

— Special colours or forms are assigned to special attributes of objects, such as safety. For colour coding
see I1SO 3864-1.

— Some colours have their own special meanings that depend on the culture concerned.

— Grapljical symbols and illustrations in the standards cited above can be used.
— For taftile symbols see also 8.2.2.1.

For examles, see Figure 11, taken from ISO 7010 and I1SO 7001, and Figure 12 [62].

C N

Telephone Fire extinguisher Non-potable water

Figure 11 — Examples of graphical symbols

“1 have a-stomach-ache \Where is 3 doctor?”

NOTE ISO 7010:2003/Amd.1:2006 uses a symbol for a doctor different from the one used in Figure 12. See
Figure 13.

Figure 12 — Example of communication using graphical symbols
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‘-I-

Figure 13 — Doctor symbol as used in ISO 7010:2003/Amd.1:2006

8.9 Loudness and pitch of non-spoken communication

Pepple with a hearing loss are at increased risk or are disadvantaged if warnings are not loud enough, or if the
pitch is too high or too low. Where possible, volume should be adjustable over-a wide range. Information
should also be presented in multiple frequencies where possible (e.g. an alarm*sign signal could donsist of a
strpng component at multiple frequencies). Sudden changes in volume sheuld’also be avoided.

[ISP/IEC Guide 71:2001, 8.9]

Sepsitivity to higher-frequency sounds decreases with age. This‘is' a key factor when determining |a range of
solind pressures and frequencies for auditory signals that are.to-be heard in a quiet environment. $ee 9.2.2.1
angl 9.2.2.2.

When an auditory signal is used in a noisy environment, the sound pressure level difference bgtween the
signals and interfering noises becomes critical; a signhal level higher by a certain amount than that gf the noise
can increase accessibility. Comfortable levels ofZauditory signals in quiet and noisy conditions, ftaking into
actount ageing effects, have been determined eéxperimentally. See 9.2.2.2.

Fof alarms in work and public areas, a sound at an even much higher level is sometimes requiredq to assure
audibility. For details on the use of sound'in warnings and danger signals, see ISO 7731.

8.10 Slow pace of information presentation

Anhouncements spoken at a-slow measured pace allow listeners to pick out the message; pausgs between

ins|

difficult to assimilate-by“someone with a hearing or vision impairment, or learning disability. Co

sh
inf

[1S

puld be given tothe/length of time information remains in view when presented on moving display
brmation is temporarily displayed and then removed.

O/IEC Guide 71:2001, 8.10]

tructions give time to‘understand and act on the information. If a message is delivered too rapidly, it is

hsideration
s, or when

8.’10.1 Operation not depending on user's memory

Persons with cognitive impairment and older persons tend to forget recently presented information or recently
executed actions because of declines in short-term and working memory. Thus, minimizing the degree to
which systems and products require memory of prior actions or operations facilitates accessibility. There is a
variety of ways in which this can be accomplished, including the following:

automated customer service applications over the phone can allow callers to pause or repeat messages;

applications with visual displays can show a list of the most recent user actions or allow information that is

referred to later to persist on the display;

the appropriate pace of information presentation in electric marquee displays can facilitate

comprehension of the users.
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8.10.2 User control of time-sensitive content changes

8.10.2.1 Control of auditory information presentation

The following accessibility considerations are relevant to auditory information presentation, including
prerecorded speech and synthetic speech.

— The comfortable speaking rate for broadcasting to older listeners is 6 to 7,2 mora/s. In contrast, the
typical speaking rate in Japanese broadcasting is approximately 8 mora/s. Many blind persons prefer a
faster speech rate, e.g. approximately two to four times the rate of normal speech. Adjustable speech

Unnecessary movement of display content (e.g. non-task-relevant animation)~distracts the user frpm
task-relevdnt information and interferes with the task performance, particularly inCthe case of older users gnd
those with| cognitive impairment. In addition, assistive technology relies on a certain amount of stability of
displayed ¢ontent.

The followjng accessibility considerations are relevant to visual information presentation with respect to uger
control of fme-sensitive visual content.

— Avoid|causing the screen to flicker. See 8.2.6.
— Avoid|causing the content to blink, or else allow users:to control blinking. See 8.2.6.

— Allow [users to freeze or slow moving content, afd avoid unnecessary movement of the content of visjual
displajys.

— Provide the capability to interrupt changes in displayed information until the current information is dealt
with.

— Provide the ability to control thé rate of speech, if speech output is included in an application or prodyct.
See 8|7.4.5 and 8.10.2.1.

8.10.3 Time-constrained.task design

Older pergons and petsons with cognitive impairments often cannot complete tasks or respond to stimuli ip a
specified gr limited‘amount of time. If systems place limits on the time required for responses, the optior] to
request additional\time can increase accessibility for users to complete tasks. In those cases where time limits
are set, such limits can be determined through evaluation of the expected user group.

EXAMPLE In telephone-based applications, a user is often required to respond to a voice prompt within a set
amount of time (e.g. 2,5s), after which he/she is presented with an error message due to a partial response or no
response at all. Such applications can instead be designed to ensure that there is a time limit imposed on responses.

The following is relevant to time-constrained task design accessibility.
— Accommodate the slowest user.

— Prompt users to request additional time if it appears more time is required.
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Provide a wait message if users are faster than the systems. The wait message presented by means of at

least two senses increases accessibility. See 8.2.

Allow users to interrupt (i.e. pause) the presentation of a long voice message or instruction. If pause
functionality is provided, it is helpful if the user can continue presentation of the message from the point at
which the pause occurred with a single action or command (e.g. “Resume” function). See 8.7.4.2.

8.11 Distinctive form of product, control or packaging

8.1

1.1 _ldentification by form

A
ag

[1S

istinctive form can make it easier for those with visual impairment and reduced touch sensitivity

O/IEC Guide 71:2001, 8.11.1]

to identify

roduct, to interpret the parts of a product to be joined during assembly and to distinguish betweegn different
controls. A familiar form can also aid those with impaired cognitive ability.

Co
dis

EX]|
mo|

8.1

hsiderations on properties of tactile sensitivity (i.e. spatial resolution, form ‘recognition, etc.) in
tinctive forms increase accessibility of product, control or packaging.

AMPLE Coins of almost all countries have differing sizes, shapes~and tactile grooves differentia
hetary values.

1.2 Orientation of product or control

designing

ing specific

Where possible, the form of the product or control shouldzalso indicate the orientation of the product

SO

[1S

the top or bottom, front or back, can be easily located by someone with a visual impairment.

O/IEC Guide 71:2001, 8.11.2]

or control,

Ta

ctile marking is a useful tool to indicate, the-orientation of the product or control. See 8.2.2.1. The

location of

tagtile marking critically affects accessibility and similar positioning and spacing of markings facilitate
acgessibility.

EXAMPLE A prepaid card has-a'notch near the bottom-right corner so that users can know the correct direction for
inserting the card into the machine. See 8.2.2.1 and Reference [63].

8.11.3 Tactile warnings

The use of universally recognized tactile warnings on the container or packaging enables identificatjon of toxic
or porrosive materials. Similarly, tactile warnings are normally required in buildings, such as at staiff openings,
on(steps, on-platforms and at dangerous storage areas.

[ISP/IECGuide 71:2001, 8.11.3]

Tactifenformationof a common meaning 15 usefut for identifyingandavording a particutar product containing

toxic or corrosive materials. This can be used for indicating danger to visually impaired persons.

EXAMPLE

A tactile triangle or a three-pointed symbol is used to indicate dangerous contents of containers. It is

placed on the handling surface such that users will notice it immediately when they hold a container. See ISO 11683.
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8.12 Ease of handling

8.12.1 Size, shape and mass

These characteristics of a product will affect how easy it is to lift, hold and carry. Lifting and carrying is eased if
articles are shaped to facilitate easy grasping, with either or both hands. Light, compact articles are generally
preferable thus the density of manufacturing materials needs consideration. Provided safety is not
compromised wherever possible, products should be capable of operation by only one hand, preferably either

hand.

[ISO/IEC Guide 71:2001, 8.12.1]

Products qf appropriate size, shape and mass that meet the needs of the target user population and'the task
facilitate gccessibility. For example, users drop objects they are required to whose weight exceeds their
strength off gripping ability. The aspects of handling which require particular attention to ensure.ease of use|by
a greater rjumber of older persons or persons with disabilities are summarized in Table 8.

Table 8 — Aspects of handling for ease of use

Aspégct

Influence of the aspect in a product
or service

Example

Additional data

Strength rgquired

For a product to be handled easily with one
or both hands, avoid excessive load of the
skeletal muscle of upper limbs (i.e. muscles
that contribute to forward elevation of upper
limbs or holding of products, and so on). The
muscular strength of the skeletal muscle is
greatest in youth and middle age.

The strength doés not exceed
30 % of the-physical strength of
a 5th percentile woman [46],

See 9.34

grasping afea

reach and grasp objects.

Posture Some users have difficulty kneeling or Ensure products/services can —
squatting. Some users are limited to a be used while seated.
seated position or are unable to bend\joints.
Reach and Users have a limited region to.camfortably | An example of the grasping area [ See 9.3.2 & 9.3.2.1

is shown in Figure 14 48],

Safety

Users can be injured if required to reach
over unsafe areas, such.as hot surfaces, or
if handling unexpectedly sharp objects.

Angle of rofation of | Some users have difficulty rotating their wrist | — See 9.3.2.3
the joints or arms through large angles.
Frequency|of Strain gn\a’joint can result from repeated — —
actions actions;-particularly where force is
excessive.
Movement|speed <}Some users have difficulty moving quickly. [— See 9.3.3

Precision required
from movements

Some users have coordination difficulties or
tremor, making simple actions like inserting

a key more difficult.

One-hand use

Some users have only one functioning hand.
Products can be designed for one-handed
use of either the left or right hand.

EXAMPLE Grasping area for right and left hands [46]. See Figure 14.

36
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TE These envelope curves are related to the:body size of the 5th percentile of women grasping with t

Figure 14 — Grasping areas

2.2 Instruction manuals and'location of markings

hree fingers

Th

is held and pages are.turmed, which will influence the extent it is used.

[s

P size, number of pagesiand weight of paper used in an instruction manual can affect the ease W

O/IEC Guide #12001,8.12.2]

ith which it

Th

e followirig accessibility considerations are relevant to the use of instruction manuals for products|

User instructions that contain information about placement, configuration or attachment of t

he product

ensure accessibility. This also applies to products that require installation, if the installation of the product

is not restricted exclusively to a qualified fitter.

User instructions that are restricted to the type and design of one product can increase accessibility.

The binding of printed instruction manuals such that pages remain open easily (e.g. spiral bi
increase accessibility.

Instruction manuals printed across the fold of paper can cause accessibility problems.

Accessibility of audio user instructions is increased with a structure using suitable mean

nding) can

s such as

acoustic signals or tracks (CD, audio cassette, Daisy Books) enabling a desired chapter to be found more
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easily. For tapes, acoustic signals can be indicated by means of low-frequency signals that can only be

heard

during fast-forward or fast-rewind.

8.12.3 Controls

8.12.31

Handling

The force required to twist, turn, push or pull controls or fastenings is significant for people with various
impairments. Operating controls should allow comfortable grip, avoid twisting of the wrist, avoid the need for
simultaneous actions and_offer_minimal resistance. Textured surfaces, to increase friction, assist the

applicatior
considereq
people wit

[SO/IEC G

of force. Provision of alternative controls offering greater leverage or power-assistance shouid
. Reprogrammable operation and personal preferred settings can be effective, particularly
N cognitive impairment.

uide 71:2001, 8.12.3.1]

be
for

The follow
— Easy
— The fg
EXAM
EXAM

— Comb
proble

Howe
used.

— The 3

8.10.3.

— The r
that m

— Feedh

—  Provis
can in

— The g

ng accessibility considerations are relevant to operating controls.

o reach controls increase accessibility. See 8.12.1 and 9.3.2.1.

rce transfer can be supported by an appropriate mechanical designfer handling.
PLE 1 It is easier to grab and move a knob or a hand grip if it fits into the hand.

PLE 2 Non-slippery surfaces can be used when friction force.is utilized.

ined adjustment movements (such as simultaneously pressing and turning) cause accessib
ms.

ver, for safety reasons some combined movements (such as child-resistant containers) may
See 6.2 for accessibility and safety issues!

bsence of time constraints imposed on the operation of controls can increase accessibility. S
blationship between travel,cadjustment duration and feedback (reaction time and reaction spe
eet the expectations of the User group can increase accessibility.

ack directed towards-at least two senses is more effective for a wider range of people. See 8.2.

ion of tactile feedback to the users of controls with a key drop (no touch key) and a pressure pd
crease accessibility.

desig

ssembly.and disassembly of products (for example a kitchen aid) can be facilitated by appropri

lity

be

ee

nt

ate

— Foot operation replaced with another form such as voice operation can increase accessibility.

— An alternative to two-handed operation can increase accessibility for persons who have only one
functioning hand.

EXAM

38

PLE 3

Design of controls in accordance with Table 9 for dimensions and with Table 10 for adjustment 641,
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Millimetres
. Part of the hand Width or diameter of Length of ".‘a"“a' control
Method of grip . along the axis of movement
applying force manual control - .
or axis of rotation
Finger =7 =7
Contact grip Thumb > 20 > 20
Hand (flat) > 40 > 40
Fingers, thumb > 710 <80 >71t0 <80
Pipch grip
Hand, thumb > 1510 <60 > 60 to <,100
Clgnch Finger, hand >15t0 <35 > 100
NOTE Details of the different types of grip including explanations and figures can be found in JSO 9355-3. See 9.3.4.2.
Table 10 — Classification of force/torque for manual controls [64]
Forcel/torque for female Class
<TN
Negligible
<0,33 N-m
7Nto<17N
Low
0,3 N'mto< 1,0 Nm
171Nto<33 N
Low to average
1,0 Nmto <2,0 Nm

NG
pe

TE The data given in Table 10 are standard ergonomic values and maximum for accessible design. To address
sons with less force, the values for a small female can be a good approach for ensuring accessibility.

he needs of

8.1

2.3.2 Spacing

Co

[1S

htrols should be spaced to avoid interference when another one is being operated.

O/IEC Guide“71:2001, 8.12.3.2]

Ta
dis
on

Ctile markings can be used in conjunction with controls to avoid interference for persons
abilities: The placement of the controls, however, can take into account the potential for control ir
thie,use of tactile markings. See 8.2.2.1. This issue also relates to the dexterity of the user and

ith visual
terference
design for

en

8.1

+ ol ry + o faNe I |
ATy UTATCITY. " OTT I, 0.1,

2.3.3 Status

Multisensory feedback should be provided on the status of controls.

[ISO/IEC Guide 71:2001, 8.12.3.3]

The status of the controls and of the condition of the operation of the total system is required to be clearly
recognisable by the user in due time. Thus, provision of status information via two senses is important. For
example, tactile or auditory information can be used as well as visual information.

© 1SO 2008 — All rights reserved
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8.12.4 Containers and packaging

Containers should allow easy opening and closing by adopting appropriate shapes, sizes and surface finish.
Packaging, such as some food wrappings which are difficult to open can result in injuries as users resort to
sharp knives or other gadgets to attempt opening. Operating forces should be as low as reasonably
attainable, compatible with security of contents.

[ISO/IEC Guide 71:2001, 8.12.4]

The design of containers can facilitate opening and closing by use of appropriate shapes, sizes and surface
finishes. Rarticutarattentiom canm be given to the needs of ofder persons, WHoSE graspimng power 1S _often
weakened

Where thel manufacturer intends the packaging (both disposable and re-usable packaging) to be,used by the
consumer,fopening and closing, if necessary, by one hand can increase accessibility. See 8.12. 1

There is altrade-off to be made between the requirement for child safety and the need for ease of opening (g.g.
pill bottles]. For child safety, see ISO/IEC Guide 50.

The follow|ng accessibility considerations are relevant to ease of opening.

— In a spft plastic container, a notch in the shape of a wedge can be provided to help the user to tear off a
cornef. See Figure 15 [49],

Ve1a

'

N7

Key
A able to be openéd by hand

Figure 15 — EXample ot soft plastic container openable without tools
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— Containers sealed with soft packaging material can provide a tongue with a large area to grip. See

Figure 16 (461,

Figure 16 — Example of container with tongue for gripp}@,

by wet hands. See Figure 17.

Qé\\%
ey

—| For screw-top containers, texturing or knurling can be formed on the cac)‘te nable it to be uns

paled even
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— Unlike bottle caps, a swing-stopper or a flip-top closure on bottles can be opened using one hand.
See Figure 18.

Figure 18 — Example of bottle designed for easy opening

The followjng accessibility considerations are relevant to the design of the shape of containers so that they
can be usgd easily, even by users with weakened grasping power.

— An appropriate shape for the entire weight and size of the container and its contents can prevent it
slipping when held.

— The provision of ridges in a rugged or spiral state so that the fingers of the hand can firmly grasp the
surfade of the container can increase accessibility. See Figure 17.

— Devices and products that.are designed to be opened can follow the requirements and recommendations
for acpessible productsy= except, of course, for safety caps. In principle the requirements of 8.12.3 are

applichble.

8.12.5 Dufration of actions

Products should not need a long handling time and unnecessary repetition of operations should be avoided

[ISO/IEC Guide 71:2001, 8.12.5]

For operation using auditory and visual information, see 8.10.2.

42 © 1SO 2008 — All rights reserved



https://standardsiso.com/api/?name=3026c175b83e46f430a78edd86fed333

8.1

ISO/TR 22411:2008(E)

2.6 Timed responses

Whenever possible, users should be able to control any limits on the amount of time available to them to read
or respond.

[ISO/IEC Guide 71:2001, 8.12.6]

Typical in the application of timed responses are elevator doors that open for a sufficient amount of time to
allow persons using a wheelchair to enter or exit. For example, a 10 s duration has been adopted by the
Japanese Elevator Association as its de facto standard value [65]. The EC standard requires a duration up to

20

Fo

8.1

. . [6a]
S, contigurea dependaing on e type ol use ™+,

2.7 Elements in buildings and the built environment

F timed responses in applications operated via speech or touch-tone input over the telephone; se¢ 8.10.3.

Elg
SYS
log

Th
m§

Th
md

[s

ments and parts of buildings such as windows, doors, bathroom-elements, lifts/eleévators, lobbie
tems, etc., should be accessible and easy to handle. This concerns the application of force, |
ical structure and having enough space to move around when using assistive devices.

b same applies to the built environment (for example, street furnitiire; pedestrian crossings, a
ters) and handling in public transport (doors, ticket machines, etgc.).

bse aspects are particularly valuable for those with impairménts’in seeing, balance, dexterity, ma
vement, strength and cognition. See also 8.3 and 8.16.

O/IEC Guide 71:2001, 8.12.7]

5, intercom
ositioning,

nd parking

nipulation,

8.1

Elg
vis
M3

A
m4g
tha
an
exi
en

Th
en

2.7.1 General consideration

ments of the built environment are used by’persons with a wide range of impairments, including
tors, spectators, customers, employees;-or participants in sports events, performances and cg

residents,
nferences.

nagement and maintenance can affect safe access to, and use of, facilities by persons with disabilities.

built environment designed tonanticipate and overcome restrictions preventing disabled pe

sting buildings, additional features such as handrails, tactile signs and hearing enhanceme
hance accessibility-ln principle, the descriptions of 8.12.1 and 8.12.3 apply.

e following basic concepts and considerations increase accessibility to elements in buildings ar
ironment,

The‘body size and stature of a person can determine the spatial dimension and prg

sons from

king full use of premises and)their surroundings increases accessibility. An accessible environment is one
t a disabled person can, enter and make use of independently or, if necessary, with the asgistance of
bther person. New facilities can be designed to increase accessibility for persons with disabilities. In

t systems

d the built

portion of

cOnstructional facilities and their equipment.

The planning and location of features of buildings that take account of variations in the height of a

person’s eye and consequently his or her field of view increase ease of orientation.

The area of movement can be determined not only by body size but also by assistive technologies such
as walking frames, walking sticks and wheelchairs. Wheelchair users need the most space to move,

particularly when turning. That is why the necessary areas of movement for wheelchair users
basis for the measurement of areas of movement (e.g. traffic areas, corridor widths) in
facilities.
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The reaching area can be determined by body stature (size, width) and the person's mobility, and thereby
defines the accessibility of service elements. The reach of persons with walking aids or persons in
wheelchairs is very heavily dependent on their individual skill in moving the upper body.

Visibility and other operational elements can be considered as well as reaching.

The following dimensions for elements in buildings are taken from existing standards and guidelines [671. [68],

For a wheelchair user with an upper-body impairment, the area between 400 mm and 1 050 mm above
the upper edge of the finished floor is reachable by hand. The lateral reaching area is up to 250 mm from

the whreetchairsoutet cdyc. See 8421

— With fespect to the lateral reaching area of wheelchair users, controls need 500 mm clearance” from
adjacent walls and/or constructional facilities to allow for the dimensions of a wheelchair.

— The rgcommended height for controls is 850 mm. The fingertips of standing adults lie oetween 730 m
and 7p0 mm. Adults can thus always reach controls installed at the recommended height. Persons with
mobility impairment can reach controls at this height without lifting their walking aids. Also, wheelchair
users |with an upper-body impairment can directly — with the arm still partly resting 'en the arm rest — grip
a confrol positioned at a height of 850 mm.

— The hpight of doors and passages can be determined by the body size ofithe people who use them.
EXAMPLE 1 The minimum height of doors is 2 000 mm [71],

— The wlidth of doors and passages can be determinated by theaneeds of wheelchair users. See 8.12.7.2
EXAMPLE 2 The minimum width of doors is 900 mm. Due to construction problems in special cases Jike
high-speed trains, a door width of 800 mm can be acceptable 6],

8.12.7.2 [Clear floor or ground space

The following accessibility considerations are(relevant to the maximum dimensions for clearance of a

manually driven wheelchair (overall length 1 200°'mm; width 700 mm in ISO 7193).

— The Width is increased approximately: 50 mm to 100 mm on each side for the elbows of the user. That
means that the optimum width overall for wheelchair and elbows on both sides is 900 mm.

— Approximately 50 mm to 100-mm is added to the wheelchair length with respect to the user's protrudjng
feet.

EXAMPLE Thedwidth overall for wheelchair and elbows on both sides is 900 mm (optimum) [705 [71],

8.12.7.3 [Manoeuvring clearance

Buildings and-other constructional facilities can be arranged to fulfil the fundamental geometric requirements

ofallpers ithregardto-areas—-o MoveEMmeRtarcas-otrapproachmovemen Bace “:‘ of-hanrdles-and

the ability to drive under objects.

The following accessibility considerations and measurements (given as minimum values) are relevant to

manoeuvri

ng clearances.

44

Areas of movement and movement spaces restricted by obstacles can cause accessibility problems.

The areas of movement in the same room, for example for toilets and hand-wash basins, may overlap.
See Figure 19.
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Figure 19 — Example of plan of bathroom [7]

When wheelchairs are pushed by a‘third party, the total length of both does not exceed 1 500
stationary and 1 750 mm when.moving.

In primary living spaces _like living rooms, sleeping rooms, kitchens, bathrooms and corridors,
movement of 1 500 mm_x 1 500 mm for manoeuvring by wheelchair operators enhances aq
See Figure 20.

Open doors of.any kind or in any position that limit the width of a passage can cause a
problems.

millimetres

mm when

an area of
cessibility.

ccessibility
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1500

Dimensions in millimetres

8.12.7.4
Where sp3

considered

Figure 20 — Manoeuvring clearance

Knee and toe clearance

ce below an object such as a basin is added to clear floor;;ground space or turning space, a desjgn
providing enough space for knee and toe clearance is required. Additional space below an object cannot|be

as part of the clear floor or ground space or turning space. See Figure 21.
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ction compartment
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Figure 21 — Leg clearance
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8.12.7.5 Protruding object

Protruding objects that do not reduce the clear width for accessible routes can increase accessibility.
8.12.7.6 Walking surfaces

The following is relevant to the design of walking surfaces:

— for walking surfaces that are a part of an accessible route, see 8.16;

—| for floor or ground surfaces, see 8.15.4;
—| the running slope of walking surfaces that is too steep can cause accessibility problems;see 9.8.3.2;
—| for changes in level, see 8.16.4;

—| walking surfaces that provide clearances according to 8.18.3 can increase aecessibility, see also 8.12.7.9.

8.12.7.7 Elevators

For the manoeuvring clearances of lifts and elevators, see 8.16.2.

8.12.7.8 Reach ranges

Mqst people, whether standing or sitting and regardless of their ability to move the upper body and|arms, can
regch a height of 850 mm. The ability of wheelchair users to move their upper body varies widely, fesulting in
a large range for reach. Figure 22 shows reach ranges‘of a wheelchair user depending on arm mobility, as an
example.
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The following examples can be given as dimensions of reach ranges for a person in a wheelchair whose
individual ability to move the upper body and arms is unobstructed.

— Where a forward reach is unobstructed, the upper forward reach can be 1200 mm maximum

(optimum = 850 mm) and the lower forward reach can be 360 mm minimum above the floor or ground.
See Figure 23.

Dimensions in millimetres

?
%
%
?
_

Figure 23 — Unobstructed forward reach (full mobility of the upper body and arms)

—| Where a clear floor or ground space allows a lateral approach to an object and the sideways reach is
unobstructed, the upper sideways reachcan be 1 220 mm maximum (optimum = 850 mm) and the lower
sideways reach can be 360 mm minimum above the floor surface or ground. These reach valdes are still
valid as long as obstructions on the.floor do not exceed a depth of 255 mm. See Figure 24.

Dimensions inp millimetres

N\\NAN\\\\y

N\

Figure 24 — Unobstructed sideways reaches

© 1SO 2008 — All rights reserved 49


https://standardsiso.com/api/?name=3026c175b83e46f430a78edd86fed333

ISO/TR 22411:2008(E)

8.12.7.9

Dimensions of passage for wheelchairs

The following considerations and examples of the dimensions of passage for wheelchairs are relevant to
increased accessibility.

— The minimum width for wheelchair passage is affected by the physical dimension protruding from the
wheel (elbows). The minimum free width of the passage is, for example, 900 mm. The intensity of use of’
the corridor is used as a criterion for fixing the minimum width and length of the corridor. For example, the

minim

um width is

laagct 1 QO0 mama if th dircaectionce-hbyv th nobiHation—atlar
TCToT PoOPTatoT T

1) a
n

2) a
3) a
4) a

— For ¢
passal

— Wher¢ a door opens into a frequently used corridor, the corridor width allows a clear space of 900 1

within
— The W

— If corr]
length

8.12.8 Aspembly and maintenance

The follow

—  With
comp

— Clean
which

8.13 Expliration date . marking

arodointanca cimpiltan e o n hath r AL a
oo TU T T e IO T tC o C— o ronta e U o oot oot o e CtoTTo—oy e

cluding persons in wheelchairs,

least 1 500 mm if the route is less busy and passing places are provided for wheelchair users,
least 1 200 mm in exceptional circumstances, e.g. for rarely used access routes, and

least 900 mm for paths within curtilage of a single dwelling [68l.

prridors with corners where it is necessary to turn, the minimum width)(the available width
ge in a corridor, clear of any obstructions) is 1 500 mm [68],

the corridor when the door is open [68],

idth is at least 1 200 mm for a ramp, and 1 000 mm for a.stepped access route [68l.

dors are longer than 15 000 mm and narrower than*4*800 mm the provision of an area of 1 800 r
with a minimum width of 1 800 mm enables the passing of two wheelchairs.

ng accessibility considerations are relevant to the assembly and maintenance of products.

products that can be dismantled .as intended, see 8.12.1, 8.12.3.1, and 8.12.4 for the individ
bnents and the way they are handled.

ng and maintenance do not impair product features (i.e. surfaces, colours, printing and grip, €
remain intact for the-life-of the product.

for

nm

ual

lc.)

In order to
to interpre

reduce the)risk of food poisoning, clear expiration date marking of food is important, as is the ab
this. Ittis of particular value to those with an impairment in taste or smell.

[ISO/IEC

lity

5uide 71:2001, 8.13]

An expiration date expressed in an alternative format as well as in clear language can increase accessibility.
See 8.2 and 8.7.

NOTE

50

An expiration date is important not only for foods but also for products, because of safety, emergency and
health considerations. For example, the expected performance of a helmet or the expected effect of a medicine decreases
with time due to the change of its component substances.
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8.14 Contents labelling and warning of allergens

Clear contents labelling is important, as is the ability to interpret this. Warning of potentially hazardous
substances, such as chemicals, gases and smoke is of particular value for those with visual impairment or in
taste or smell. Clear content labelling of products and packaging is important for individuals who suffer from
food or contact allergies. Attention should be drawn to any change in composition of existing products.

[ISO/IEC Guide 71:2001, 8.14.1]

Specific labels for “allergy-tested” products and packaging, as well as clear instructions for safe use or

op

[1S

bration, are helpful.

O/IEC Guide 71:2001, 8.14.2]

8.1

Fo
kn

prd
pa

EX
8.1
By
ind
Ex

NG
corl

NG

NG
Ex

NG

Climically, after a perseh.comes into initial contact with an antigen, an allergy occurs with the second exposure.

NQ
Un

4.1 Allergy labelling/ingredients list

[ measures against allergy, labelling is very important and effective. It is most important to 34
bwn sensitizing substances. But, in some cases, sensitizing substances “are required to m

Ckaging materials, and other printed information. The list can be presented in alternative formats.

AMPLE For persons with visual impairments, tactile markings on packages of medicines are used.

4.2 Warnings and cautions

placing warning and caution labels on products, packaging materials, and instruction booklets,
ucing allergic reactions can be minimized in those with allergies or those who have been
bressions such as, “Contains xxxxx” or “Those with xxxxx allergy should not use this product” car

TE 1 An allergy is a condition that brings_about a pathological reaction in a sensitized organism due
tact with an antigen.

TE 3  Antigen is a collective/term for compounds that stimulate the body and induce immunologicg
ept for proteins, substances-become complete antigens only when combined with proteins in the body.

TE 4 Sensitization\refers to an immunological condition in the body caused by exposure to a cert

TES5  The\glebally harmonized system of classification and labelling of chemicals (GHS) has been presd
ted Nations./,The UN recommends that each country comply with GHS as soon as possible.

void using
anufacture

ducts or provide services. The risk of contact allergy can be minimized‘by listing ingredients on products,

the risk of
sensitized.
be used.

0 a second

TE 2  Allergen is a collective term(for*substances that cause allergies. Allergens include proteins, caibohydrates,
and chemical compounds. See Note 4, below.

| reactions.

hin antigen.

ribed by the
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8.15 Surface temperature

Surfaces which may be touched inadvertently during normal operation should not get excessively hot or cold.
The choice of materials to be used, for example, under cold conditions, and the use of appropriate insulating
materials needs consideration.

[ISO/IEC Guide 71:2001, 8.15.1]
Warnings of where temperatures may be excessively high or low for functional reasons are of particular

benefit to those with limited sensitivity in their touch receptors. The format of the warnings should be
accessiblertopeoptewithrvisuatorcogmitive impairment:

[ISO/IEC Guide 71:2001, 8.15.2]

8.15.1 Appropriate range of surface temperature of objects

Sensitivity[to temperature decreases progressively with age. Normally, when the surface-of ebjects with whiich
persons cpme in contact is extremely high or low in temperature, its danger or discomfort is perceived.
However, when older persons come into contact with objects of moderately high or fow surface temperaturg, it
takes them longer to perceive thermal changes. Older persons are less sensitive~{o hot and cold stimuli,{so
they are more susceptible to severe injury from contact with hot or cold objects

A temperafture-controllable surface can be kept within an appropriate temperature range to prevent skin blrn
and discgmfort. Special attention is required for persons with impaired peripheral nerve function| or

thermoreglilation, who are less sensitive to heat or cold or who take vasodilator medicine. See 9.2.3.4 for dpta
on thermal sensation as a function of surface temperature for younger and older persons.

8.15.2 Anjbient air temperature

Older pergons are less sensitive to cold in summer-and warmth in winter. Both the acceptable and the
comfortable temperature ranges are wider for older pérsons than for younger persons [73].

Thermal sense, i.e. a feeling of warmth or coldness varies among young persons throughout the year dug to
seasonal fcclimation. Thermal sense also ‘changes with age in accordance with thermoregulatory ability,
which decteases with age.

Special donsideration for the appropriate thermal environment is necessary for persons whgse
thermoregllation and peripheral nerves are impaired, or who take vasodilator medicine (ISO/TS 14415).

See 9.2.3.4 for the effects of_surface temperature and air temperature.
8.16 Acdessible routes

8.16.1 Chpnges>of level

ahd d-build : g4 el—Even—very
small changes of level, edges and protrusions can cause tripping. Where level changes cannot be avoided,
they should be as low as possible, and clearly marked.

[ISO/IEC Guide 71:2001, 8.16.1]

All substantial entrances to buildings and plants and all areas in dwellings that are attainable without steps
increase accessibility.
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The following accessibility considerations are relevant to the design of changes of level.
— Vertical changes of level that are as low as possible can increase accessibility.

EXAMPLE The maximum vertical change in level is 6,4 mm for simple vertical changes. When the changes are
bevelled with a slope not steeper than 1:2, a larger maximum height is possible. See Figure 25.

Dimensions in millimetres

/i.\s
)

o

27° slope = 1:2

Figure 25 — Maximal vertical change in levelfor simple vertical change and bevelled efdge

—| The design of the walking surface is according’to 8.16.4.
—| Changes of level that are clearly marked and well visible can increase accessibility. See 8.4 for|lighting.

8.16.2 Lifts/elevators and ramps

appropriate in order to be safe and usable by persons using powered scooters, walking aids and wheelchairs.

W&Fare there is a change of leyeél, lifts/elevators and ramps should be provided. The slope of rampsg should be
Lif{fs/elevators need to be of adequate size.

[ISP/IEC Guide 71:2001, 8.16.2]

8.16.2.1 Lifts/elevators

The following accessibility considerations are relevant to the design of lifts/elevators.

— L _S{fficient inside _dimensions of elevator cars and a sufficient width of elevator doors for persons using

walking aids and/or wheelchairs can increase accessibility (631 [66]. [67] For width of doors, see 8.12.7.

EXAMPLE Lifts and elevators have a minimum cabin dimension of 1 100 mm x 1 400 mm [66],
— Lifts have handrails in accordance with 8.16.3.
— Controls and operable parts are according to 8.12.3, 8.3 and 8.6.

— A mirror can be installed inside facing the door of the lift so that the wheelchair users can see behind
them.
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8.16.2.2

Ramps

The following accessibility considerations are relevant to the design of ramps.

— The slope of ramps designed with considerations of the width, length and the landing length for
wheelchairs, as well as the ease of handling of wheelchairs, can increase accessibility. See 9.3.3.2.

— The design of the walking surface is according to 8.18.3.

— For changes of level, see 8.16.1.

— For h{

8.16.3 Stz

ndrails, see 8.16.3.

irs

Any stairs

providing handrails of an appropriate diameter and height on both sides. Steps should be of a consistent 1

and tread
appropriat

[ISO/IEC ¢

and steps should be designed to accommodate older persons and persons with disabilities

to accommodate the length of a human adult foot. Ends of flights of stairs_should be marked
b colour contrast.

buide 71:2001, 8.16.3]

by
ise
by

8.16.3.1
The follow
— Stairs

— Steps
acces|

—  The fq
290 m

— Spiral
steps.

— In pu
acces

— Theu
— Open

— When

General
ng accessibility considerations are relevant to the design.of stairs.

(in particular the main staircase) that have straightsrins can increase accessibility.

Sibility.

llowing increases accessibility: two times riser + tread = 630 mm. A riser of 170 mm and a tread
m can be optimum for the widest ranige of people [72].

staircases are not accessible; because the optimal step dimension only applies in the middle of
When using handrails, the (outer parts of the step of a spiral staircase have to be used.

Sibility.
se of stairs that-have handrails in accordance with 8.16.3.2 can increase in accessibility.

risers can\cause accessibility problems.

on a flight of the stairs that all have uniform.fiser heights and uniform tread depths can increase

of

the

blic buildings, the provision of landings every 12 upward steps at maximum can increase

acces!

designing stair treads and landings subject to wet conditions, slip resistance can increTse

sibility
J

— Clearly visible steps through the use of contrast in brightness and colour, at least at the edge of each step,
can increase accessibility. The areas at the approach to stairs, both at bottom and top levels, can be
marked to draw attention.

EXAMPLE Marking stripes of 40 mm to 50 mm width at the forward edge of the step. See Figure 26.

54
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Dimensions in millimetres

600 600

A
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40
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i

Figure 26 — Optimal marking of stairs

8.16.3.2 Handrails

Handrails are required on ramp runs’ with a rise greater than, for example, 150 mm, and on|stairways.
Handrails are not generally required on walking surfaces with running slopes less than a certaip ratio, for
example, 1:20 671 but some péople need them even for a flatter slope.

The handrail is most effective when its height is approximately equal to the height of the hip|joint. The
muscular skeletal load~is minimal when the height of the handrail is approximately equal to the height of
trophanter major. Thedheight of handrails can therefore be set at the averaged height of the hip jqint of their
users. See Figure\27. The appropriate height for door handles is approximately the same as th¢ height of
handrails. Handrail height cannot be used to set the height of any safety barrier.

EXAMPLE A stair handrail height of 900 mm is used in European countries, and one of 700 mm to 900 mm in Japan.
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Key
A height

8.16.4 Fla

f hip joint

Figure 27 — Preferred height of handrails [74]

oring

Flooring should be reasonably slip-resistant, firm and stable: (see 8.18,3%) Floor guidance for visually impai

people shg

[ISO/IEC

uld be provided.

buide 71:2001, 8.16.4]

red

Floor guid
visual info
of their vis

8.16.5 Swling, sliding or powered door-closing;systems

bnce can be provided by both tactile and visual.information. See 8.2.2.1 for tactile information.
mation, colour and contrast for persons with low vision can be appropriately chosen taking acco
Lial properties. See 8.18.3 and 9.2.1.7.

For
unt

These cap knock people off balance and should incorporate appropriate safety mechanisms. Consi

alternative
allow morsg

[ISO/IEC

controls such as (hands-free):automatic operation. The timing of any procedure or operation sho
time for people who move slowly.

suide 71:2001, 8.16 5]

Her
uld

Doors can|
doors and
for both si
exist that d

be clearly recognizable, secure to pass through, and easy to open and to close. When design
their installation; consideration on clearance can facilitate accessibility. The manoeuvring cleara
des of eachidoor can follow 8.12.7. A number of national standards and guidelines for buildi
over aceessibility of door systems [671. [68], [75],

8.16.6 Seqting

ng
ce

gs

This should be provided at appropriate locations in a facility or environment to enable users to rest.

[ISO/IEC Guide 71:2001, 8.16.6]

The following accessibility considerations are relevant to the design of seating for wheelchair users.

— Provision of wheelchair spaces, companion seats, and designated aisle seats in assembly areas can
increase accessibility. See Table 11 [67],

56
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Table 11 — Example of minimum number of required wheelchair spaces

Number of seats Minimum number of required wheelchair spaces

41025 1

26 to 50 2

51 to 150 4
151 to 300 5
301 to 500 6

501 to 5 000 6, plus one for each 150, or fraction thereof, between 501 thraogh 5 000
5001 and over 36, plus one for each 200, or fraction thereof, over'\51000

—| Assignment of visitors’ seats for companions to the seats/spaces for wheelchair users cap increase
accessibility.

—| Seats/spaces for wheelchair users and the corresponding access to thi€se spaces, clearly identified and
highly visible, can increase accessibility.

—| Wheelchair spaces are an integral part of the seating plan.
—| Provision of at least one companion seat for each_Wwheelchair space can increase adgcessibility.
Companion seats can be equivalent in size, quality,~comfort, and amenities to the seafing in the

immediate area and can be movable. At least 5 %_of.'the total number of aisle seats provided can be
located closest to accessible routes.

—| Provision of seats for persons with walking aids also increases accessibility in assembly areas.

—| Provision of specific seats with better'acoustical properties for persons with hearing diffiquities also
increases accessibility in assembly areas. See 9.2.2.

8.16.7 Coverage

Actessibility should be planned for all areas where people normally work or use the environment; it should be
engured that the accessible routes connect those areas by the shortest possible path. Care should be given to
thg inclusion of sanitary-facilities within the accessible routes.

[ISP/IEC Guide 71:2001, 8.16.7]

Nol additional-guidance is offered.

8.16.8/,Route information

Guidance on accessible routes through a building IS of particular value to those with a visual, movement or
cognitive impairment.

[ISO/IEC Guide 71:2001, 8.16.8]

The following considerations are relevant to the design of accessible routes.

— Provision of an information and guidance system in corridors and other traffic areas of publicly accessible
buildings can increase accessibility. For larger complexes, the information and guidance system can
extend to the building approaches and interconnections.
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— Access and entrance areas are also locatable for persons with sensory limitations (in alternative formats,

see 8.

2). Adequate illumination is necessary in an emergency.

— In publicly accessible buildings, provision of an information board and/or a three-dimensional information
model can help persons with sensory limitations in familiarizing themselves with the spatial arrangement

of the

building’s functions.

— Provision of an intercom and a door opener at the front doors of buildings can increase accessibility.

— When the arrangement of the doorbells at the front of the building reflects the arrangement of the units

inside

8.16.9 En

ergency routes

It is essen
others with

[ISO/IEC

ial that emergency evacuation routes are obvious, intuitive and accessible to wheelchair users §
a movement or visual impairment.

buide 71:2001, 8.16.9]

nd

When des
sensory re

EXAMPLE
Suppleme
The follow

—  Provid
hearir]

—  Provid

—  Provid

8.17 Logical process

8.17.1 Operations

igning building fire protection systems, considerations on the needs-of persons with motor 3
strictions can increase accessibility.

Supplying safe areas for persons who are not capable of self-rescue.
htary ways to facilitate the evacuation of areas in case of danger can increase accessibility.
ng accessibility considerations are particularly relevant-to the design of emergency routes.

e visual information by means of light signals;inside for the deaf and persons who are hard
g.

e acoustic information for the blind and.those with visual impairments.

e tactile maps outlining evacuation-routes.

nd

of

These, su
simple, str

[ISO/IEC ¢

ch as the opening of packaging and assembling, installing or operating a product, should fol
hightforward and logical sequences. This assists persons with visual or cognitive impairment.

buide 74-2001, 8.17.1]

Minimizing

impairmen

cognitive impairments in using the product or system.

58

he need to perform two or more tasks at the same time can help the user who may have cognifive

t
: ve
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7.2 Feedback

Consideration should be given to the provision of appropriate feedback when each action in a sequence of
actions is successfully completed.

[ISO/IEC Guide 71:2001, 8.17.2]

Older users and users with cognitive impairments will perform better if the system or product minimizes the
burden placed on memory. This allows them to avoid risks and hazards (e.g. forgetting to perform a critical
action) and facilitates task performance, generally. Depending on the design situation, this goal can be

ac

Th

romptished T severarways. See 9-4.3-Tand Annex A

e following accessibility considerations are relevant to the use of feedback.

Information that is to be remembered and subsequently recalled during task performance can b
in a form that persists (e.g. a persistent visual display of the information), unless that infg
expected to be well-learned and available in the user’s long-term memory.

Where possible, provide visual cues or voice/visual reminders of task-specific information, crit
performance, but which users are likely to forget.

e provided
rmation is

cal to task

—| Whenever possible, provide users with some form of feedback after each step performed in g multi-step
process or procedure, so that they do not forget steps or lose-their place in the sequence.

—| Make use of memory aids (i.e. mnemonics) where appropriate to increase the likelihood of usgr recall of
important information or steps in a process or procedure.

—| Design tasks with many simple steps instead of fewer, complex, steps.

—| Reduce working memory load by reducing ‘the amount of information that needs to be held gvailable in
memory in order to perform the task.

8.17.3 Repeated actions

Within a task, repetition can be helpful because it makes learning easier. (This may conflict with the needs of

someone with a strength impairment, see 8.12.5.) Individuals with cognitive impairments can usg most well

de

[1S

bigned controls and displays, but they take longer to learn to use them and need error protection.

O/IEC Guide 71:2004,)8.17.3]

No

8.1

additional guidance is offered.

7.4 Other.design considerations concerning cognitive abilities

eruere there is a decrease in cognitive abilities, the following accessibility considerations are relevalrt [46],

NOTE This factor has been newly introduced with this Technical Report.

Products and services can be designed to be suitable for the task and to support users in dealing with
planned interactions. The cognitive limitations of older persons in processing information can be

considered.

Procedures that it is reasonable to automate can be carried out by the product itself.

EXAMPLE 1 Automatic program sequence and program indication for washing machines and dishwashers.
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Default values can be offered to the user so that he or she does not have to set them. However, it is
possible to change default values.

EXAMPLE 2 The suggested spin speed of washing machines can be adjusted within a given range.

Unnecessary steps in a procedure can be omitted.

In general, steps in a procedure which follow one another can be combined as a single function.

The affordability of a product can be taken into consideration. The design of the product, together with an

indicafiomrhow-ittstobetusedfacititatesits use (HSO4563 )y

EXAM

Produ
e.g. m

PLE 3 Mechanical door handles, cups and cutlery.

cts can be used in as far as possible without an instruction manual. Complex tas
aintenance, require additional documentation.

Wher¢ procedures are complex, product control systems can make all essentialsteps and conditic

knowr

Clear
instru

Consi

EXAM

Feedh

EXAM

Produ

EXAM

immediately to the user by feedback or by inquiry.

feedback precisely related to the situation for which it is needed minimizes the need to refer
ttion manuals or additional sources of information.

stently designed feedback helps users to understand the process easily.

PLE 4 A red flashing light stands for danger, interruption and stop.

ack that is adjustable to the expected knowledge of users also helps occasional users.

PLE 5 Pressing the command button for lifts is eorifirmed both by an acoustic signal and by illumination.
cts can indicate their operating mode automatically and support two senses.

PLE 6 Traffic lights with light and/sound signals. Lifts with light indicators and speech output. PCs

video dlisplay units and speech output. Mobile*telephones with sound and vibration.

An inferruption in program sequénces caused by the product (e.g. misoperation) not only results in

machi
Contr
EXAM

Operd
user.

Produ

ne stopping but also indicates the cause of the interruption.

bls with the same design and layout can indicate the same function, even across devices.
PLE 7 Emergency OFF switch.

ting sequences can be controllable and error-tolerant. Appropriate indications can be made to

ctsAulfil the expectations of the user.

ns

to

vith

the

the

The possibility of changing the operating condition of different products used in the same environment

(such

as the kitchen) in a uniform manner prevents users from dealing with different user interfaces.

With products that are of similar type, the controls and displays have a similar arrangement. Feedback
and control logic are also designed along the same lines.

The possibility to adapt products and their programs to individual situations, abilities and preferences
supports the specific user needs.

Support and guidance in the dialogue between the user and the product can be given, such as
explanations of options or next steps.
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8.18 Surface finish

8.18.1 Slip-resistance and texture

The surface finish of a product/material is important for people with limited dexterity. A non-slippery surface
aids gripping and manipulating. The use of distinct textures can also help someone with a visual impairment to
distinguish different parts of a product or to locate controls.

[ISO/IEC Guide 71:2001, 8.18.1]

The stability of a surface is one of the characteristics that keep the surface slip-resistant. A stablel surface is
one that remains unchanged by contaminants or applied force, so that when the contamjnant pr force is
removed, the surface returns to its original condition. A firm surface resists deformation by €ither indentations
or particles moving on its surface.

=

EXAMPLE A shampoo bottle that is designed with consideration given to slip-resistance’ See Figure 28 |*51. A rough
surface increases the slip-resistance and makes it easier to open the bottle.

<7
: (D

a8 | Tactile texture.

Figure 28 — Example of receptacle made resistant to slipping

8.18.2 Sharp points

Suffaces should be free from sharp points and edges which are a potential hazard to anyone but are
particularly-so’for someone with a visual or touch impairment.

[ISP/EC Guide 71:2001, 8.17.2]

Designing surfaces, edges and corners of products (e.g. desk tops, keyboards) and of walls so as to avoid
injuries can increase accessibility.

The following accessibility considerations are relevant.

— Furnishings, edges, and corners on furniture in public areas designed and secured to avoid injury can
increase accessibility.

— Sharp edges of surfaces or controls are avoided.

EXAMPLE The rounding of edges and corners e.g. radius > 2 mm (ISO 9241-5).
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— Furnishings can be set up and mobile parts of furnishings can be arranged in such a way that, with
intended use, no hazards develop. Hazards with furnishings can be avoided if necessary traffic routes are
not restricted within areas containing furnishings. The danger of crushing by mobile parts of furnishings
can be avoided. See ISO 12100-1, ISO 12100-2, and References [76] or [77].

— The smoothing of surfaces of walls and rounding corners and edges of supports can prevent injury by
unintentional contact up to a height of, for example, 2 m.

— If unintentional contact cannot be avoided, the remaining danger can be kept as small as possible.

8.18.3 Fidoring

Floors should be slip-resistant to facilitate movement by those with a visual impairment, impaired balance and
general difficulty in movement. Cushioned carpeting is not recommended as a springy surface does not offgr a
firm and gtable foothold and deep-pile carpet causes resistance for those with a shuffling. gait, risking a
stumble. This type of carpet can also be a hazard for people using walking aids. A change of|surface matefial
can cause|a danger and should be indicated.

[ISO/IEC Guide 71:2001, 8.17.3]

The follow|ng accessibility considerations are relevant to the design of flooring.

— Floord can be designed to be slip-resistant under all conditions {€ig. wet and dry) and to facilithte
moveiment by those having impaired balance, general difficulty in movément or visual impairments.

— Cushipned carpeting is avoided because a springy surface‘does not offer a firm, stable foothold, gnd
deep-pile carpet causes resistance for those with a shuffling gait, increasing the risk of stumbling. This
type df carpet can also be a hazard for persons using walking aids. Equally, a change of surface material
in the [same location can pose a danger.

— Floor poverings that stand out in contrast to other building construction and elements of equipment, and
the sypport orientation of users by visual and tactile means can increase accessibility.

— Consifleration of the flooring used for stairs.is especially important.

8.18.4 Noh-glare surface finish

Some surfaces that have a polished finish or that are of a highly reflected material can cause glare by
reflecting lijght or images. This réduces the visibility of these surfaces. Surface finish that minimizes glare ¢an
increase agcessibility, particularly, for floors, visual displays and instruction papers.

NOTE This factor hasbeen newly introduced with this Technical Report.

8.19 Non-allergenic/toxic materials

Avoidance| of taxic and allergenic materials is particularly important for people with impaired tasting or smelling
ability and[thGse with contact, food or respiratory allergies. Examples of everyday objects that contain nickel or
chromium, which can create an allergic response, include doorknobs and window frames.

People with visual impairment who rely on touch or tactile feel may be at risk if they come into contact with
allergenic materials.

[ISO/IEC Guide 71:2001, 8.19]

Because a variety of substances can induce contact allergies, allergy-related issues should be considered
when designing products and services. It is necessary to thoroughly examine standards, even for those areas
that seem to be unrelated to allergies, e.g. garments contaminated by formaldehyde in air, packaging or
storage, and air conditioning can also be considered. In particular, it is necessary to give careful consideration
to products and services with which people come in direct contact, and substances that can come into contact
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with, or be ingested, through bleeding or volatilization. With garments, jewellery, watches and glasses, which
are worn or directly come in contact with the body, it is necessary to closely analyze sensitizing substances.
Airborne contact dermatitis is caused when an airborne substance adheres to the skin, and can be caused by
incense, aromatic substances or formaldehyde released from buildings, building materials or furniture.

The most basic measure against allergy is to avoid being sensitized by allergens. It is important to avoid
exposure of the human body to allergens originating from products and services through contact, ingestion or
inhalation. Products incorporating measures against contact allergy have low sensitizing potential and are
highly safe for healthy people, and at the same time can reduce the burden on persons who develop contact
allergies or those who already have contact allergies.

It ip necessary to minimize the use of materials, elements and ingredients with a high sensitizin
whien designing products and services. Standards developers as well as product designers(need
mind that some products come into contact with the skin through unexpected product usage or d
design. During product manufacture, new antigens and allergens can be synthesized dué.to mixing,
chemical processing.

g potential
to keep in
ue to their
heating or

The following are additional considerations relevant to the avoidance of contactallergy [78l.

Gain an understanding of the properties of elements and materials, @nd’take into account du
corrosion.

ability and

Design so as to prevent substances with high sensitizing potential from easily eluting or evaporgting.

Gather cases and information on contact allergies, and use them for design purposes.
In

mi
co

addition, it is necessary to take into account the properties of materials and elements, e.g. with resins, a
hute amount of monomers can remain and act ast\allergens. Therefore, if it is not clear whether a resin
htains allergens, a test is necessary.

It i
ad
gu
qu

5 not possible to conduct a contact allergy test for materials, elements, raw materials or ing
ance in healthy people, because of immunological reactions. As a Type-IV allergy test (see 9
nea-pig maximization test (GPMT).[iS_available. Because it is very difficult to conduct an ani
bntitative structure-activity relationships (QSAR) have been used in recent years.

EX
ag

AMPLE In a standard for.a-housing plan, building materials, furniture and matting, it is required tha
inst house dust, which can-cause respiratory allergy, be considered. In a standard for cleaners, it is r

redients in
5.1.2), the
mal study,

t measures
bquired that

allgrgens be removed.
8.20 Acoustics

8.20.1 Acoustical design

Att
low
co

cation with
h visual or

ention_to acoustical design will ensure that the environment is suitable for good verbal communi
background noise, low reverberation and high quality amplification as appropriate. People wit
jnitive impairment rely to a greater extent on sound clues.

[ISO/IEC Guide 71:2001, 8.20.1]

Design of the environment from an acoustical point of view is important for the application of warnings of
hazards and dangers and information messages for workplaces, public areas, meeting rooms and auditoriums,
as described in 1ISO 9921.

Speech information is provided with various levels of background noise. The speech transmission index (STI)
is one standardized evaluation method for speech communication (ISO 9921); its measurement is described
in Reference [79]. See 9.2.2.5 and 9.2.2.6.
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To achieve better conditions for speech communication, the following considerations are relevant to the
design of acoustical environments.

— Speech level

Provide spoken announcements that have sufficient sound pressure levels (see 8.7.4.1) and sound
quality at the speaker's mouth or loudspeaker. Vocal effort can be considered for direct speech
communication without amplification (ISO 9921).

— Noise level

Make
— Revel

This i
by 60
detrim
reverk
applie
struct

— Early
Early
both f

the lig
absor

8.20.2 An

the environment as quiet as possible to achieve a sufficient signal-to-noise ratio. See 8.7.4.4.

beration time

5 the time, expressed in seconds, that would be required for the sound pressuredevel to decrease

dB. This can be measured by a standardized method (ISO 3382). Since ‘reverberation is
ental factor, especially for elderly listeners and listeners with hearing<impairments, sho
eration times are preferable for speech communication. Sound absorption structures can

a
ter
be

d to decrease reverberation energy and shorten reverberation time.\Iypical sound absorptjon

ires are composed of, porous materials, membrane absorbers and cavity'absorbers.

reflections

reflection, i.e. sound reflection bouncing from walls arriving. within 50 ms of direct sound, is effecfive

Dr persons with normal hearing and those with hearing impairments, to increase the speech leve
tening point and achieve a higher signal-to-noise ratio, for direct communication. Too much sol
btion around speech sources reduces the benefit of:early reflections.

plification and adjustment

at
nd

Building th

[ISO/IEC

ese into audio equipment widens the range of users who may be accommodated.

suide 71:2001, 8.20.2]

No additio

nal guidance is offered.

8.20.3 Communication systems

Even with
the source]
systems

[ISO/IEC ¢

a good acoustic-ebvironment, hearing-impaired people have difficulty in hearing at a distance fr
of the sound¢sThe availability of communication systems such as induction loops, infrared and ra
eans that they'should be included.

buide £ 12001, 8.20.3]

om
dio

For inducti

pn-loops for hearing aid purposes. see Reference [80].

8.21 Fail-safe

Product or system design should ensure that even when incorrectly assembled or installed or there is
mistaken use of controls, the product or system will fail in a safe manner without hazard to the user.

[ISO/IEC Guide 71:2001, 8.21]

No additional guidance is offered.
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8.22 Ventilation

Ventilation systems should not cause or enhance respiratory allergies or irritation.

[ISO/IEC Guide 71:2001, 8.22]

No

additional guidance is offered.

8.23 Fire safety of materials

Co

pe
sm
of

[s

bple with disabilities. Materials susceptible to ignition by a small source such as a cigarette;\mat
all flame present a potential hazard if they continue to burn, producing toxic smoke or resultin rg
ire.

O/IEC Guide 71:2001, 8.23]

hsideration should be given to the fire-resistance qualities in products and buildings which afle used by

Ch or other
pid growth

No

9

9.1

additional guidance is offered.

Ergonomic data on human abilities and the consequences of impairment

General

Th
ind
co

[s

Th
ne

[1S

e needs and abilities of people change as they advanee from childhood to old age and the
ividuals in any particular age group vary substantially. It is important to recognize that fund
gnitive limitations vary from comparatively minor impairment to more extreme forms.

O/IEC Guide 71:2001, 9.1.1]

s clause, to be used in conjunction with Clause 8, provides the tools for identifying and addn
bds of older persons and persons with.disabilities in standardization work.

O/IEC Guide 71:2001, 9.1.2]

A brief definition and description of each ability used in the Tables have been given along with info

thg

ap
thg

[1S

effects of ageing and -the practical implications of impairment. Examples have been giv
ir functional limitations.

O/IEC Guide,71:2001, 9.1.3]

abilities of
tional and

essing the

rmation on
en, where

propriate, of hazards-from which older persons and persons with disabilities are more at risk hecause of

Th

s clause provides ergonomic data on human abilities with an emphasis on describing how hum

ch
pr

nge between youth and old age. Where possible, design considerations and methods of using th

an abilities
e data are

sented. For some human abilities, large-scale data sets are presented by descriptive statistics

o illustrate

the individual differences. The accumulated data are not always uiilized directly in designing products and
services. However, knowledge of human abilities is indispensable for standards developers and product
designers whose work takes into account the needs of older persons and persons with disabilities.
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9.2 Sensory abilities

9.21

Seeing

Description

Seeing relates to sensing the presence of light and sensing the form, size, shape and colour of visual stimuli.

[ISO/IEC Guide 71:2001, 9.2.1.1]

Effects of ageing

The incide
eye affect

[ISO/IEC ¢
Design cgnsiderations

People wi
difficulties
contrast. T}

[ISO/IEC ¢
Risks and

People wit

loss o
loss o
reduc
perce
depth

speed
lightin

sensitjvity to light; generally, older persons need more light.toyread than they did at 20 years of age.

sharp
featur

physic

chang

nce and severity of visual impairment increase with age. Changes in the physical structure of
several aspects of visual functions, including:

f visual acuity (the image appears indistinct),

f near and/or distance vision (inability to accommodate changes of focus),

bd field of vision (inability to see things to the side, top or bottom of where Iooking),
btion of colour, including age-related yellow vision (inability to distinguish_colours),
perception (inability to judge distances),

of adaptation to changing light levels (temporary inability_to“see whilst eye adjusts to differ
g levels, for example on entering a building), and

buide 71:2001, 9.2.1.2]

th no useful vision depend mainly on-tactile and acoustic input. The majority of people v
seeing have some vision, and therefore use visual stimuli such as size, luminance and col
ypically the simpler an image and the clearer its definition, the easier it is to see and read.

buide 71:2001, 9.2.1.3]
hazards
h a visual impairment-are at an increased risk from, for example:

points and edges on products being handled, particularly if the user relies on touch to iden
b'S,

ally unstable items that might fall out of reach,

the

ent

ith
bur

tify

es-in surface level, obstacles or protrusions which may result in slip, trip, collision and fall hazarn

ds,

or cau

SE injuries,

open fire and flames,

hot surfaces that might be touched inadvertently,

corrosive substances unless they are labelled with a universally recognized tactile warning,

evacu

ation procedures which rely solely on visual indicators,

visual warnings which rely solely on colour or on colours with poor contrast between text and background.

[ISO/IEC Guide 71:2001, 9.2.1.4]
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9.2.1.1  Spectral sensitivity of the eye

The human eye responds to monochromatic light in the wavelength range from about 400 nm to 700 nm, the
so-called “visible range.” The eye has peak sensitivity at around 550 nm in photopic lighting levels (i.e.
moderate daylight intensity level where light adaptation has occurred) with less sensitivity towards both ends
of the visible spectrum.

Figure 29 shows the spectral sensitivity function measured by flicker photometry with a foveally-fixed 2° target
field at photopic lighting levels. Data were collected for 91 people ranging in age from 11 to 78 years [81]. The
data are organized into seven age groups containing the geometric average of all participants in a respective

decade.-The numerical values of enneifi\/ify are gi\/nn nAnnex B
NQTE This flicker photometry study alternated a test and a reference light with a fixed 12 Hz frequency to find a
nom-flicker or minimum flicker point at which the test and the reference light are regarded as equal luminance.
The sensitivity to bluish lights in the short-wavelength region between 400 nm to 500 nm decrease$ with age.
Bldish light will look darker to older people. However, this effect usually disappearsif an older pers:En has had
an|artificial eye lens surgically implanted to remove a cataract. Care can be taken 'When using bldie lights in
vispal information displays, especially traffic or emergency signs, so that they“are not perceived ag being too
dafk by older people. See 8.5.1 and 8.5.4.
Y A
10 F =
1 F A :
0,1 g
0,01 -F,
B A
0,001 E =
0,0001 . . . . . -
400 450 500 550 600 650 700 X

Key
X wavelength nm
Y relative sensitivity

A average of people in their second decade
B average of people in their 70s

Figure 29 — Spectral sensitivity curves of eye for seven age groups from 11 to 78 years
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The spectral sensitivity curve is used for photometry that evaluates light in terms of visual sensation, i.e. bright
or dark objects or light sources. The sensitivity function for young people with no visual disabilities has been
standardized by the International Commission on lllumination (CIE) and is traditionally used in photometry.
The age-related change the function shown in Figure 29 has not yet been established in the photometry field,
but could be used in evaluating light with people of any age. See Annex B.

9.21.2

Visual acuity

Visual acuity is a function of the eye for detecting spatial resolution and details, and is one of the most
fundamental wsual characterlstlcs As a person grows older, visual acuity is d|m|n|shed as the eye loses

accommod
becomes
factors, visg

9.2.1.21

Figure 30

Effect of viewing distance

shows visual acuity as a function of viewing distance for seven age groups~from 10-19 years

more opaque with age thereby d|stort|ng detalls in images. Among a number of other affecij
wing distance and luminance level are the most significant in estimating visual acuity.

to

70-79 years of age [82]. The data were obtained with a high contrast test chart (Landelt fing “C” printed black
on a whitd background) at the luminance level of 100 cd/m2. The participants wore'optical lenses so ag to
obtain the [best corrected acuity at the far point (5 m). The data were collected from™a total of 111 participants
stratified into different age groups.
Y A
10 _
i —-o0— A
[ —/— B
[ —+C
—-D
[ —— E
—_—— F
L —— G
0,1 1 1 1 1 1 I | 1 1 1 1 1 L1l >
01 1 10 X
Key
X viewing distance (m) D 40-49 years of age
Y visual acuity E 50-59 years of age
A 10-19 years of age F 60-69 years of age
B 20-29 years of age G 70-79 years of age
C 30-39 years of age
NOTE 1 Data were taken at a luminance level of 100 cd/m?, for corrected eyes at 5 m.
NOTE 2 A visual acuity score of 1,0 is the nominal reference.
Figure 30 — Visual acuity as function of viewing distance for seven age groups
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For participants 10-19 years of age, visual acuity remains almost constant though a slight reduction is
observed at shorter viewing distances. For participants 70—79 years of age, acuity clearly decreases with
shorter distances. Annex C provides numerical data of visual acuity as a function of viewing distance.

9.2.1.2.2

Effect of luminance level

The luminance level also significantly affects visual acuity. Figure 31 shows how visual acuity changes with
luminance levels for different age groups. The data were obtained from 111 participants at a viewing distance
of 5m. Clearly, visual acuity decreases as the luminance level decreases. The manner of the change,
however, is almost the same for all age groups suggesting that one function can summarize the effect of
luniinance. Standards developers and product designers need (o be careful not 1o require tasks

hig

10

Ke

< X

G Mmoo w >

NOTE 1

NOTE 2

YA

h visual acuity in darkened conditions. The relative values of the change are tabulated in Anne
D cd/m? level as a normalizing point of 1,0.

10

0,1

0,01

luminance (cd/m2)
visual acuity

10-19 years-of.age
20-29 years of age
30-39,years of age
40-49 years of age

50259 vears of 3ae
J 4

01

1

10

100

1 000

10000 X

Hemanding
x C, taking

60—69 years of age
70-79 years of age

A visual acuity score of 1,0 is the nominal reference.

Data were taken at a viewing distance of 5 m, for corrected eyes at 5 m.

Figure 31 — Visual acuity as function of luminance level from 0,05 cd/m2 to 1 000 cd/m? level
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The changes in visual acuity demonstrated in Figures 30 and 31 can be considered when visual signs are
designed for older people in particular. The visual sign or letters contained therein need to be enlarged
whenever visual acuity is assumed to be decreased such as in near viewing distances or in poorly illuminated
conditions.

A method of estimating the minimum legible font size for a person at any age, any viewing distance and any
luminance level is given in Annex C. The data on visual acuity and the estimation method for minimum legible
font size presented in Annex C can be applied to almost all cases where font size and its visibility are
concerned. See also 8.6, 8.7.1 and 8.7.3.

9.21.3 [Spanoffundamental-cotourandcotourcombimation{categoryof cotoury—————

Colour is perceived and processed in the central brain by grouping similar colours. This is called categorical
colour pergeption. For example, orange-red and purple-red are both perceived in the red category: There are
a limited npmber of colour categories, each corresponding to a fundamental or basic colour name, such as fed,
green, blug¢ and yellow. See Annex D for more information.

The theory of categorical colour explains that colours will appear distinctive from one-another if they gre
selected from different categories. Conversely, colours selected from the same category are easily confuspd.
Categorieg are defined by a span or grouping of similar colours within a certain‘colour space such as fhe
Munsell Cplour space. Knowing how many categories of colour humans cansidentify and which hues are
included in each category is useful when selecting colour combinations. Because colour perception changes
with age ahd lighting levels, it is desirable to define the span of each colour category for those conditions.

For older people at moderately bright luminance levels, Figure 32 identifies 13 spans of fundamental colopurs
(red, orange, yellow, green-yellow, green, blue-green, blue, purple-blue, purple, purple-red, white, grey, black)
shown in the Munsell colour space [83]. The Munsell colour space is a three-dimensional system used to
specify colour by hue, chroma (saturation, or how close the\€olour is to grey), and value (the lightness| or
darkness ¢f the colour). Figure 32 shows four different cross-sections of this three-dimensional space, with
each slice|representing a particular value. The higher values indicate lighter colours; the lower values darker
ones. The|grey areas in Figure 32 correspond to a span of colours that participants found similar and plaged
in one of the 13 fundamental colour groups. In somg-cases, two identical cross-sections are placed side-py-
side to avoid overlapping fundamental colours. Inithose situations, line contours are drawn to indicate where
the overlap would have occurred. The small~open circles in the charts represent the colours used in the
experiment.

NOTE The data were obtained by a miethod based on colour similarity judgment, i.e. participants were asked to jugige
whether or pot a presented colour was Similar to another fixed as one of the fundamental colours. When 50 % of the tptal
participants| judged a given colour to~b€& similar to the fundamental, then that test colour was placed in the respective
category. Np data were collected at.the high chroma region due to the limited availability of sample colours.

When cregting visual sign§ or objects with two or more colours, selecting colours from different categories will
make the differences between elements visible and conspicuous. Based on this idea and the data showr} in
Figure 32,/ Table 12-is{provided to help standards developers and product or service designers in selecting
colour combinatiens.”The degree of distinctiveness of the colour combination is classified into three levgls,
high, modg¢rate and low, depending on the similarity data.

The Span ffundalllcntai bUiUulb dcpclldb UIll thc U)\tcllt Uf V;budi ;Illpa;llllUl Itb bub;l as bUiUul ILJ“IIUIIIUbb Ul '\
vision as well as age and lighting level. This report only supplies data for older people and does not include
data for persons with low vision or colour deficiency. Data for other important conditions, such as for younger
people or at dark illuminance levels, are shown in Annex D.

The data shown in Figure 32 were taken for reflected samples such as printed colours on paper or on a sign.
In principle, the data are only applicable to those reflected samples. However, in the case of self-luminous
colour such as colour in VDT displays, the data are applicable if the colour is specified in Munsell colour
notation by appropriate transformation using colorimetry or visual matching. This ensures the widest
application of the data. However, the data are obviously not applicable to those who wear coloured glasses or
in other situations where the colour can shift before reaching the eye.
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value 9
Q‘b

value 5 O

value 3

NOTE There are a total of 13 fundamental colours (12 shown here, with one colour, black, missing). The span of
each fundamental colour extends to three dimensional axes (hue, chroma and value) and four cross-sections (equal
lightness level) of the value axis are illustrated.

Figure 32 — Spans of fundamental colours for older persons at photopic (moderately bright) level
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Table 12 — Colour combination of fundamental colours and their distinctiveness
(for older people at photopic level)

R RY Y GY G BG B PB P RP GRE | WHT | BLK
R - o] o] o o] o] o + + o o] o
RY + (o] o o} o] o + + + o] o]
Y + o o] o] o o] o] o + o
GY + + o o o o + + +
G — + o 0 0 + 0 +
BG - + o o} + + +
B - + o] + o +
PB + + + o} +
P + + o +
RP + + o
GRE + o}
WHT o
BLK
o extremely high distinctiveness
+  moderate distinctiveness
— low diptinctiveness
NOTE Abbreviation of colour names in the Table 12 are: (R) red, (RY) orange or red-yellow, (Y) yellow, (GY) green-yellow, {G)
green, (BG)|blue-green, (B) blue, (PB) purple-blue, (P) purple, (RP) red-purples (GRE) grey, (WHT) white, (BLK) black.
EXAMPLE Colour combination based upon a span of fundamental colours: colouring of a subway network 1831, When
colouring fiye subway lines on a network map, a set of.five fundamental colours is selected by referring to Figure|33.
Colours will be from different categories if none ef_the fundamental colours selected overlap. In Figure 33, five
fundamentdl colours (red-yellow, green-yellow, bluetgreen, purple-blue, and red-purple) are selected as an example.
Different sefts of colours are also possible. Using(the'five fundamental colour groups selected, any five colours within the
respective ¢ategory span can be picked to ensure the subway lines remain distinguishable. For example, any red-yellow
hue from within the red-yellow span can be selécted.
5
:
||
' A
Key

A subway network

NOTE

All the colours used here are at value 5 (moderate lightness level). Other darker or brighter colours can

chosen by selecting colours from the value 3, 7 or 9 levels.

Figure 33 — Example of colour combination for older people viewing under photopic condition
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The use of categorical colours has additional advantages for standards developers and product or service
designers. Because the span of fundamental colours identifies many acceptable hues within a particular group
and not an exact specification, flexibility is provided to artists to make appropriate aesthetic choices and to
manufacturers to deal with colour reproduction issues in their application fields. The concept and utilization of
colour categories can also be applied in any medium where visual information is shown such as public signs,
markings and visual display designs. See also 8.2.3.1, 8.5, 8.7.3 and 8.8.

Reduced or different performance in colour discrimination or colour identification compared to that of the
majority of people is called colour vision defects.

9. 4 o1l ision defe

Congenital colour vision defects are brought about by a lack of, or reduced, response of one-ertwo types of
photoreceptors among the three types of photoreceptors in the retina of the human eyefAecording to the
claksification of the defects in terms of the photoreceptors, two major classes of colour/vision defects exist,
pratan and deutan. Protan is a lack of, or reduced numbers of red-sensitive photoreceptors. While, fgeutan is a
lack of, or reduced numbers of green-sensitive photoreceptors. Depending on the type of defect and the genetic
grqup, approximately 5 to 8 % of the population are affected by these two colour yision defects. Thefe is a third
type of colour vision defect called tritan, which is a lack or reduced responsivity of blue-sensitive photpreceptors,
buf the incidence of this type is so rare that it is estimated that only 0,002 to 0,007 % of the population|have it.

Protan and deutan are called the red-green defects because the disorderof colour vision appears|in the red-
grgen axis of the chromaticity diagram, implying that some combinations of green and red lights|cannot be
discriminated. Tritan is assigned as a yellow-blue defect with a disorder of yellow-blue axis. Accessibility of
sighs and displays can be increased by taking these disorders)into account in colour discrimination. Colour
defects have no deterioration on visual acuity.

Acfiuired colour vision defects are the defects caused by disease or injury, not only at the retinal leyel but also
at [central level. These are similarly classified as congenital defects but various types of defgct can be
obsgerved in acquired colour vision defects and classification is therefore not clearly made.

9.24.1.5 Useful field of view

The visual field extends more than 180° horizontally in front of a human being's eyes. Due to the
nop-homogeneous characteristics of the retina over such a wide range, the extent of visibility over the visual
field is largely dependent on the position at which a visual stimulus is presented. The central visual field, which
sulbtends about 1° of visual anglej\has excellent ability for visual information processing (good spafiotemporal
reqolution, vivid colour perception, etc.), but as stimuli move toward the periphery, the quality of visual
pefception decreases. Uséful field of view (UFOV) is characterized by the range that asspres good
pefformance of a specifiedyisual task such as colour detection or object recognition.

The UFOV can be measured for a large variety of visual functions or tasks, e.g. detection, spatial and temporal
discrimination, object recognition, moving or flashing identification. The most simple and useful UFQV data are
mgasured by a.simple detection task that requires the participant to detect a target presented in the pgriphery.

Fidure 34-shows examples of the UFOV area defined by the 50 % detectability of a disk target with variable
contrast,\[34 a)] or with variable colour, [34 b)] presented on a uniform grey background for 50 younjger people
(1§-26 ‘years old), and for 50 older people (50-78 years old) [84]. Contrast is defined here as ratijo between
batkareund-and-te arget- is—clearthat-the-UEOV mallerfor—older—people—thanforyounger persons
under all conditions.

Data for the UFOV can be used to determine the visibility of a target appearing in peripheral vision.
Applications can be found when designing traffic signs, public emergency signs for evacuation, signs in a bus
station, labelling of ATM functions in banks, and the location of switches or controls. As shown in Figure 34,
the range of the UFOV declines with age, and is affected also by characteristics of the target such as size,
contrast, illumination and so on. The larger the target size and the higher the contrast, the larger the UFOV
span becomes. Colour difference between the target and the background is also an important factor affecting
the UFQV span. The larger the colour difference, the larger the UFOV span. See also 8.3.1.1.

In peripheral vision visual sensitivity for temporal changes of light stimuli is higher than that in central vision. A light
that is flickering or blinking is better detected and useful in visual signalling in the peripheral field (off visual axis).
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Figure 34 — Comparison of UFOV between older and younger people
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9.21.6 Glare

Glare is the condition of vision in which light sources produce undesirable perceptual effects due to the scatter
of light in the eye. These effects manifest themselves in different ways, as described by the two types of glare.
Disability glare impairs vision and can even make certain objects invisible in the visual field. Discomfort glare
causes annoyance or pain without impairing vision. The ageing effect on glare is critical for both types
because the scattering of light in the eye increases with age. See also 8.4.4.

NOTE Disability glare involves a decrease in detectability of light signals or readability of visual signs due to the
existence of very bright light near the line of sight (e.g. visibility during night driving in the presence of headlights or street
lights, or visibility of traffic signals near the sun in the daytime). Discomfort glare involves the lighting of workplaces or
livihg rooms where comfort is one of the main concerns in the visual environment.

Digability glare is caused when the scattering of light in the eye creates a veiling light superimpoged over a
retinal image. This veiling light, which is undesired, extra light in the eye, effectively washées out|the retinal
image and diminishes contrast. The relative age factor for disability glare is given by the CIE [58] ag shown in
Figure 35. This age factor indicates the relative increase of veiling light in the eyé Jcaused by a|glare light
solirce compared to a younger person for whom the veiling light is assumed to be nearly absent. At 70 years
old, this factor is 2,0 meaning that twice as much veiling light falls on the retind ifi the eye of an older person,
as[compared to a younger person in the same viewing condition. Therefore,~disability glare will be fnuch more
troliblesome for an older person.

YA
4 _
2 _
1 _
0,5 -
90 X
Key
X | age

Y | age factor

A | 1.44/70)* where 4 is age

Figure 35 — Relative age factor for disability glare or scattering effect in the eye [58]

The CIE provides a method to measure discomfort glare known as the unified glare rating (UGR) and also
recommends values for various workplaces which are presented in its standards [56] [85] Unfortunately,
ageing effects are not addressed.
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9.2.1.7 Contrast sensitivity, including low vision sensitivity

Contrast is one of the most important issues when designing visual signs and other objects. Visual sensitivity
to contrast is often measured by having participants identify whether they can see a grating pattern usually
comprised of a repeating series of light and dark lines spaced at constant distances from one another. A
grating pattern that cannot be seen distinctly simply appears as a solid shade of grey. The observations are
made for many different gratings, which vary in contrast and spatial frequency.

NOTE 1 Spatial frequency is defined as the number of pairs of dark and light lines in 1° of visual angle. Spatial
frequency units are cycles per degree (cpd). A grating with 3 cpd would have three pairs of dark and light lines in 1° of
visual angle.

ent

The contrEst sensitivity function (CSF) summarizes the series of observations for persons with

contrasts @and spatial frequencies. This is illustrated in Figure 36, where spatial frequency and ce st are
shown todether with a line that indicates the CSF. The CSF forms a grating detection borc;\ In this
The human

example, human beings would have difficulty seeing patterns exhibited inside the solid circ
visual system has a peak of contrast sensitivity at 3 or 4 cpd. The sensitivity decreases gra y towards bpth

ends of the spatial frequency spectrum, both for higher (i.e. finer gratings) and Iowerés oarser gratings)

%O

frequency fegions.

Key

A low corjtrast

B high coptrast

C low spdtial frequ (coarse pattern)
D high spptial fre cy (fine pattern)

grating d&é&ion borderline (CSF)

—_

Figure 36 — Contrast sensitivity function plotted by spatial frequency and contrast

76 © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=3026c175b83e46f430a78edd86fed333

ISO/TR 22411:2008(E)

Figure 37 shows three contrast sensitivity functions of the human visual system as a function of contrast
(Michelson contrast) and spatial frequency. The three curves in the figure represent CSF data for younger and
older people as well as those with low vision. The older people are less sensitive than the younger to
frequencies higher than several cycles per degree. This means it is difficult for older people to discriminate or
recognize the fine gratings that contain components in this higher frequency region. For persons with low
vision, the data show much less sensitivity in middle-to-high frequency regions compared to younger or even
to older people. Care needs to be taken when accommodating people with low vision because they are often
unable to discriminate even coarse patterns in visual signs that can be easily discriminated by younger or
older people 861, [871,
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Y
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0,01 0,1 1 10 100
X
y
spatial frequency, cpd

contrast, %

visible range at 10 % _Contrast for younger persons
visible range at #0,% contrast for older persons
visible range @t<10 % contrast for persons with low vision

Youngen(20-29 years of age).
Older(70-79 years of age).
low Vision.

Lmin are the

Figure 37 — Contrast sensitivity function of human visual system for
younger and older people and people with low vision
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The CSF data can be used by standards developers or product or service designers to estimate whether a
particular visual stimulus can be detected if its contrast and spatial frequency are known. It can also provide
guidance for a range of acceptable alternatives if only one variable is known. For example, for a visual
stimulus at 100 % contrast (the ideal contrast of black and white characters such as those used in a Landolt
ring or Snellen chart), the range of visible spatial frequencies are 0,01 cpd to 30 cpd, 0,01 cpd to 20 cpd, and
0,01 cpd to 3 cpd for younger people, older people and people with low vision, respectively. A visual pattern
that contains frequency components beyond the range, i.e. higher or lower than the limit, is difficult to see
clearly. At a lower contrast, 10 %, for example, the range of visible spatial frequency is very restricted. For a
person having low vision, the range is limited to about 0,15 cpd to 0,8 cpd, while it is more extended from
approx. 0,09 cpd to 9 cpd and 0,08 cpd to 20 cpd for older and younger people, respectively.

When des
taken to aq
how an im

hge is seen by a person with low vision.

Small character size and complex symbols

Small character size
and complex symbols

a) Normal vision

et AN W wse e rrgeme b e e
‘ww Y wmere Cmpas st

Nl P wae
O (rrgeme 8y Cn ey

have high spatial frequency component... ... .

gning visual signs that contain fine details at higher spatial frequencies, special care should|be
commodate the sensitivity losses of older persons and persons with low vision. Figure 38 illustrates

78

b) Low vision

Figure 38 — Schematic drawings of perceived images
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For character design in electronic displays, the minimum required contrast is defined differently by 1ISO 9241-3
and 1SO 13406-2. The former requires the contrast ratio between the character and the background
luminance to be the constant value of 3:1, while the latter states that contrast is equal to at least 1 + 10, =0.55
(L, is the background luminance). To accommodate these differences, ISO 9241-303 proposes a new formula
together with the introduction of an age-related multiplier factor that increases the needed contrast for older
people. This is shown below as an example.

EXAMPLE Calculation of minimum contrast required for characters designed for electronic displays:

CRyin=2,2+ 4,84 ,70.65 7
whiere

CRmin is the minimum contrast;

L is the background luminance.

Then, the minimum contrast is adjusted for age using the following equation with‘the multiplier from [Table 13:
CRpmin, age — kage X CRmin (8)
where

CR is the minimum contrast required for a given age;

min, age
kage is the contrast multiplier;

CRpin is the minimum contrast not adjusted for.age.

Table 13 — Contrast multiplier for different ages

Age of Users Contrast multiplier
years kage
20 1,00
25 1,00
30 1,02
35 1,07
40 1,17
45 1,34
50 1,58
55 1,90
60 ’)”)R
65 2,66

9.2.1.8 Lighting level

The appropriate lighting level is a function of the visual characteristics of a person as well as the visual task in
which the person is involved. A person’s age and the extent of his or her visual impairment will affect the
luminance level needed. The literature does not provide extensive data or methods on the appropriate lighting
level for older persons or those persons with visual impairments in a wide variety of task situations.
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9.2.2 Hearing

Description

Hearing functions relate to sensing the presence of sounds and discriminating the location, pitch, loudness,
quality and comprehension of sounds. Hearing loss can range from a mild reduction in hearing to profound

deafness.

[ISO/IEC Guide 71:2001, 9.2.2.1]

Effects of ageiny

The majority of people with hearing loss are older people. As people age, they tend to lose the abilityto detect

higher fredquency sounds. Many older people use a hearing aid.

[ISO/IEC Guide 71:2001, 9.2.2.2]

Design cdnsiderations

With or without a hearing aid, the level, frequency and clarity of any sound are-important. Prelingually d
people maly have difficulty understanding written and spoken language.

[ISO/IEC Guide 71:2001, 9.2.2.3]
Risks and hazards

People with a hearing loss are at an increased risk if spoken announcements and warnings are not loud
intelligible enough for them, or if frequencies are too high to detect.

[ISO/IEC Guide 71:2001, 9.2.2.4]

eaf

or

9.2.21 [Hearing-sensitivity decrease as a function of age

The sensitjvity of human hearing usually falls_progressively with age and the impairment of hearing develd
more rapidly for sound at high frequencies than at low frequencies.

ISO 7029 provides descriptive statistics’of the hearing threshold for populations of various ages and for ma
and femalgs separately. It provides data within the range of audiometric frequencies from 125 Hz to 8 000
and for populations with averagehearing capacity with respect to their age within the age limits of 18 years
70 years inclusive.

Figures 39 and 40 show¢selected distributions from I1ISO 7029 which plot the hearing threshold deviation a
function of| frequency;, with the listener’'s age as a parameter. The hearing threshold deviation is the expec
median value of hearing thresholds for a particular age relative to the median hearing threshold of an 18 y

ps

les
Hz
to

5 a
ted
bar

old listenef. For'example, to ensure that 90 % of 70 year old adults can hear a 2 000 Hz signal as well as does

an 18 year old, the signal would have to be made at least 30 dB louder.

Auditory signals and spoken announcements can be made audible if their sound levels are determined
considering the age-related hearing sensitivity decrease. See 9.2.2.2 and 9.2.2.3 for additional data. These

data can be used in designing auditory signals for products, and warning signals and spoken announceme
for the workplace or other public spaces. See also 8.9 and 8.7.4.1.

nts
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Figure 39 — Hearing threshold as function,of age — 50th percentiles (ISO 7029)
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Figure 40 — Hearing threshold as function of age — 10th percentiles (ISO 7029)
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9.2.2.2 Sound pressure level of auditory signals

9.2.2.21 Auditory signals in quiet environments

An auditory signal is expected to be audible for listeners in a quiet environment when its sound pressure level
is higher than their absolute threshold. When the signal is composed of multiple frequency components, at
least one component is required to exceed the threshold to make the signal audible.

Figure 41 shows the 10th percentiles of absolute threshold for persons in two age populations when they
listen to a pure tone of frontal incidence in a free field. 90 % of the population are able to hear a signal in a
quiet enviornmmentifthefrequency amd—sound-pressure fevet fattunmder the Tespective turve T hese turyes
were obtained by combining the normative threshold (ISO 226) and the age-related threshold shift (ISO~029).
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Figure 41 — The{10th percentile hearing threshold curve of persons aged 20 and 60 (ISO 226:2003)

Although the-signal level is required to be higher than the absolute threshold in order for them to be auditrle,

an excess /nl\]/ intense sound canbe annoying for the listener

In quiet surroundings, acoustic signals of 55 dB — 65 dB (A) are usually preferable [46] for listeners including
older people without serious hearing loss (881,

9.2.2.2.2 Auditory signals in noisy environments
In noisy conditions, the audibility of a signal is determined by the frequency component that has the largest

power in relation to the interfering noise. When the level of that component exceeds the noise in the same
frequency band by a certain amount, the signal is audible against the noise.
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The minimum level difference between an audible signal and a background noise has been determined
experimentally, as shown in Table 14 [89. The listeners were young adults aged 18 to 24 and older adults
aged 55 to 79, all having otologically normal hearing for their ages. The signal was a short pure tone and the
background noises were domestic noises typical in Japan [90]. When the signal level was higher than the noise
level by the amount given in Table 14, ninety percent of each listener group responded that the signal was
barely audible. In the same experiment, both listener groups responded that the signal was audible enough
when the signal level reached 75 dB.

Table 14 — Minimum level difference between signal and background noise in order
for the signal to be audible against the noise

Céntre frequency of one-third octave band, Hz 250 500 1000 2000 4000
Minimum level For young adults 11 11 6 4 3
d!fference betwegn the For older adults 11 11 4 ™ 11
signal and the noise, dB

9.2.2.3 Sound pressure level of spoken announcements in public space

When spoken announcements are comfortably loud, listeners require little-effort to comprehend them. But,
whien the sound level of announcements is too high or too low, word recognition generally decreasesp.

The comfortable range of spoken announcements in quiet . and noisy conditions can be determined
experimentally with younger and older listeners. Figure 42 /shows the results of one such éxperiment
examining the preferred speech announcement level against different background noise |levels [88],
Anhouncements were Japanese four-mora words. Eight wobds were successively presented to listeners via
loudspeakers in a soundproof room against noise that simulated the sound frequency of multiple talkers. The
listeners were 26 young adults aged 19-23 and 60 older adults aged 64—82 all with Japanese a$ their first
language. They were instructed to listen to the presented words carefully for a word recognition test| after each
prgsentation. This method and data can be applied to spoken announcements in a public space] not those
over a telephone.
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Figure 42 — Preferred speech announcement level as function of background noise level
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9.2.2.4 Design of voice instructions

Voice instructions are widely used not only as an alternative format for visually impaired persons, but also for
general information for all persons in private as well as in public spaces. These may be heard in the presence
of background noise, which may decrease comprehension of the instructions and a consideration for better
understandable design will be required.

The following accessibility considerations are relevant to the design of voice instruction.

— The frequency range of the speech instructions between 300 Hz and 3400 Hz [46] is a minimum
requirement-

NOTE|1 Frequency ranges above 3 400 Hz are expected to give better perception of consonants in general.

— Use al“relaxed” or “normal” vocal effort (ISO 9921) to avoid reducing speech quality.

NOTE|2 Relaxed and normal vocal effort is, respectively, 54 dB and 60 dB in the case of armale speaker. Vqcal
effort |s defined as an A-weighted speech level, Lgp 1 m (dB re 20 uPa) at 1 m in front.of the speaker's mquth
(1SO 9p21).

— Use dear speech, which typically has higher temporal amplitude modulation“and contrast in frequency.
Mainﬂain the quality of speech transfer, such as in the channel of a sound<system, to minimize unwanted
distorfion of the speech signal.

9.2.2.5 [|Audible conditions for speech communication in a noisy<environment

The auditqry conditions necessary to keep speech communication understandable and to prevent listenjng
difficulty afe provided in Reference [91]. The conditions are presented in decibels, taking into account the age-
related degrease of hearing ability (see 9.2.2.1). Since spoken announcements are sometimes heard against
a backgrodind noise, a specific signal-to-noise ratio is to-b&maintained. See 8.7.4.4 and 9.2.2.3.

NOTE 1 Signal-to-noise ratio is the numerical differenee between the sound-pressure level of the speech signal
compared tp the sound-pressure level of the background-noise.

Figure 43 presents a study of word recognitionrate and listening difficulty as a function of signal-to-noise ratio.
Data were|measured using young (19—24years old) and older (64—82 years old) listener groups in an ambient
noise environment of around 50 dB (A-weighted) [92. Only 10 % of the participants experienced listenjng
difficulty when the signal-to-noise rdatio was 10 dB (A-weighted) for young listeners and 15 dB (A-weighted)|for
older listepers. A signal-to-noise~ratio of 10 dB (A-weighted) also corresponds to the point where yoyng
listeners begin to have perfectword recognition rates.

NOTE 2 |The mean PTA.[(pure tone average) of the hearing threshold at 0,5 kHz, 1 kHz and 2 kHz)] of the young @nd
elderly listeper groups’ hearing levels were 4 dBHL and 23 dBHL, respectively.

The Japampese werd” recognition test score of average young listeners used here was calibrated with a
phonetically balanced (PB) word score in ISO 9921. The score of the Japanese word recognition test for olger
listeners i presented in relation to average young listeners. Finally, STI values (see 8.20.1) corresponding to
each scoré i rere-estimated-with-the—relation-betweenPB-word-secores—and vattes in
ISO 9921. See also 8.20.1. The PB word score is the percentage of correct of word recognition obtained by
speech intelligibility testing with PB word list.

Results of this psychoacoustic experiment and others suggest the following criteria to ensure audible speech
communication for elderly listeners without severe hearing loss:

— in order to maximize understanding of simple speech information, a signal-to-noise ratio larger than
10 dB (A-weighted) [46], see Figure 43;

— in order for listeners to listen to speech without difficulty, a signal-to-noise ratio larger than
15 dB (A-weighted), see Figure 43.
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Figure 43 — Example of word recognition rate and listening difficulty as function
of signal-to-noise ratio for young and older listener groups

9.4.2.6 Acoustical design(for speech intelligibility

When creating environments where maximizing speech intelligibility is important, acoustical desigh methods
can be applied to reduce background noise and reduce reverberation time. These properties are all affected
by the size and shapé of an environment, its contents, as well as its construction materials.

NQTE 1 Reverberation time is the length of time for a sound signal to drop 60 dB from its original level. See|8.20.1.

Tolpredict'speech intelligibility in an environment, the speech transmission index (STI) measure can be used.
Th|s_measurement method is presented in Reference [79]. ISO 9921 presents the necessary iptelligibility
ratings for several applications as shown in Table 15. 1ISO 9921 also presents the relationship between
intelligibility ratings and STI. Table 16 presents the relationship between intelligibility ratings and STI value for
normal listeners as given by ISO 9921, and that for elderly listeners calculated with the data plotted in
Figure 43.

NOTE 2 The STl is a single value which measures the physical quality of speech transmission channels. STI values
vary between 0,0 (unintelligible) and 1,0 (perfectly intelligible). See 8.20.1.
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The following procedure can help standards developers or product designers determine and evaluate the
speech intelligibility for their environment:

a)

Determine the desired STI

First, determine the situation in which communication will take place, as described as the application in
Table 15 and reference the “Minimum intelligibility rating” for that context. After determining the type of
users impacted, use Table 16 to determine the acceptable STI range to achieve the intelligibility rating.
For example, when creating a public address system that older users will need to hear, select the
minimum intelligibility rating of “Fair” (Table 15) and a desired STI range between 0,60 to 0,75 (Table 16).

b) Deter

Determine the signal-to-noise ratio and the reverberation time of the environment to predict the STl va

as de
rever
to-noi

Comy

If the
and/o

Table 15 — Recommended minimal performance ratings for acceptable speech intelligibility

mine the predicted STI

scribed in 1SO 9921. Figure 44 is an example dataset presenting the relationship”™ betws
eration time, (ISO 3382) signal-to-noise ratio, and STI [79. For example, if the envirdrment’s sigr
5e ratio is 12 dB and its reverberation time is 0,2 s, then the predicted STl value is)about 0,8.

are the desired STI to the predicted STI

predicted intelligibility rating does not meet desired criteria, reduce the environment’s noise le
reverberation time to meet the criteria and repeat the analysis.

and vocal effort in six applications, as described in ISO 9921

ue
en
al-

vel

Application Minimum intelligibility rating Maximum vocal effort

Alert and W
understand

arning situations (correct

) - Loud
ing of simple sentences)

Poor

Alert and W
understand

arning situations (correct

ing of critical words) Loud

Fair

Person-to-

berson communication Fair Loud

Person-to-
(prolonged

berson communication

™ Good
normal communication)

Normal

Public add

ess in public areas Fair Normal

Personal ¢

bmmunication systems Fair Normal

NOTE
A-weighted

Loud and normal vocal effort)is, respectively, 72 dB and 60 dB in the case of a male speaker. Vocal effort is defined as|
peech level, Ls p 1 m (dB1e 20 puPa) at 1 m in front of the speaker's mouth in ISO 9921.

an

Ta

ble 16 — Intelligibility rating and relation between STI for persons with normal hearing
and older listeners

STI for normal hearing STI for older listeners

Intelliﬂibility rating

person

(23 dBHL of PTA of 0,5 to

Meaningful PB-word score tr

people with normal hearin

(1ISO99Z2T)

(SO 9921y

Z KAz based on Figure 44)

(SO 9921y

Excellent

>0,75

>0,8

> 08

Good

0,60 to 0,75

0,75t00,8

93 to 98

Fair

0,45 to 0,60

0,60 to 0,75

80 to 93

Poor

0,30 to 0,45

0,45 to 0,60

60 to 80

Bad

< 0,30

<0,45

<60

NOTE 3  STl-values for older listeners were estimated based on Figure 44 with conversion from signal-to-noise ratio to
STI. Since the maximum score of the older listener group cannot reach 100 %, all the scores are standardized by the
maximum score to estimate STl-values for older listeners.
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TE4  Normal vocal effort for a male voice (ISO 9921);'and typical room noise spectra [®!l were used t
. The STI value for similar conditions could be obtained with the reverberation time and S/N.

.3 Touch

und field

b obtain the

Description

To
pa

[s

Lich functions relate to sensing, surfaces and their texture or quality. There will be reliance on ot
ticularly visual and auditory,

O/IEC Guide 71:2001, 9.2.3.1]

Effects of ageing

As
ten

[1S

people age, they lose sensitivity and can no longer rely on touch and pain to give early fe
nperature or-injury.

O/IEC Guide 71:2001, 9.2.3.2]

DeFign considerations

her stimuli,

edback on

People with artificial hands or who lack touch sensation may not be able to use tactile screens or similar types
of control devices.

[s

O/IEC Guide 71:2001, 9.2.3.3]

Risks and hazards

People with a hypersensitive touch will be hurt by stimuli which might cause only discomfort to other people —
for example, by sharp points and edges, and very hot/cold surfaces. These stimuli are also more likely to harm
people with limited sensitivity, who might remain in contact with them for too long.

[ISO/IEC Guide 71:2001, 9.2.3.4]
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9.2.3.1 General

The sense of touch is classified into four categories: tactile, haptic, thermal, and pain senses. Tactile sense is
mediated by the mechano-receptor in skin in a static contact mode, so-called “passive touch”. The detection of
grooves and vibration falls into this category. Haptic sense is generated by active touch where exploratory
touch, usually by hands or fingers, works to get information about texture and the geometric distances of
objects. Most of the information obtained by touch in everyday life is classified into this category. Thermal and
pain senses are each of them cutaneous sensations, used to obtain information on temperature and
nociceptive stimuli.

In 9.2.3.2,19-2-3-3-and-924dataare giveronthe-spatial-and-tempe esofttionof-thetactife—sense—as—well
as on the thermal sense. Useful data for other senses of touch, such as pain sense, are not currently ayailable
for access|ble design.

9.2.3.2 [Tactile spatial resolution

Spatial regolution is the most important tactile characteristic to be considered when creating alternatived to
visual infofmation on spatial content. Spatial resolution is the ability to determine the distance between fwo
objects présented simultaneously on the skin. The threshold is generally measured, by the closest distance
two object$ can be apart and still sensed separately.

Tactile sp3tial resolution largely depends on the part of the body concerned. The most sensitive parts inclyde
the fingerg, nose and lips, and the least sensitive parts, the back, legs and-the soles of the feet. For finggrs,
the resolutjon is approximately 1 mm-3 mm, with the forefinger having‘the highest sensitivity.

The ageing effect on tactile spatial resolution has been reported [93I” Figure 45 shows the averaged two-pgint
gap acuity for 30 younger persons (18-28 years of age) and~31 older persons (over 65 years of age) [for
13 body regions. The data show that for all body regions, the thresholds are much higher for older participants
than younger. Older persons thus have much less tactilecspatial resolution capability. The vertical bars in the
lower half |of Figure 45 show the percentage differencelin threshold from average younger to average older.
The most|prominent ageing effects can be seen.injthe soles of the feet and toes. In general, sensitiyity
decreases|for older persons by about 50 % for a whole body region.
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Figure 45 — Ageing effect on tactile spatial resolution
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Spatial resolution also changes with the type of user task. Figure 46 [94] shows three typical examples of
tactile spatial resolution measured for different tasks: 1) to detect a gap with variable width embedded in a
rotating rounded surface (left, curve Il), 2) to recognize the orientation of a tactile grating pattern with variable
width (middle, curve lll); 3) to recognize a raised letter of variable size (right, curve 1V). The abscissa denotes
gap width, grating period and letter size (in height) in millimetres for each task. The probability of correct
response for detection or recognition is shown as the ordinate. The threshold, when defined by a 75 % correct
response rate, for the gap detection and the grating orientation recognition is about 1 mm and 2 mm,
respectively. For letter recognition, the threshold, defined as 50 % correct, is 5 mm. The dashed curves,
overlapped with curve Il and curve IV in Figure 46, represent curve lll scaled horizontally by factors of 1/2 and
5/2, respectively, to make a relative comparison.

Y14 E a[l u g AY2
1 — 11
1l ——
09 4.0,8
0,8 - - 0,6
07 ~404
0,6 - 102
05 | — b 5
| | | | | | | | 10 >
o 1 2 3 4 56 7 8 10 X
Key
X stimulup dimension (gap width, grating period, lettertheight)
Y1 probablility of correct response (gaps and gratings)
Y2 probabllity of correct response (letters)
a  Gap.
b Chancd level.
II, Ill and IV|see text for explanation:

Figure 46 — Tactile spatial resolution

The threshold values presented here can be used when tactile markings or signals are designed. Howevey, it
should be [noted'that tactile spatial resolution depends on the stimulus condition such as temperature of the
surface, mjoving or static stimuli, on whether it is wet or dry. It is also critical to specify the type of touch, either
free-moving (an active touch in which the person can move fingers or hands voluntarily to obtain tactile
information) or fixed touching (a passive touch where fingers are not allowed to move but the stimulus moves).
It is generally agreed that an active touch is more sensitive than a passive touch.

Persons with diabetes may have neurosensory pathology where tactile sense becomes less sensitive or
causes pain instead. For example, it would be painful for some persons with diabetes to read Braille for a long
period of time.
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9.2.3.3 Tactile temporal resolution

Vibration, or the temporal change of a tactile stimulus, is useful for conveying information. For example, this
vibration is used in alarm clocks and mobile phones in silent mode. People are relatively sensitive to vibrations,
but sensitivity declines with age.

NOTE The temporal change of the stimulus, or its frequency, is usually measured in hertz and indicates the number
of cycle movements in a second.

Figure 47 indicates the manner in which two typical persons at 20 years and 65 years of age are able to
de ibrati i i i i ibro-tactile

stimulus. The threshold is plotted by the ordinate which denotes the amplitude of the vibration stimulus
(expressed in dB relative to 1,0 micrometre of vibration). For both a younger and an olden person, the
frefluency at which they were most sensitive (i.e. minimum threshold) is observed at about;250 Hz around
which the threshold increases (sensitivity decreases) gradually. Below about 40 Hz for a'younger participant,
angl about 100 Hz for an older participant, sensitivity remains constant. [99]
Thifs data indicates that temporal discrimination sensitivity for tactile vibration decredases with age for a range
of higher frequencies above about 40 Hz. Below 40 Hz, there is no age-related ‘difference in tactile temporal
regolution.
— e c— A
Y A ——B
T T T T T T T | T T T T T T T
30 -
20 -
10 |- ¢ N\
_ \ N A
0 \\;4/ =
i ° X
-10 +
20 +
_30 1 1 1 1 [ 1 1 1 I N N B
10 100 1 000
Yy
Key
X | frequency, Hz

Y threshold, dB re 1,0 ym (Peak)

A 65 years of age
B 20 years of age

Figure 47 — Temporal resolution of tactile sense for a younger and an older person
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9.2.3.4 Thermal sense

9.2.3.4.1

Surface temperature

People will indicate that the surface of an object is either warm or cold at different temperature levels. This
subjective reporting of temperature varies by age. Figure 48 provides data from a study in which an object at a
thermoneutral (an equilibrium condition where no heat is coming in or out) condition between 30 °C and 35 °C
(the temperature that people did not report as warm or cold) was gradually made warmer or colder by a
thermostimulator while the air temperature remained constant at 28 °C. A total of 16 younger and 16 older
individuals were asked to report when they felt the surface temperature become warm or cold. The graphs
show the i i

temperatu

or cold incfeased respectively.

However,

surface temperature was warm.

The surfag
temperatu

The surfad
below.

Therefore,
persons w

e increased or decreased, the corresponding percentage of people who reported feeling it as.w3

here is a clear difference between the stages at which younger and older individuals felt that

e temperature that both young and older individuals typically felt as ‘cold was around 30,5 °C 3

the appropriate and most acceptable surface temperaturé\range for both younger and ol
hs between 30,5 °C and 34 °C [96],

ce
rm

the

e temperature that young persons typically felt as warm was 34 °C or above,/whereas the surface
e that older individuals felt as warm was 38,5 °C or above.

nd

Her
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9

2

Figure 48 — Percentage of older or younger persons who reported feeling a surface temperature
as either warm or cold
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Measurement and evaluation methods as well as a discussion of the general issues for surface temperature

are found in relevant International Standards on the thermal environment (ISO/TS 14415, ISO 13732-1, ISO/TS 13732-2,
1ISO 13732-3), but useful data and evaluation methods on ageing effects have not been provided.

9.2.3.4.2

Air temperature

The thermal sense (i.e. a feeling of warmth or coldness) of air temperature depends not only on the measured
temperature but also on age, season, humidity, air velocity and clothing. The ambient air temperature can be
set appropriately by referring to basic physiological data between the thermal sense and air temperature.

Fi

ura 491901 ~ontaine data ehn\uing thermal sense  and ||n9r\r\op+9h|a rate (0/) as a2 func
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nperature [73]. The unacceptable rate is defined here as the percentage of people who dé{
hperature condition unacceptable. The data were taken for both Summer and Winter seasohs|
nditions in which the relative humidity was 60 %. The mean radiant temperature was |equal
nperature, and the air velocity was less than 0,3 m/s. The individuals wore long-sleeved shirt

nts of 0,6 Clo.
TE Clo is a special unit of thermal insulation used in International Standards: 1.clo 0,155 m2-K-W~
value can be calculated by simply taking the Clo value for each individual garment worn by the person

m together (1ISO 9920:2007). Zero (0) Clo corresponds to a naked person; one (1) €lo corresponds to a per;
pical business suit.

ure 49 a) shows the relationship between thermal sense and air temperature in Winter and Su
bct of seasonal acclimatization indicates that the thermal sense&lin Winter is hotter than that ir
Lis, the point that individuals do not feel hot or cold is obtained at 25,5 °C in Winter and 27,5 °C i
pectively, for younger individuals. The neutral temperature “for older individuals wearing the

g-sleeved clothing is 26,5 °C in both the Summer and Winter seasons.

ure 49 b) depicts data showing the relationship between unacceptable rate ( %) and air tempef
hter, at a temperature higher than the neutral temperature.

e range over which 75 % of younger individuals feel that the temperature is acceptable is betw
j 28,5 °C in Winter and between 23,5¢€ and 31,5 °C in Summer. But as clothing insulation incre
Clo in winter, the acceptable temperature range drops to between 20 °C and 24,5 °C. When t
ulation reduces to 0,4 Clo in Summer, the lower threshold of the acceptable temperature range is

bse two data sets are combined in Figure 49 c), where the relationship between unacceptabl
rmal sense is shown. Again, the effects of seasonal acclimatization result in an unacceptable
er in Summer than in Winter at the cooler than thermoneutral sensation.

temperature has\a’slightly larger effect on younger people than older people in judgment of the
gure 49 a)]. Qlder people are less likely to feel hot and cold in the higher and lower ten

ponse_ability. Therefore, care should be taken not to expose older persons to extreme
hperature.
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Figure 49 — Data on thermal sensation in stimmer and winter for younger and older people [0

Thermal sense and the unacceptable rate_might also reflect gender differences, ethnic diff¢grences or
nafional-geographic location differences amnd so on. The relevant data for those differences, however, are not
yel sufficiently available.

9.2.4 Taste/smell

Description

Tapte and smell are separate senses but have been grouped together in the Tables because of their similar
prgctical implications.~Taste relates to sensing four basic qualities, through receptors on the tongue: bitter,
sweet, sour and salty. Smell relates to the use of receptors in the nose to sense odours and smells. The two
brmally be

The ability to detect odours decreases as people get older.

[ISO/IEC Guide 71:2001, 9.2.4.2]
Risks and hazards

Impairment of the sense of taste or smell reduces the body’s defence against toxic materials. For example,
people may not be able to detect when food has deteriorated or be alerted to hazards such as smoke.

[ISO/IEC Guide 71:2001, 9.2.4.3]

No additional guidance is offered.
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9.2.5 Balance

Description

The ability to maintain balance and avoid falling is dependent on a complex system, which involves the brain
coordinating visual stimuli, feedback from the balance mechanism in the ear and movement of the limbs.
Continuous control of balance is required during virtually all types of activities.

[ISO/IEC Guide 71:2001, 9.2.5.1]

Effects of geing

The incidence of balance impairments, and thus falls, increases with age. Age-related attention deficits 2

visual imp.
[ISO/IEC ¢
Risks and

Slips, trips
movement
protrusions
easily and
fear of fal
injuries ca

[ISO/IEC

irment can reduce the ability to avoid hazards and to react to loss of balance.
buide 71:2001, 9.2.5.2]
hazards

or other unexpected disturbances to balance require rapid responses\in’ joint rotations and li
s and can place extraordinary demands on the balance control system.-Even very small edges 3
5 can cause tripping. Older persons are more vulnerable to injury from falls as bones break m
consequent complications may be life-threatening. Balance impairment can lead to an increas
ing. People in wheelchairs, powered scooters and walkers\may have balance limitations, 2
n severely affect their independence.

buide 71:2001, 9.2.5.3]

nd

mb
nd
bre
ed
nd

No additio

hal guidance is offered.

9.3 Physical abilities

In principl¢, all physical abilities decrease with.‘age. Studies throughout the world have shown a decling i

stature wit

There is
documents

N age after peaking at approximatély)25 years—35 years.

nardly any change with agetfor static body dimensions. However, the evaluation of availa
from many countries indicates that decreasing mobility and strength related to growing older ¢

cause pro

lems in daily life. In Table17 and the following clauses, detailed age-dependent data measured

different cpuntries and institutions’are presented for these parameters, with emphasis given to those wh
are of part|cular relevance to-the’goal of this Technical Report.

The refergnces in Table/t+7 give some basic principles and data for physical abilities. Comparative data
physical strength obtained in the UK can be found in Reference [97]. Other references are given in
Bibliography.

ble
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Table 17 — List of physical variables

Physical variables Particular Reference
effect of age
Body dimension (examples)
Stature Minimal  |e.g. 1ISO 7250, DIN (98]
Fist height Minimal
Sitting height Minimal
Eve-treiatt . . Handbook of Measurements and Capabilities of the
TeIYri, scedicu I al OlderAdUlt [99]

SHoulder height, seated Minimal
Frpntal grip reach, seated Minimal
Upper arm length Minimal
Elbow - grip length Minimal

Design-relevant charactéristics of ageing users [100]
Elpow - finger tip length Minimal
SHoulder breadth Minimal
Brpadth across elbow Minimal
Bdttock - popliteal length Minimal
Bdttock - knee length Minimal
Pdpliteal height Minimal
AQdominal depth Minimal
Thigh clearance, seated Minimal
Hand lenath Minimal Handbook of Measurements and Capabilities of the

gna‘eng Nimal’__ | order Adult 1991
Hgnd breadth without thumb Minimal
Thumb breadth Minimal
Fgrefinger tip breadth Minimal
Grjp diameter Minimal
Fdot length Minimal
Fqgot breadth Minimal
Exertion of force
Grjpping f Y
fpping Torce s Design-relevant characteristics of ageing

Pylling force Yes users 1001 Japanese Ministry of Educati¢n, Culture,

Sports, Science and Technology [10"], DIN [102]
Tarque Yes
SHoulder strength Yes [103]
Elbow strength Yes [103], [104], [105], [106]
Wrist strength Yes [104]
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Table 17 (continued)

Physical variables efF;::;tti(;:‘"aag:e Reference

Ranges of movement of joints
Wrist - pronation Yes
Wrist - supination Yes
Wrist - flexion Yes
Wrist - extension Yes
Wrist - devjation (radial and ulnar) Minimal

- - — Design-relevant characteristics of ageing users.'p0l
Forefinger flexion Minimal
Head - flexjon Minimal
Head - extg¢nsion Minimal
Head - rotdtion Minimal
Head - latgral bending Minimal
Reaching gnvelopes
Comfortable reaching vertical - standing Yes
Maximum feaching vertical - standing Yes . o .

. . — Design-relevant characteristics of ageing users [P0l

Comfortable reaching horizontal - sitting Yes
Maximum feaching horizontal - sitting Yes
Step lengthi/height and walking velocity
Step length Yes
Walking ndrmal Yes
Walking fagt Yes
Step heighf - comfortable ascent Yes Design-relevant characteristics of ageing users [P0l
Step heighf - comfortable descent Yes
Step heighf - maximum ascent Yes
Step heighf - maximum descent Yes

9.3.1 Dekterity

Descriptign

Dexterity relates to activities of-hand and arm use, particularly coordinated actions of handling objects, pick
them up, manipulating and releasing them, using one hand, fingers and more specifically, thumbs.

[ISO/IEC Guide 71:2001,/9:3.1.1]

Design cdnsiderations

Dexterity impairment includes an inability to bring thumbs and fingers close together or an inability to separ
them very|far/ Complex operations, such as push and turn, which require sustained pressure and twisting

ng

ate

of

the wrist, may be painful or impossible. These have implications for the size, shape and location of controls.
People with involuntary movement have problems with tasks that require precision, such as opening

packaging and dealing with fastenings.

[ISO/IEC Guide 71:2001, 9.3.1.2]

Risks and hazards

People with limited dexterity may endanger themselves, for example by inadvertently activating controls, or
failing to withdraw a hand quickly from a hazard, such as a flame.

[ISO/IEC Guide 71:2001, 9.3.1]
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9.3.1.1 General

Handling objects and fine motor coordination involve the use of the upper extremities, the arms, hands and
fingers, in coordination with the trunk and the shoulders. Diminished or lost abilities require the learning of new
movements or manipulation processes, with consequent compensatory movements such as sideways feeling
movements, turning movements on the body axis to change position and pulling movements for the
straightening of the body. Having something to hold on to allows difficult processes of movement to be carried
out more simply and more securely to compensate for lost mobility. The following are some considerations for
the facilitation of movement:

svetame of vartical naolas and/ar ciinnart handlac facilitata maovamant ahaut tha hadvy gvic H-Wlstlng or
Sy SRS eRica—per8S—aharo—SHpport—raha8s—tachiate eV eht—asott—e-—Beay—axis—l

leaning) and straightening up of the body (changing position);

—| horizontal handrails and round longitudinal handles facilitate lateral gripping forwards .moevement as well
as sliding, securing forward progress instead of forcing the person to find other means of assistance.

The human hand is a highly complex and, above all, universal tool. It allows the greatést variety of|processes
of nanipulation from the pure transfer of strength (e.g. pressing a switch) to highly complicated delicate work
(e.p. threading a needle). The more complex the task, the higher the requirements for coordipation and
interplay of the single functions and components of the hand.

The design of products has a significant impact on their manual operation; gripping surfaces permit safer
gripping and the hand shape of matching cross-sections improves.coordination and strength trangfer. Profile
crgss-sections of 30 mm—45 mm for support handrails and helding handles have shown themsglves to be
suifable. Turning movements for the operation of functions.already assume relatively complex mnotor skills.
Therefore, the following can be considered to increase accessibility:

—| door handles, for instance, are more serviceable than door knobs;
—| large format handle grips are better than shell‘grips or knobs;

—| single lever taps are better than turning taps;

—| push-button keys or toggle switches are better than turning switches;

—| simultaneous double movements, e.g. pushing and turning, often causes problems, afd vertical
movement orientations are-preferable when precise movement processes are necessary.

Steenbekkers and van Beijsterveldt [197] carried out tests of the assessment of psychomotor variables and
foynd that the abilities of hand steadiness, hand-eye-coordination and reaction times all decrgased with
ingreasing age.

When accuratepositioning is required, the aim is to design controllable solutions whereby the hand(s) can be
supported-and the object to be gripped can be held comfortably, with a clearly perceived spatial grientation.
Dimensions and forms of objects and products can be relatively large. The colours and forms support
regognition of object and products. See 8.5 and 8.11.

With age, the differences in fine psychomotor skills between individuals increase significantly. Product testing,
if relevant, can include situations in which the product is used at dusk or in the dark and by persons with a
tremor.
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9.3.1.2

Data on hand steadiness, eye-hand coordination and grip diameter

Manipulation of tools depends on hand steadiness and eye-hand coordination among other motor-controlling
functions, and those functions decline with age. The hand steadiness can be measured, for example, as the
minimum hole diameter of a plate through which a person can pass a pencil or needle without touching the

edge.

Figure 50 shows the hand steadiness measured for different age groups from 20 years to over 80 years of
age [197]. The hand and arm were not allowed to be supported. The hand steadiness score is equivalent to the
minimum hole diameter. The diameter increases with age, meaning that fine motor control deteriorates with

increasingage
Y A
6,5
6 O A
H B
55 ]
5
4,5
4 H
35 H
3 |
25 H
2 | L L L L L L L >
20-30 50-54 \55-59 60-64 65-69 70-74 75-79 80+ X
Key
X age grqup, years
Y hand steadiness score
A  men
B women
Figure [50 — Hand steadiness data expressed as minimum hole diameter through which a man or

woman can.pass a thin stick (2,0 mm diameter) by hand without touching the edge of the hole

Figure 51

100

S—amexampte of the datashowingeye-hand-coordination that Tetatestodexterity H9A4—Fhedata
show the time required for placing key-shaped pins as fast as possible in the holes on a peg board. The board
has 25 key-shaped holes with different directions. It is clear that the time needed to perform this task
increases with age.
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Figure 51 — Mean time required for man/woman to place all 25 key-shaped pegs in key-shaped holes

Dimensions of hands, fingers and thumbs are among the critical data that affect operation of pr¢ducts and
controls that have knobs, grips, push-buttons, etc.

Taple 18 and Figure 52 [107] indicate the maximum diameter of the circle made by the thumb and forefinger

whien enclosing a cone (in accordance with Reference [108]). The data can be applied to the estimation of the
appropriate diameter of an object that has to be gripped.

Table 18 — Grip diameter as a function of age

Agé Men Women
(years) Mean Mepn
n cm n cm
20-30 55 4,3 68 3P
31-49 — 4,2 — 3,9
50-54 35 4,2 35 3,9
55-59 46 4,1 50 4,0
60-64 44 4,2 53 3,9
65-69 50 4,1 51 3,8
70-74 59 4,1 62 3,9
75-79 36 4,1 38 3,7
80+ 33 3,9 35 3,6
n  number of people who participated
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Figure 52 — Measurement of grip diameter

9.3.2 Manipulation

Descriptign
Manipulatipn relates to activities of carrying, moving and manipulating objects. It includes actions using legs,
feet, arms|and hands — reaching, lifting, putting down, pulling, pushing, kicking, grasping, releasing, turning,
throwing apd catching.

[ISO/IEC Guide 71:2001, 9.3.2.1]
Effects of|ageing

Manipulatipn can be impaired by an inability to use hoth hands (or feet) when carrying out an activity. It is also
affected when joint movement, particularly of the-hands or arms, is restricted. Speed of manipulation also
declines in old age as a result of slower reaction\time and slower movement.
[ISO/IEC Guide 71:2001, 9.3.2.2]

Risks and hazards

Individualg with impaired manipulation may risk injury through inadvertently dislodging a device during use.
Product dgsign needs to minimize the hazards and consequences of unintended actions.

[ISO/IEC Guide 71:20045.9.3.2.3]

9.3.2.1 General

The movement of joints, described by the size of the envelopes in the vertical and horizontal planes, and
which indicate how far a person can reach in a sitting or standing position, is very important. In addition, the
fine-motor functions, hand dexterity, precision, coordination, joint mobility, hand-eye coordination and speed of
motor function are also relevant. Basic principles and data can be found in ISO 7250, and in
References [107] and [108].

9.3.2.2 Reach envelopes

The reach envelopes in upper limbs have a great effect on manipulation. The reach envelope depends on the
range of motion (RoM) in upper limbs and, generally, the RoM decreases with age. The following provides
age-related differences for reach envelopes when standing and sitting. The data were measured in the
Netherlands in 1998 with healthy people [107],
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Table 19 provides the envelope of comfortable and maximum vertical reach when standing for six groups of
different age and stature. Figure 53 shows graphical representations of the data for a group of people over
75 years of age and less than 165 cm in height, and for a group of people aged between 20 and 30 and more
than 175 cm in height.

The data were taken by asking individuals to mark with the right arm on the right side and the vertical plane,
the distances and angles within comfortable and maximum reach. Comfortable reach means the reach without
bending the body forwards and maximum reach means the reach while keeping both legs stretched and
bending the trunk. In Table 19, n is the number of people who participated.

Table 19 — Envelope for vertical reach when standing, as a function of age
Age Stature Radius Comfortable Maximum
Mean radius Mean radius
years cm degrees n cm n cm
20-30 <175 90 49 204
75 34 191 60 204
60 49 147 60 184
45 60 149
60 53 110
15 27 73
20-30 > 175 90 54 225
75 29 209 62 225
60 46 161 62 204
45 62 165
60 50 120
15 24 77
50-74 <170 90 182 199
75 179 189 259 198
60 231 149 258 176
55 30 115
45 250 138
30 172 99
15 85 63
50-74 > 170 90 140 216
75 135 205 207 214
60 188 160 209 192
55 20 125
45 202 152
30 143 109
15 43 72
75+ <165 90 27 191
5 56 183 4 189
60 64 145 72 165
45 60 123
30 35 86
15 11 59
75+ > 165 90 32 210
75 41 197 63 205
60 50 157 63 178
45 55 138
30 29 98
15 13 66
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NOTE 2  |R&.and P95 refer to the 5th and 95th percentiles.

Figure 53 — Envelopes for vertical reach when standing (see Table 19)

Similarly, Table 20 provides the envelope of comfortable and maximum horizontal reach at sitting for three
groups of different age and stature. Figure 54 shows the data for a group of over 50 years of age and less
than 170 cm in stature.

The data were taken by asking people to mark with the right arm the area within reach on the horizontal plane

at elbow height. Comfortable reach is a reach without bending the body forwards; maximum reach is a reach
with bending the trunk. In Table 20, » is the number of people who participated.
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Table 20 — Envelope for horizontal reach when sitting, as a function of age

Age Stature Radius Comfortable Maximum
Mean radius Mean radius
years cm degrees n cm n cm
20-30 a -30 63 69 91 108
-15 99 75 117 116
0 116 79 117 120
15 117 81 117 121
30 117 81 117 120
45 114 79 117 117
60 102 76 117 112
75 87 72 117 105
90 67 68 1Y7 98
105 114 92
120 114 88
135 111 83
150 48 82
50+ <170 -30 246 70 259 95
-15 330 72 358 103
0 355 82 360 109
15 359 84 361 110
30 360 83 361 110
45 359 81 361 107
60 341 76 359 101
75 314 70 358 93
90 264 66 354 85
105 340 79
120 327 73
135 289 69
150 72 68
50+ =170 -30 169 73 190 103
-15 233 79 251 112
0 247 84 251 117
15 250 86 251 119
30 249 86 251 118
45 245 84 254 115
60 236 80 250 109
75 207 76 250 102
90 180 72 247 95
105 239 89
120 229 83
135 212 79
150 77 76

@  No specification on stature.
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‘e 54 — Envelope for horizontal reach when sitting for persons over 50 years of age and
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h the comfortable range in both Tables 19 and 20 can be used for situations in which individuals
ach frequently for products. The data of the maximum range can be used for situations in which

have «to.*feach for light-weight products or in which products have to be reached for gnly
ly [107>See 8.12.1.
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9.3.2.3 Rotation

9.3.2.3.1 Pronation

The data given in Table 21 and shown in Figure 55 provide the maximum inward rotation of the wrist
(pronation). The data can be applied to the position of hand-held objects or controlling parts (especially for
rotational manipulation) [107],

Table 21 — Maximum inward rotation of the wrist as a function of age (pronation) [107]

Age Men Women
Ps Ps
(years) n degree n degree
20-30 55 75 68 7
31-49 — — — —
50-54 35 76 35 66
55-59 46 79 50 89
60-64 44 84 53 82
65-69 50 79 51 84
70-74 59 80 62 82
75-79 36 77 38 89
80+ 33 78 35 98
NOTE Only P5 (5th percentile) data are~available.

T

Figure 55 — Measurement of pronation
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9.3.2.3.2 Supination

The data given in Table 22 and shown in Figure 56 are for the maximum outward rotation of the wrist
(supination). The data can be applied to the position of hand-held objects/controlling parts, especially those
which require rotational manipulation [107],

Table 22 — Maximum outward rotation of the wrist as a function of age (supination)

Age Men Women
Ps Py
(years) n degree n degree
20-30 55 64 68 69
31-49 — — — —
50-54 35 46 35 59
55-59 46 56 50 62
60-64 44 62 53 5T
65-69 50 50 51 60
70-74 59 51 62 55
75-79 36 55 38 49
80+ 33 37 35 49
NOTE Only P5 (5th percentile) data are available.

T

Figure 56 — Measurement of supination

108 © ISO 2008 — Al rights reserved


https://standardsiso.com/api/?name=3026c175b83e46f430a78edd86fed333

ISO/TR 22411:2008(E)

9.3.3 Movement

Description

Movement relates to activities of maintaining and changing the body position and transferring oneself from
one area to another using legs, feet, arms and hands.

[ISO/IEC Guide 71:2001, 9.3.3.1]

Effects of ageing

Mgny impairments in movement are experienced in older age which can result in difficulties .in-daily living,
su¢h as dressing, sitting down and getting up again. Examples include:

—1| limited ability to bear mass on the legs,

—| reduced walking speed and step length and/or height,

—| restricted range of movement in the joints of arms, legs and spine,
—| difficulty carrying out a controlled and coordinated movement.
[ISIO/IEC Guide 71:2001, 9.3.3.2]

Design considerations

Some people with movement difficulties are assisted by ‘equipment such as wheelchairs or wdlking aids;
others may require personal help. In both cases, extraspace is needed around them to allow fof approach
angl manoeuvring.

[ISIO/IEC Guide 71:2001, 9.3.3.3]
Rigks and hazards

Pepple with impaired movement are particularly at risk during emergency evacuation of vehicles or buildings.

[ISO/IEC Guide 71:2001, 9.3.34]

9.3.3.1 General

Mqgvement involves_coordination of the actions with the neural system, while the body needs to
mdintain balance)in’ order to remain static or move. Balance can be disturbed, for example, as |a result of
cirgulatory problems, leading to unsteadiness when standing and walking. Paralysis or loss of limbgs can also
cayise balarice and mobility problems due to a lack of muscular power or because of neuronal complications.

Walking aids, walking frames and wheelchairs support mobility. Construction features with suppart systems
and the provision of sufficient opportunity to be seated provide more independence and safety.

A threshold-free layout, e.g. in buildings and traffic spaces, is preferable. Small differences in level can be
overcome by persons who use wheelchairs, walking frames, etc., with the help of gently sloping ramps. Lifts
or mechanical progress systems become necessary to overcome greater level differences. Buildings, public
spaces, traffic facilities and parks that are reachable or usable without thresholds increase accessibility.

Steenbekkers and van Beijsterveldt [107] undertook tests indicating different patterns of ageing for different
types of human ability. Step length and walking speed at a normal and at a hurried pace both reduce with age.

Figures 57 and 58 [107] show the step height of ascending and descending at comfortable and at maximum
condition, respectively. In both cases, the step height decreases with age, especially for females.
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Figure 57 — Comfortable step height for different age groups
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Figure 58 — Maximum step height for different age groups
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Speed of motion is also one of the most important criteria of movement. Walking velocity also decreases with

age both at a normal and a hurried pace, as is shown in Figure 59.
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9.3.3.2 Ease of moving

Walking is an integral part of many activities in daily life. Step length, step height and walking velocity
decrease with age. Older people need, for example, a smaller distance between separate stepping stones.
They also need more time to pass automatic doors and to make use of pedestrian crossings. It is very
unpleasant for them to be forced to walk at a pace other than their normal pace.

Older people require an optimal step height (e.g. 170 mm). When ascending or descending stairs, the slope of
the stairs becomes an important factor. A regular flight of stairs allows a certain rhythm of body movement.
Older people have a reduced sense of balance. Therefore, it is necessary to design banisters or hand grips

alonhgside-stairs
~J

Appropriate stair dimensions can be estimated in terms of human factors, e.g. the relatiohship between
subjective evaluation on the difficulty of walking on stairs and tread dimension. As shown’in FigJre 60 [110],
relationships between tread dimension and subjective evaluation of difficulty can ,be. approximated by
quadratic polynomials (p < 0,001), with the lowest intensity at 300 mm to 350 mm of tread for both young and
older people. Using Figure 60, the subjective load, i.e. the difficulty, can be known,when tread dimension is
given.
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Key
X | tread (cm)
Y | walking difficulty (none at’0” and great at “4”)

A | young
B | elderly

Figure 60 — Relationship between tread dimension and subjective evaluation
of stair-walking difficulty

Generally speaking, older people take smaller steps. To determine the walking space required, use the
median or average values as a reference point. To determine the space which has to be covered by taking
one step, use a smaller value.

The walking width required for people with walking aids is between 800 mm and 900 mm.

A great number of construction features and ergonomic factors need to be considered in order to enable
wheelchair users to move independently. Some factors are dealt with in 8.12.7 and 8.16.

The handling of wheelchairs becomes difficult as the slope of ramps increases. Figure 61 [109] gives an

example of the effect of the ramp slope on the handling of a wheelchair. Ramps tend to be difficult for older
people when the slope becomes steeper.
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Figure 61 — Relationships between slope of ramps and ease of operation ‘of wheelchair

9.3.4 Strength and endurance

Descriptign

Strength relates to the force generated by contraction of a museleyor muscle group, when carrying out|an
activity. Stfength can be the force exerted with a specific part of the body in a specific action (e.g. pushing] or
applied to|a specific object (e.g. opening bottle tops). Activities include pulling, lifting, pressing, grippinpg,
pinching, gnd twisting.

Strength gdilso depends on endurance, the capacity to~sustain force. This can be related to heart and Iyng
function. Uimited strength is common to many physically disabling conditions and is a common reason |for
being unable to operate equipment.

[ISO/IEC Guide 71:2001, 9.3.4.1]
Effects of|ageing

Reductions in muscle power and)stamina are common in older age resulting in impairment of strength.
Impairment of grip strength canmake it difficult or painful to operate an appliance against resistance or torque.
Limitationd of stamina will cause fatigue when use of a product requires prolonged activity. Control of pasdive
movemen{ (i.e. when an“external force such as gravity causes the motion) can be impaired resulting in
difficulties [ e.g. lowering:a heavy object to the ground or sitting down on a chair.

[ISO/IEC Guide 712001, 9.3.4.2]

9.3.4.1 General

Older persons and persons with disabilities can exert less force, e.g. when operating products. Elderly
females are only two-thirds as strong as males of the same age on average. In a healthy population, there is
an eight-fold difference in gripping force between the strongest and weakest groups of persons.

Older persons are also less strong than younger persons when pushing with two hands or pulling with one
hand. For the strength of constructions, it is recommended that the strongest individual be used as the
criterion. For handling products, the weakest individual should be used.

The ability to exert force decreases with age. Several studies have investigated the exertion of static

forces [1001 [111] |n these studies, gripping forces, lifting forces, pulling forces and torque forces were
investigated in different ways. When physical condition and individual capabilities were taken into account,
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there was a negative correlation between static forces and age. For example, the maximum static torque of
two hands for older people is less than for younger people. When making products opened by torque, less
strength of muscle in older people can be taken into account. Sufficient grip strength in these products can
increase accessibility.

The measurement method was described in detail in the specific studies. Several aspects were taken into
account when deciding which method of measurement to use. For example, Steenbekkers and van
Beijsterveldt [197] took dominant hand (pulling and gripping force of both hands; the writing hand not always
being the dominant hand, etc.), building-up force (building-up and holding times, etc.), number of
measurements, time between measurements, clothing (imitated daily-life situations),

ivati iti i itti 2 us  (Jamar

raulic hand-dynamometer, lifting forces with initial weights of 0,5 kg—1,5 kg, etc.).
Steenbekkers’ and van Beijsterveldt’'s results are based on a sample of approximately 750 peoplé. Some of

thgir data are shown as an example of the results of research for gripping force, pushing force,|and static
torflue together with other sources of the data.

9.3.4.2 Grip strength

Thfee types of grip exist in handling controls. Figure 62 illustrates the different types of grip between the
operator’'s hand and the control. Contact grip is one where a unidirectional force is applied by a(finger, the
thymb or hand to the control. Pinch grip is one where the control is\held by fingers and/or thumb without
clenching the fist. Clench grip uses all fingers wrapped around the €ontrol (see ISO 9355-3). The sige suitable
for|a control depends on the type of grip used. See 8.12.3.1.

Tl S
RS-y

@ 10 I 10
N :

Contact actuation Pinch actuation Clench actuation
Key
1 finger 6 three fingers
2 two fingers 7 evenly spaced
3 thumb opposed 8 thumb opposed
4 thumb at right angle 9 finger
5 thumb 10 hand

Figure 62 — Types of contact (ISO 9355-3)
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When designing caps for jars, bottles and other packaging that needs to be gripped or rotated, the maximum
gripping force of a hand should be taken into account. Exertion of a gripping force depends on size, length,
and texture of surface.

Figures 63 provides the maximal grip strength for Japanese males and females as a function of age [191]. Grip
strength data were obtained for both right and left hands as maximal-effort contraction. Measurements were
made on the right and left side, with two trials on each side in a standing position. The results of Steenbekkers
and van Beijsterveldt [107] are also shown for comparison.

YA YA
600 600
‘\AL
500 500

100 M 400

300 [ ~ 300 a B
s Vil e

200 200
£A FA
100 100 'y

0 L L L L L L L

0 10 20 30 40 50 60 70 80 5( 0 10 20 30 40 50 60 70 80 )(
a) Men b)’ Women
Key
X age, yeprs A Japan [101]
Y grip stréngth, N B Netherlands [107]

Figure 3 — Grip strength for males and females as function of age for two national data sources

9.3.4.3 [Lifting strength
Figure 64,|Table 23 and Figure 65 show the liftingstrength data for healthy Japanese [112] and German [}92]

males and females. Individuals lifted a metat pipe or a plate from underneath by gripping with both hands.
Bending of knees was allowed and the position of the feet was decided by the individuals.
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1000 ;\\ =B 1000 =B
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uy; S A
200 200 —?' \_
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0

0 10 20 30 40 50 60 70 80 5( 0 10 20 30 40 50 60 70 80 5(
a) Men b) Women
Key
X age, years A height =600 mm
Y lifting strength, N B height = 800 mm

Figure 64 — Lifting strength data for healthy Japanese men and women during childhood,
youth and old age
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Table 23 — Two-handed force that can be exerted to lift a crate (width 500 mm) [102]

ISO/TR 22411:2008(E)

Force direction

Point of force
application

Force percentiles

Gender-related force values

lica Female Male
A (vertical) 1350 5 123 268
Side-gripping 10 134 305
15 144 323

50 166 417

95 268 570

1110 5 153 353
Bottom-gripping 10 176 393
15 190 419

50 248 541

95 353 764

750 5 294 642
Side-gripping 10 345 739
15 375 821

50 528 1274

95 353 764

500 5 284 617
Bottom-gripping 10 339 78
15 383 774

50 507 991

95 724 1329

400 5 261 603
Side*gripping 10 326 687
15 349 762
50 490 1108

95 770 1651

150 5 256 456
Bottom-gripping 10 301 678
15 338 738

8} 470 971
95 689 1324
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Dimensions in millimetres
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a) Gripped from side b) Gripped-from bottom

Key
+A vertical|force direction
Figure 65 — Measurement of two-handed force to lift a crate of width 500 mm [102]
9.3.44 [Pushing force with two hands
The following data provide pushing and pulling strength values for Japanese [109 German[108] and
Dutch [197]] people. The pushing and pulling strength data were obtained by isometric “make” tests in the
sagittal plgne using a force measurement system wijthya load cell. They were measured during maximal-effort
contraction in expiration in order to prevent strokes caused by sudden changes in blood pressure.
NOTE The “make” test is a muscular strength testing method for measuring the force exerted by individuals agajnst
an unmoving object such as a wall. /sometric méans that the muscle length is kept constant without joint movement dufing
testing.
The data given in Table 24 and shown in Figure 66 provide the maximum pushing force using both arms gnd
hands toggther, exerted for 3 s.\The data can be applied to situations in which maximum pushing force with
two hands|is required. It also.giveés an indication of the required solidity of vertical constructions [107],
Table 24 — Pushing force with two hands as function of age
Age Men Women
Mean Mean
(years) n N n N
20-30 54 508 68 333
31-49 — 490 — 317
50-54 35 459 35 307
55-59 46 485 49 294
60-64 44 424 53 288
65-69 50 409 51 250
70-74 59 361 62 230
75-79 36 349 37 219
80+ 33 295 34 165
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9.3
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4.5 Pulling force with one hand

Figure 66 — Measurement of pushing force with-two hands

e data given in Table 25 and shown in Figure 67 provide.the maximum pulling force of one har
3 s. The data can be applied to situations in which maximum pulling force with one hand is requi
es an indication of the required solidity of vertical constructions [107],

Table 25 — Pulling forcé‘with one hand as function of age

Age Men Women
Mean Mean

(years) n N n N
20-30 55 349 68 240
3149 — 354 — 247
50-54 35 342 35 247
5559 46 374 50 262
60—64 44 330 53 238
65-69 50 321 51 212
70-74 59 288 62 194
75-79 36 287 37 184

80+ 33 258 35 155

d, exerted
red. It also
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Figure 67 — Measurement of pulling force with one hand
9.3.4.6 [Static torque with two hands
The data given in Table 26 and shown in Figure 68 provide the maximum static torque of two hands and bpth
arms, exeted for 3 s. The data can be applied to products that require two-handed manipulation, e.g. one part
has to be furned relative to the other. It also gives an indication afthe solidity required of products that have to
withstand {orque [107],
Table 26 — Static torques with two hands as function of age
Age Men Women
Mean Mean

(years) n N n N

20-30 55 8.7 68 5.6

31-49 — 8.2 — 5.2

50-54 35 7.7 35 4.8

55-59 46 7.5 50 4.7

6064 44 6.4 53 4.8

6569 50 6.5 51 4.0

70-74 59 53 62 3.7

75-79 36 5.1 37 3.5

80+ 33 4.9 35 3.4
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Figure 68 — Measurement of static torque

9.3.4.7 Extremity muscle strength

Mdscle strength in the limbs has a great impact on activities of daily\living and on the quality ¢f life. The
following data provide the extremity muscle strength torque takef from about 1 000 Japanese nales and
feales. The extremity muscle strength data were obtained as the data of gravity-compensated extfemity joint
torflue (EJT) values. The EJT values were obtained by isometric “make” tests in the sagittal plane with a
hand-held dynamometer (HHD).

Figures 69, 70 and 71 are data on joint torque of flexiomand extension for wrist, elbow and shouldef. The data
wefe taken for more than 300 Japanese men and wamen ranging in age from about 20 to 80 yearg|[113]. Joint
torflue of any kind shown here has a slight peak.atimiddle age and decreases with age.

Y 4 YA
12 12
10 10 —

A ("\\ A \\‘
8 8 NA

| —-—
6 BY— g 6 BF
4 4
2 2
0 > 0 &
0 «18 20 30 40 50 60 70 80 90 X 0 10 20 30 40 50 60 70 89 9 X
a)—Whistflexion by—Wristextensiom——
Key

X age, years
Y wrist flexion torque (palmar flexion), N-m
Y’ wrist extension torque (dorsiflexion), N-m

A men
B women

Figure 69 — Torque data for wrist flexion and extension for Japanese people as function of age
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a) Elbow flexion b) Elbow extension
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X age, yeprs
Y elbow flexion torque, N-m
Y’ elbow gxtension torque, N-m

A men
B women

Figure|70 — Torque data for elbow flexion and extension for-Japanese people as function of age
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Y shoulder flexion torque (forward elevation), N-m
Y’ shoulder extension torque, N-m

A men
B women

Figure 71 — Torque data for shoulder flexion and extension for Japanese people as function of age
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Figure 72 indicates the relationship between the height of the grip and the pushing and pulling strength values.
The pushing and pulling strength values were taken from about 200 Japanese males. Measurements were
performed when standing. The pushing and pulling strength values were obtained by isometric “make” tests in
the sagittal plane using a force measurement system with load cells, and were measured during maximal-
effort contraction in expiration in order to prevent strokes caused by sudden changes in blood pressure. Data

were normalized by the height of the elbow joint of each person [113]. [114],

Y4 YA
4U 14U \
L /.\
20 120 ~_—
00 100
80 80
60 60
40 40
20 20
0 1 1 1 1 > 0 1 | 1 1 >
30 40 50 60 70 80 X 30 40 50 60 70 80 X
-—A -—C - A —~C
-—B —-—D -—B\=D
a) Pushing strength b) Pulling strength
Key

X | age, years
pushing strength, N

<

Y’ | pulling strength, N

relative height = 1,2
relative height=1,0
relative height = 0,9

o0 w >

relative height =0,8

Figure 72 — Age-related difference of pushing/pulling strength in healthy Japanese nien

Fidure 73 provideS.the relationships between height of the grip and pushing and pulling strength. The pushing
and pulling strength values were taken from standing Japanese people. The pushing and pulling strength
values werg{0obtained by isometric “make” tests in the sagittal plane using a force measurement system with
logd cellsrahd were measured during maximal-effort contraction [112].

S5 =

© 1SO 2008 — All rights reserved 123


https://standardsiso.com/api/?name=3026c175b83e46f430a78edd86fed333

ISO/TR 2

2411:2008(E)

YA YA
1400 700
1200 600 /\
1000 //\ 500 /
800 / 400 /
600 / //\ 300 / //\ \.
400 \- 266 W ey
200 y 100 |
0 1 1 1 1 1 1 1 > 0 1 1 1 1 1 1 1
0 [10 20 3 40 50 60 70 80 X 0 10 20 30 40 50 60 N70 80 X
——H =600 mm — H =600 mm
—— I =800 mm —— H =800 mm
a) Pushing strength, men b) Pushing strength, women
Y4 YA
700 /\ 500
000 / 400 I~
500 / /
0 ///‘\\‘1 20 / — -
300 200 / -
200 V
100
100
0 1 1 1 1 1 1 1 > 0 1 1 1 1 1 1 1
0 |10 20 30 40 5 ,.60) 70 80 X 0 10 20 30 40 50 60 70 80 X
-+ H =600 mm — H =600 mm
—=— H =800 mm —=— H =800 mm
c) Pulling-strength, men d) Pulling strength, women
Key
X age, years
Y pushing sitrength, N
Y’ pulling strength, N
H relative height

Figure 73 — Age-related difference of pushing/pulling strength in healthy Japanese men and women
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9.3.5 Voice

Description

Voice relates to the sound produced by the vocal organs, usually as speech. Speech impairments may
influence speech in a general way, or only certain aspects of it such as articulation, volume, fluency, speed,

melody and rhythm.

[ISO/IEC Guide 71:2001, 9.3.5.1]

Desi derati
The principal consequence of speech impairment is the barrier to communication and sogcial

Alternative forms of communication, such as sign language, or devices such as speech amplificati
symthesis, or use of facsimile or key boards, may assist.

[ISO/IEC Guide 71:2001, 9.3.5.2]

nteraction.
bNn, speech

No further guidance is offered.

9.4 Cognitive abilities

9.41.1 General

Cognition is the understanding, integrating and processing.of\information. The information includes
angl organization of ideas and time-management.

[ISO/IEC Guide 71:2001, 9.4.1.1]

Pepple with a cognitive impairment may have trouble learning new things, making generaliz
asgociations, and expressing themselves ‘through spoken and written language. These impair
prqduce anxiety, loneliness, depression,-delusions, obsessions and compulsions. Such disorders
in feduced ability to concentrate on atask:

[ISO/IEC Guide 71:2001, 9.4.1.2]

hbstraction

htions and
ments can
may result

Cognitive abilities are those.concerned with central information processing, such as recalling frorn
directing attention, percéption through sensory information, thinking, decision making, problem s
language. Cognition_refers to mental activities involved in acquiring and processing information.
degline in cognitive-pérformance can be observed with age.

When designifig~a product, consideration of cognitive limitations in respect of the acquiring, proce
stdring of information, as summarized in Table 27, can increase accessibility.

N memory,
olving and
A general

essing and
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Table 27 — Potential effects of cognitive impairment

Cognitive aspect

Potential effect of cognitive

Relevant subclauses of this

increased forgetfulness

impairment Technical Report
Intellect Slower information processing 9.4.2,87.4.2
Memory Reduced ability to remember, 9.4.3,8.10.1, 8.16.8

Language and literacy

Reduced ability to express thought in
words or to process speech

9.4.4,8.7.6.2

Time needgd to acquire and process
information

Time to process is increased

9.4.21,8.10.11t08.10.3, 8.12.6

Recognitioh and comprehension of
new information

Impaired

9.4.2.1,8.20.1,8.16.8

Reactions

Speed reduced

9.4.22,8.12.6

Carrying olit complex tasks

More difficult to complete

94.22,817.1108.17.4,8.7.2

Sensitivity fo disturbance

Increased when subjected to
over-stimulation and distraction

8.16.8, 8.16:9,8.7.4.4,8.7.4.1,8.8

Tendency foward irritation

Increased

8.17(8:16), (8.20.1)

Psycho-mdtor coordination

Reduced

816.1108.16.9, 8.18.1 10 8.18.3

Although t{he potential effects of cognitive impairment are evidént] it is considered that variability amd

ng

persons wjth cognitive impairment is very high and some cognitive aspects do not necessarily affect many

people.

9.4.2 Intellect

Descriptign

Intellect is [the capacity to know, understand and reason.

[ISO/IEC Guide 71:2001, 9.4.2.1]

Effects of|ageing

ay.
ns,

As people|get older they mayyhave more difficulty concentrating and in continuing to pay attention to a tg
Changes In sleep/wake~rhythm may mean older persons are sleepy and thus less alert during the d
Conditiond such as dementia and Alzheimer’'s disease, which are more predominant among older perso
lead progressively tointellectual decline, confusion and disorientation.

[ISO/IEC Guide ¥1:2001, 9.4.2.2]

Design considerations

Impairment leads to perception problems, which include difficulty taking in, attending to, and discriminating
sensory information. Difficulties in problem-solving include recognizing the problem, identifying, choosing ad

implement

ing solutions, and evaluating the outcome.

[ISO/IEC Guide 71:2001, 9.4.2.3]
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9.4.21 Processing speed and capacity

Age differences in comprehension and memory are mainly caused by reduction in processing capacity, which
is believed to be caused by a decline in working memory capacity. This decline in processing capacity is
expressed through a reduced information processing speed.

Older people can acquire new knowledge and master new skills, but doing so takes longer than it does for
younger people. Generally speaking, the performance of learned mental tasks and skills will take longer than
for younger people. Figure 74 [119] shows how processing speed decreases with age, for example, for digit
symbol, pattern comparison, and letter comparison tasks. This “cognitive slowing” occurs at all stages of
information processing, and increases both the time taken to perceive incoming information and the time
required to process it and make decisions as to what response(s) to make. Training and application of
strategies can improve older persons’ cognitive performance.

YA
1,5
1 -
05 |-
0 -
X
-0,5 |-
-1 -
-1,5
Key
X | age by decade
Y | Z score
A | digit symbol
B | pattern comparison
C | letter comparison
NQTE Z score is the-normalized standard score, the mean and standard deviation of which are converted to become

zerp and unity, respectively.

Figure 74 — Processing speed of intellectual activities as function of age

9.4.2.2 . Task complexity

Pelformance is generally better when individuals perform a single task rather than when they are required to
divide their attention among multiple tasks. For some tasks, such as those involving visual attention and
reaction time, older people perform less well than younger people [116]. [117],

For other tasks, such as those in studies employing meaningful speech [1181. [119] there appear to be no age
effects; the decline under dual task conditions were similar for older and younger people.

In some studies [118] the dual-task conditions involved the recall of words in spoken text, presented at three
different rates, and recognition of pictures on a computer screen, which either had or had not been presented
previously. Figure 75 shows the experimental results and a clear decline in the percentage of correctly
recalled words by older people (but not younger people) as the speech rate increased. However, although the
performance for both younger and older people declined under dual-task conditions, relative to single-task
conditions, the decline was similar in both age groups.
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The decline in the performance of older people with increasing speech rates is thought to reflect a “cognitive
slowing” of information processing for older people, such that they need more time to process information
presented at fast rates. Similarly, older people have difficulty processing sentences with especially complex
syntax (see, for example, Reference [121]).
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Figure 75 — Percent of original speech rate

128 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=3026c175b83e46f430a78edd86fed333

	Scope
	Normative references
	Terms and definitions
	General considerations
	Need for technical guidance in implementing ISO/IEC Guide 71
	Approaches for achieving accessibility
	Human abilities data

	Using this Technical Report
	Developing standards — Issues to consider during the standar
	General
	Definition of the standardization project
	Composition of the drafting committee
	Content of the standard
	Review process
	Publication of the standard

	Resolution of contradictory requirements
	Factors to consider with design guidelines
	General
	Alternative format
	General considerations
	Alternatives to visual information
	Tactile markings
	Auditory signals

	Alternatives to auditory information
	Visual Information
	Tactile information

	Alternatives to voice input
	Biological identification and operation
	Prevention of seizures
	Alternatives to visually displayed text or graphic informati
	General
	Alternatives to textual information visually displayed
	Alternatives to graphical information


	Location and layout of information and controls and position
	Location
	Position of information
	Location of controls

	Buildings
	Layout

	Lighting levels and glare
	Provision of lighting
	Consideration of ambient lighting
	Buildings
	Avoidance of glare

	Colour and contrast
	Choice of colour
	Colour combinations
	Colour coding of information
	Luminance contrast

	Size and style of font and symbols in information, warnings 
	General
	Font size
	Font style
	Special consideration for fonts used in display screens

	Clear language in written or spoken information
	Information available as text
	Complexity of information
	Printed instructions
	Spoken information
	Sound level of spoken announcements
	Cognitive aspects of voice instruction
	Voice warnings or alerts
	Speech communication in noisy environment
	Speaking rate

	Multiple languages
	Other factors
	Document navigation mechanisms
	Language support


	Graphical symbols and illustration
	Loudness and pitch of non-spoken communication
	Slow pace of information presentation
	Operation not depending on user's memory
	User control of time-sensitive content changes
	Control of auditory information presentation
	Control of visual information presentation

	Time-constrained task design

	Distinctive form of product, control or packaging
	Identification by form
	Orientation of product or control
	Tactile warnings

	Ease of handling
	Size, shape and mass
	Instruction manuals and location of markings
	Controls
	Handling
	Spacing
	Status

	Containers and packaging
	Duration of actions
	Timed responses
	Elements in buildings and the built environment
	General consideration
	Clear floor or ground space
	Manoeuvring clearance
	Knee and toe clearance
	Protruding object
	Walking surfaces
	Elevators
	Reach ranges
	Dimensions of passage for wheelchairs

	Assembly and maintenance

	Expiration date marking
	Contents labelling and warning of allergens
	Allergy labelling/ingredients list
	Warnings and cautions

	Surface temperature
	Appropriate range of surface temperature of objects
	Ambient air temperature

	Accessible routes
	Changes of level
	Lifts/elevators and ramps
	Lifts/elevators
	Ramps

	Stairs
	General
	Handrails

	Flooring
	Swing, sliding or powered door-closing systems
	Seating
	Coverage
	Route information
	Emergency routes

	Logical process
	Operations
	Feedback
	Repeated actions
	Other design considerations concerning cognitive abilities

	Surface finish
	Slip-resistance and texture
	Sharp points
	Flooring
	Non-glare surface finish

	Non-allergenic/toxic materials
	Acoustics
	Acoustical design
	Amplification and adjustment
	Communication systems

	Fail-safe
	Ventilation
	Fire safety of materials

	Ergonomic data on human abilities and the consequences of im
	General
	Sensory abilities
	Seeing
	Spectral sensitivity of the eye
	Visual acuity
	Effect of viewing distance
	Effect of luminance level

	Span of fundamental colour and colour combination (category 
	Colour vision defects
	Useful field of view
	Glare
	Contrast sensitivity, including low vision sensitivity
	Lighting level

	Hearing
	Hearing-sensitivity decrease as a function of age
	Sound pressure level of auditory signals
	Auditory signals in quiet environments
	Auditory signals in noisy environments

	Sound pressure level of spoken announcements in public space
	Design of voice instructions
	Audible conditions for speech communication in a noisy envir
	Acoustical design for speech intelligibility

	Touch
	General
	Tactile spatial resolution
	Tactile temporal resolution
	Thermal sense
	Surface temperature
	Air temperature


	Taste/smell
	Balance

	Physical abilities
	Dexterity
	General
	Data on hand steadiness, eye-hand coordination and grip diam

	Manipulation
	General
	Reach envelopes
	Rotation
	Pronation
	Supination


	Movement
	General
	Ease of moving

	Strength and endurance
	General
	Grip strength
	Lifting strength
	Pushing force with two hands
	Pulling force with one hand
	Static torque with two hands
	Extremity muscle strength

	Voice

	Cognitive abilities
	General
	Intellect
	Processing speed and capacity
	Task complexity

	Memory
	General
	Effect of ageing on memory

	Language/literacy
	General


	Allergies
	Description
	General
	Allergic reaction
	Importance of labelling

	Contact allergies
	General information

	Food allergies
	Respiratory allergies



