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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 ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

T

procedures used to develop this document and those intended for its further majnte

degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
diffferent types of ISO documents should be noted. This document was drafted in accordanc
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torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document'may be the
fent rights. ISO shall not be held responsible for identifying any or all sugh patent rights.
y patent rights identified during the development of the document will’be'in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents))

1stitute an endorsement.

an explanation of the voluntary nature of standards) the meaning of ISO specific

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see ww]
/foreword.html.

Thlis document was prepared by Technical Committee ISO/TC 159, Ergonomics, in collabord
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e European Committee for Standardization(CEN) Technical Committee CEN/TC 122, Ergog
ordance with the Agreement on technjcal cooperation between ISO and CEN (Vienna Agre

Thiis second edition cancels and replaces the first edition (ISO/TR 22411:2008), which
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The main change comparedsto the previous edition is the replacement of ergonomic
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/IEC Guide 71:2014.
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Introduction

This document is intended to help standards developers by providing ergonomics data related to
human characteristics and capabilities to support ISO/IEC Guide 71:2014. This document is supposed to
be used mainly by standards developers, but also by those responsible for design. The underlying idea
is that products, services and environments encountered in all aspects of daily life and intended for the
consumer market and the workplace should be designed to be accessible for people with a widest range
of capabilities. This idea, called accessibility, has been spreading all over the world.

ISO/IEC asfirst publis 001 tos SS : SS n0orta of being au
of the neg¢ds of older persons and persons with disabilities and to direct the attention of standayds
developerfs to these needs when they draft or revise standards. In response to the publication| of
ISO/IEC Gpide 71, ISO/TR 22411:2008 was developed to fulfil the gap between the concept and|practjice
with offerling ergonomic knowledge and data on human abilities.

A

After morje than 10 years from the publication of ISO/IEC Guide 71 and ISO/TR 22411y/together wiith
new knowledge and experience in implementing these documents, ISO/IEC Guide 71 was revised intp a
more elabjorated one and consequently the revision of ISO/TR 22411 was requir€éd,

This docujment provides updated ergonomics data as well as newly availablé-data which are all publicly
available and can be used to support standards developers in applying ISO/IEC Guide 71:2014 in thieir
individual standards. These ergonomics data help standards developers'to understand characteristjics
and capabilities of diverse users to be served by requirements and recommendations in a standajrd.
The data|provided in this document apply mainly to persons with disabilities and older persopns.
The intention in using these data is to formulate requirements*and recommendations in standards
that inclufe the widest possible range of users. It can also be‘used by designers in order to incregse
accessibiljty as part of accessible design or universal design:

While the|data covers a wide area of human abilities gelated to accessibility, data for some part of the
area, for gxample cognitive abilities, is still missing.\Furthermore, new data emerged or were updated
during th¢ development of this document, which:iShot included in this document either. This document,
due to sclentific reasons, does not necessarily-adopt the ICF terminology but established terms|in
ergonomigs.

vi © IS0 2021 - All rights reserved
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Ergonomics data for use in the application of ISO/IEC
Guide 71:2014

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing
this document using a colour printer.

1 [ Scope

Thliis document provides ergonomics data for standard developers toj uUse in | applying
ISQ/IEC Guide 71:2014 to address accessibility in standards. These data can also beused by ergonomists
anfl designers to support the development of more accessible products, systems)services, envifonments,
anf facilities.

Thie ergonomics data include quantitative data and knowledge about basic human characterjistics and
capabilities as well as context-specific and task-specific data, all being based on ergonomics| research.
Thie data focused on the effects of ageing and/or consequences-of various types of humap sensory,
physical, and cognitive disabilities. It does not contain general ergonomics data that have|no direct
relation to ageing or disabilities.

The data presented in this document are not exhaustiverdue to no available data for some faspects of
human characteristics and capabilities with regard to ageing and disabilities.
2 | Normative references

Thlere are no normative references in this decument.

3 | Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISQ and IEC maintain terminological databases for use in standardization at the following addiresses:

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

—| IEC Electropedia: available at http://www.electropedia.org/

3.1
acgessibility
extentzte'which products, systems, services, environments and facilities can be used by people from a
population with the widest range of user needs, characteristics and capabilities to achieve [identified
godatsTmriderntified tomtexts of use

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

3.2

accessible design

design focused on diverse users to maximize the number of potential users who can readily use a
system in diverse contexts

Note 1 to entry: This aim can be achieved by (1) designing systems that are readily usable by most users without

any modification, (2) making systems adaptable to different users (by providing adaptable user interfaces) and
(3) having standardized interfaces to be compatible with assistive products and assistive technology.

© IS0 2021 - All rights reserved 1
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Note 2 to entry: Terms such as universal design, accessible design, design for all, barrier-free design, inclusive

design and
[SOURCE:
3.3

transgenerational design are often used interchangeably with the same meaning.

ISO/IEC Guide 71:2014, 2.19]

impairment
problem in body function or structure related to a significant deviation or loss

Note 1 to entry: Impairments can be temporary or permanent; progressive, regressive or static; intermittent or
continuous.

[SOURCE:

3.4
system
product, g

[SOURCE:

3.5

universa
design of
extent pos

Note 1 to
disabilitieg

Note 2 to ¢
design and|

[SOURCE:

3.6

user
individua
[SOURCE:

"individuz:

4 Supy

ISO/IEC @
standards

1) thefi
user d

ICF 2001, WHO]

ervice, or built environment or any combination of them with which the user/interacts

ISO/IEC Guide 71:2014, 2.1]

design
products, environments, programmes and services to be usableiby all people, to the great
sible, without the need for adaptation or specialized design

entry: Universal design shall not exclude assistive devices{for’particular groups or persons w
where this is needed.

ntry: Terms such as universal design, accessible design design for all, barrier-free design, inclug
transgenerational design are often used interchangeably with the same meaning.

ISO/IEC Guide 71:2014, 2.18]

who accesses or interacts with a’system

ISO 9241-11:2018, 3.1.5, modified — In the definition, "person” has been changed
1", "accesses or" has beencadded, and "product or service" has been removed.]

jorting ISO/IECGuide 71 with human data

through twolapproaches, as shown in Figure 1:

st approach defines accessibility goals for the product or system under development and {
ccessibility needs associated with fulfilling those goals (denoted by Clause 6 in Figure 1);

2) the

uide 71:2014 pnovides standards developers with guidance on addressing accessibility] i

pst

ith

ive

to

he

econd npprn;\r‘h prnvidpc accessibility-related dpcign considerations, bhased on

an

understanding of human abilities and characteristics (denoted by Clause 7 in Figure 1).
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Clause 6 Clause 7
Accessibility goals Human ablllFlefc‘ and
characteristics
User accessibility needs Design considerations

2021(E)

Thie user accessibility needs (first approach) or design.considerations (second approach)

as
ap
thi
ac

Er
wh
of
re
av
ev
co

In
rel
re

Clause 8: Strategies for addressing user accessibility
needs and design considerations in standards

Figure 1 — Two approaches to address accessibility in standards described in
ISO/IEC Guide 71:2014

the basis for accessibility requirements and recomimendations in standards. Regardless
pbroach is used, the accessibility requirements and’jrecommendations in the standards aj
ough the appropriate selection of strategies (denoted by Clause 8 in Figure 1) that can|
essibility needs or address the design considerations.

bonomics data are relevant throughout-both approaches and especially important in de
ich strategies are the most effective In a situation. In some cases, the data can providg

can serve
of which
e derived
meet the

termining
a source

nominal values or numerical spécifications which can be included in the requirenpents and

ommendations of standards. Ifi other cases (especially with respect to cognitive varig
hilable data are qualitative in" nature and/or reflect small sample sizes, but can still b
hluate the feasibility of applying particular strategies to meet accessibility needs or to addr
nsiderations.

addition to the role\that ergonomics data play in standards development, these data ar
evant to the produet-and system designers, who are attempting to fulfil accessibility require
ommendations by’developing and implementing technical solutions that make use of the exi

Sp
in
of

asdi

e of the challenges for standards developers and designers is that ergonomics data r
cific populations is distributed across multiple standards and other guidance documents,
ublished research reports, papers and books from a variety of academic disciplines. Th
histdocument is to bring the most valid and applicable data together in one document

\bles), the
e used to
bss design

e directly
ments and
sting data.

plevant to
as well as
e purpose
This will

leds when

formulating requirements and recommendations. Having a single source of information will also be of
value to designers.

5

Data selection and format

5.1 Data selection

The data in this document were selected from various sources existing in scientific books and journals,
standards, as well as databases of universities, research institutes or projects. They are all relevant for
demonstrating effects of ageing and disabilities and the committee regards valid and worth citing in
this document. Most of the data are well-supported in academia and related technical fields or based on

©lI
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a sufficient number of samples to provide statistical meaningful results. Some of the data, especially in
cognitive field, have a limited number of samples but the committee regards qualitatively relevant for
application.

5.2 Data format of this document

Data in this document are presented in a common format for easy and correct understanding of the
data. It contains following items. If no information is available for some items, they are left blank.

— Title

This il:em describes the title of the data. The title has an additional information on the type of data
either for the effect of ageing or the effect of some specific disability.

— General

This |tem describes background and outline of data, implications in designing, as well as why
the dpta is important and included in this document. Some scientific information necessary|to
undeystand the data is also included.

— Samyplled population

This |tem describes samples from which the data have been obtdined. Number of people who
parti¢ipated in the experiments or measurements, their age and-génder distribution, and any other
attributes of samples necessary for understanding the data aré&presented.

— Methpds and conditions of data collection

This iLem describes methods and conditions of the medsurement used for data collection. Technifal
inforpation necessary for understanding the figures and tables in the data section is provided
depending on the types of human characteristicsand capabilities. Limitations associated with the
methpds or conditions are also provided.

— Data

This item describes typical data given-in figures and tables picked up from the data source(s) that
would be most suitable for understanding the human characteristics and capabilities expressed in
the title of the data. The data is@@lso selected as the most useful one for design considerations.

— Limitations

This ifem describes cafstrains or cautions for use of the data. As the human data largely depends|on
the methods and conditions of the measurement, it would be safe and useful to show the limitatigns
in applying the datato actual situations.

— Application.examples

This ikem glves a general 1dea for applylng the data and implication of the data for de51gn with some

— References
This item provides a list of:

— Data sources: sources of information on the data presented in the data item, including relevant
literature (standards, academic journals, books, other reports) and website;

— Cross-references: relevant sections in this document for cross-referencing and better
understanding of the section;

— Other references: relevant literature and website, not directly related to the data but useful for
understanding them.

4 © IS0 2021 - All rights reserved
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5.3 How to use the data

This document provides data on a large variety of human characteristics and capabilities that can be
applied to product design, as well as some aspects of the design of services and environments.

Clause 6 provides data items on sensory characteristics and capabilities covering modalities of vision,
hearing, touch, and the thermal sense. No data is provided on smell and taste as no relevant data source
was found, though ISO/IEC Guide 71 does address these senses in a general way.

Clause 7 provides data items on physical characteristics and capabilities, covering body size, fine motor

co

mu
rel

Clg

(e

rdination of the hand, movement of upper hody structures, movement of lower body struc

ures, and

scle power and muscle endurance. No data is provided on physical characteristics andrcg
ated to speech production.

use 8 provides data items on cognitive characteristics and capabilities related to

information processing and memory. Although cognitive abilities are especially relevant to ac

litt

an

md

Th

pr

sel

be
da

(i.6

su

In
nu
to

(e.

thg

In

thg

le data of quantitative nature exists because cognitive disabilities vary markedly in th
1 can involve many unique combinations of attentional, information pregesSing, memory
king and affective impairments for any given individual.

e data provided in this document can be used, directly or indirectly; When standard devel
pducts designers consider accessibility in the context of developing'standards or designing]
vices or environments. Depending on the nature of experimental data provided, it may g

fa provided in this document can be applied in their specific situation, given how it wag
. the population tested and the method used), as wellias the limitations of the data, as de
hclauses.

hddition, much of the data related to physical and'sensory capabilities can be directly applig
merical values are provided in tables, charts;formulas and graphics. These data may be dir
Ket limit values in standards (e.g. weight-lifting limit), or specifications of certain design p
b. the grip span for a tool). Alternatively) much of the data related to cognitive abilities si
e form of task-specific trends, as a fuhction of age and/or disability, and cannot be applie
these cases, designers and standards developers are limited to interpreting the impli
e trends in light of their particular design or standards development situation. It is also

pabilities

attention,
essibility,
pir effects
decision-

lopers and
products,
I may not

relevant to a specific design issue. Therefore, users of thiSydocument should consider whether the

collected
scribed in

d because
ectly used
irameters
mply is in
1 directly.
cations of
xtremely

important that users of the cognitive data maintain awareness of the significant variance in|
capabilities and limitations,generally, and the limited sample sizes involved for some popu
which data is provided.

cognitive
ations for

6 | Sensory characteristics and capabilities

6.1 Overview of sensory characteristics and capabilities
Ev
or

de

criminate
l1r's varies

bry sensory characteristic and capability can be affected by ageing: abilities to detect, dig
pefeeive sensory stimuli of vision, hearing, touch or thermal sense. How the change occ
ending on the sensory function.

Various types of disabilities in sensory characteristics and capabilities are caused by medical disorders
or impairments in the structure or the function, which result in low vision, colour defect, hardness of
hearing, etc. In addition, disabilities can be caused by environmental factors such as illumination, noise,
temperature, etc.

Most of the sensory characteristics and capabilities do not vary depending on the gender or ethnicity.
However, in the case of hearing, for example, a large gender difference can be found in the sensitivity of
older ears although the reason for that is not known.

Table 1 shows a brief summary of sensory characteristics and capabilities with regard to ageing effects.
Details are described in 6.2 to 6.5. The sense of taste and olfaction is missing in this document because
of a lack of data useful for ergonomic design.

© IS0 2021 - All rights reserved
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An online database can be used to investigate the ageing effects and effects of disabilities in sensory
characteristics and capabilities (see Reference [77]). Some of the data referenced in this document have

been taken from the database.

Overview of ageing effects on vision is also available in Reference [59].

Table 1 — List of major sensory functions and effects of aging

Sensory functions | Particular effects of age
Vision
Spectral sgnsitivity Declines at short-wave region (blue light)
Colour discrimination Worsened
Colour identification/colour category Span of colour category reduced
Contrast sensitivity Declines at high spatial frequencies
Temporal gensitivity (flicker sensitivity) Declines at high temporalfrequencies
vial acf forsaned o i spaC@Hrquences anda
Legibility [of symbols and letters) Worsened for cogmplex symbols and letter$
Field of vigw Narrowed
Dark/light adaptation Slightly affected
Lighting lgvel Slightly~affected
Glare Ingreased
Hearing
Hearing s¢nsitivity Declines especially at high frequencies
Sensitivity to extremely high frequency (above 10 000 Hz) Declines or completely lost
Sensitivity to low frequency (below 100 Hz) Moderately affected

Becomes smaller especially at high frequencifs;
Loudness in some cases, accompanies abnormal growjth

called “recruitment”
Tone perception Worsened especially in noisy conditions
Speech pefception Worsened especially in noisy conditions
Touch
Tactile pr¢ssure sense Sensitivity decreased
Spatial regolution Declines at high spatial frequencies
Temporal pensitivity (fefvibration) ;irrlziltfirétqyuiiiriised especially for high ten-
Legibility |(for tactile $ymbols and characters) Worsened
Thermal jense
Sensitivity to.strface temperature Decreased
Sensitivity To alr temperature Decreased
Thermal sensation for comfort Reduced

6.2 Vision

6.2.1 Visual sensitivity to colour (spectral sensitivity of the eye: ageing effect)

6.2.1.1

General

The human eye responds to electro-magnetic radiation of the wavelength range from about 380 nm to
780 nm. The overall sensitivity to the radiation throughout the range is called spectral sensitivity or
spectral luminous efficiency. This spectral sensitivity changes with age so that it becomes less sensitive

6 © IS0 2021 - All rights reserved
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to light in the short-wavelength region approximately from 400 nm to 500 nm (coloured purplish and
bluish). Therefore, a bluish as well as a purplish light looks darker to older persons than it does to young
persons. Taking account of this ageing effect can increase visibility of signs and displays for older people.

NO
len

TE
s surgically implanted, as the effect is caused mainly by yellowing of the lens.

6.2.1.2 Sampled population

This ageing effect disappears if an older person has had his/her lens replaced with an artificial eye

Data were collected from 91 participants ranged in age from 12 years to 78 years. The distribution

of
39
70

6.2
T

this measurement, a test light and a reference light, both of which were subtended at a visu
abput 2° at the same location on the retina, were temporally alternatedwith a fixed frequenc)

A
in
thd
42
lev

6.2

Fig
fov
10

Thie data shows clear reductions of sengitivity in the short-wave region (blue light) with age

the
th(
yo
ma3

79

£ 4] V- i L 1 5 10 10 14 1 4 20 20 1.0
QSCD Ul UIIT }qu LlLll_}allLD vwilIlICT U }JCUlJlC I 1U—™17J _yCcu o, 11 PCU}JIC I 44U 47 _yccu o, 1U lJCU
years, 10 people 40-49 years, 10 people in 50-59 years, 28 people in 60-69 years, and, 16
-79 years. The numbers of male and female participants were nearly equal.
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Figurre 2 — Spectral sensitivity curves of the human eye for seven age groups from 11 to
78 years

6.2.1.5 [Limitations

The data presented here are only for people’with normal colour vision, and do not apply to people wijith
defective folour vision nor with low vision.

6.2.1.6 [Application examples

The main|application of human spectral sensitivity is in the measurement of light in terms of vispal
sensation|of lights or objects (photometry or visually meaningful measurement of light), i.e. brighter or
darker. The sensitivity-data for young people without any visual impairment has been standardized|by
the Internjational Cormtission on Illumination (CIE) and has been traditionally used in the measurem¢nt
of light which is visually meaningful. The age-related change in the sensitivity shown in Figure 2 has
not been ¢fficially established yet in the field of photometry, but can be practically used in evaluating
lights for people in any range of age, in particular for older people, in the same manner as it is used in
photometty.

Evaluating the visibility of blue lights for older people in traffic signs, emergency signs and other
critical displays, in particular, can increase the accessibility of those signs. Designers should increase
light intensity when possible if they use blue lights (blue LEDs, for example) against dark backgrounds
in signage used by older people.

Figure 3 shows an example of visual sign composed of blue letters on a dark yellow (brown) background.
Using spectral sensitivity curves of people in their 20s and 70s respectively, the contrast ratio of this
sign is much lower for older people (1,13 for those in their 70s) than for young people (2,07 for those in
their 20s). Nearly twice as much luminance of blue light is needed for older people to achieve the same
contrast as young people. This colour combination example is a typical one regarded as hard to see for
older people but not to young people. For other colour combinations, this contrast difference may be
smaller, but care should be taken for any colour combination when blue light is used in a sign.
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Key
X | wavelength (nm)
Y | spectral radiance (watt/m?2)
A | blue letter
B | dark yellow background
C | contrast for an observer in his/her 20s [2,07 (= 0,003'1 / 0,001 5)]
D | contrast for an observer in his/her 70s [1,13 (=£0,001 8 / 0,001 6)]
E | sample sign
a | luminance of a blue letter to people in their 20s (0,003 1 relative unit)
b | luminance of a dark yellow background to people in their 20s (0,001 5 relative unit)
¢ | luminance of a blue letter to peoplein their 70s (0,001 8 rel. unit)
d | luminance of a dark yellow background to people in their 70s (0,001 6 relative unit)

Figure 3 — An application of spectral sensitivity for calculating contrast of a colour¢d sign

Mdre informatiod on'the implication and use of the spectral sensitivity data are presented in [SO 24502.

6.2.1.7 References

—| Data’source: Reference [31];

T eI Ce oo o et e e oISy

— Other references: Reference [86].

6.2.2 Colour category (spans of fundamental colour, young people, older people, and people
with low vision)

6.2.2.1 General

Colour is coded in the central brain, but not in the retina in the eye, as a number of groups of similar
colours. This is called categorical colour perception or colour categories. Orangish-red and purplish-
red, for example, are both perceived as a colour in the red category in the brain. There are a number of
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colour categories, 11 or 13 depending on academic studies. Each category corresponds to a fundamental
or a basic colour term linguistically, such as red, green or blue.

As the colour category is closely related to colour terms (i.e. language), it is useful to know the span
of each fundamental colour in the colour space when colour is used in daily life. Knowing how many
colour categories exist, and which colour belongs to which category, is a basic question when selecting
and applying colour in any type of design that contains colour.

Knowledge on colour categories is also useful for creating a colour combination in particular. The
theory of categorlcal colour perceptlon says that colours appear dlstlnctlve from each other if they
are selectpd-frg orent-colourcatege ORVErse 3

likely to b confused

This clauge provides spans of colour categories expressed in the Munsell colour space for differgnt
types of people in colour vision: young people, older people, people with defective colour‘vision and
people with low vision. Colour combinations based on colour categories with different distinctiveness
are also presented in a tabular form.

NOTE The Munsell colour space is a three-dimensional system to specify coleur-by hue, chroma |(or

saturation| meaning how close to or far from grey the colour is) and value (the lightness or darkness of the
colour).

6.2.2.2 [Sampled population

Data werq collected from the following participants groups shown.in Table 2.

Table 2 — Participants groups for the measurement of colour category

Participants group Number of participants Age (years) Notes
Young pedple 50 19-26
Older people 50 60-76
People with defective colour Protanope (29)
vision 59 14-66

Deuteranope (30)
People with low vision 69 19-79 Retinitis pigmentosa (13)

Glaucoma (8)
Cataract (8)
Optic atrophy (6)
Aphakia (3)
Others (31)

6.2.2.3 ethods and conditions of data collection

The definjtion of colour category is based on the subjective judgement of colour similarity. A pair| of
colours was presente lar
or not. Carrying out this similarity judgement, the percentage of similar judgements among the total
number of participants was obtained. The similarity data is high when the two colours are close, but
low when the two colours are apart from each other.

In the experiment shown in Figure 4 a), a pair of colours consisting of a reference colour and a test colour
was presented. The reference colour was selected from one of the thirteen fundamental colours (red
5R5/12, yellow-red 5YR7/14, yellow 5Y8/12, green-yellow 5GY5/8, green 5G5/8, blue-green 5BG5/8,
blue 5B5/8, purple-blue 5PB5/8, purple 5P5/10, red-purple 5RP5/10, white N9.5, grey N5, and black
N1), and the test colour was randomly picked from a set of 286 test colours distributed in the Munsell
colour space while the reference was kept constant. This measurement gave the similarity data against
the reference colour, and a contour map was obtained [see Figure 4 b) for the case of red fundamental
colour]. This was repeated for all the thirteen reference colours.
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The number of test colours was reduced to 103 for the experiment on low vision taking account of the
relatively low colour discrimination ability of those participants.

The similarity data were obtained for each test colour of 286 (or 103 for low vision) samples against
the 13 fundamental colours respectively, and a category was defined for each fundamental colour
with regard to the similarity data as shown in Figure 4 b). Finally, the 50 % contour [i.e. half of the
participants judged as similar (category 3 in Figure 4)], was used as a span of colour category for a
fundamental colour.

This span of colour category was measured at 4 different lightness level [value 9 (very light), value 7
(h hf), value 5§ (mnr]nrah:-)’ andvalue 3 (Harlz)] foreach fundamental colourand the span isexnressed in

th¢ four levels.

NOTE Other spans can be defined with a different ratio, e.g. a contour of 70 %, 30 %, or 10 % sim{larity.

All the colour category data were obtained using Munsell colour chips illuminated at a |moderate
illyminance level (500 1x) supporting photopic vision. A lower illuminance level of 0,5 1x called mesopic
vigion was also employed in the study, but the data is not included here (see6.22.7).

a) Colour similarity measurément b) Definition of colour category

=
(¢°]
=

reference colours (13 fundarhental colours)
test colours (286 or 200Samples)

red fundamental colour

Munsell value 5 plane

category 1 (10% similarity)

category 2(30 % similarity)

categor¥ 3 (50 % similarity)

B W N R OO0 W >

category 4 (70 % similarity)

Figure 4 — Measurements of colour similarity and definition of colour category (in case of red
fundamental colour)

6.2.2.4 Data (spans of fundamental colours and colour combination tables)

6.2.2.4.1 Young people

Figure 5 shows the span of colour category for each of the 13 fundamental colours expressed in the
Munsell colour space for young people at a moderately bright illuminance level (500 1x). The colour
category data were obtained and shown at four different lightness levels in the Munsell colour space
of values 3, 5, 7, and 9. The spans coloured grey in the figure show the colour categories of the 13
fundamental colours. In some cases, the spans of two or more fundamental colours overlapped and,
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in that case, the data are shown in another cross-section separately so that the spans would be visible
more clearly. However, contours were still drawn in that case to indicate the overlap. The small open
circles in the colour charts mean the test colours used in the experiment.
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Figure 5 — Spans of fundamental colours for young people at photopic level (50 % similarity

level)
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Table 3 was derived from the data shown in Figure 5 to show possible two-colour combinations and
their distinctiveness. The degree of distinctiveness of the colour combination is classified into the three
levels (high, moderate and low), depending on the mutual relationship of similarity areas with regard
to the situation overlapped or separated. Using the 50 % areas as well as the 10 % ones, the three levels
are defined as:

1) both the 50 % areas and the 10 % areas are separated (high distinctiveness);
2) the 50 % areas are separated but the 10 % areas are overlapped (moderate distinctiveness);

3) both the 50 % and the 10 areas are overlapped (low distinctiveness).

Table 3 cgn be used firstly for the choice of any two fundamental colours depending on the usgr’s
preferencg of the distinctiveness of colour combination. Once the two fundamental colours arg-¢hogen
from Table 3, a specific colour that belongs to each of the categories of fundamental colours can|be
selected firom Figure 5. For example, a red colour from the red category in Figure 5xFinally, those
selected qolours are used for the colour combination. When more than two colout's,are used, this
procedurg is repeated for any possible two-colour combination.

Table 3 — Colour combinations and their distinctiveness for young people at photopic level

R YR Y GY G BG B PB P RP GRE | WHT | BLK
R — + ++ +++ +++ +++ +++ +++ +% + +++ +++ +++
YR + — ++ ++ +4++ +++ +++ +++ 4 ++ ++ +++ +4
Y ++ ++ — ++ ++ +++ +++ ++4 +++ +++ ++ + +++
GY +++ ++ ++ — + ++ +++ ++% +++ +++ ++ ++ +4
G +++ +++ ++ + — + ++ ++ +++ +++ ++ ++ +4
BG +++ +++ +++ ++ + — + ++ +++ +++ ++ ++ +4
B +++ +++ +++ +4++ ++ + — + ++ +++ ++ ++ +4
PB +++ +++ +++ +++ ++ ++¥ + — ++ +++ ++ ++ +4
P ++ ++ +++ +++ +++ 4+ ++ ++ — + + ++ +4
RP + ++ +++ +++ +++ +++ +++ +++ + — ++ ++ +++
GRE +++ ++ ++ ++ 4+ ++ ++ ++ + ++ — ++ +4
WHT +++ +++ + ++ ++ ++ ++ ++ ++ ++ ++ — +++
BLK +++ ++ +++ ++ ++ ++ ++ ++ ++ +++ ++ +++ —
+++ High flistinctiveness
++ Modefate distinctiveness
+  Low (istinctiveness
NOTE The nameswof fundamental colours that define colour categories are: (R) red, (YR) orange or yel-
low-red, (Y) yellaw, (GY) green-yellow, (G) green, (BG) blue-green, (B) blue, (PB) purple-blue, (P) purple, (RP]
red-purpl¢, (GRE) grey, (WHT) white, (BLK) black.

6.2.2.4.2 Older people
Figure 6 shows the spans of colour categories for older people expressed in the same way as those for

young people (see Figure 5). Most of the spans are smaller than those obtained for young people. This
means the choice of a colour for each of the fundamental colours is limited in colour space.
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Key
A Munsell value 9 (very light level)
B Munsell value 7 (light level)
C  Munsell value 5 (moderately light level)
D  Munsell value 3 (dark level)

Figure 6 — Spans of fundamental colours for older people at photopic level (50 % similarity level)
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Table 4 shows a colour combination table for older people derived from the colour category data of
Figure 6. Note that spans of these categories of older people are different from those of young people.
Table 4 should be used in conjunction with the category data of Figure 6.

Table 4 — Colour combinations and their distinctiveness for older people at photopic level

R YR Y GY G BG B PB P RP GRE | WHT | BLK
R — + +++ +++ +++ +++ +++ +++ ++ ++ +++ +++ +++
YR + — ++ +++ +++ +++ +++ +++ ++ ++ ++ +++ +++
Y ++ = — = 5 = =
GY +++ +++ ++ — ++ ++ +++ +++ +++ +++ ++ ++ +H
G +++ +++ +++ ++ — + ++ +++ +++ +++ ++ +++ +H
BG +++ +++ +++ ++ + — + ++ +++ +++ ++ ++ +4
B +++ +++ +++ +++ ++ + — + ++ +++ ++ +++ +4
PB +++ +++ +++ +++ +++ ++ + — ++ +++ ++ +++ +4
P ++ ++ +++ +++ +++ +++ ++ ++ — + *+ +++ +H
RP ++ ++ +++ +++ +++ +++ +++ +++ + — ++ ++ +++
GRE | +++ ++ +++ ++ ++ ++ ++ ++ ++ o+ — ++ +++
WHT +++ +++ ++ ++ +++ ++ +++ +++ +¥#4% ++ ++ — +++
BLK +++ +++ +++ ++ ++ ++ ++ ++ +4 +++ +++ | +++ —
+++ High flistinctiveness
++ Modefate distinctiveness
+  Low (istinctiveness
NOTE The names of fundamental colours that define col¢ur categories are: (R) red, (YR) orange or yel-
low-red, (Y) yellow, (GY) green-yellow, (G) green, (BG) blue-green, (B) blue, (PB) purple-blue, (P) purple, (RP]
red-purpl¢, (GRE) grey, (WHT) white, (BLK) black.

6.2.2.4.3 | People with defective colour vision

Figure 7 a) and b) shows the spans of celour category for people with defective colour vision, protangpe
and deutdranope respectively, measured and expressed in the same way as in young and older people.
Due to larjgely different charactefistic of colour vision, spans of colour categories are largely differ¢nt
from thoge of young or older(people. Differences are also seen between the data of protanope and
deuterangdpe. The spans of celour categories for both protanope and deuteranope are extended to the
direction pf red-green colour axis and the distinction of red and green colours become worse for thgse
colour defliciencies.
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a) Protanope
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Figure

Table 5 annd Table 6 show coloup combination tables for protanope and for deuteranope derived fr¢

b)Déuteranope

Ievel (50 % similarity level)

7 — Spans of fundamental colours for people with defective colour vision at photopi¢

the colour category data of Eigure 7 a) and b), respectively. Note that spans of these categories| of
older people are different from those of young or older people. Table 5 and Table 6 should be used in
conjunctign with the category data of Figure 7 a) and b), respectively.
Table|5 — Colour combinations and their distinctiveness for people with defective colour
vision, protanope
R RY Y GY G BG R PR p RP_| GRE | WHT | RIK

R — ++ +++ ++ + + +++ +++ +++ ++ ++ ++ ++

RY ++ — + ++ ++ ++ +++ +++ +++ +++ +++ ++ +++

Y +++ + — ++ ++ +++ +++ +++ +++ +++ +++ ++ +++

GY ++ ++ ++ — ++ ++ +++ +4++ +4++ +++ +++ +++ +++

G + ++ ++ ++ — + +++ +++ +++ ++ + ++ ++

BG + ++ +++ ++ + — ++ ++ ++ + + ++ ++

B +++ +++ +++ +++ +++ ++ — + + + ++ ++ +++

PB +++ +++ +++ +++ +++ ++ + — + ++ ++ ++ +++

P +4++ +++ +++ +++ +4++ ++ + + — ++ ++ ++ +++

18
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Table 5 (continued)
R RY Y GY G BG B PB p RP GRE | WHT | BLK
RP ++ +++ +++ +++ ++ + + ++ ++ — + ++ ++
GRE ++ +++ +++ +++ + + ++ ++ ++ + — ++ ++
WHT ++ ++ ++ +++ ++ ++ ++ ++ ++ ++ ++ — +++
BLK ++ +++ +++ +++ ++ ++ +++ +++ +++ ++ ++ +++ —

+++ High distinctiveness

++__Moderate distinctiveness

+ | Low distinctiveness

NQTE The names of fundamental colours that define colour categories are: (R) red, (YR) onange orfyel-
loy-red, (Y) yellow, (GY) green-yellow, (G) green, (BG) blue-green, (B) blue, (PB) purple-blue, (P) purple, (RP)
refd-purple, (GRE) grey, (WHT) white, (BLK) black.

Table 6 — Colour combinations and their distinctiveness for peoplewith defective ¢olour
vision, deuteranope

R RY Y GY G BG B PB P RP GRE | WH[' | BLK
R — ++ ++ ++ ++ +++ +++ +++ +++ ++ ++ ++4 +++
RY ++ — + ++ ++ +++ +++ +HF +++ ++ +++ ++ +++
Y ++ + — ++ ++ +++ +++ ++ +++ +++ +++ ++ +++
GY ++ ++ ++ — ++ ++ +++ +++ +++ +++ ++ ++ +++
G ++ ++ ++ ++ — + ++ +++ +++ ++ + ++ +++
BG +++ +++ +++ ++ + — + ++ ++ ++ + ++ +++
B +++ +++ +++ +++ ++ + — + + ++ ++ ++ +++
PB +++ +++ +++ +++ +++ ++ + — ++ ++ ++ ++ +++
P +++ +++ +++ +++ +++ ++ + ++ — ++ ++ ++ +++
RP ++ ++ +++ +++ *+ ++ ++ ++ ++ — + ++ +++
LRE ++ +++ +++ ++ + + ++ ++ ++ + — ++ +++
WHT +++ ++ ++ *+ ++ ++ ++ ++ ++ ++ ++ — +++
BLK +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ —
+++ High distinctiveness
+4 Moderate distinctiveness
+ | Low distinctiveness
NQTE The fiames of fundamental colours that define colour categories are: (R) red, (YR) orange orfyel-
loy-red, (Y).yellow, (GY) green-yellow, (G) green, (BG) blue-green, (B) blue, (PB) purple-blue, (P) purple, (RP)
ref-purple, (GRE) grey, (WHT) white, (BLK) black.

6.4.24.4 People with low vision

Low vision is physiologically, but not optically, impaired vision with an extremely low visual acuity
and/or a restricted visual field, which is caused in most cases by an eye disease or disorder such as
cataract, retinitis pigmentosa and glaucoma. Low vision cannot be corrected by spectacles or other
optical means of imaging. As colour appearance for people with these visual impairments is different
from that of people without any visual impairment, spans of categorical colours also differ for these
groups of people. This clause gives data on the span of categorical colours and a colour combination
table for people with low vision.

Figure 8 shows the data for colour categories measured for people with low vision. The spans of 50 %
level of similarity are rather smaller than those for young people (see Figure 5). However, the spans of
the 10 % similarity (not shown here) become larger for almost all fundamental colours, which means
colours are perceived as widely spread for low vision and not sharply localized in a colour space.
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Figure 8 — Spans of fundamental colours for people with low vision at photopic level (50 %
similarity level)
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Table 7 shows a colour combination table derived from the data in Figure 8.

Table 7 — Colour combination and their distinctiveness for people with low vision at
photopic level

R YR Y GY G BG B PB P RP GRE | WHT | BLK
R — ++ ++ ++ +++ +++ +++ +4++ ++ + ++ +++ +++
YR ++ — + ++ ++ ++ +++ +4++ ++ ++ ++ ++ +4++
Y ++ + — ++ ++ ++ +++ ++ ++ ++ ++ ++ +++
GY ++ ++ ++ — + + ++ +++ +++ +++ ++ +4 ++
G +++ ++ ++ + — + ++ ++ ++ +++ ++ +H ++
B( +++ ++ ++ + + — + + ++ ++ ++ ++H ++
B +4+ +++ +4+ ++ ++ + — + ++ ++ ++ ++H ++
PH +++ +++ ++ +++ ++ + + — + ++ ++ ++ ++
P ++ ++ ++ +++ ++ ++ ++ + — + ++ ++H ++
RH + ++ ++ +++ +++ ++ ++ ++ + — ++ ++H ++
GRE ++ ++ ++ ++ ++ ++ ++ ++ &+ ++ — ++H ++
WHT +++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ — +++
BI{K +++ +++ +++ ++ ++ ++ ++ ++ ++ ++ ++ ++1 —
+++ High distinctiveness
+4 Moderate distinctiveness
+ | Low distinctiveness
NQTE The names of fundamental colours that define\colour categories are: (R) red, (YR) orange orfyel-
loy-red, (Y) yellow, (GY) green-yellow, (G) green, (BG) blue-green, (B) blue, (PB) purple-blue, (P) purple, (RP)
refd-purple, (GRE) grey, (WHT) white, (BLK) blacks

6.2.2.5 Limitations

Allthe data presented in this documeént are basically applicable to reflected colour samples iljuminated
at p photopic level at moderately high illuminance levels. Colours appearing in a self-luminjous mode
su¢h as lamps or displays should be converted into the Munsell colour system, or vice verfsa, before
belng applied.

Dafta in dim lighting condition called mesopic vision are also available (see references in 6.2.2.7).
6.2.2.6 Application examples

6.2.2.6.1_“ldentification by a single colour

Coloutis used to identify a thing or an object by associating it with a specific single colour. For example,
a doleur is used for the uniform of a sports team to identify this team by the colour. Categoridal colours
can be used for this purpose effectively, and the choice of colour can be done along with the data on
spans of categorical colours.

For example, when orange is used for the uniform of a sports team, the colour should be selected from
the span of the orange area expressed in one of Figure 5 to Figure 8, depending on the users involved, so
that the people can easily identify the uniform colour as “orange” and consequently the group.

6.2.2.6.2 Colour combination

When a set of colours is used to enable identification of different categories of information presented
together, the combination is chosen to ensure they can be differentiated. For example, when colouring
5 subway lines on a network map, a set of 5 fundamental colours can be selected by referring to Figure 5
to Figure 8, depending on the users who involved.
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In Figure 9, 5 fundamental colours (red-yellow, green-yellow, blue-green, purple-blue, and red-purple)
are selected as an example of colour set for older people under photopic viewing condition. Using the
5 fundamental colour groups selected, any 5 colours within the respective span of the colour can be
picked to use for colouring the 5 subway lines. This colour combination is distinctive as all 5 colours
belong to different categories, not overlapping, and are therefore clearly distinctive.

Different sets of fundamental colours and exact colours for the combination can be created if they
belong to a category of those fundamental colours. The choice of colours gives designers freedom and
ease of use.

AL

red-yellow

5BG e
Key
A trafficjnetwork
NOTE All the colours used here are at value 5 (moderate }lightness level). Other darker or brighter colofirs

can be chofen by selecting colours from the value 3, 7, or 9 leyel.

Figure 9 — Example of colour combination for older people under photopic condition

6.2.2.7 [References

— Data $ources: References [43] and}33];

— Crosstreferences in this document: 6.2.3;

— Otherfreferences: Reference [87].
6.2.3 Colour categapry (international comparison)

6.2.3.1 [General

Colour category is considered to reflect cognitive and language-related nature and its span may vary
dependin vll d }ULClt;Ull ;ll thC AAAYSY ]ld- Tu;o LIGUDC lJl CDCAltD data UIl thC o}Jauo Uf \,atcsux ;\,al \,U}U rS
collected in several countries in the same experimental context to identify regional or language-related
differences in the spans of categorical colours.

6.2.3.2 Sampled population

Six countries (China, Germany, Japan, Republic of Korea, Thailand and the USA) participated in the
experiment for collecting data on categorical colours. Each country had 20 young (age range 20-
29 years) and 20 older (age range 60-79 years) participants. They were all confirmed not having
defective colour vision by a test using the Ishihara colour-test chart.
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6.2.3.3 Methods and conditions of data collection

The procedure in the experiment was exactly the same as that described in 6.2.2. Colours used 200
test samples evenly distributed in the Munsell colour space and thirteen fundamental colours (red
5R5/12, yellow-red 5YR7/14, yellow 5Y8/12, green-yellow 5GY5/8, green 5G5/8, blue-green 5BG5/8,
blue 5B5/8, purple-blue 5PB5/8, purple 5P5/10, red-purple 5RP5/10, white N9.5, grey N5, and black
N1). These colour samples were made in Japan and sent to the 6 countries for their experiments.

[lluminance was set at around 500 Ix of daylight fluorescent lamp. There was a slight variation in the
illuminance setting among countries due to coarse control of the illuminance level, but the settings

ng people
de to see
It is clear
ugh slight

CHIRALT

SITRA]

SRS
(1T

A Munsell value 9 1 Japan

B Munsell value 7 2 USA

C  Munsell value 5 3 Germany

D  Munsell value 3 4  Republic of Korea
5 Thailand
6 China

Figure 10 — Span of fundamental colour “red (reference 5R5/12)” for young people at photopic
vision (moderately bright level) measured in 6 countries (50 % similarity level)
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Figure 11 shows similar data but for older people, drawn in the same way as in Figure 10. Again, the
span of fundamental colour of “red” is essentially the same for all the 6 countries. Furthermore, the
span for older people is smaller than that for young people in all 6 countries.

These data indicate that one standard set of data, if established in one country or area, can be applicable
to other countries or areas in the world.

L
D
N

A Munsgll value 9 1 Japan

B Munsdgll value 7 2 USA

C  Munsdll value 5 3  Germany

D  Munsdll value 3 4 Republic of Korea
5 Thailand
6  China

Figure 1|1 -< Span of fundamental colour “red (reference 5R5/12)” for older people at photopjc
ision (moderately bright level) measured in 6 countries (50 % similarity level)

6.2.3.5 Limitations

The data presented here have been collected from people with normal colour vision at photopic level only.

6.2.3.6 Application examples

Summarizing all the data of 6 countries, a common database for the span of categorical colours and
colour combination tables were created (see ISO 24505).
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6.2.3.7 References

Data source: Reference [33];
Cross-references in this document: 6.2.2;

Other references: Reference [77].

6.2.4 Contrast sensitivity (young people, older people and people with low vision)

6.2
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semsitivity gradually decreases towards<the both ends of the spatial frequency spectrum
her frequency regions (i.e. finer gratings) and lower frequency regions (i.e. coarser gratings). This
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htrast of luminance is one of the most important variables affecting visibility of visual
plays as well as that of small objects like a needle and thread. Sharpness of those visu
bends largely on the contrast, and designers should pay attention to the contrast effect o
make their designed objects clearly visible.

htrastis defined as a luminance difference between any adjacent areas of@brighter and a d¢
ual sensitivity to contrast is concerned with how clearly the eye sees‘the contour. The ser
en measured by having people identify if they can see a black and-white stripe pattern (u
e wave grating pattern) when the depth or luminance difference of the brightest and darke
dually increased or decreased. The observation is done to find a borderline to barely see
[tern.

entifically, contrast sensitivity is expressed as so-calléd contrast sensitivity function
ws a borderline expressed on a contrast vs. spatial frequency plane (see Figure 12), whe
quency and contrast are shown together with a line' that indicates the CSF, i.e. a grating
Fderline. In this example, solid circles mean visible parts and dashed circles invisible p3
main of spatial frequency vs. contrast.

e human visual system has a peak of contrast sensitivity at 3 or 4 cycles per degree

ect can be taken into consideration.for designing visual signs and displays.

TE Spatial frequency is defined as the number of pairs of dark and light lines per degree of vi
itial frequency units are expressed in cycles per degree (cpd). A grating with 3 cpd, for example, ¥
ee pairs of dark and light lin€s per degree of visual angle. One degree of visual angle corresponds t
distance of 50 cm frontthe eye.

2021(E)

signs and
al images
visibility

rker part.
Isitivity is
sually of a
st parts is
the stripe

CSF) that
re spatial
detection
rts in the

cpd). The
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sual angle.
vould have
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Thie shape of CSF changes with age as well as with visual impairments. This subclause provides CSFs of

yo

ing people, oldes people and people with low vision.
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Key 6Q~

low cantrast O
high cpntrast \\%
low spatial frequency (coarse pattern) o

e

high spatial frequency (fine pattern) QQ
grating detection border line (CSF) Q

\14

Figure L2 — Contrast sensitivity function plotted orgE@ spatial frequency vs. contrast plang

N

6.2.4.2 [Sampled population QQ\Q)

The CSF dpta were taken from the following th{e}%ifferent groups:
— young people: 24 young people withm@i\sual impairment, ranging in age from 20 years to 28 years;
— olderjpeople: 20 older people wit@t’visual impairment, ranging in age from 70 years to 77 years;

— people with low vision: 72 ﬁ.gbple with low vision (medically diagnosed), ranging in age frpm
18 yejrs to 70 years. O
N

6.2.4.3 [Methods and itions of data collection

Contrast densitivit ctions for young people, older people and people with low vision were measutged

which wap se he distance of 2 m for young and older people and 50 cm for people with low visipn.
The grating-wa presented at one of the four orlentatlons of 0° 45°,90° and 135° from the horizo al

method. Average luminance of the gratmg patterns was 50 cd/m2

Younger and older people wore correction lenses to adjust their accommodation power to be best at a
far point (5 m). No correction was made for people with low vision.

6.2.4.4 Data

Figure 13 shows average contrast sensitivity of the three groups, young people, older people and people
with low vision, as a function of spatial frequency, called CSF. The contrast is defined by Michelson
contrast here (see NOTE).
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The older people were less sensitive at higher frequencies above a few cycles per degree than young
people were. This means it is more difficult for older people to discriminate or recognize the fine
grating in the higher frequency region.

For persons with low vision, the sensitivity was much lower in middle-to-high frequency regions
compared to younger or older people. Care should be taken when designing visual signs for people
with low vision because they are often unable to discriminate patterns that are easily discriminable for
young or older people.

NOTE Michelson contrast (modulation contrast) is defined as (L.« = Limin)/(Lmax * Lmin), Where L., and
L yiare the maximum luminance and minimum luminance respectively per cycle of the dark and light grating
paftern.

Y |

0,1

o

1 2\
N

10 C
100 >
0,01 0,1 1 10 100 X
Key
X | spatial frequency (cycles per degrée)
Y | contrast at threshold (%)
a | young (average, 20-29 yeafs)
b | older (average, 70-79 years)
¢ | low vision (medians18~70 years)
A | visible range at 10-% contrast for younger people
B | visible range-at20 % contrast for older people
C | visible range-at 10 % contrast for people with low vision

Figure 13 — Contrast sensitivity function of human visual system for young people, older
people and people with low vision

6.2.4.5 Limitation

The data presented here are only for a photopic (moderately bright) level which is above about 10 Ix of
luminance or a few candela per square meter of luminance. The shape of CSF changes at a lower or an
extremely higher illuminance level and different CSFs for those conditions are expected. A band-pass
shape with a reduction of sensitivity at the lower spatial frequency region and a low-pass shape with
a reduction at the higher frequency region is expected for a higher luminance level and for a lower
luminance level respectively.
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The CSF shows the sensitivity to a grating pattern of a single spatial frequency. In a complex pattern
or a natural scene having multiple components of the frequency, the overall sensitivity to that complex
pattern cannot be estimated easily from the CSF.

6.2.4.6 Application examples

The CSF data can be used to estimate a visible range of spatial frequency where an individual can detect
a grating whose contrast is known. For example, for a visual image with a 100 % contrast (the ideal
contrast of black and white images as used in the Landolt ring or Snellen chart), the range of visible
spatial frequencies are 0,01 cpd to 30 cpd for young people, 0,01 cpd to 20 cpd for older people, and
0,01 cpd fo 3 cpd for people with low vision (Figure 13). A pattern containing frequency components
beyond thiose ranges is difficult to see with extremely low or no contrast.

At a loweq contrast of 10 %, for example, the range of visible spatial frequency can be very narfow. For
a person yith low vision, the range is only about 0,1 cpd to 1 cpd (C in Figure 13), while,it\is 0,1 cpd to
10 cpd (Blin Figure 13) for older people and 0,1 cpd to 20 cpd (A in Figure 13) apply to §otinger people.

When dedigning visual signs that contain fine details such as small letters or/Jew contrast such|as
pictures df pale colours, special care should be taken to accommodate the visjble range in the plang of
spatial fr¢quency vs. contrast for older persons and persons with low vision-When the image contajns
fine details, the image should be enlarged or contrast should be increased:to.make it more visible.

Contrast feduction usually occurs for visual electronic displays seenin a lit condition. Reflected light
from the flisplay surface can reduce the contrast of images. In this\case, the lighting direction or the
display arjgle should be arranged so that it reduces the reflectedlight.

6.2.4.7 [References

— Data $ource: Reference [67];

— Crossfreferences in this document: 6.2.1, 6.2.5;

— Otherjreferences: References [80] and [62];

6.2.5 Contrast for legibility (ageing effect)

a yellow character on a white background usually has a low contrast and is difficult to read To provide
good legibility contrast is an important factor that designers should pay attention to.

This subclause provides data on the effect of contrast (i.e. luminance contrast) on the legibility of
characters for young and older people.
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A A

a) High positive con- b) Low positive con- ¢) Low negative con- d) High negative con-

trast trast trast trast

Figure 14 — Character on a grey background with variable contrast
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6.2

TE1 Positive contrast means a character or symbol that is darker than the background, Negati
ans a character or symbol brighter than the background.

TE2  Contrast is usually defined for luminance and colour separately, even for a coleured samp,

hinance or chromaticity value. The luminance contrast has much more effect thamthe colour cont|
rpness of an image. Therefore, contrast means the luminance contrast, unless stated otherwise.

.5.2 Sampled population

T
di

6.2

data on legibility with variable contrast were obtained from the following two
ferent ages:

56 young people without visual impairment, ranged in age from 18 years to
(mean = 21,9 years, sd = 2,16 years);

55 older people without visual impairmentsy’ ranged in age from 60 years to
(mean = 67,1 years, sd = 3,93 years).

.5.3 Methods and conditions of data coellection

Thie legibility data were taken by presenting a character on a CRT monitor at various contrast

ba
ev
wi

hluated legibility, after seeing a character presented for one second, using a 5-point scale o
Lh an additional response of “not visible” as shown below:

: very legible;

: slightly legible;

: moderate {fieither legible nor illegible);
: slightlyiilegible;

: very illegible;

S, =R, N W s U

onot visible (at or under the visibility threshold).

e contrast

le using its
rast on the

broups of

28 years

77 years

b againsta

rkground of a mean luminance of40:cd/m?2. The contrast was either positive or negative. Pajrticipants

[ legibility

Viewing distance was fixed at 70 cm. All the young and older participants wore correction lenses to
adjust their accommodative power best at the far-point (5 m). For older participants, further correction
lenses were attached to bring their best accommodation point to a viewing distance of 70 cm.

Three kinds of characters were used. Each set contained a total of 86 different characters picked up at
random for the experiment.

©lI

Simple characters in sans-serif font of positive polarity (alphabets, numerals, and alphabets,

numerals Japanese phonetic signs.

Complex characters in serif font of positive polarity (Japanese Kanji, i.e. Chinese characters).
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— Simple characters in sans-serif font of negative polarity (alphabets, numerals, and alphabets,
numerals Japanese phonetic signs).

The data on negative polarity are not shown here but can be found in 6.2.5.7. The data were taken for
seven sizes of a character from 8 pt to 160 pt to examine the effect of font size on the contrast.

6.2.5.4 Data

Figure 15 a) and b) shows the legibility evaluation data for simple characters of positive polarity as a
function of contrast, for young and older people, respectively.

The evaluption score for legibility became higher for all font sizes and for both age groups as contrpst
increased| The legibility was also determined by the font size (i.e. the larger the font size, the highet the
legibility)| To keep a certain level of legibility, a higher contrast was needed for a smaller character. Age-
related difference was observed for all the font sizes. The difference was relatively largeor a smaller
font size Helow 18 pt, for which older people show much lower legibility than young peppleé do.

There wap an effect of font type, serif or sans-serif, though it is not shown here, §ans-serif fonts gqve
better legjbility than serif fonts even when the contrast was the same. The effect was more pronounded
for a smalller font size than for a larger one.

Y Y
5 5 !

5
SN
)

/
: 2 ] 7/

0 — 0 —

oL 1 10 100 X 0,1 1 10 100 X

a) Young people b) Older people

Key
contrast (%)

legibiljty evaluation score
160 pt
80 pt
40 pt
28 pt
18 pt
12 pt
8 pt

QM m g oW < X

Figure 15 — Legibility of simple characters of seven different font sizes with positive polarity as
a function of contrast
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6.2.5.5 Limitations

The data are directly applicable for a moderately bright level supporting photopic vision, which is
beyond about 10 Ix of illuminance or a few cd/m? of luminance. It is also applicable to a positive contrast

wh

ere a black or darker character is presented on white or brighter background.

The font size in this data is defined only for a viewing distance of 70 cm. For other viewing distances,
the size should be changed proportionally to the reference distance of 70 cm. For older people, the

vis

6.2-576—Applicatiomrexamplies

Thie present data can be replotted as equal legibility contours on a two-dimensional plan€ o

(in

zohes indicate each of the 5 legibility levels and the below threshold (not visible) level. F
combination of contrast and font size, the legibility level score can be estimated directly from

ual acuity change with viewing distance should be taken into account (see 6.2.6).

pt) and contrast. Figure 16 shows this two-dimensional representation. The different grey

f font size
-coloured
br a given
Figure 16.

Fol example, a character (alphabet or numeral) of 18 pt with 40 % conttast seen at the diistance of
cm (an open circle in Figure 16) is at the legibility level of 3 (moderate) for young people, ahd level of

70

2 (plightly illegible) for older people.

Y Y
100 100
10 10
1 1
0,1 L 0,1
1 10 100 1000 X 1 10 100  1000{ X
a) Young people b) Older people
y
font size (pt)
contrast.(%)
TE A small white dot shows an example of legibility estimation described in the text.

Figure 16 — Map of legibility level as a function of font size (in pt) and contrast for simple

characters for young and older people

6.2.5.7 References

©lI

Data source: Reference [79];

Cross-references in this document: 6.2.4, 6.2.7;

Other references: none.
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6.2.6 Visual acuity (effects of age, viewing distance and luminance)

6.2.6.1 General

Visual acuity is an ability to discriminate fine details of images or objects that relates to sharpness
or distinctness of a visual image. This is a matter of concern when people read letters or see pictures.
When visual acuity is low, sharpness and distinctness of visual images become worse or blurred, and a
larger size of a letter or a picture is required to see them more clearly.

It is well known that v1sual aculty changes w1th v1ew1ng condltlons such as lumlnance level contrast

importan{ factor affecting visual acuity, but this effect occurs consistently for both youngand older people.

In this sulpclause, the visual acuity data are presented as a function of viewing distance and luminance
with age df a viewer as a parameter.

6.2.6.2 [Sampled population

Visual acyity data in this subclause were taken from 111 participantsidand divided into 7 age groups|as
follows:

1) 10-19 years old (average 14,9 years), 11 participants;
2) 20-29 years old (average 22,8 years), 28 participants;
3) 30-39 years old (average 33,0 years), 11 participaits;
4) 40-49 years old (average 46,5 years), 10 participants;
5) 50-59 years old (average 52,4 years), 10 participants;
6) 60-69 years old (average 65,3 years), 22 participants;
7) 70-79 years old (average 72,8 years), 19 participants.

Male and female were nearly balanced for each age group, except for the group of 40-49 years in whjch
most of the participants were female. All the participants had no eye disease and no history of ¢ye
surgery.

6.2.6.3 [Methods and conditions of data collection

The data wereobtained with a test chart based on the Landolt ring, which was printed on a whiite
sheet with a“gap in the ring in one of 8 directions. In investigating the effect of viewing distance, the
luminanc¢ level of the white background sheet was set at 100 cd/m? and the viewing distance was
changed from 0,3 m to 5 m. In investigating the effect of luminance, the distance was fixed at 5 m and
the luminance was changed from 0,05 cd/m?2 to 11 000 cd/m?2.

The participants were asked to report the direction of the gap in the ring by choosing one from
8 directions. With reducing the size of the ring, the minimum size at which 50 % of correct responses
was obtained. The visual angle of the gap at this minimum size gives the critical resolution of the eye,
and the reciprocal of the visual angle (expressed in minutes of arc) finally gives the visual acuity.

All the participants wore correction lenses prepared for the measurement so that their best acuity was
obtained at a far viewing point of 5 m.
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6.2.6.4 Data

Figure 17 shows the visual acuity as a function of viewing distance for seven age groups. The luminance
level was fixed at 100 cd/m2. For participants of 10-19 years old, the visual acuity remained almost
constant at around 1,0 although it reduced slightly at shorter viewing distance of 0,3 m. On the other
hand, for participants of 40-49 years old or older than this, the acuity clearly decreased at shorter
distances of 1 m and below. Visual acuity at shorter distance is quite low for older people, and enlarged
letters or signs are necessary for them to see clearly.
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L D
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0,1 . R
0,1 1 10 X
Key
X | viewing distance (m)
Y | visual acuity
A | 10-19 years old
B | 20-29 years old
C | 30-39 years old
D | 40-49 years old
E | 50-59 years old
F | 60-69 years old
G | 70-79 years old

Figure'l7 — Visual acuity as a function of viewing distance for seven age groups

Figure 18-shows visual acuity as a function of luminance for seven age groups. The viewing distance
wdsch.m. Visual acuity for all age groups decreased in a similar rate as the luminance level decreased.

Tlnio Yacult cuagaoncte that tho affact of Tivymainanecn A viciial acyiby hac o g0 donmandanecn o d can be
15—+
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expressed as a single formula for all ages. It also shows that a visual task that needs fine resolution of
images is not appropriate to do in dark conditions for both young and older people generally.
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B  20-29years old
C 30-39|years old
D 40-49|years old
E  50-59years old
F  60-69years old
G 70-79years old
Figure 18 — Visual acuity as-a‘function of luminance for seven age groups
6.2.6.5 [Limitations
Data wer¢ taken with correctéd)lenses to measure every participant under the same visual condit
(best corrected vision to,.a fdr viewing point). People wearing glasses of their own choice do 1
necessarily show the sameé-ehange of visual acuity as shown in Figure 17. However, the relative char
of visual dcuity with ldminance level generally applies to most of the viewing conditions.
6.2.6.6 Application examples
Visual acuity is expressed as the reciprocal of minimum discriminable visual angle. Therefore, wh
Vlsual ac lf}r 1g rnr]nr‘nr“ ]'“7 In')IF for nvamp]n from 1 ﬂ fn n ’: fhn Si7zo r\Fa ]nffnr or-a hlr‘fnrn nnnr]c fr\

be

doubled to maintain the same level of visual resolutlon ThlS inverse relationship is ba51cally applicable
to most of the viewing conditions.

However, it is noted that visual acuity does not directly relate to the legible font size. For the relationship
between visual acuity and font size, see 6.2.7.

6.2.6.7

References

— Data source: Reference [42];

— Cross-

references in this document: 6.2.7, 6.2.8;

— Other references: Reference [88].
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6.2.7 Minimum font size for legibility (effects of age, viewing distance and luminance)

6.2.7.1 General

Characters are used frequently and widely in our daily life. Font size for better legibility is always a
matter of concern for designers of displays, pamphlets, and booklets like instruction manuals. However,
ergonomics data and a method to estimate a legible font size have not been available because the legible
font size is affected by so many factors such as font types, viewing conditions or human cognitive
factors.

rere taken
bwing the

effects of age, viewing distance, and luminance.

6.2.7.2 Sampled population

Forty-seven young people ranging in age from 20 years to 27 years (average 22,7 years), and 46 older
pepple ranged in age from 60 years to 78 years (average 68,3 years) participated in the experfiment.

Mdles and females were nearly balanced for both the young and oldergreup. All have or have lhad no eye
idease and no history of eye surgery.

=

6.2.7.3 Methods and conditions of data collection

Thee legibility was measured as the minimum size of a character that gave the 80 % correct|character
idgntification by presenting a single character at a time. The test character was printed i black on
a fransparent sheet giving high contrast when illuminated from the rear. Three differenf types of
characters were used as follows:

—| simple characters: a mixture of Japanese phonetic signs called Hiragana, Katakana, and numerals;
—| complex characters 1: Kanji characters{or Chinese characters) with 5-10 strokes;
—| complex characters 2: Kanji characters (or Chinese characters) with 11-15 strokes.
For each group, two font-types, serif and sans-serif, were used.

Fopir viewing conditions were used which consisted of combinations of two viewing distanfes, 0,5 m
anfl 2,0 m, and two luminance conditions, 0,5 cd/m?2 (dark) and 100 cd/m? (bright).

Repults were calculated as a probability of correct identification of characters for a font size in given
vigwing conditiohs: For this, a total of 12 consecutive trials were carried out by a participanft with the
sane font size but different characters. The probability of 80 % of correct response was used to define
miT;imum fontsize for legibility.

—-

All the\participants wore corrected lenses prepared individually for the experiment to keep
a ¢gammon accommodative power among participants which gave a best corrected visioh to a far

. - . e
viewmgpomtotonm

6.2.7.4 Data

Figure 19 a) and b) shows the minimum font size for legibility as a function of viewing conditions
for young and older people respectively. The X-axis represents the 8 viewing conditions including
the different font-types (serif and sans-serif). For each condition, minimum font size for legibility
for 3 groups of characters (simple characters, complex characters 1, and complex characters 2) was
given. Minimum font size for legibility is smaller for the shorter viewing distance and for the brighter
condition in general. Marked differences between younger and older people are found at the short
distance (0,5 m) in which about 3 times as large a font size is required for older people compared to that
for young people. This is consistent with the visual acuity data shown in Figure 17.
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simplg characters (Japanese Kana, numerals)
complpx characters 1 (Chinese with 5-10 strokes)
complex characters 2 (Chinese with 11-15 strokes)
0,5 m,{100 cd/m?, serif font

0,5 m,|100 cd/m?, sans-serif font

0,5 m,|0,5 cd/m?, serif font

0,5 m,|0,5 cd/m?, sans-serif font

2 m, 1P0 cd/m?, serif font

2 m, 1P0 cd/m?, sans-serif font

2 m, 0J5 cd/m?, serif font

2 m, 0J5 cd/m?, sans-serif font

0N OUT A WN R, O <X

Figure [19 — Minimum font size forlegibility of single characters for young and older people

Regarding the effect of font type,.i’e. serif and sans-serif, the serif font needs slightly but consistenitly
larger sizp than the sans-serif-font for all the viewing conditions, which indicates that sans-serif is
slightly mpre legible than senif font.

6.2.7.5 [Limitations

It is noted| that the*data were taken with correction lenses to keep a common accommodative conditjon
(best corrjectédwision to the far viewing distance of 5 m) among the subjects. People wearing their own
preferred|glasses do not follow the data trend expressed in Figure 19. However, relative changes of the
font size with different viewing conditions such as darker or lighter condition can generally apply.

The data were collected for some fixed conditions i.e. luminance, distance, font type, etc. To apply the
present data in different condition an estimation method that takes into account the effects of those
conditions is required (see JIS S 0032).

As already mentioned in 6.2.7.3, the minimum font size for legibility here was defined by 80 % correct
identification of characters. This means that the font size is still at threshold level and not at the level of
ease of reading. If font designers are concerned with the comfortable level of legibility, the size should
be enlarged. The factor of enlargement can be defined relative to the minimum font size for legibility
consistently for all the viewing conditions (see Reference [84]).
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Minimum font size for legibility in specific conditions can be estimated directly from the data shown in
Figure 19. The effects of viewing conditions and font types are also shown by the data and can apply to
other conditions. One example of the estimation method is given in JIS S 0032.

6.2.7.7 References

Data source: Reference [42
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.2.8 Minimum font size for legibility (international comparison)

.2.8.1 General

qu subclause provides data on the legibility of a single character for 6 different countries

OCOTITCTTIC,

Other references: References [88], [84] and [

ferent fonts are used in different countries and legibility can diffex\among fonts. Thersg
rth testing the legibility of different fonts in different countries tgrecommend a standar
oss the countries.

e experiment and the same viewing condition for groupsef younger and older people.

.8.2 Sampled population

e legibility experiment was carried out in each-of six countries: China, Germany, Japan
Korea, Thailand and the USA. Each country;técruited 15 to 20 people in their 20s and

people in their 60s and 70s as participantsin the experiment. They all had no impairmsg
berience of surgery of the eye.

.8.3 Methods and conditions-ofidata collection

ite paper. Ten font sizes from 2 pt to 114 pt were used. For each size, twelve different ¢
re tested. The participant'was asked to read characters in their natural viewing manne

the viewing positigmowas set at 500 Ix approximately.

bfore, it is
] font size

using the

Republic
hlso 15 to
nt and no

bibility was investigated with a number of single characters in different sizes, printed i black on

haracters
r, i.e. with

sses if they are usedinytheir daily life, at fixed viewing distances of 0,5 m and 2,0 m. The illuminance

Unfder the same-éxperimental conditions, the participants’ visual acuity (spatial resolution ability) was

mg

Thiree types”of characters, 4 languages, and 2 font types were used in the experiment as

Ta

asured using.a Landolt-ring test chart.

ble_8.\Japan used alphabets to investigate an effect of non-native language. The legibilit

Ja

shown in
y data for

afiese characters is presented in 6.2.7.

©lI

Table 8 — Experimental conditions used for the international comparison for legibility

Type of characters Language Country Font type

China
Germany
Serif

Sans-serif

Japan

Numerals Arabian numerals

Rep. of Korea
Thailand
USA
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Table 8 (continued)
Type of characters Language Country Font type
Germany

Alphabet uppercase |Japan

USA Serif
Simple characters ]
Chinese simple China Sans-serif
Hangeul simple Rep. of Korea
Thai simple Thailand
Germany

Alphabet lowercase Japan

USA Serif
pmplex characters ]
Chinese complex China Sans-serif
Hangeul complex Rep. of Korea
Thai complex Thailand

6.2.8.4

Figure 20

Data

and Figure 21 show the minimum font size for legibility, forra serif font and for a sans-sq

font respe
and for ol
was defin
distance ¢

Visual act
are provig

The minif
which is 3
range fro
with age 3
for young

The effect

and Figur
Correctio
different

Rough est

Figure 20
languages

The sans-

ctively, measured in six countries, for young people (the left panel in Figure 20 and Figure

bd as the 80 % level of correct identification. Data in&igure 20 and Figure 21 are for a view
0,5 m.

ity data of the participants were also measured in the same experimental condition, wh
led in Table 9 for reference.

hum font size for legibility of young peéple ranged from 3 pt to 7 pt (at the 0,5 m distand
imilar to that in shown in 6.2.7.4. For older people the legible font size became larger i

It a short viewing distance generally, and also from the visual acuity data actually measut
br and older people in each country (see Table 8).

of different languages 0nithe minimum font size for legibility is not clearly seen in Figure
e 21. This can be due to'some un-controlled factors such as the individual acuity of participar
h of data by visual acuity may be necessary for comparing the differences among the fonts
ountries more precisely.

imation using the simple inverse relationship of visual acuity in Table 8 and font size dat3
and Figure'21 revealed that there was no remarkable effect of the different fonts of differ
used.

serif character shows smaller font size than the serif font for most of the conditions mean

rif
1)

der people (the right panel in Figure 20 and Figure 21). The minimum font size for legibiliity

ng

ch

e),

la

m 6 pt to 17 pt. This result was reasonably expected based on the decrease in visual acujity

ed

20

. : - R .. o L
that sans-serifismore tegibteFor otder peopte i That tanguage; mimimmunT tegibte fomt size forsa

serif is much larger than that for serif-font.

38

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

NOOMME
MO O

=

[¢°}

=
QO
o
(@]
>

type of characters
font size (pt)
young people
older people
China
Germany
Japan

Rep. of Korea
Thailand

USA
numerals

simple characters

Qo o oTmm g O W N R < X

complex characters

Figure 20 — Minimum font size for legibility for single characters for six different countries and
serif font
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font sige (pt)
young|people
older people
China
Germgny
Japan
Rep. of Korea
Thailapd
USA
numefals

simpl¢ characters

o T 9 omm g O W >N R <X

complpex characters

Figure 21 — Minimum font size for legibility for single characters for six different countries and
sans-serif font

Table 9 — Averaged visual acuity of people who participated in the legibility experiment in|
each country

Country Young people Older people
Répyof Korea 1,47 0,37
China 1,92 0,74
Germany 2,14 0,91
Japan 1,27 0,63
Thailand 2,18 0,55
USA 1,69 0,68

6.2.8.5 Limitations

Figure 20 and Figure 21 present font sizes at the minimum legible level defined as 80 % correct
identification in the different conditions. The font size should not be smaller than this. The font size for
comfortable seeing and reading may be much larger than the minimum legible size.
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The minimum font size for legibility at short viewing distance of 0,5 m can be estimated directly from
the data shown in Figure 20 and Figure 21. For other conditions, the inverse relationship between visual
acuity and font size can be roughly applied to estimate the minimum font size for legibility (see 6.2.6).

6.2.8.7 References

— Data source: Reference [77];

racciraf achrmant G- o £ 92 7 £ Q.
OO0 0750,

arancac i +hic 4
UIVOO TUILIUVCIIUL O 111 VIO UUCTUITICIIL,.

—| Other references: Reference [35].
6.2.9 Minimum font size for legibility (low vision)

6.2.9.1 General

Pefsons with low vision have extremely low visual acuity due to retinal ‘and/or neural di

borders in

viqual pathways, and the visual acuity cannot be corrected even with’correction lenses. They need
fairly large font size when they read characters and pictures. The eXtent to which persong with low
vigion can read characters is different depending on the impairmént of retina or visual pathways.

Luminance level and luminance contrast of characters are also/significant factors affecting leg
pepple with low vision. Higher luminance level and highicontrast are usually preferable for
the¢se conditions sometimes cause glare and consequernitly degrade the legibility.

Thiis subclause provides data about how big the font size needs to be to read characters in
vigwing condition for people with low vision.

6.2.9.2 Sampled population

Thie data were obtained from 59 persons who were medically diagnosed as having low vision.
their diseases and distribution are(shown in Figure 22. This reflects a typical distribution in
can differ in other countries.

ribility for
them, but

a typical

Details of
Japan, but
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Figyre 22 — Eye diseases distribution of 59 people with low vision participated in the

6.2.9.3

For

each

character
character
backgrou
contrast.

experiment

Methods and conditions of data collection

participant, the minimum font size for legibility for a single character was measured. T
was presented on a CRT display at the highest positive or negative contrast (i.e. a blz
on a white background or-Vice versa) that the CRT can generate. The luminance level of {
nd was set at 70 cd/m? for-positive contrast and nearly zero (below 0,5 cd/m?) for negat

The minithum font size forlegibility was measured for the following four types of characters:

a)
b)
‘)
d)

alpha

-numerals with'Serif font;

Chingse charagters with serif font;

alpha

tnuwmerals with sans-serif font;

he
ick
he
ve

Chin

ST CITATACTETS WItIT Sars-serit fort:

All the characters in these 4 conditions were presented both in positive and negative contrast, and were
viewed at a distance of 0,5 m and 1,5 m.

6.2.9.4 Data

Figure 23 shows the minimum font size for legibility for a total of 59 people with low vision who
participated in the experiment. The data show the font size for 4 kinds of characters (denoted as a, b, c,
and d in Figure 23) and in 4 conditions (combinations of 2 distances and positive and negative fonts).

The data show a large variation for legibility for almost all the conditions tested, ranging from below
10 pt to above 1 000 pt. The median level was at around 100 pt to 200 pt which is about 10 times larger
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than that of normally sighted young people. Fonts with negative contrast (a white character on dark
background) were more legible than fonts with positive contrast for people with low vision, and sans-
serif fonts were slightly more legible than serif fonts.

Yt @@ @A) @E
1ooo |ttt ! _ St
e —05— - A
hd ® H ® \%
2 ¥ : o 8 ° o § o B
Q 8 3 § 2R g v : | ___~
D EEE===s===== -
PES L it
_3 s M : f e o * ° ° i
10 L § . : ; g —
[ ]
1 | L 1 1 | [ S | L 1 1 L "1 |
a b cd a b cd b b ¢ X
e S WY S
1 2 3 4
Key
X | type of characters and viewing conditions
Y | minimum legible font size (pt)
A | individual data
B | median data of 59 individuals (29th of méasured data)
C | mean level of young people with no intpairment
a | alpha-numerals with serif font
b | Chinese characters with serif font
¢ | alpha-numerals with sans-serif font
d | Chinese characters with sans-serif font
1 | positive font at 0,5 m-viewing distance
2 | negative font at 0;5 m viewing distance
3 | positive fontatl,5 m viewing distance
4 | negativefontat 1,5 m viewing distance

Figute'23 — Minimum font size for legibility for people with low vision viewed at a digtance of
0,5mand 1,5m

6.2.9.5 Limitations

The data can be used for near sight at a moderately bright level only.

6.2.9.6 Application examples

Figure 24 shows cumulated percentage of participants who could read characters of a given font size,
as a function of the size. Three curves are drawn as examples from the data in Figure 23 for alpha-
numerals for 1) serif and positive font, 2) sans-serif and positive font and 3) sans-serif and negative
font, all at the 0,5 m viewing distance. Similar curves can be drawn for other viewing conditions.
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Designers of font type and size can see from this figure how many people (in % of the low vision
people) can read an alpha-numeric font when they design it at a given size. Alternatively, once they set
a percentage of low vision people whose needs are to be satisfied, for example 30 %, they would be able
to find a font size that meets the criterion.

In Figure 24, the 50 % level has been set as a legible level of low vision as an example. At this level, the
minimum font size of alpha-numerals with sans-serif in a negative font, sans-serif in positive font, and
serif in positive font are 75 pt, 170 pt and 200 pt, respectively. The sans-serif in a negative font is the
most legible one among these three conditions.
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font sige (pt)

cumulpted percentage of people who can read a character
sans-serif font in negative polarity

sans-sgrif font in positive polarity

O W > < X

serif fgnt in positive font

NOTE The curves were derived from the data in Figure 23.

Figure¢ 24 — Cumulatedpéercentage of people with low vision who can read alpha-numeric
characters as a function of font size

6.2.9.7 [References

— Data $ouxce: Reference [65];

C £ S DR | P Y B2 W o
— ross=rererencesmromnsaoctent o7, 0 =z-0;

— Other references: none.
6.2.10 Disability glare (ageing effect)

6.2.10.1 General
Glare is the condition of vision in which light sources cause an undesirable or annoying effect on visual

perception due to scattering of light in the eye. The effects manifest itself in different ways as generally
described by disability glare and discomfort glare, the two types of glare.
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Disability glare makes it difficult, even impossible, to perceive certain objects in the visual field. This
glare results in a decrease in detectability of light signals or readability of visual signs when very bright
light exists near the line of sight (e.g. at night driving in the presence of headlights or street lights, or
when looking at traffic signals near the sun in the daytime).

Discomfort glare causes a sense of annoyance or pain without impairing vision. This can decrease the
comfort of the visual environment such as workplaces or living rooms.

Ageing affects both types of glare as scattering of light in the eye increases with age. This subclause
describes ageing effects of disability glare as a function of age, taking the young eye as a reference.

Re
kn
wd
in

6.2

parding the discomfort glare, the CIE has provided a method to measure discomfort glar
pwn as the CIE unified glare rating (UGR) and has recommended values (upper limits) f
rk places which have been presented in their standardslll. However, ageing effects drienot
fhese standards.

.10.2 Sampled population

The data were obtained from 129 people ranging in age from 20 yearste 70 years. They h

pa

6.2

Dij
by
int
SC4
ths

rhology and their visual acuity was equal to or better than 1,0.

.10.3 Methods and conditions of data collection

ability glare was measured as the veiling light that fell on‘the centre of the eye (1° field sij
a glare source which was presented in the periphery“of the visual field. The glare s¢
ermittently presented at 8 Hz. This generated a flicker'sensation at the centre of the eye

ttering of the glare source. Counter-phased flickering light was presented at the centre of
it it could compensate the flicker sensation caused by the glare source. The participant’s t3

b which is
r various
hddressed

ad no eye

re) caused
urce was
Hue to the
the eye so
sk was to

report the existence of flicker sensation every time when the variable amount of compensating light is

pr
fra

6.2

psented. The amount of light required for compensating the flicker gave the amount of scatt
m the glare source.

.10.4 Data

The data summarized as the relative age factor for disability glare are shown in Figure 25

fad
to
70
in
trg

tor indicates the increase-efiveiling light inside the eye, which was caused by a light sour
the eye of a young person-for whom the veiling light is assumed to be nearly absent. At

years, this factor reaches about 2,0, indicating that twice as much veiling light falls on

the eye of an older(person as compared to a young person. Therefore, disability glare is n
ublesome for older*people.

ered light

. This age
te relative
the age of
the retina
juch more
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Figure 25 — Relative age factor for disability glare (scattering effect in the eye as a function
age)
Limitations
hows the scattering effect in the eye only, but#iot the subjective scaling of the glare sensat

The data §
or glare p

mean twi

to that of]

intensity

old person would perceive.

The data j
source for

6.2.10.6

When deg
people, th

Reflectivd

legibility
glare depeg
should be

erception. It should be noted that twice th&“scattering light in the eye does not necessar
fe of glare sensation. The data can be used to estimate the glare effect on older people relat
young people as the intensity of a_glare light source increases. For example, doubling {
bf light source can generate the sapie'amount of glare effect on a young person as a 70-ye

bresented here is about disability glare, but not about discomfort glare. There is no good d
discomfort glare. For general information on discomfort glare, see CIE S 008.

Application examples

e glare effectshould be taken into account.

on
ily
ve
he

hta

igning light signals, visual signs and markings of interior or exterior workplaces for oldler

surface’such as a display panel or a glossy paper for printed information can reduce f{
because: of the glare effect of a reflected light source. However, the existence of a disabi

ways for aV01d1ng the glare effect.

6.2.10.7

References

— Data source: Reference [2];

— Cross-

references in this document: none;

— Other references: Reference [1].
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6.2.11 Useful field of view (ageing effect)

6.2.11.1 General

The human eye has a wide range of visual field (more than 90° for the left and the right side from the
central visual axis) for detecting, discriminating, understanding lights and objects in front of the eye.
The visibility of a visual sign, a signal or an object depends on the position of the visual field in which it
appears mainly due to the inhomogeneous nature of the retina of the eye.

Generally, the central v1sual f1eld at around the v1sual axis is best for most of the visual functions.

0 i g § r T, for example,
hinges 1ts function less effect1ve w1th increasing eccentricity in the v1sual f1eld because the density
of colour sensitive photoreceptors (cones) in the retina is reduced apart from the centre of|it. Colour
idgntification and colour discrimination become worse at peripheral vision.

It 1s noted that sensitivity to temporal changes of light stimuli is higher in peripheral visign than in
cemtral vision. A flickering or blinking light in a peripheral visual field (off visual.axis) is detecfted better
anfl, therefore, useful in visual signalling.

Important visual signs such as emergency signs should be placed at the.centre of visual field, ptherwise
th¢ sign cannot be detected at all in the worst case. Therefore, it is,a‘critical issue for any visyal sign or
signal where it is presented and detected in the visual field.

Uspful field of view (UFOV) is a range of visual field where good performance is expected for 4 specified
viqual task such as colour identification or object recognition. UFOV can be determined f¢r various
viqual functions or tasks, e.g. detection, spatial or temporal discrimination, object recognifion, flash
or [movement detection, etc. The most basic UFOV is, measured by a simple detection task| in which
a person is required to detect a target presentedsin‘the periphery while his/her eye is fixated to the
ce—]:tre of visual field.

—n

Thiis subclause presents the data on detectability of a simple target (a circular light spot) pre¢sented in
the periphery of visual field with variableseécentricity.

6.2.11.2 Sampled population

Thie data were taken from 46 ¢oung persons (20-28 years old) and 52 older persons (62-81 fears old)
who had no visual impairment.

6.2.11.3 Methods and'eonditions of data collection

A wyniform grey bacKground field extended 60° to the left and right, 50° up and 40° down from the
centre of visual.axis, was used. A disk target of 2° in diameter was presented on the backgroynd at one
of the 43 positions distributed in eight directions in 45° steps and in four to six eccentricitie$ from 10°
to p0° in 10>6teps. This is illustrated in Figure 26 a).

Vis ual field was measured for a luminance difference and for a colour difference. For the minance

ratios of 1,2, 1,4 and 1 8 (20 %, 40 % and 80 % br1ghter respectlvely) For the colour d1fference the
target had a different colour from the grey background as specified in Figure 26 b), with no luminance
difference (equal luminance condition). In Figure 26 b), R1, R2, R3, G1, G2, G3, B1, B2 and B3 represent
red targets of low, middle, high saturation, green targets of low, middle, high saturation, and blue
targets of low, middle, high saturation, respectively

The target was presented as a flash with a 250 ms duration at one of the 43 positions. Participants were
asked to fixate their right eye at the central fixation point and, after the presentation of a test target, to
respond whether they could detect the target and which direction it appeared if detected.

The visual acuity of the participants was corrected with a special lens covering a wide visual angle
for this measurement and the best visual acuity was obtained at the centre of the visual field at 1,0 m
viewing distance.
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a) Target positions b) Chromaticity of coloured targets

red targets
green targets
blue targets
point

The terms u’and v’ are the colour coordinates of the uniform colour space, LUV, defined by the CIE

26 — Target positions and chromaticity coordinates of coloured targets used for the
measurements of UFOV

Data

Figure 27| and Figures28/show UFOV data of 50 % detectability for a disk target with a luminan

ce

differencd and with a>eolour difference, respectively. The colour difference data are shown only for the

most satufrated colours for red, green and blue stimuli [i.e. R3, G3 and B3 in Figure 26 b)].

This data| clearly shows that the UFOV is smaller for older people than for young people for b;t

condition

5.“The ageing effect is more pronounced for the colour difference than for the lumina

th
ce

difference. This result can be expected from the effect of cataract or scattering of light in the eye which

increases

48

with age. Desaturated colours reduce colour differences and make the UFOV smaller.
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Fipure 27 — Useful field of view for aitarget only with luminance difference (50 % dete
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Figure 2B — Useful field of view for a coloured target on white background (50 % detectability
contour) of.\young and older people

6.2.11.5 [Limitations

The data $hows a UFOV for a uniform background which is the simplest case and, therefore, the widpst
case for UFOV. Complex backgrotnd stimuli are seen in a natural viewing condition for which the UFOV
can be smfaller due to cogritive effects such as attention, searching, familiarity for detecting a target.

6.2.11.6 Application-examples

Present data on"UFOV can be used in designing layout of a visual sign or a display with regard to the
detectability“ef'it when it appears in the peripheral visual field. Applications include designing a traffic
sign, a puplio emergency sign for evacuation, an information sign in a station, the labelling of ATMs
in banks or public spaces. The UFOV is also a matter of concern for designers when considering the
location of switches and buttons in control panels or home appliances. Their layout is a critical problem
even if each part of panel is designed for good visibility at the central part of visual field. Positioning of
an indicator lamp is such an example.

Figure 29 shows another example for estimating detectability of a restroom sign coloured in blue.
Simplifying the viewing condition as a blue target in a uniform grey background, the data on a blue
target in Figure 28 can be referred to estimating the detection probability of the sign for a person who
is standing and for a person in a wheelchair, both of them being young for instance.

By plotting the location of the sign viewed by those two persons (see the inset figure of useful visual
field data in Figure 29), it can be found that the sign is within the 50 % detectability area of useful field
of view (the solid circle) for the young person who is standing. However, it is outside of the 50 % area for
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the person in a wheelchair. In the case of older persons, the sign is outside of UFOV of a person who is
standing (the dashed circle in Figure 29). The sign can be overlooked by a young person in a wheelchair,
and it is more difficult to detect by an older person even he/she is standing.
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C  evaludtion of detectability of a toilet'sign (estimated from the colour detection data)

Figure 29 — Example of estimating visibility of a blue restroom sign for a person standing and a
person in wheelchair

It is noted that sensitivity to temporal changes of light stimuli is higher in peripheral vision than|in
central vision, though the data is not shown here. A flickering or blinking light in a peripheral vispal
field (off isual:axis) is detected better and, therefore, useful in visual signalling.

6.2.11.7 References

— Data source: Reference [46];
— Cross-references in this document: none;

— Other references: Reference [66].
6.2.12 Lighting level and visual performance (ageing effect)

6.2.12.1 General

The appropriate level of lighting level is a critical issue in lighting design both for workplaces and living
spaces. It depends on the visual tasks which people are engaged in, and on their visual abilities too.
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This subclause presents data on a required time for doing some typical visual tasks as a function of
lighting level for younger and older people. The following three different tasks were employed as

representatives of a visual task:

a) pegboard operation (key insertion);
b)
c)

colour sorting;

reading printed sentences.

6.2.12.2 Sampled population
r r r

DaLa were obtained from 55 young people (33 male and 22 female) ranging in age from~18y
irs (21,6 years on average), and 55 older people (34 male and 21 female) from 60 years t

ye
(67,3 years on average). They all had no visual impairment and no colour defect.

6.2.12.3 Methods and conditions of data collection

Thie pegboard task was an eye-hand coordination task in which the participants had to inse

25|keys into holes in a 5 x 5 matrix in different locations.

Thie colour sorting task was to sort out in the right colour order fot.16 pieces (4 for each of r¢
green, and blue) of slightly different colour chips. The colour<chips were taken from the Fg

10D hue test.

Thie reading task was to read out sentences of 10 lines printed in black on a white paper with

diqtance of 50 cm. Serif and sans-serif fonts of 18 pt were used.

Forl each task, the time required for a participant to complete the task was measured. The

pars to 26
83 years

rt each of

ed, yellow,
rnsworth

aviewing

maximum

time was set at 3 min, beyond which the participant had to stop the task. The number of palrticipants

wHo completed the task correctly and the timie'required to conduct the task were recorded.

fluprescent lamp was used to illuminate the working area in a uniform way.

Thie participants wore correction'lenses to obtain their best visual acuity at the working plan

6.2.12.4 Data

)

Fig
an

Thle time increased gradually as the illuminance lowered for every task in general. [llumina

than 1 Ix made the tasks more difficult and the time increased as the illuminance decreased.

A A e A
A B o !

mC o

Y oD ©

Y2 Y3

Ilhllominance was set at one of seven leyels: 0,1 1x, 0,3 Ix, 1 1x, 3 1x, 10 1x, 100 1x or 1 000 Ix

ure 30 shows the time required for completing three visual tasks of a) pegboard, b) colo
 c) reading, respectively, in which the time was averaged for both young and older people 4
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X illuminance level (1x)

Y1 pegboard manipulation time (s)

Y2 colour chips sorting time (s)

Y3 reading time (s)

older people

young

people

young
older |
young

Fig

Older peo
was affect

To summ

general for keeping the task easy.

Consideri
illuminan

1) photag

2) meso

the ilJuminance level;

3) scoto

The data {
lower tha

6.2.12.5

The presg
sorting ay

the illuminance effect can e different. The ageing effect can also vary depending on the difficulty

the task.

6.2.12.6

The prese|

A
B
C older people (for serif font)
D
E
F

peoptetforseriffort)
people (for sans-serif font)
people (for sans-serif font)

ure 30 — Time required for completing a visual task as a function of illuminance

ble were affected more severely than young people in colour discrimination. The reading t4
ed when the illuminance was lower than 10 Ix for both serif and sans-serif fonts.

hrize all these results, it can be said that illuminance above 10.1x should be maintained
hg the general functioning of the human eye, the working range of the eye in relation
Ce change can be divided into 3 parts:

pic vision at above about 10 1x, where shapes and ¢oélours of objects are clearly seen;

bic vision at about 0,01 Ix to 10 1x, where shapes and colours are slightly seen depending

bic vision at below 0,01 1x, where only vague shapes of objects can be seen.

n that needed for photopic vision;4.e. below about 10 Ix.

Limitations

nt data is available for three representative visual tasks (eye-hand coordination, colg
d reading). For othier different types of visual task such as searching or motion percepti

Application examples

nt-data can apply to three major types of visual tasks:

1sk

to

on

hows that visual tasks become hatder to complete in general when the illuminance beconpes

ur
b1,
of

1) ataskthat needs eye-hand coordination;

2) ataskthat needs colour identification and discrimination; and

3) ataskthatneeds fine spatial resolution.

The data on pegboard insertion [Figure 30 a)] can apply to eye-hand coordination tasks. The data on
colour sorting [Figure 30 b)] can apply to tasks that involve colour identification and discrimination.
For visual tasks that need fine spatial resolution, the data in Figure 30 c) can be used.

6.2.12.7

References

— Data source: Reference [77];
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Cross-references in this document: none;

Other references: none.

6.2.13 Visibility of an indicator lamp: Context and task specific data (effects of ageing and
low vision)

6.2.13.1 General

Visibility of an indicator lamp becomes better in general as the luminance of the lamp increases.
ever, extremely high luminance can cause glare, and too bright a sensation of light,rgdduces the

H

vidibility. Therefore, visibility and glare should be taken into account when determining the
leviel of an indicator lamp.

minance

Thiis subclause provides data on the visibility of indicator lamps when changing their luminance level.

6.2

.13.2 Sampled population

Data were collected from three different groups, younger people without any visual impairment

(average age 22,2 years * 2,2 years), older people (average age 68,4 years * 3,4 years), and pg
loy vision (average age 57,8 years * 8,3 years). The number of participants in each group was

6.2.13.3 Methods and conditions of data collection

Vi
po
ea

—

gldring, 0: no glare.

6.2.13.4 Data

Figure 31 and Figure 32 show resultstof subjective evaluation of visibility and glare fee
indicator lamp of 3 mm diameter agafunction of luminance for a photopic condition (500 Ix; 1

b

—

clgsed symbols for the Y1-axis;.and the glare feeling by open symbols for the Y2-axis. The visi
wdre averaged over 20 participants for each of three groups (young people, older people and g
vidion). The variance of the-data, not shown here, was large for older people and much larger

wi

Bo

a nlegative effe¢f.on visibility, there is a trade-off between the visibility and the glare feeling ¢
th¢ luminancerlevel. This effect is important particularly for the dark (mesopic) condition
gldre feeling.is much higher than that for the bright (photopic) condition.

Thle visibility score is not much affected by the lighting environment, dark or bright.

©lI

gibility of indicator lamps was measured using a subjective evaluation method. A visibility §

nts was used: 0: not visible, 1: very difficult to see, 2:slightly difficult to see, 3: neither di

by, 4: slightly easy to see, and 5: very easy to seexfor glare evaluation, a two-point scale w{

ght) and for a mesopic condition (0,5 lx; dark), respectively. The visibility evaluation is

th low vision, compared to that of young people.

th the visibility-score and glare feeling increased with luminance level. However, since the

ople with
20.

cale of six
fficult nor
s used; 1:

ing of an
oderately
shown by
pility data
eople low
for people

glare has
long with
where the
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Figure 31 — Visibility and glare evaluatien for an indicator lamp at photopic vision (500 1x)
White colour, diameter of 3 mm, and black surrounding
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Figure 32 — Visibility and glare evaluation of an indicator lamp at mesopic vision (0
White colour; diameter of 3 mm, and black surrounding

.13.5 Limitations

ce the data presented here are for a small indicator lamp (3 mm in diameter), they cannot
designing a lamp.with a larger size such as an alarm lamp or a lamp for machinery in a s
industry, professional or technical. Nor are data available for a display presenting chars
iphics with eomplex spatial information.

e data presented here do not apply to people with a colour deficiency.

.13.6" Application examples

2021(E)

L5 1x) -

be applied
pecial use
cters and

These data are useful for designing indicator lamps or LEDs of household appliances used as a means of
indicating operating conditions of devices and making operations of consumer products easier.

6.2.13.7 References

©lI

Data source: Reference [64];
Cross-references in this document: none;

Other references: Reference [36].
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6.3 Hearing

6.3.1 Hearing-sensitivity decrease as a function of age

6.3.1.1

General

The data in this subclause show how our hearing sensitivity changes, as a function of frequency, as the

age advan

ces. Gender effects and individual differences are taken into consideration.

As age-related hearing loss develops more rapidly at high frequencies than at low frequencies, older

people ex

6.3.1.2

Men and y
normal h

6.3.1.3 [Methods and conditions of data collection

Monaural

participants. Audiometers and measurement methods conformed to rélevant international or domes
standardy.

6.3.1.4

The data y
the range

a) the ej
age of

b) the ey

Figure 33
frequency

threshold
populatio
better hed

The figurg
old males
order for

berience more hearing problems in relation to high frequency sounds.

Sampled population

vomen living in France, Germany, Japan, Norway, the UK and the USA who had otologicad

pure-tone audiometry (a hearing test using an earphone) was performed for individ

Data

vere analysed statistically for populations within.the age range from 18 years to 80 years
of audiometric frequencies from 125 Hz to 8 000 Hz, and produced the following:

(pected median value of hearing thresholds relative to the median hearing threshold at {
18;

pected statistical distribution of-individual thresholds above and below the median value.

and Figure 34 display some examples of the hearing threshold deviation as a function
the listener’s age being a'parameter. The 10th percentile in Figure 34 indicates the hear
deviation above which 10 % of hearing threshold deviations of individuals sampled from {

ring than the curveindicates.

t shows, for example, that the sound level of a 2 000 Hz tone, which is just audible for 20-ye
having thearfedian (50th percentile) threshold, needs to be increased by as much as 40 dB
t to be jusbaudible by 90 % of 70-year-old males.

1y

baring and were aged from 15 years to 96 years. The number of participants was mgre
than 20 000.

1al
tic

for

he

of

ng
he

h of the same age and gender are expected to fall. In other words, 90 % of the population has
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Figure 33 — Hearing threshold deviations as-a‘function of age, 50th percentiles (medians)
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Figure 34 — Hearing threshold deviations as a function of age, 10th percentiles
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6.3.1.5 Limitations

The data in Figure 33 and Figure 34 are presented in a form of audiograms to show the hearing-
sensitivity decline in relation to the reference value of 0 dB, the median threshold of 18-year-old
population of the same gender. For the thresholds expressed in sound pressure levels, see 6.3.2.

The thresholds presented here are related to the hearing sensitivity to single pure tones (sounds
composed of a single frequency component) in quiet. These data need to be examined carefully when
applied to pure tones in noisy conditions or to sounds composed of multiple frequency components
such as beeps or speeches. In most cases, those complex sounds are easier to detect than single pure
tones becps 1o Hstaner he anee - i saring any a—sound-compe

Complex jounds are also beneficial for persons with hearing loss at a specific frequency region™(¢.g.
around 4 kHz in the case of noise-induced hearing loss) for the same ground. The listener has achance
to detect the sound in noise by hearing any of the frequency component(s) that fall(s) in his/heraudiple
frequencyf range.

e 2 ore—cAan o—eete By HE-ahy—ot-Hie-seuna—compenen ts.

For tone gerception in noise, see 6.3.5. For the perception of multiple-frequency sounds,see 6.3.6.

The data in Figure 33 and Figure 34 have been obtained from persons with otologically normal hearipg.
Persons with hearing impairment that is not attributable to ageing (e.g. impairinents caused by injury,
disease off exposure to intensive noise) show a different threshold profile than those presented in this
subclausef The threshold varies depending on the type and severity of impairment.

6.3.1.6 [Application examples

Choice of|the frequency of auditory signals: auditory signals.used in consumer products and public
facilities ¢an be made easier to hear for older listeners if the signals have a moderately low frequency
componerjt.

6.3.1.7 [References
— Data $ource: Reference [12];

— Crosstreferences in this document: 6.3:2,6.3.5, 6.3.6;

— Otherjreferences: Reference [30].
6.3.2 Téne perception in quiet.conditions (ageing effect)

6.3.2.1 [General

A pure tone (a sound with a single frequency component) is audible for the listener in quiet when the
sound pre¢ssure level'of tone is higher than the listener's absolute hearing threshold.

6.3.2.2 [Sanipled population

Two poputationmsof variousages were adopted—as am exampter— 1) Tigorousty screened; ototogically
normal persons from the same population as in 6.3.1.2 and 2) unscreened persons, including hearing-
aid users. The number of persons in the latter population was 4 942. In principle, calculation for any age
groups is executable by taking the same procedure and using the same data sets as shown in 6.3.2.3
and 6.3.2.4.

6.3.2.3 Methods and conditions of data collection
Monaural pure-tone audiometry (a hearing test using an earphone) was performed for individual

participants. Audiometers and measurement methods conformed to relevant international or domestic
standards. Only the "better ear" threshold was retained for the unscreened population.
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6.3.2.4 Data

Figure 35 shows the 10th percentile thresholds estimated for 60-year-old persons from the screened
and unscreened populations. 90 % of the population is expected to be able to detect the tone in quiet
conditions if the sound pressure level exceeds the respective curve at the tone frequency. These curves
were obtained by combining the normative hearing threshold for young population[?] and the age-
related threshold shift for a screened population[2] and an unscreened population (see ISO 1999:2013,
database B4), respectively. Thus, the hearing thresholds in Figure 35 represent those in free field where
a sound comes directly from the front although the thresholds of the two groups had been measured
using an earphone.

NOQTE1 The normative threshold is obtained from otologically normal persons aged from 18 to.25 years.

NOTE 2  Afree field is a sound-wave field devoid of obstacles causing reflection, refraction 6r diffrdction, such
as fin open-air space.
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C | normative'‘threshold
NOTE The normative threshold is shown for comparison.
Figure-35—10t4percentite-hearing threshotdcurvesof screenedorunscreenedpopulation

aged 60 years

6.3.2.5 Limitations

The thresholds show the hearing sensitivity for single pure tones (sounds composed of a single
frequency component) in quiet. The data need to be examined carefully when applied to sounds
composed of multiple frequency components such as beeps or speech. In most cases, those complex
sounds are easier to detect than single pure tones because the listener has more chances to detect it
by hearing any of the sound components. Complex sounds are also beneficial for persons with hearing
loss at a specific frequency region (e.g. around 4 kHz in the case of noise-induced hearing loss) for the
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same ground. The listener has a chance to detect the sound by hearing the frequency component(s) that
fall(s) in his/her audible frequency range. For speech sounds, see 6.3.6.

External noise can increase the threshold for tones. For the effect of noise on hearing threshold, see 6.3.5.

6.3.2.6 Application examples

Auditory-signal design: The absolute hearing threshold can be a reference for determining a minimum
sound pressure level of auditory signals. A signal having a sound level higher than the threshold is
expected to be audible to the population from which the threshold was obtained.

When thejauditory signal is designed for a generic population, the threshold of unscreened males shefild
be used b¢cause they have worse hearing than unscreened females and, thus, the designed signalwould
be audiblg for both males and females.

When the|signal is of multiple frequency components, the component having the highestdevel relatjve
to the threshold determines the audibility in most cases.

NOTE1 [When the frequencies of components are close enough to fall in a certainfrequency band (called
critical barpd), the threshold becomes lower than that for a single frequency tone.

NOTE 2  [The threshold can vary depending on the duration of sound. The thresheld becomes higher for shprt
tones, for gxample.

6.3.2.7 [References
— Data $ources: References [9], [12] and [11];

— Crossfreferences in this document: 6.3.1, 6.3.5, 6.3.6;

— Otherjreferences: Reference [30].
6.3.3 Sensitivity to low-frequency tones (ageing effect)

6.3.3.1 [General

The data in this subclause show howeur hearing sensitivity at low frequencies below 100 Hz is affected
by ageing] Gender effects and individual differences are taken into consideration.

Since the [age-related decreaSe-in hearing sensitivity at low frequencies is small compared to that at
high freqyiencies (see 6.34),>some older persons can hear a low-frequency tone at a very low sound
level. Therefore, they can be annoyed by low frequency noise just as young persons do.

6.3.3.2 [Sampled population

Young listeners were a sample of 33 men and 18 women aged 19-25 years, screened for hearing
abnormaljties. Older listeners were a sample of 20 men and 21 women aged 61-83 years. The older
listeners were not screened for hearing abnormalities (see below), but all of them reported that they
did not have serious problems with hearing in daily life.

6.3.3.3 Methods and conditions of data collection

Binaural listening (listening with both ears) for a single pure tone in a pressure field (i.e. the volume of
the chamber was varied to produce low frequency sounds). The hearing threshold was measured using
a bracketing method (up-and-down method) as specified in ISO 8253-1.

6.3.3.4 Data

Figure 36 shows the hearing thresholds of two age groups. The older listeners had a threshold that
was higher by about 5 dB than that of young listeners at every frequency measured. The threshold

62 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

difference between the two listener groups was much smaller than that at higher frequencies (see 6.3.1
and 6.3.2).

Their threshold did not change before and after screening for hearing abnormalities. This fact suggests
that the hearing sensitivity at low frequencies is not affected substantially by the hearing abilities at
higher frequencies.
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Figure 36 — Hearing threshold at low frequencies for young and older listeners - Median values
with the 90 % range (the interval between the 5th and 95th percentiles)

Figure 37 shows the'effect of gender on the hearing thresholds of older listeners. Older wpmen had
slightly lower thresholds (better hearing) at low frequencies as is expected from their bett¢r hearing
abllities at high-frequencies.
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Figure 37 — Hearing threshold at low frequencies of older men and women

6.3.3.5 [Limitations

Single pufe tones were used in the measurement. Other types of sounds such as complex tones
(composefl of multiple frequency componénts) and time-varying sounds may have a different effect|on
the threshold.

6.3.3.6 [Application examples

Noise evaluation in environment: Since the ageing effect on hearing sensitivity at low frequenciey is
not large,|it should be noted-that older people can perceive low frequency noise and can suffer from
annoyancg caused by the)noise, as young people do. Environments for living and working should [be
designed fo make them quiet enough regardless of the age of occupants so that low frequency sound
would not| cause neise problem.

6.3.3.7 [References

— Data source: Reference [71];

— Cross-references in this document: 6.3.1, 6.3.2;

— Other references: none.
6.3.4 Equal-loudness-level contours (ageing effect)

6.3.4.1 General

The data in this subclause show how our hearing sensitivity at above-threshold levels is affected by
ageing. Gender effects are taken into consideration.
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6.3.4.2 Sampled population

Young listeners were 33 men and 24 women aged 18-25 years. Older listeners were 24 men and 26
women aged 60-69 years. All the listeners were screened for hearing abnormalities and had otologically
normal hearing for their age.

6.3.4.3 Methods and conditions of data collection

Binaural listening (listening with both ears) for a single pure tone of frontal incidence (the tone is
coming to the listener directly from the front) in free field (a space with no obstructions or reflections).
Ligteners judged the perceived foudness of Tones that varied I frequency and sound presgure level,
folJowing the procedure of the magnitude estimation method.

6.3.4.4 Data

Figure 38 shows the equal-loudness-level contours of two age groups. The oldér listeners had raised
cohtours at frequencies of 2 000 Hz and above, whereas the contours at lower frequencies did not show
a large difference from those of young listeners. That means that older listéners need a highler level of
tone at high frequencies so that it would be perceived as loud as that attow frequencies.
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Figure 38 — Equal-loudness-level contours for young and older listeners
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Figure 39 shows the effect of gender on the contours of older listeners. Older men showed even larger
ageing effect at high frequencies.
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Figure 39 — Equal-loudness-level contours for older men and women

6.3.4.5 [Limitations

Single puile tones:weére used in the measurement. Other type of sounds such as complex tones (compoged
of multiple frequéncy components) and time-varying sounds can have a different effect on the loudness
perception!

6.3.4.6 Application examples

Noise evaluation in environment: Since the ageing effect on hearing sensitivity at low frequencies is
not large compared to that at high frequencies, it should be noted that older people can perceive low
frequency noise and can suffer from annoyance caused by the noise, as young people do. Environments
for living and working should be designed to make them quiet enough regardless of the age of occupants
so that low frequency sound would not cause noise problem.

6.3.4.7 References

— Data source: Reference [69];
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Cross-references in this document: 6.3.1, 6.3.2;

Other references: none.

6.3.5 Tone perception in noisy conditions (ageing effect)

6.3.5.1 General

2021(E)

In noisy conditions, a signal-to-noise ratio (SNR) determines the audibility of signals. In the case of pure
tone-like signals, the signal is audible against noise when the level of the dominant component of the

sig

%
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6.3
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he

6.3

Thie signal was a 1 s pure tone repeated three times with a‘ s’silent interval. The frequency

pr
Fr
pr
of

nal is higher than that of the noise in the same frequency band by a certain amount.

len the signal has multiple frequency components, its audibility is determined by.the
mponent that has the largest power in relation to the interfering noise in most cases.

.5.2 Sampled population

ing listeners were 16 men and 14 women aged 18 to 24. Older listeners.were 25 men and
ed 55 to 79. All the listeners were screened for hearing abnormalities.and had otological
hring for their age.

.5.3 Methods and conditions of data collection

essure level were varied from trial to trial. The background noises were typical domes

psented to individual listeners via a loudspeaker.ina’soundproof room. Listeners judged the
signal, using a five-point scale from "1: not audible” to "5: too loud".

frequency

9 women
ly normal

ind sound
[ic noises.

pquency characteristics of the noise used are shown in Figure 40. Both the signal and njoise were

audibility
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NOTE Lpcq is the A-weighted equivalent continuous sound pressure level.
Figure 40 — Frequency characteristics of the background noise used
6.3.5.4 |[Data
Table 10 and its graphical presentation in Figure 41 show the minimum difference level between sig

and noise] Whenthe'signal level was higher than the noise level by the shown amounts, 90 % of listen
in each age group responded that the signal was "2: barely audible".

80 dB. The level varied depnding

on the tone frequency.

hal
br'S

Table 10 — Medians of the minimum level difference between signal and noise in order for the

signal to be "barely audible" against the noise

Centre frequency of one-t.hlrd octave band 250 500 1000 2 000 4000
(of tone and noise), Hz
Minimum level For young adults 11 11 6 5 3
difference, dB For older adults 11 11 10 4 11
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lisfeners' ratings.

Figure 41 — Graphical representation of the, medians of the minimum level difference between
signal and noise in Table 10

6.3.5.5 Limitations

Thie thresholds show hearing sensitivity to single pure tones (sounds composed of a single frequency
component) in noise. The data need to be examined carefully when applied to multiple-frequency
solinds such as beeps or speeches.

Thie level difference required for tone detection depends on the signal and noise used. Another factor
that can affect the@etectability of tone in noise is the duration of tone. The threshold beconpes higher
in general as thé\duration of tone becomes shorter. Although the data presented above shgl:/v general
characteristies 6f ageing effect, readers of this document are encouraged to determine the lev¢l of signal
required fot its audibility, using the signal and noise in which they are interested. For a stahdardized
procedure; see 1ISO 24501.

6.3.5.6 __Application examples

Auditory-signal design: the hearing threshold in noise can be a reference for determining a minimum
sound pressure level of auditory signals; a signal having a sound level higher than the threshold is
expected to be audible to the population from which the threshold was obtained.

When the signal is of multiple frequency components, the component having the highest level relative
to the threshold determines the audibility in most cases. When the frequencies of components are close
enough to fall in a certain frequency band (called critical band), the threshold becomes lower than that
for a single frequency tone.

6.3.5.7 References

— Data sources: References [70] and [30];
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— Cross-references in this document: 6.3.1, 6.3.2, 6.3.6;

— Other references: References [17], [18] and [25].

6.3.6 Sound pressure level of spoken announcements in public space (ageing effect)

6.3.6.1 General

Spoken announcements should be presented sufficiently loudly so that listeners can comprehend them
with ease. When the sound level of announcements is too high or too low, speech recognition generally

decreased.

The data |n this subclause show the effect of ageing on the preferred sound pressure level of.spoken

announcements in noisy conditions.

6.3.6.2 [Sampled population

Young listeners were 17 men and 9 women aged 19-23 years. Older listeners<were 31 men and

29

women aged 64-82 years. All the listeners were screened for hearing abnormalities and had otologicqlly

normal hqaring for their age. Their first language was Japanese.

6.3.6.3 [Methods and conditions of data collection

Announcgments consisted of four-mora (syllable) Japanese wwords. Eight different words were
successively presented, with an 800 ms silent interval, to listeners via a loudspeaker in a soundprpof
room. Nojse that simulates the sound frequency of multiple talkers was also presented via another
loudspealfer at various sound levels. The task of listeners wasto adjust the sound level of announcement

to a level that was comfortable to hear and provided easy comprehension of the announcement.

6.3.6.4 [ata

Figure 42[shows medians of adjusted levels of-anmouncement as a function of noise level. The differe
in preferrgd levels between young and older listeners was 5 dB or less at any noise level. This differe

is much sinaller than that expected from-the threshold difference in quiet as shown in 6.3.1.

Note alsofthat the level difference bétween speech and noise is not constant for both listener grouﬁ)s.
The prefgrred level of speech dogs not increase proportionately as the level of interfering no

becomes lhigher.

itCe
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solind pressure level range for spoken announcements in noisy environments.
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Effects of the context of speech is not taken into consideration. If that information was avail

lis
6.3
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Figure 42 — Preferred level of spoken announcement as a function of interfering noi

.6.5 Limitations

e data are based on experiments, using Japanese words and employing Japanese listeners. T
anguage are not large, as shown inrISO 24504 which specifies methods to determine an aj]

her factors such as acoustic characteristics of speech and noise and complexity of speech in
1 affect the preferred speech levels. Usually, older listeners are susceptible to worse con
fening. They can want.to hear the speech at an even higher level.

eners coulddiave attained as good a recognition level as young listeners.

.6.6 _Application examples

Col

se level

he effects
propriate

formation
ditions of

hble, older

d in noisy

bkénannouncements in a public space: Announcements are expected to be sufficiently loy

nditions if they are presented at the level shown in Figure 42

6.3.6.7 References

©lI

Data source: Reference [76];

Cross-references in this document: 6.3.1, 6.3.2;

Other references: References [32] and [37].
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6.3.7 Audible conditions for speech communication in a noisy environment (ageing effect)

6.3.7.1

General

The auditory conditions necessary to keep speech communication understandable and to prevent
listening difficulty are provided in Reference [91]. The conditions are presented in dB, taking into
account the age-related decrease of hearing ability (see 6.3.1).

NOTE 1
signal and

Signal-to-noise ratio (SNR) is the numerical difference between the sound pressure levels of speech

that of noise.

NOTE 2

The speech transmission index (STI), which is standardized in IEC 60268-16, is also frequently*u

for designipg acoustical condition in an environment.

6.3.7.2

Listeners
middle ag
levels. Th
average h
recognitig

NOTE
from all si
underexpol

Table 11

6.3.7.3

Word rec
level with
sound pre
observed

Sampled population

ed listeners (30s-40s) and older listeners (aged 60 or older) with varioGs-hearing thresh

n.
Otologically normal persons were defined as “persons in a nepmal state of health who are f

sure to noise” in ISO 7029:2000.

— Specification of three groups of listeners: young (Group A), middle-aged (Group H
and older listener (Group C) groups
Number of
Group | subjects (male/ | Meanmage | PTArange | PTA mean

female)

A 34/21 21,3 -5t0 10 2,6

B 1/6 38,5 -2,5t0 10 4,5

C 27/24 70,7 7,5 to 54 23,6

Methods and conditions’of data collection

ed

listed in Table 11 were used as subjects. They are otologically normal youngHisteners (2(s),

bld

e hearing threshold level is represented by a pure tone average (PTA), which is the arithmdtic
baring threshold level at 0,5 kHz, 1 kHz, 2 kHz and 4 kHz, where a-sighal contributes towqgrd

ree

bns or symptoms of ear disease and from obstructing wax in.€apn canals and who have no history of

v

gnition scores wer&measured under ambient noise (equivalent continuous sound pressure

a standard freqUency weighting A of 50 dB) with the Hoth spectrum. Figure 43 prese
ssure level ineach 1/3 octave band of Hoth spectrum noise, which is the typical spectry

n rooms sfiecified in ITU-T P80O.

nts
m
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Figure 43 — Sound pressure level of Hoth spectrum‘noise in each 1/3 octave ba

.7.4 Data

ure 44 presents the relation between the SNR'and single-word recognition scores. The
se ratio is the sound pressure level of a spokeén announcement measured relative to amb
an scores and standard deviations for each SNR and each listener group are also pre
ure 44,

" young listeners, a 2,0 dB SNR.is(necessary to achieve 95 % of their maximum score.
ener group with PTA of 23,6 dB requires 5,5 dB improvement of SNR, on average, undet
nditions.

ves are shifted 0,26 dB-to.a higher SNR when PTA increases by 1 dB. The SNR required fq
th severe hearing loss.can be estimated using this relationship.

bres of middle-agedlisteners are not different from those of younger listeners.

signal-to-
ent noise.
sented in

The older
" anechoic

r persons
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to-noise ratio in dB

percentage of correct of word recognition scores

Key

X  signal
Y

A mean
B  mean
C mean

Figure 44
a

6.3.7.5

Presented
Variation
difference
spoken ar
recognitic
ability.

The effect

scores with error bars for S.D. of young listeners (Group A)
scores with error bars for S.D. of middle-aged listeners((Group B)
scores with error bars for S.D. of older listeners (Group C)

} — Word recognition scores and theirstandard deviations of young (Group A), midd
bed (Group B) and older listener (Group C) groups for each signal-to-noise ratio

Limitations

le-

data was based on(Japanese listeners with loudspeakers in an anechoic chamber.
of speech recognition performance is expected depending on nature of the measurement:
s of languages, clarity of voice, gender of talker, and transducers used for presentation| of
nouncements. The expected variation range is around 10 dB in SNR for 50 % correct wqrd

n. Variationsyin/the differences are caused by the variation of listener age and their hear

of language is not large, as shown in ISO 24504 which specifies methods to determine

appropriare sound pressure level range for spoken announcements in noisy environments.

ng

an

6.3.7.6 Application examples

Determination of presentation level of spoken announcement: Older persons who have 20 dB higher
hearing threshold than normal young person in PTA require 5,2 dB higher SNR for their listening
condition. When a target percentage of correct word intelligibility score is set as 70 % for example,

-8dB of S

NR for younger person and -2,8 dB SNR for older person are required.

When the measured noise level is 50 dB, the presentation level of spoken announcement for young person
is determined as 42 dB and that for older person is 47,2 dB. A higher level of spoken announcement is
desirable if the SNR would result in a value under the preferred sound pressure level described in 6.3.6.
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6.3.7.7 References

Data sources: References [92], [32] and [91];
Cross-references in this document: 6.3.1, 6.3.6;

Other references: References [41], [24], [3], [8] and [37].

6.4 Touch

6.4.T Tactile pressure sense and spatial resolution (ageing effect)

6.4.1.1 General

Tagtile pressure sense and spatial resolution are basic characteristics and capabilities of tofich sense.
Depsigning any tactile markings should take account of these basic characteristics for comfort and
cofrect recognition of the markings.

Spatial resolution, which is the ability to discriminate details of the markings, is one the most [mportant
taqtile characteristics in designing tactile symbols and letters. Resoldtion is generally measufed by the

clo
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sest distance of two stimuli that can be perceived as two separate ‘stimuli.

ese basic tactile characteristics change with age and this<should be considered when
tile marking that will be used by older people. This subelause presents a set of data that s
 sensitivity of tactile pressure sense and spatial resolution change with age.

1.1.2 Sampled population

otal of 48 young people with the mean age 6f21,0 years (standard deviation sd = 1,7 yea
er people with the mean age of 66,5 years'(sd = 3,8 years) participated in two experim
bssure sensitivity and 2) static spatial.resolution. All participants were sighted and their
rered during the experiments in ordetrnot to use visual information.

1.1.3 Methods and conditions-of data collection

"tile pressure sense was measured by a conventional method using an instrument called
r. Figure 45 a) shows this method. By stimulating the tip of a forefinger vertically with a

ing of variable thickiiess (i.e. diameter of the string) until it bends and asking the participan
 participant felt it oPnot, a minimum thickness of a string needed for the participant to pe

touch is obtained, The thickness of the string gives the pressure strength which is calibrated g
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hows how

"s) and 45
bnts on 1)
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von Frey
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twhether
rceive the
reviously.

htial resolution was measured by another conventional method using an instrument called
ich hasanumber of grooves on the rounded surface, from coarse grating to fine grating as i

JVP dome
lustrated

Figure™5 b). The face of the dome is pressed softly with a constant pressure on the tip of forefinger
 the participant should answer the direction of the grooves, horizontal or vertical (to the finger
ection). The threshold spatial resolution can be obtained from the groove that gives a 50 % correct

response for the repeated trials.

These methods give us the static characteristics of touch sense called passive sense. There is another
method to measure touch sense with using moving stimuli or moving fingers which is called active
touch. Because there is a variety of experimental conditions for measuring active touch such as moving
speed, the basic data is mostly measured in a static condition.
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a) Von Frey hair b) Tactile resolution by JVP dome

6.4.1.4 Pata

Figure 46| shows two-dimensional plotting of the threshold of tactile pressure sense-taken as X-aKis
(in a logarithmic unit of gram-force) and the threshold width of spatial resolution as'Y>axis (in a ling¢ar
unit of min). Small data points of open and closed circles represent individual data of young and oldler
people, regpectively, and a larger open and a larger closed circle represent the averaged values of thgm.
It is clear [that the data points of older people are higher than those of young people both for pressure
sense (hofizontal) and for spatial resolution (vertical). This means that older people are less sensitjve
for detect|ng tactile pressure and for resolving spatial information than young people.
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C young pnn?ln’ mean-apnd-standard-deviation
D older people, mean and standard deviation

Figure 46 — Tactile sensitivity of pressure sense and tactile spatial resolution

6.4.1.5 Limitations

The data shows the characteristics of normal tactile sense without any impairment such as diabetes
that reduces tactile sensitivity in general. As mentioned in the method section (see 6.4.1.3), the data
presented here, were measured in a static condition. The data, therefore, should be used basically for
designing a static tactile sign, but can be used as a baseline even for a dynamic condition (see 6.4.1.6).
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6.4.1.6 Application examples

The threshold value presented here for pressure sense and spatial resolution can be used as a baseline
when tactile markings or signals are designed. For young people, the mean pressure sense is 0,078 gf
with a standard deviation of 0,034 gf, and mean spatial resolution is 1,3 mm with a standard deviation
of 0,43 mm, and any tactile marking should have a stronger pressure or a wider separation than these
mean values. For older people the mean values are much larger which are 0,21 gf (sd = 0,094 gf) for the
pressure sense and 2,6 mm (sd = 0,66 mm) for spatial resolution respectively. For older people, much
stronger pressure sense and wider spatial separation are needed.

It sk

is
ev
to
di
it g
wd
sh

6.4

6.4

6.4

benerally worse than the dynamic touch sense (i.e. active touch). Many of tactile markiy
bryday life are designed so that people can touch them freely by moving hands or fingers
h) in which a higher sensitivity is expected. Taking into account this passive-tg-active §

C
Hl}erence, it can be said that if any tactile marking is designed on the basis of the passive dat

i.e. active
ensitivity
h (6.4.1.4),

rives a guarantee that a better sensation is obtained when it is sensed by the 'active touch. In other

rds, any tactile marking that has a less strong pressure or a smaller separation than the pr
puld be avoided.

1.1.7 References
Data source: Reference [85];

Cross-references in this document: 6.4.2;

Other references: none.
1.2 Tactile spatial resolution (people with visual disabilities)

1.2.1 General

One of the advantages and effectiveness of using tactile markings (i.e. tactile symbols, charz:

Br
ou
us
ea

hille) is that information can be presented to people with visual impairment. It has be¢
[ empirically that the congenitally blind people have better tactile sensitivity than thosg
e visual information becauseithey have long experience of using tactile information from H
[ly stage of their life span;

is subclause presents-data on tactile spatial resolution of people with visual impairme

ihd) who have beemusing Braille and other tactile cues in their daily life. The data show

their tactile sensitiwityis in comparison with those who are not using tactile markings so oft

bsent data

icters and
n pointed
 who can
irth or an

nt (totally
how good
28

6.4.2.2 Sampled population

A total ofi73 people who were totally blind or almost blind participated in the experiment.|Their age

ranged from early 20s to late 70s.

6.4.2.3 Methods and conditions of data collection

Spatial resolution was measured by the same method using JVP dome as described in 6.4.1.

6.4.2.4 Data

Figure 47 a) shows the threshold width of the JVP dome for individual blind participants as a function
of their age. Figure 47 b) shows the average spatial resolution of sighted people (56 young and 44 older
people) for comparison, which was measured in another study using the same method.

In Figure 47 a), the spatial resolution of the blind people does not show a clear ageing effect. The
resolution is almost constant regardless of age. The mean value for the blind people over 60 years old
(1,90 mm) does not reach the mean value for older sighted people (= 2,63 mm), average age 66,6 years,
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shown in the right column in Figure 47 b). This means that blind people who use Braille or tactile
markings keep good spatial resolution which is comparable to that of young people even at a later stage
of their life span.

The results indicate that tactile markings for people with visual disabilities do not need to be enlarged
even to take account of age, but can remain the same size as those for young people.

Y
4
LY s
SN 3
¢ s . S ]
hd - e +8 A’O‘ A4 r's *° S 2 H
*s ote e o e [
0 :' o ¢ " .o 1 —
¢ | ¢
| | | | | | | 0
10 20 30 40 50 60 70 80 X A-B
@) Blind people (individuals) b) Sighted pe€ople (mean)
Key
X  age (ypars)
Y spatia] resolution (mm)
A young|people (mean value)
B older people (mean value)
Figure 47 — Ageing effect on'tactile spatial resolution
6.4.2.5 [Limitations
The data present the static characteristics of tactile sense at the fingertip. They do not directly apply to
moving tactile markings or those for-other body parts.
6.4.2.6 [Application examples
The fact fhat blind peopleywho use Braille in their daily life keep good tactile spatial resolution
comparabfle to that of youhg people has the advantage that tactile markings for older blind people|do
not alwayp need to be,as large as those for older sighted people.
6.4.2.7 [References
— Data $ource: Reference [77];

Cross-references in this document: 6.4.1;

Other references: none.
6.4.3 Tactile spatial resolution (body location and ageing effect)

6.4.3.1 General

Tactile spatial resolution varies depending on the body part measured. When a tactile mark is designed,
the choice of body part on which the mark applies is critically important. The most sensitive parts to
tactile stimuli include the fingers, nose and lips whereas the least sensitive parts include the back, legs
and sole of the foot.
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6.4.3.2 Sampled population

The data presented here are taken from 30 young people (18-28 years old) and 31 older people (above
65 years old).

6.4.3.3 Methods and conditions of data collection

Spatial resolution was measured by a two-point stimulus in which two tactile points were presented
on the skin with a variable separation of the points. The spatial resolution was defined as the minimum
distance of separation at which the two points were still perceived as separated.

Thle measurement was carried out for 13 different body parts.

6.4.3.4 Data

Figure 48 shows average two-point separations for young and older persons for“the 13 bodly regions.
For all the body parts, the spatial resolution was much worse for older people|than young p¢ople. The
vertical bars on the bottom half of Figure 48 show the percentage difference in threshold of older
persons relative to that of young persons. The most prominent ageing-effects can be seen fgr the sole
anfl toe. The sensitivity of older persons decreases by 50 % for most parts of the body.

-
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b  sole g Hp k  palm
c calf h+ cheek 1 finger (base)
d thigh i upper arm m fingertip
e  Dbelly
Higure 48 + Ageing effect on tactile spatial resolution at various body locations

6.4.3.5 [Limitations

Tactile spatial resolution depends on the stimulus conditions such as the temperature of surface,
whether the stimulus is moving or not, or whether it is wet or dry. Another critical condition is the type
of touch, i.e. free moving (the active touch where the person is allowed to move his/her fingers or hands
voluntarily to obtain tactile information) or fixed touching (the passive touch where the person is not
allowed to move his/her fingers or hands, but the stimulus moves). In most conditions, the active touch
is more sensitive than the passive touch.

Some people with diabetes have neurosensory pathology and consequently degraded tactile sensitivity.
Reading Braille for a long time can be painful for them.
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6.4.3.6 Application examples
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These threshold values presented here can be used for designing tactile marks and signals applied to
various body parts.

6.4.3.7 References

Data source: Reference [100];

Cross-references in this document: 6.4.1, 6.4.2;

6.4

6.4

Other references: none.
1.4 Tactile temporal resolution (sensitivity to vibration, ageing effect)

[.4.1 General

Vibration or temporal change of a tactile stimulus is one of the effective;ways to convey in

by

formation

tactile sense. Vibration is used, for example, in alarm clocks or in mehile phones in silent jnode. The

selse of touch is very sensitive to a vibration at a high frequency up’to-a few hundred hertz, which is

muy

ch higher than that for visual sensation.

Thiis temporal tactile sensitivity declines with age and its loss.8hiould be taken into considerafion when

de

signing tactile signals based on vibration.

Thie loss of temporal tactile sensitivity is also observed for people with diabetes. A number

re
ex

6.4

orts show the effect of diabetes on tactile (static), vibration and thermal sense fo
imination (see Reference [75], for example).

1.4.2 Sampled population

Dafta were taken from four groups with a-different mean age of 10, 21, 50 and 65 years. E

co
cli

6.4

nsisted of 3 male and 3 female patticipants. They had no peripheral neuropathies con
hical examination.

1.4.3 Methods and conditions of data collection

of clinical
r medical

hch group
firmed by

A precisely aligned vibrator was used to touch the thenar eminence (the group of muscles or the palm

of
of
8 f]

6.4

the human hand at’the base of the thumb) and the vibration threshold, i.e. the minimum
the vibrator thatycauses feeling of vibration, was measured. The measurements were
requencies in.the range from 25 Hz to 600 Hz.

1.4.4 Data

%—

frdquency for four age groups with mean age of 10, 20, 50 and 65 years. The amplitude is defi

hmplitude
made for

uré.49 shows how the minimum amplitude for detecting a vibro-tactile stimulus changes glong with

ned as the

peak amplitude of vibration stimulus expressed in dB relative to 1,0 pm.

For all age groups, the frequency at which they were most sensitive to the vibration (i.e. the minimum
threshold) is observed ataround 250 Hz and the threshold gradually increases (i.e. sensitivity decreases)
both below and above that frequency. The minimum amplitude for detecting vibration increases with
age. However, for most of the age groups the amplitude reaches an upper limit level (shown as dashed
line) at shorter frequency region below about 100 Hz.
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Figure 49 — Detection threshold for a vibro-tactile stimulus for two young and two older
groups as a functieft of frequency
6.4.4.5 [Limitations
The basic|data were measured at the threshold level, i.e. the level of just perceptible tactile stimuli. T
data can He applied to very weak vibration, but not to strong tactile vibration above threshold.
6.4.4.6 [Application examples
General tfends in tactilessensitivity to temporal changes can be referred to for designing tact
markings(that use vibration’and temporal changes.
It is effecfive to use\vibro-tactile stimuli at a high frequency around 250 Hz, which is much higher
than the ¢ffectivéflicker frequency for visual stimuli. However, care is needed to allow for the lar
differencd in sépsitivity between young and older people at that frequency.
6.4.4‘-7 Cft:l CIICCS

— Data source: Reference [105];

— Cross

-references in this document: none;

— Other references: Reference [75].
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6.4.5 Legibility of tactile symbols and characters (effects of ageing and experience in the use of
tactile symbols and characters for people with visual disabilities)

6.4.5.1 General

Tactile symbols and characters are often used in markings or signage of products and built environments
to increase accessibility for people with visual disabilities, as an alternative way to convey visual
information. Tactile markings and signs are also becoming popular for sighted people as a secondary
method for presenting information. A common and important problem in designing tactile markings is
to know how large the markings should be for attaining good legibility and how ageing or experience in
thjl use of tactile symbols such as Braille affects legibility.

Thiis subclause provides data on legibility of simple tactile symbols and characters foryoungland older
pepple and people with visual disabilities who are familiar with tactile cues and informatign such as
Briille.

6.4.5.2 Sampled population
Thee following three groups of people participated in the legibility of tactile character experiments:
—| 33 young people aged from 18 years to 42 years (average 22,8 years);
—| 33 older people aged from 60 years to 73 years (average 6646 years);

—| 72youngand older people with visual disabilities aged from 23 yearsto 76 years (average 4P,8 years).

All of them had normal sensitivity to tactile pressure and spatial resolution checked by th¢ Von Frei
hajr and JVP domes. They were Japanese and familiar with the Japanese phonetic signs uged in the
experiment.

6.4.5.3 Methods and conditions of data.collection

Tagtile symbols and characters were miade as an embossed type of tactile stimulus on a flat plate of
the¢rmosetting resin. A single symbol 01 character was mounted on each plate. There were 4 diff¢rent sizes
for] symbols (4 mm, 8 mm, 12 mm and 16 mm) and 5 sizes for characters (4 mm, 8 mm, 12 mm, 18 mm and
24|mm). The participant touched each of the items with his/her forefinger, right or left, and read in the
active touch mode (moving the/finger) to tell what symbol or character was printed on the plate].

Fivye symbols (circle, triangle, square, arrow and bar) were used as test symbols and five numerals (2,
4, b, 6, and 8) were_ used as test characters. In some sessions, Japanese phonetic signs or Kgtakanas (
L[5 7% and -¥)were also used as characters. Experiments on symbols and on characters yere done
separately. The/participants were informed beforehand what symbols and characters would pe used in
the¢ experiment:

-

6.4.5.4 \>Data

Fl uré 50 and F'Icrnrn 51 shows ]nclhl]lfv of tactile vahn]c and characters (nnmnrn]c and K takanas)

respectlvely for young people, older people and people with visual dlsablhtles The legibility is
expressed as a percentage of correct identification of symbols and characters as a function of the size.

Tactile symbols showed higher legibility than characters because the former were simpler than the
latter. Older people showed worse sensitivity than young people for both symbols and characters.

On the other hand, people with visual disabilities (some of whom were old) showed no large ageing
effect with almost the same level of legibility as that of young people.

© IS0 2021 - All rights reserved 83


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

o I S S U S
==l re = =
80 |—% 80 :5/ 4 80 7 o ]8
60 60 —5/ 60 |— —D
40 40 40 —E
20 20 20

0

0 0
0 5 10 15 20 25 X 0 5 10 15 20 25 X O 5 10 15 20 25 X

X  size (mm) A symbol “triangle”
Y percent correct B symbol “square”
a  young|people C symbol “circle”
b  older people D symbol “arrow”
c  peopld with visual disabilities E symbol “bar”
Figure 50 — Legibility data of tactile symbols for young, older people;and people with visugl
disabilities
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Figure 51 — Legibility data of tactile characters for young, older people, and people with visual
disabilities

6.4.5.5 Limitations

The data were collected using embossed (convex) type of tactile symbols and characters. For concave
type tactile stimuli, another measurement is necessary.
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6.4.5.6 Application examples
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Tactile symbols and characters are used effectively for home appliances (e.g. washing machines),
building facilities (e.g. lifts/elevators) and packaging, etc. The data shown here can be used for designing
tactile symbols and characters of appropriate size.

6.4.5.7 References

)

Data sources: References [56] and [44]
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Other references: none.
1.6 Legibility of tactile symbols and characters (international comparisonj)

1.6.1 General

T

saine tactile samples of simple symbols and numerals to allow international comparison. The
of fractile characters can differ among countries because finger sizés vary among people o
ethnicities and this can affect the legibility of tactile symbols and‘characters.

T
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is subclause provides data on legibility of tactile characters measuregd-in different countrieg

international comparison was conducted in 2008-2010to-develop standards on legibilit)
hracter. The results are presented in this subclause.

1.6.2 Sampled population

countries (China, Germany, Japan, Rep. offKorea, Thailand and the USA) participat
beriments. Each country employed 15-20 people in each young group and older group. Allh
tile sensitivity as tested by the JVP domes (see 6.4.1).

1.6.3 Methods and conditions-of.data collection

ctile symbols and charactersswere made as an embossed type of tactile stimulus on a fl
brmosetting resin. A single’symbol or character was mounted on each plate. Five different sij
hm, 12 mm, 16 mm and(24 mm) were used for both symbols and characters except for ch3
an where the 16 mm(sSize was replaced with 18 mm. The participant touched each of the st
/her forefinger, right or left, and read what symbol or character was printed on the plate.

e symbols (a-¢ircle, a triangle, a square, an arrow and a bar) were used as tactile symbol
merals (2, 4,5,6 and 8) were used as characters. Experiments were done separately on sy
characters.'The participants were informed beforehand what symbols and characters wou
the experiments.

using the
legibility
" different

r of tactile

ed in the
hd normal

ht plate of
res (4 mm,
racters in
muli with

s and five
mbols and
Id be used

6.4

1.6.4 Data

Figure 52 and Figure 53 show the legibility of tactile symbols for young and for older people in six

countries respectively. Though there are some differences, the effect of ageing is observable for those
Six countries.
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Figure 52 — Legibility of tactile symbols for young people in six‘countries
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Figure 53 — Legibility of tactile symbols for older people in six countries

Similar rgsults were obtained for tactile characters (numerals) as shown in Figure 54 and Figure b5.
Again, thgre was no fundamental difference among the six countries.
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Figure 54 — Legibility of tactile numerals for young peoplé€ in six countries
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Figure 55 — Legibility of tactile numerals for older people in six countries

6.4.6.5 Limitations

Thie data were collected using an embossed (convex) type of tactile symbols and characters. Another
medasurement is required for concave type stimuli.

6.4.6:6  Application examples

There is no large difference in legibility of tactile symbols and characters among the countries
tested with regard to the appropriate size. One standardized size can be used globally if determined
appropriately.

6.4.6.7 References

— Data source: Reference [77];

— Cross-references in this document: 6.4.5;

— Other references: Reference [34].
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6.5 Thermal sense

6.5.1 Surface temperature (ageing effect)

6.5.1.1

General

This subclause provides data on thermal sense, i.e. subjective reporting of warm or cold, when people
touch an object of a given temperature. Subjective reporting of temperature varies with age, which

should be

taken into account when designing objects that touch the user’s skin.

6.5.1.2

Data wer
and stand
respectiv{

6.5.1.3 [Methods and conditions of data collection

An object]
between
was prepq
consisted
touched tl

The parti
at 28 °C.

6.5.1.4

Figure 56
of the san

However,
reported

The surfal
surface te]

The surfa

Therefore
peopleis |

Sampled population

ply.

ired and gradually made warmer or colder by a thermos-stimtjator. The stimulator surfj
of a thin film of heat flux mounted on an aluminium plate with{Peltier modules. The participa
e object with the foot and reported when he/she felt the’surface become warm or cold.

ipants wore only a pair of shorts and a brassiere, and.the air temperature remained constg

Data

ple reporting it felt warm or cold gfadually increased or decreased.

he surface of the object as feeling warm or cold. The differences are as follows.

mperature that oldef.individuals felt as warm was 38,5 °C or above.

the acceptable surface temperature range neither too warm nor too cold for young and ol
petween$0,5 °C and 34 °C.

88

re temperaturethat both young and older individuals typically felt as cold was 30,5 °C or bellw.

e taken from a total of 16 young and 16 older individuals. All were female. The average
ard deviation of young and older females were (24,8 + 2,5) years and (64,9 3,1) yedrs,

in a thermo-neutral condition (an equilibrium condition where-ne/heat comes in or oput)
BO °C and 35 °C (the temperature at which people did not feel the”object as warm or cold)

ce
nt

nt

shows the percentage of participants reporting that the surface felt warm or cold at a giyen
temperatyre. As the surface temperature increased or decreased, the figure shows that the percentj

ge

there are clear differences between the temperatures at which younger and older individupls

ce temperature that young people typically felt as warm was 34 °C or above, whereas the

er
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Figure 56 — Percentage of young and older people reporting a surface warm or dold

feeling of warm or cold depends on the body part touching the object and other factorg affecting
rmal sensation. The present data shows basic data obtained for the foot at a fixed room terpperature
°C). The warm/cool feeling also dépends on the material properties touched.

data can be applied in"the design of home appliances, furniture and facilities of buildings that are
ched by hands. It should be kept within a temperature range that is neither too warm ndr too cold

6.5.2 Air temperature (ageing effect)

6.5.2.1 General

Favi) £ R oL,
ULIICT TUITITTIILTS,., IN\CITTUCIICLTS I_'TUJ, I_LUJ, lLIJ alllu I_LUJ.

Thermal sensation (i.e. a feeling of warmth or coldness) depends on air temperature, but also on age,
season, humidity, air velocity and clothing. The ambient air temperature should be set appropriately by

referring to the combined effect of the air temperature and other variables.
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6.5.2.2 Sampled population

In each experimental condition, i.e. summer or winter, 20 young people and about 20 older people (17-
23 people depending on the temperature settings) participated. Average ages were 22,5 years for young
and 73,3 years for older people in the summer condition, and 23,5 years and 72,4 years respectively in
the winter condition.

6.5.2.3 Methods and conditions of data collection

The data were collected for both summer and winter seasons with the relative humidity at 60 %. The
mean rad{ant temperature was equat to the aiT Temperature, and the air Vetocity was 1ess than 0,3 11/s.
The partigipants wore long sleeved shirts and long pants of 0,6 clo. Air temperature varied while‘the
other variables were held constant.

For each dir temperature, the participant was asked to evaluate the thermal sense, i.e. warm or cool,|on
a 9-point $cale, and also whether the air temperature condition was acceptable or not.

NOTE Clo is a special definition of thermal insulation (1 clo = 0,155 m2-K-W-1) (see 150’9920). An overall|clo

value can lpe calculated simply by adding together the clo values, taken from a table, ofieach individual garmpnt
worn by the person: 0 clo corresponds to a naked person, 1 clo corresponds to_d person wearing a typical
business stit.

6.5.2.4 [Data

Figure 57(to Figure 59 show thermal sense and unacceptable rate (%) as a function of air temperature.
The unacg¢eptable rate is the percentage of people who reported-the air temperature condition as not
acceptable.

Figure 57 shows the relationship between thermal sensation and air temperature in winter and sumnjer.
The effect] of seasonal acclimatization indicates that.the neutral temperature in summer is higher than
that in winter. Thus, the point at which individuals de not feel hot or cold is obtained at 25,5 °C in winfer
and 27,5 4C in summer, for young individuals. The neutral temperature for older individuals wearing
the same light long-sleeved clothing is 26,5 °C-inrboth the summer and winter seasons.

Figure 54 depicts the data showing the-relationship between the unacceptable rate (%) and pir
temperatyre. The effect of seasonal atclimatization is also shown in the unacceptable rate which is
lower in spmmer than in winter at @temperature higher than the neutral temperature.

The rangg over which 75 % of young people feel the temperature to be acceptable is between 23 °C and
29,0 °C inf winter and betwegen 23,5 °C and 31,5 °C in summer. The equivalent range for older people
is betweejn 23,0 °C and 30;5'°C in winter, and the upper limit is 31,5 °C in summer while the lower
threshold|is not clearly-demonstrated in the data.

NOTE These acceptable temperature ranges change if we assume the clo value changes from 0,6. For
example, if the clothifig insulation increases up to 1,2 clo in winter, the acceptable temperature range for yoyng
people drops te arange between 20 °C and 25,5 °C based on a conversion between air temperature and clo value.
When the ¢lpthing insulation reduces to 0,4 clo in summer, the lower threshold of the acceptable temperature is
26 °C for younger pnnp]n

These two data sets are combined into Figure 59 where the relationship between unacceptable rate and
thermal sensation is shown. Again, the effects of seasonal acclimatization result in the unacceptable
rate which is lower in summer than in winter at the cooler than thermos-neutral sensation.

Air temperature has a slightly larger effect on young people than older people in judgment of
thermal sensation (Figure 57). Older people are less likely to feel hot and cold in the higher and lower
temperatures, respectively. This decreasing response in thermal sense can be caused by their lower
thermoregulatory response ability.
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Figure 58 — Unacceptable rate as a function of air temperature
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Figure 59 — Unacceptable rate as a function of mean thermal sensation

6.5.2.5 [Limitations
Thermal gense and the unacceptable rate might alsg reflect differences in gender, ethnicity, nation
geographic location, etc. However, the relevant data for those differences are not currently available
6.5.2.6 Application examples
Though uhacceptable rate is not identical to PPD in ISO 7730, the data are equivalent to PPD and ¢
be used fqr controlling the temperature of air conditioners, in homes or work places. When age-relat
differencds or seasonal changes, local or global, are taken into account, the data can be referred to.
6.5.2.7 [References
— Data $ource: Referenee [45];
— Crosstreferenges in this document: 6.5.3;
— Otherfreféerences: Reference [15].
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6.5.3 Thermal comfort (physical disabilities)

6.5.3.1

Thermal comfort responses of people with physical disabilities

The data in this subclause show how a range of people with various physical disabilities rate their
thermal comfort in three conditions: "slightly cool to cool”, "neutral” (comfortable) and "slightly warm
to warm". These are compared with the predictions resulting from the application of ISO 7730 which is
based on sample populations that did not explicitly include people with disabilities.

Overall, the actual mean sensation ratings by the groups with disabilities, when compared with the
predicted mean sensation, show that the closest agreement occurs in the neutral (comfortable)
condition. However, the data show a high level of variability between groups and within groups, and
higher levels of rated dissatisfaction in the groups with disabilities than would be predicted.
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6.5.3.2 Sampled population

2021(E)

119 people with a physical disability, recruited from a town with a population of 60 000 people in the
UK. They were assigned to one of 10 sub-groups, depending on the self-classification of the origin of
their disability. The sub-groups varied in size from 4 to 32 and are shown in Figure 60, Figure 61 and

Figure 62.

6.5.3.3 Methods and conditions of data collection

Thiswas a laboratory study in Wthh the part1c1pants sat ina thermal chamber for 2 h on three separate

predicted to be "slightly cool to cool”, "neutral” (comfortable) and "slightly warm to'warm" in|
ese were based on air temperatures of 18,5 °C, 23,0 °C and 29,0 °C, respectively, wit
temnperatures equal to air temperature in each case, and 50 % relative humidity’and still air.

During each session, participants rated their thermal sensations on an [SO 7730 rating sd
hot; +2, warm; +1, slightly warm; 0, neutral; -1, slightly cool; -2, cook;:.~3, cold. This is the ba
pré¢dicted mean vote (PMV) in ISO 7730 and enables the calculation'ef the actual mean sens:
Thie participants also rated their thermal comfort in the enviroiiment which enables the c
of the percentage dissatisfied which can be compared with-the percentage dissatisfied pre
ISQ 7730 for the three thermal conditions used in this study;

6.3.3.4 Data

6.3.3.4.1 General

Thie data presented in Table 12 are based on'the final set of ratings made at the end of the

were able
each visit
clo). They
would be
ISO 7730.
h radiant

ale of +3,
sis for the
ition vote.
alculation
dicted by

two-hour

segsion, at which point people were no lenger adapting to the environment and their resppnses had
stdbilised.
Table 12 — Thermal sensation and dissatisfaction rates for each disability groyp
Predict- | Actual Minufs
. . Numi- Room Plus one
Physical disa- Fe- ed mean | mean one
- ber of | Males tempera- standard
bility males o sensa- sensa- ... _|standard
people ture (°C) . . deviation .
tion tion deviation
12 4 8 18,5 -1,5 -0,3 1,9 -2,4
Cerebralgalsy 23 0 1,3 2,2 0,3
29 1,5 2,6 >3 19
Spinal injury 9 5 4 18,5 -1,5 -1,5 -0,1 <-3
including 23 0 0,3 09 -0,4
tetra- and
quadriplegic 29 1,5 2 >3 0,4
. 8 1 7 18,5 -1,5 -2,5 -1,8 <3
Spinal degen- 23 0 0,3 0,6 0
erative
29 1,5 2 2,6 1,4
10 5 5 18,5 -1,5 -0,6 -1,9 0,7
Spina bifida 23 0 1 2,2 -0,2
29 1,5 2,1 >3 1
Hemiplegia 4 1 3 18,5 -1,5 -2,6 -2,1 <-3
including 23 0 -0,4 0 -0,8
stroke 29 1,5 1,3 3 -0,5
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Table 12 (continued)

Predict- | Actual Minus
. . Num- Room Plus one
Physical disa- Fe- ed mean | mean one
- ber of | Males tempera- standard
bility males o sensa- sensa- ... |standard
people ture (°C) . . deviation .
tion tion deviation
11 6 5 18,5 -1,5 -1,4 0 -2,8
Polio 23 0 0,1 1,4 -1,2
29 1,5 2,2 >3 0,5
17 6 11 18,5 =15 =19 =01 <=3
Odteoarthritis 23 0 -0,2 1,6 -19
29 1,5 2,5 >3 1,7
_ 10 2 8 18,5 -1,5 -2 -0,5 <13
Rheumatoid 23 0 11 0,7 <14
arthritis
29 1,5 2 >3 0,7
6 4 2 18,5 -1,5 -0,5 4 -2,4
Head injury 23 0 0,3 19 -1,4
29 1,5 2,2 2,2 2,2
_ 32 15 17 18,5 -1,5 -2 -1 -29
Multiple 23 0 04 0,7 0,4
sclerosis
29 1,5 2,2 2,8 1,7

6.5.3.4.2

6.5.3.4.2.1

Figure 6( shows mean and standard deviations)of final sensation ratings of people with physi
disabilitigs compared with those predicted by SO0 7730. The predicted mean vote (PMV) of alarge grd
of people pxposed to those conditions is PMW.= -1,5 (slightly cool to cool). The predicted percentagg

dissatisfi¢d (PPD) is 50 %.

Thermal sensation ratings

Thermal sensation ratings for slightlypol to cool - PMV = -1,5

cal

up
of
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Key
X | physical disability category 1 cerebral palsy (n=12)
Y | thermal sensation rating 2 spinal injury (n=9)
a | hot 3 _“spinal degenerative (n = 8)
b | warm 4~" spina bifida (n = 10)
¢ | slightly warm 5 hemiplegia (including stroke) (n = 4)
d | neutral 6 polio(n=11)
e | slightly cool 7  osteoarthritis (n=17)
f | cool 8 rheumatoid arthritis (n = 10)
g | cold 9  head injury (n=6)

10 multiple sclerosis (n = 32)

Figure 60 — Mean and'standard deviations of final sensation ratings of people with physical
disabilities.for slightly cool to cool (PMV = -1,5) at room temperature 18,5 °C

On| average, all-groups found the conditions cooler than neutral. Some groups found it calder than
predicted but,Some found it more towards neutral than predicted. All groups, except pelople with
cerebral palsy, indicated much greater dissatisfaction than predicted.

6.3.374.2.2 Thermal sensation ratings for neutral (comfortable) - PMV = 0,0

Figure 61 shows mean final sensation ratings of people with physical disabilities compared with those
predicted by ISO 7730 as neutral (comfortable). The predicted mean vote (PMV) of a large group of
people exposed to those conditions is PMV = 0,0 [neutral (comfortable)].
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rheumatoid arthritis (n = 10)
head injury (n = 6)

al disability category 1 cerebral palsy\(n = 12)
bl sensation rating 2 spinal injury (n =9)
3 spinal degenerative (n = 8)
4  spinhabifida (n = 10)
y warm 5 hemiplegia (including stroke) (n = 4)
1 6.~ polio (n=11)
 cool 7  osteoarthritis (n = 17)
8
9

10 multiple sclerosis (n = 32)

b1 — Mean and standard deviations of final sensation ratings of people with physica
disabilities for neutral (PMV = 0) at room temperature 23 °C

e, most groups.found the conditions close to neutral (comfortable) as predicted by ISO 77
th cerebralipalsy and spina bifida found it slightly warm and people with rheumatoid arthr
ightly ceol. All groups, except people with cerebral palsy and spina bifida, indicated my
ssatisfaction than predicted. Out of 10 people with rheumatoid arthritis, 8 were dissatisf
puld be predicted as a comfortable environment by ISO 7730.

T—

0.
tis
ch
ed

6.5.3.4.2.3 Thermal sensation ratings for slightly warm to warm - PMV = +1,5

Figure 62 shows mean final sensation and dissatisfaction ratings of people with physical disabilities
compared with those predicted by ISO 7730 as slightly warm to warm. The predicted mean vote (PMV)
for sensation of a large group of people exposed to those conditions is PMV = +1,5 (slightly warm to warm).
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Key
X | physical disability category 1 cergbral palsy (n=12)
Y | thermal sensation rating 2 spinal injury (n=9)
a | hot 3 _“spinal degenerative (n = 8)
b | warm 4~" spina bifida (n = 10)
¢ | slightly warm 5 hemiplegia (including stroke) (n = 4)
d | neutral 6 polio(n=11)
e | slightly cool 7  osteoarthritis (n=17)
f | cool 8 rheumatoid arthritis (n = 10)
g | cold 9  head injury (n =6)

10 multiple sclerosis (n = 32)

Figure 62 — Mean and'standard deviations of final sensation ratings of people with ghysical
disabilities forslightly warm to warm (PMV = +1,5) at room temperature 29 °(

Onlaverage, all groups found the conditions warmer than predicted, except people with hemiplegia.

6.3.3.4.3 < Dissatisfaction ratings

Thie percentage of people dissatisfied with each of the three thermal conditions in each|disability
group’was calculated. This enables a comparison to be made with the percentage dissatisfled that is
predicted for each thermal condition for the general population by ISO 7730. For the cool to slightly
cool condition the predicted percentage of people dissatisfied is 50 %. For the neutral condition
the predicted percentage of people dissatisfied is 5 %. For the warm to slightly warm condition the
predicted percentage of people dissatisfied is 50 %.

© IS0 2021 - All rights reserved 97


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

Table 13 — Percentage of people dissatisfied in each group in each condition

. s o Predicted Percentage
Physical disability category | Thermal comfort condition cll)_ercer_lta_ge dissatisfied
issatisfied
Cool to slightly cool 50 50
Cerebral palsy (n=12) Neutral 5 8
Warm to slightly warm 50 58
Cool to slightly cool 50 78
Spjmattmury (m="9]) Neutraf 5 1%
Warm to slightly warm 50 67
Cool to slightly cool 50 100
Spinal degenerative (n = 8) Neutral 5 25
Warm to slightly warm 50 63
Cool to slightly cool 50 60
Spina bifida (n = 10) Neutral 5 10
Warm to slightly warm 50 30
_ o _ Cool to slightly cool 50 100
I(-llqe fléllp))legla (including stroke) Neutral 5 50
Warm to slightly warm 50 25
Cool to slightly cool 50 73
Polio (n =11) Neutral 5 45
Warm to slightly warin 50 64
Cool to slightly ceal 50 88
Osteoarthritis (n = 17) Neutral 5 65
Warm to slightly warm 50 76
Cool toslightly cool 50 90
Rheumatoid arthritis (n = 10) Neutral 5 80
Warm to slightly warm 50 79
Cool to slightly cool 50 67
Hepd injury (n = 6) Neutral 5 33
Warm to slightly warm 50 17
Cool to slightly cool 50 84
Myltiple sclerosisi{n’= 32) Neutral 5 47
Warm to slightly warm 50 78
The resulfs presented in Table 13 show that the percentage of people dissatisfied was higher in|all
the disabllity, groups than would be predicted for the general population. Overall, all three thermal

condition$hadhigherpereentages-ofpeople-dissatisfied-than-wonldbe-predicted—Heweversomeofthe
groups, spina bifida, hemiplegia and head injury seem to prefer the warmer condition of warm to slightly
warm to the other conditions. A comparison of the percentage dissatisfied for each condition within
each group suggests that the percentage dissatisfied in most groups is higher for the cool to slightly cool
conditions than for the warm to slightly warm condition. In the cool to slightly cool condition, only the
group with cerebral palsy indicated similar levels of dissatisfaction to those predicted for the general
population. In the neutral (comfortable) condition only the people with cerebral palsy and spina bifida
indicated similar levels of dissatisfaction to those predicted.

6.5.3.4.4 Variability in data

The variability in the data between groups of people with different disabilities, and within some of those
groups is high. This indicates that, while the design target set in ISO 7730 for the thermal environment
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that produces comfortable conditions is appropriate as a setting to satisfy a large number of people
including people with disabilities, the variability in the thermal comfort responses of individuals
indicates the need to provide a means of supporting diversity in requirements.

6.5.3.5 Limitations

This is a laboratory-based study which simulated normal living conditions. The data reported for some
of the groups with specific sources of disability is based on small sample sizes. The age and fitness level
of the participants in the sample reported here is not known, so they can be confounding factors.

6.3.3.6 Application examples

If
in
en

avy
ch

ndations
thermal
system as
kample by

belecting one temperature for the typical settings in a built environment, the recemme
[SO 7730 should be used. However, there is a need to provide the capacity to adjust tﬂe
yironment to meet individual needs. It is also important to consider the operation of the
vhole, including the capacity of individuals to adapt their personal circumstances, for ej
inges in clothing. This can involve the provision of personal support and,eare€.

6.3.3.7 References

Data sources: References [16] and [82];

Cross-references in this document: none;

Other references: References [106] and [107].

Physical characteristics and capabilities

7.1 Overview of physical characteristics and capabilities

In

ex
st
ag
ha

principle, all physical characteristies.and capabilities change and decrease with age. St
hmple, declines with age after peaking at approximately 25-35 years. Decreasing mo
ength with age, in particular, causes problems in daily life. However, the decrease in stre
e can show significant variation between individuals or specific population groups due t
bitual activity, occupationalactivity or exercise.

ature, for
bility and
ngth with

lifestyle,

Thiere are also some people who have physical disabilities and have different functional capabilities.

De
ab

In
ph
caj

sign of products, Gervices, and environments should take into account the character
lities of those p€ople who have special requirements in using them.

addition to“these age-related differences and the differences originating from various
ysical disabilities, there exist non-negligible ethnicity differences in physical character
pabilitiesscompared to other sensory or cognitive capabilities which should be taken into

stics and

types of
istics and
hccount in

the desigh of products, services and environments.

hla14 nracante ~ lict of nhocical yariahlac of havnan hocieal charactarictioe Aand canaly
SHE S5+t

Table4—presents—atist-efphysical-variables—efhuman hysical-charact s—and-capabilities, the
extent of the ageing effect and references providing data for the ageing effect. In the table, the effect of

ageing is classified into two categories: “minimal”, which means slight effect of ageing, and “yes”, which
means apparent or strong effect of ageing.

References relevant to study general characteristics of aging effect for physical characteristics and
capabilities are given in Table 14. Data were basically taken from those references. The data book
collected in the Netherlands (one of countries with the tallest people in the world's population) contains
a large volume of data for a wide range of physical items. Therefore, it is often cited in this subclause.
However, care should be taken when applying those data for national or regional differences originated
from body size, etc., if the data source is only available for the physical item.
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Table 14 — List of physical variables and effects of age

Physical variables

Particular
effect of age

Main references

Body dimension

Stature Minimal |[14] and [5]
Fist height Minimal

Sitting height Minimal

Eye height, seated Minimal |[94]
Shoulder lleight, seated Minimal
Frontal grjip reach, seated Minimal

Upper arng length Minimal
Elbow—grip length Minimal [97]
Elbow-finjgertip length Minimal T
Shoulder hreadth Minimal
Breadth agross elbow Minimal
Buttock-popliteal length Minimal
Buttock-Knee length Minimal
Popliteal }leight Minimal
Abdomingl depth Minimal

Thigh clegrance, seated Minimal

Hand lengfh Minimal |[94]
Hand breddth without thumb Minimal
Thumb brgadth Minimal
Forefingef tip breadth Minimal

Grip diampter Minimal

Foot length Minimal

Foot breadth Minimal
Exertion pf force

Gripping fprce Yes [97]
Pulling fofce Yes [74]
Torque Yes [6]
Shoulder gtrength Yes 48]
Elbow stréngth Yes

Wrist strength Yes (78]

Minimal slighteffect of ageing

Yes appar¢ntor strong effect of ageing
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© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

Table 14 (continued)

Physical variables el;?e rctti zl;?;e Main references
Ranges of movement of joints
Wrist-pronation Yes
Wrist-supination Yes
Wrist-flexion Yes
Wrist-extension Yes
Wrist-deviation (radial and ulnar) Minimal (97]
Farefinger flexion Minimal o
Hgad-flexion Minimal
H¢ad-extension Minimal
H¢ad-rotation Minimal
He¢ad-lateral bending Minimal
Rgaching envelopes
Cdmfortable reaching vertical-standing Yes
Maximum reaching vertical-standing Yes [97]
Cdmfortable reaching horizontal-sitting Yes i
Maximum reaching horizontal-sitting Yes
Step length, step height and walking velocity
Step length Yes
Whlking normal Yes
Whlking hurried Yes
Step height-comfortable ascent Yes [97]
Step height-comfortable descent Yes
Step height-maximum ascent Yes
Step height-maximum descent Yes
Minimal slight effect of ageing
Yep apparent or strong effect of ageing
7.2 Physical characteristics related to body size
7.2.1 Basic body size (design range from small to large size)
7.2.1.1 <General
Human'body size is represented by sets of anthropometric data values for mass (weight) arjd a range
of lstxtic linear—dimensions—of-veople—tneasured—when—standins—sittine —and—with—arms—delaxed or

............................ people—measured—when—standing—sitting—and h—arms—+
outstretched. Significant variability in human size exists across age and gender and in different regions
of the world (see ISO/IEC Guide 71:2014).

The design targets most commonly used are the 5th percentile female values, and the 95th percentile
male values. The 2"d and 98th percentiles, or even the 15t and 99th percentiles, can be used in order to be
inclusive of a larger portion of the population.

7.2.1.2 Sampled population

The approach developed and used involved analysing the many anthropometric databases that were
available from around the world, and organizing the information into a presentation of an expanded
design range useful for designers.
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The data sources used for the analysis are:

7.2.1.3

The

range for

NOT

global pop
and works

7.2.1.4

Table 15 dhows the smallest (the ‘Sth percentile) and the largest (the 95th percentile) values for each
the body
from vari

Korean Agency for Technology and Standards (KATS), 2004;

Daanen & Robinette, 2001;

HQL Laboratory (Japan), 2007;

Thai Industrial Standards Institute (TISI), 2001;

Fubini et al., 1993;

Harri

meth|

Comp
the wi

Select

Comp
the wi

Select the largest 95th percentile value, male or female, forthe large design value.

Calcu

for kmowing the upper and lower limits that needaccommodated by the design of products

work

E

son & Robinette, 2002.

Methods and conditions of data collection

pd that was used maximized the inclusion of sizes and shapes of adults. To-create a des
he most commonly used dimensions, the procedures below were followed.

are the smallest 5th percentile values from the published literature fromall the sources acr
prid.

the smallest 5th percentile value, male or female, for the small design value.

are the largest 95th percentile values from the published litesature from all the sources acr
prid.

ate the design range as, the large value minus.the small value. The design range is use

spaces where adjustability or other types of-accommodation are possible.

The values used for the design range in Table 15 are based on designing products to be designed f
ilation. The same approach, based on specific national values, can be used for the design of produ
baces designed for an intended userpepulation from a specific country or region.

Data

limensions listed in the first column, which have been selected out of the data sets collect
bus countries.

Table 15— Expanded recommended design range for body dimensions

gn

SS

PSS

ful
or

ra
cts

of
ed

Dimensions in centimetjres
Small Source Large Source Egiig’( n

Abdominal depth, sitting 16,9[Korea 35,8 Netherlands 18,9
Buttock-knee length 49,7 |Japan 70,3 [Netherlands 20,6
Buttock-popliteal length (seat depth) 41,0 |Korea 56,5 |Netherlands 15,5
Elbow grip length 27,0 | Thailand 39,3 |Netherlands 12,3
Elbow height 88,9 |Japan 123,9 [Netherlands 35,0
Elbow height, sitting 18,6|Italy 30,0 |Netherlands 11,4
Elbow-elbow breadth 32,2 |Japan 57,1|Italy 24,9
Eye height 136,3 | Thailand 184,2 | Netherlands 479
Eye height, sitting 66,8| Thailand 89,2 | Netherlands 22,4
Foot breadth 8,1|Thailand 11,6 |Netherlands 3,5
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Small Source Large Source 2§fligg:
Foot length 21,0 | Thailand 29,6 |Netherlands 8,6
Forearm-fingertip length 38,2|Japan 53,0 |Netherlands 14,8
Grip reach (forward reach) 58,8|Japan 82,3 |Netherlands 23,5
Hand breadth 6,3 | Thailand 11,0 |Italy 4,7
Hand length 16,1 |Korea 22,1 |Netherlands 6,0
Hd¢ad breadth 13,4 |Italy 17,3|Japan 3,9
Hdad circumference 51,3 |Thailand 60,6 |Netherlands 9,3
Hgad length 15,8|Thailand 21,2 |United States 5,4
Hip breadth, sitting 30,1 |Thailand 50,1 |United States 20,0
Knjee height 41,8 |Japan 61,7 |[Netherlands 19,9
Lgwer leg length (popliteal height) 33,3|Korea 53,8 {Netherlands 20,5
Shoulder (bideltoid) breadth 35,4 | Thailand 55,0 'United States 19,6
Shoulder elbow length 27,0 Italy 41,5 |Netherlands 14,5
Shoulder height 118,2|]Japan 162,5|Netherlands 44,3
SHoulder height, sitting 50,1 |Italy 68,8 |Netherlands 18,7
Sifting height 77,5 |Italy 101,2 |Netherlands 23,7
Stature 147,3 | Thailand 195,9 |Netherlands 48,6
Thigh clearance 11,0 | kaly 17,9 |[Korea 6,9
Weight (kg) 40;04Thailand 117,0|Netherlands 77,0

Thie design range from the size data for unive¥sal design guidance includes 29 commonly uged values
baped on the 5th to the 95th percentiles. 1SQ, 7250-3:2015, Table 1, design range is very simildr to those
29|values but it lists 56 values in total along with the 15t and the 99th percentiles.

7.2.1.5 Limitations

While many designs requireithat multiple body dimensions are taken into account, use| of single
pefcentile values as a design‘guide is generally not the preferred approach. The result is that many
depign guidelines and IS standards are framed in terms of percentile values for a list of diménsions.

7.2.1.6 Application examples

Anl informatien<sheet about the application of body size values on determining design req

lirements

offiers for example; procedures to calculate small, medium and large, or for determining g range of

adJustabitity (see Reference [117]).

Requlrements for additional space can be associated with the presence of accompanymgr persons,

asststamnce uugb, assistive—pr oducts;,—asststive Lct,uuuwgy arc equipTTeTt: L.Aaluplca of—associated
equipment can include protective clothing, orthotics and personal mobility aids.

7.2.1.7 References

— Data source: Reference [63];

— Cross-references in this document: 7.2.2;

— Other references: Reference [14]
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7.2.2 Grip diameter (ageing effect)

7.2.2.1 General

Dimensions of hands, fingers and thumbs are factors that affect the operation of products and controls
that have knobs, grips, push-buttons, etc. The diameter of the circle made by the thumb and forefinger
is one of the basic data for designing products.

This subclause provides data on the maximum diameter of the circle made by the thumb and forefinger.

7.2.2.2

People in
collected
1995 and

7.2.2.3

As shown
circle was
making a

7.2.2.4

Mean grif
women in
sex group

The mean
There is 4
groups, i.4

Methods and conditions of data collection

Sampled population

lifferent age groups from 20 to over 80 years participated in the measurements. The data wy¢

1996. The age distribution is shown in Table 16 together with the data measured:

in Figure 63 the tips of the thumb and the forefinger were held together to make a circle.
slid down along a cone while the tips of the thumb and the forefinger remained together s
Circle. The maximum diameter at the holding location was measured.

Figure 63 — Method of measurements of a grip diameter with a cone

Data

diameters and ¢heir standard deviations are shown in Table 16 and Figure 64 for men a
different age,groups. In the figure, the standard deviation is shown for each of the age a
5.

grip dianteter is in the range from 3,9 cm to 4,3 cm for men, and 3,6 cm to 4,0 cm for wom
consistent difference between men and women, and also a slight difference between 4§
.the older the people the smaller the grip diameter.

'rom a total of about 750 Dutch people (about 360 men and 390 women) in the Netherlandq i

pre

he
till

nd
nd

en.
ge

Table 16 — Mean grip diameters and standard deviations of men and women for different

age groups
Men Women
Age groups Number of Mean dSta_nd_ard Number of Mean dSta!nd_ard

(years) participants, eviation, s | participants, eviation, s

n cm ‘m n cm om
20-30 55 4,3 0,4 68 39 0,3
31-49 — — — — — —
50-54 35 4,2 0,4 35 3,9 0,3
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Table 16 (continued)
Men Women
Agegroups | nNumber of Mean Standard Number of Mean Standard
(years) participants, deviation, s participants, deviation, s
n cm n cm
cm cm
55-59 46 41 0,4 50 4,0 0,3
60-64 44 4,2 0,3 53 39 0,4
65-69 50 4,1 0,3 51 3,8 0,3
70-74 59 4,1 0,4 62 39 0,3
75-79 36 4,1 0,3 38 3,7 0,4
80+ 33 39 0,3 35 3,6 0,4
Y
55
5
45 H T
4 -
351
3 -
2,5 H
2 L
20-30 50-54 60-64 70-74
55-59 65-69 75-79
Key
X | age groups (years)
Y | grip diameter (cm)
A | men
B | women

Figure 64 — Mean-grip diameters and standard deviations of men and women for different
age groups

7.2.2.5 Limitations

Thie grip-diameters given here represent the maximum grip when no force is required.

Annlication avananlac
TYPpPIIcattoIir CAaIITpIcS

7.226

The data are relevant for designing handrails, banisters, grips, knobs and umbrella that need gripping
by hands. When force has to be exerted, the grip diameter should be reduced by 0,6 mm to 0,7 mmI[2Z],

7.2.2.7 References
— Data source: Reference [97];
— Cross-references in this document: 7.2.1;

— Other references: Reference [5].
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7.3 Movement - fine hand use abilities

7.3.1 Hand steadiness (ageing effect)

7.3.1.1

General

Manipulation of tools and controls depends among other motoric functions on hand steadiness which
declines with age. This subclause provides the age-related change of hand steadiness.

7.3.1.2

People in

were colldcted from a total of about 750 people (about 360 men and 390 women) in the Netherlandg

1995 and

7.3.1.3

Hand steddiness is measured using a plate with 9 holes with different diameters.of 3 mm, 4 mm, 5 m
6 mm, 7 thm, 9 mm, 11 mm, 15 mm and 20 mm. The participant has to pass_through the holes wit

fine stick
steadines

without tguching the edge.

The data is based on participants who have no physical impairments.

7.3.1.4

lad laii
aaull,ucu PUPulablUll
different age groups from 20 to over 80 years participated in the measurements. The’d

1996.

Methods and conditions of data collection

[a stylus pen) of 2,0 mm diameter using one hand. Hand and armdo.riot rest on the table. Ha
5 is represented by the minimum hole diameter the participafit' can pass the stick throy

Data

Table 17 and Figure 65 show the mean hand steadinessscores and their standard deviations measuf
for the different sex and age groups from 20 to over 80-years. In Figure 65, standard deviations are a
shown. The hand steadiness score (the Y-axis) means the minimum hole diameter through which f{

participa

The hand
age. This

better in hand steadiness than men of:the same age.

Table 17 — Mean hand steadiness scores and standard deviations measured as a minimum

t can pass the stick as described in 7.3.1.3.

steadiness score increases with age meaning that fine motor skills deteriorate with increas
ageing effect is more clearly observed for men than for women. Women over 65 years {

hta

h a
nd
gh

ed
SO
he

ng
ire

diameter of a hole one canipass through a thin stick for men and women of different age groups
Men Women
Agegroyps | nNumber of Mean Standard Number of Mean Standard
years patticipants, deviation, s participants, deviation, |s
n mm mm n mm mm
20-3 55 4,4 09 69 4,2 0,6
31-49 — — — — — —
50-54 33 4,5 0,6 35 4,9 1,3
55-59 46 4,8 0,8 49 4,8 1,1
60-64 44 5,0 1,1 53 5,0 1,0
65-69 50 5,2 1,2 49 5,0 09
70-74 59 54 1,2 60 4,8 09
75-79 35 57 1,2 41 52 1,0
80+ 33 6,2 1,2 34 5,5 1,4
106 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

Y
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6 T =B
5 1 -I

T
g
3

2
20-30  50-54  60-64  70-74 80+ X
55-59  65-69  75-79

Key
X | age groups (years)

Y | hand steadiness score (the minimum diameter of a hole in mm through whiel one can pass throughla thin stick
of 2,0 mm diameter without touching the edge of the hole)

A | men

B | women

Figure 65 — Mean hand steadiness scores and standard deviations expressed as a minimum
hole diameter through which one can pass through a thin stick (2,0 mm diameter) by hand
without touching the edge of the hole

7.3.1.5 Limitations

Wlh any support for hand and arm available, the steadiness is increased, i.e. the diameter is $maller.

Thle data is based on participantswho have no physical impairment. Effects of physical impairments
su¢h as Parkinson’s disease or a disease that causes tremor of the hands should be taken info account
when designing products requiring fine motor skills for their operation but currently no appropriate
data is available.

7.3.1.6 Applicatiomexamples

Thie data can be dpplied to the design of tools, controls and objects that require fine motor skills of the
hahds such as_precise pointing, fine spatial orientation, threading a needle, etc.

7.3.1.7 _<References

—| ®ata source: Reference [97];

— Cross-references in this document: 7.3.2;

— Other references: none.
7.3.2 Eye-hand coordination (dexterity, ageing effect)

7.3.2.1 General

Movement that requires eye-hand coordination is involved in many activities of daily living, for
example, pouring water from a jug into a cup, operation of touch displays or simply pushing buttons.
Most of these actions require fine control of hands and fingers, i.e. dexterity.
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This subclause provides data that show how the eye-hand coordination declines with age.

7.3.2.2 Sampled population

People in different age groups from 20 to over 80 years participated in the measurements. The data
were collected from a total of about 750 people (about 360 men and 390 women) in the Netherlands in
1995 and 1996.

7.3.2.3 Methods and conditions of data collection

As shown|in Figure 66, a pegboard task was used to measure eye-hand coordination. The participants
were askdd to insert all of 25 (5 x 5) pegs into the 5 by 5 array of holes as fast as possible, one peg at
a time anfl using one hand only. The order of inserting the pegs was from left to right andfrem top
to botton]. The time for the participants to insert all the 25 pegs into the holes was measured. The
maximun] time allowed for the test was 5 min.
Figure 66 — A pegboard for measuring eye-hand coordination
7.3.2.4 |[Data
Table 18 @nd Figure 67 show mean time averaged over participants for different age and sex groyps
which are|required for inserting 25 pegs as fast as possible into the holes on a peg board. In Figure 67, the
standard Heviation of each partticipant group is also shown. The time needed to perform the pegboard
operation|increases with age which means ability for fine hand manipulation decreases with age.
Table 18 — Mean pegboard operation times and standard deviations for men and women of
different age groups
Men Women
Age grorps Number of Mean JSta_nfl_ard Number of Mean JSta!nd_ard
years participants, GevIaton, S participants, deviatromn;s
n 5 s n S s
20-30 55 66,2 9,7 69 59,2 57
31-49 — — — — — —
50-54 33 68,4 8,3 35 70,4 10,0
55-59 46 76,6 12,5 49 75,2 12,5
60-64 45 78,8 14,0 53 80,1 12,6
65-69 50 85,5 15,8 49 82,0 11,7
70-74 58 89,3 17,9 59 87,5 16,4
75-79 34 102,1 21,3 38 97,3 19,7
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Table 18 (continued)
Men Women
Age groups Number of Mean dSta_nd_ard Number of Mean dSta!nd_ard
years participants, eviation, s | participants, eviation, s
n S s n S s
80+ 32 125,8 32,2 34 1199 38,8
Y
180
160 = oA
140 =B
120
100
80
60
40
20
0 e
20-30 50-54 60-64 70-74 80+ X
55-59 65-69 7.5-79
Key

men

oo < X

women

age groups (years)

7.3.2.5 Limitations

pegboard task completion time (s)

women of different age groups

Figure 67 — Mean pegboard task/completion times and standard deviations for men and

Eyp-hand coordination is\affected by many factors such as illumination, temperature, tremor|of fingers
anfl hands when neryous, or wearing mittens or gloves. These effects are not included in the dfita should
therefore be takenfnto account additionally when applying them.

7.3.2.6 Application examples

Eyp-hand\coordination data can be applied in designing products that need accurate positioning of
pojnting'devices like computer cursors, fine tuning and sliding knobs, rotating controls, and opening
anfl ‘closing packages.

7.3.2.7 References

— Data source: Reference [97];

— Cross-references in this document: 7.3.1;

— Other references: none.
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7.4 Movement - functions of upper body structure
7.4.1 Reachrange (effects of ageing and stature)

7.4.1.1 General

Reach envelope or reach range in upper limbs has a great effect on manipulating products placed not
close to the user’s body. The envelope depends on the range of motion in upper limbs, which decreases
with age.

This subclause provides age related changes of reach range when standing and sitting.

7.4.1.2 [Sampled population

People in|different age groups from 20 to over 75 years participated in the measurements. The data
were collgcted from a total of about 750 people (about 360 men and 390 women) in the/Netherlandq in
1995 and [1996.

For vertidal measurements in standing, participants were classified into three'age groups of 20-B0,
50-74, angl over 75 years. Each age group was then divided into two groups.if'stature, the taller and the
shorter. I} total, data for six groups were obtained.

For horizpntal measurements in sitting position, the same participants were classified into two age
groups, 20-30 years and over 50 years, and only the group over{50 years was then divided into the
taller and|the shorter group in stature. In total, data for three groups were collected.

7.4.1.3 [Methods and conditions of data collection

In the mefsurements of vertical reach range, the dataswere taken by asking participants to mark wijith
their right arm the distances and angles within cemfortable reach, and the maximum reach on the
vertical plane on the right side. The comfortable'reach is a reach without bending the body forwargds,
and the mjaximum reach is a reach while keeping both legs stretched and bending the trunk.

In the mepsurements of horizontal reach\range, the data were taken by asking participants to mark
with their right arm the distances and angles within a comfortable reach, and the maximum redch
on the hofizontal plane at elbow height. The comfortable reach is a reach without bending the bqdy
forwards pnd the maximum reach isa reach while bending the trunk.

7.4.1.4 PData

Table 19 provides mean‘reach range data of the comfortable and the maximum vertical reach when
standing for six partieipant groups of different ages and statures. The data are presented at 6 angles
from the Horizontal line to the vertical line in 15° steps with the origin point at the participants’ feet. The
symbol n is theaumber of participants who reached the related radius among total number of each gropp.

Figure 68 a)and b) shows graphical representations of mean reach range of the comfortable and the
maximum reach respectively for 6 typical groups divided into three different age groups (20-30, 50-
74, over 75 years) and two different stature groups (shorter, taller), respectively.

Table 19 — Reach range of the vertical reach when standing for different age and stature

groups
Comfortable Maximum
Age groups Stature | Radius Number of Me-an Number of Mefm
years cm ° participants| Tadius |participants| radius
n cm n cm
20-30 2175 90 — — 54 225
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Table 19 (continued)
Comfortable Maximum
Age groups Stature | Radius Number of | Mean Number of | Mean
years cm ° participants| radius | participants| radius
n cm n cm
75 29 209 62 225
60 46 161 62 204
45 — — 62 165
30 — — 50 120
15 — — 24 77
Total number of participants 62
20-30 <175 90 — — 49 204
75 34 191 60 204
60 49 147 60 184
45 — — 60 149
30 — — 53 110
15 — — 27 73
Total number of participants 60
50-74 =170 90 140 216
75 135 205 207 214
60 188 160 209 149
55 20 125
45 — — 202 152
30 — — 143 109
15 — — 43 72
Total number of participants 209
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
Total number of participants 259
75+ 2165 90 32 210
75 41 197 63 205
60 50 157 63 178
45 — — 55 138
30 — — 29 98
15 — — 13 66
Total number of participants 64
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Table 19 (continued)
Comfortable Maximum
Age groups Stature | Radius Number of | Mean Number of | Mean
years cm ° participants| radius | participants| radius
n cm n cm
75+ <165 90 — — 27 191
75 50 183 71 189
60 64 145 72 165
45 — — 60 123
30 — — 35 86
15 — — 11 59
Total number of participants 74
Y Y
0 250 0 250 —0— /
7 5 .‘
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1 60° - 1 60° Be; = —— (
200 /// -+ =200 -m—])
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an é‘i e —*-
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R af Il P
il [T \ |
W il " W
H 100 \ ¥ H 100
30° o 30° \ o
] \ R\ \ ]
W1 \ NI/
15° Ay 50 15° p \H 50
ey \ + N \
=1 | A\l - ‘% A\
X|-150  -100 50 0 X -150 -100  -50 0
a) Comfortabletreach range b) Maximum reach range
Key
X horizgntal distahee (cm) C 50-74years, 2170 cm
Y  verticql distance (cm) D 50-74years, <170 cm
A 20-30|years, 2175 cm E  75+years, 2165 cm
B  20-30years, <175 cm F 75+ years, <165 cm
NOTE The person in the graph illustrates the method of reaching but not the respective stature.

Figure 68 — Reach ranges of the vertical reach when standing for six groups of different ages
and statures

Table 20 provides the range data of the comfortable reach and the maximum horizontal reach while
sitting, for three different groups in age and stature. The symbol n is the number of people who reached
the related radius among the total number of participants of each group.
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Figure 69 a) and b) shows graphical representation of the data of the comfortable and the maximum
reach, respectively, for the three groups of different age and different stature.

Table 20 — Reach ranges of the horizontal reach when sitting for different age and stature groups

. Comfortable Maximum
Age groups Stature Radius . .
. Number of | Meanradius | Numberof | Meanradius

years cm participants, n cm participants, n cm
20-30 - -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 68 117 98

105 — — 114 92

120 — — 114 88

135 — — 111 83

150 — — 48 82

Total number of participants 117

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 84 251 115
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

Total number of participants 361

50+ <170 -30 246 70 259 95
=15 330 72 3538 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
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Table 20 (continued)
. Comfortable Maximum
Age groups Stature Radius . )
. Number of | Meanradius | Numberof | Meanradius
years cm participants, n cm participants, n cm
135 — — 289 69
150 — — 72 68
Total number of participants 361
Y Y
-30°-15°-0°15°130°1— -30°~-15°|-O°——15°|-30° I — A
120 | f 45°1 120 3 457
\ / ) N —— B
/ \Y
80 60° 80 60° —=C
T /i |
40 —75° 40 —75°
—H = P
: S5 (EERT SEmn SR
40 — 1;05° 40 ~ 1;05°
-80 120° .80 1N 120°
-120 I15|0°|13|5 -120 I15|0°|135
-120 -80 -40 0 40 80 120 X -120 -80 -40 0 40 80 120 X
a) comfortable reach range b) maximum reach range
Key
X right-left axis (cm)
Y forward-backward axis (cm)
A 20-30|years
B 50+ydars, 2170 cm
C 50+ydars, <170 cm
Figure|69 — Reach’ranges of the horizontal reach when sitting for three groups of different
ages and statures
7.4.1.5 [Limitations

The maximum reach ranges while standing are data taken while keeping both legs stretched and
bending the trunk. The comfortable range is for the case without bending the trunk. Care should be
taken since different postures can produce different reach ranges.

Anthropometric parameters such as body size and arm length affect the reach range as well. Geographic
regional differences should be taken into consideration when applying these data. Smaller reach ranges
are more critical for design purposes.

7.4.1.6 Application examples

When using these data for practical situations such as designing equipment and dwelling spaces, it is
necessary to consider also the physical characteristics of the persons who use the equipment or spaces
as well as the situations those are used.
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The data on comfortable reach range can be used for situations in which individuals have to reach
frequently for products and/or parts in dwelling spaces. The optimum location for those objects or
components can be appropriately determined using data.

The data on maximum reach range also can be used for situations in which individuals have to reach for
light-weight products or for situations in which products have to be reached for only occasionally.

In both cases, it is important to ensure that the design items, equipment or spaces are within the
smallest reach envelopes among the user population.

7.4ﬁﬁ Rcfcl CIILCOS
—| Data source: Reference [97];

—| Cross-references in this document: 7.4.2, 7.4.3;

—| Other references: none.
7.4.2 Reach range (graspability, female 5t percentile of body size)

7.4.2.1 General

Thie extent of reach range of hands changes not only with body size but also with the tyge of body
action or operation of products.

Thiis subclause provides the reach range in terms of graspability which means the range a person can
grasp an object by hand but not simply reaching it The data is shown for only women with the 5th
pefcentile of body size which is typically used as the minimum case for the reach range.

7.4.2.2 Sampled population

Female participants with body size in the'5th percentile were tested.

7.4.2.3 Methods and conditions of data collection

Thie data were taken for one-handed use (either the right or the left hand) asking the partigipants to
grasp an object with threefingers on a work surface 750 mm high.

The data are summarized in DIN-Fachbericht 124 which are based on data derived from DIN 15996
but slightly adapted due to investigations on human body dimensions published in DIN 33#02-2 and
IS 14378.

7.4.2.4 Data

s

Figure 70-shows reach range for grasping measured for women of 5th percentile of body size|at a work
su}face height of 750 mm together with two postures of bent arm and stretched arm.

The data are for one-handed use (right and left hand were treated equally) and, though data are
available both for sitting and standing in a working space, they are generally assumed for use in the
sitting position.

The optimum grasping area is reachable in an upright posture with bent arm, elbow joint 90°, while the
functional grasping area is reachable in an upright posture with stretched arm, elbow joint 180° (see
Figure 70). Accessing the extended grasping area requires bending of the upper body.

© IS0 2021 - All rights reserved 115


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)
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1 upright seating posture with bent-arm, e.g. elbow joint 90°
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upright seating posture with-stretched arm, e.g. elbow joint 180°

Figure 70 — Reach range for grasping

7.4.2.5 [Limitations

The data $how only results for females of 5th percentile of body size. This group is regarded as the mpst
critical in terms of setting the limits on the distance at which items that need to be grasped can be
located.

7.4.2.6 Application examples

Though the data is available both for sitting and standing in working space, they are generally assumed
for use in the sitting position.

7.4.2.7 References

— Data source: Reference [3];

— Cross-references in this document: 7.4.1, 7.4.3;
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— Other references: References [4], [5] and [7Z].

7.4.3 Reachrange in three dimensions of height, forward distance (depth), and left-right width
for older people and people with disabilities (rheumatism and Parkinson’s disease)

7.4.3.1 General

The reaching and grasping range of a person is important when retrieving an object from a storage
area, a shelf or a table while standing or sitting.

Thiis subclause provides reach ranges for height, forward distance (depth), and left-right at Wwhich it is
eas$y to reach and to pick up an object. These data can be used, for example, for designing fufniture or
living spaces.

As|the range is affected by physical disabilities, the data are shown not only forolder peoplg, but also
forl people with conditions such as rheumatism and Parkinson'’s disease.

7.4.3.2 Sampled population

Japanese older people, people with rheumatism and people with ParkinsSon’s disease participated. The
number of the participants in each group and their profiles of physical characteristics are[shown in
Table 21. The numbers of participants with physical disabilities wete rather limited.

Table 21 — Profile of physical characteristics of participants

Npmber and phy_sical char- Older people Reople wi_th Rheuma- People'wit_h Parkin-
acteristics tism son's dis¢ase
Nymber of participants 28 6 6
Age (years) 67,3 (4,2) 64,8 (79) 68,8 (3,0)
Stature (cm) 165,3.(77) 148,8 (9,4) 156,1 (16,5)
Eyle height (cm) 147,6-(7,1) 133,9 (8,1) 139,1 (16,1)
SHoulder height (cm) 134,7 (6,7) 121,3 (7,4) 126,7 (14,1)
Hip height (cm) 88,1 (5,2) 83,1 (3,3) 85,2 (4,)
Eyje height in sitting (cm) 113,9 (6,9) 97,6 (7,3) 101,2 (8}8)
Shoulder height (cm) 106,9 (6,0) 89,2 (7,6) 93,1 (8,4)
NQTE Figures in parenthesis are standard deviations.

7.4.3.3 Methodsand conditions of data collection

Thie reach range was measured as the range for the participant to easily reach for and grasp an object
by|one hand“and with both hands while standing and sitting. The participants stretched thgir hand(s)
as[thouglh to grasp an object and the maximum range at which the participants felt comfortable
wdsCmeasured. The measurements were carried out for three directions, height, forward distance
(horizomtat Teacth i frontamd-teftright widththorizomtal Tange of teft to Tight)—A 3D medsurement
system was used to measure all the movements of the participants. The measurements were carried
out for upper and lower limits of the height, for three height level (eye, shoulder and hip) for the forward
distance and left-right width measurements.

A mechanical guide was used to show the direction of movement for participants with rheumatism or
with Parkinson’s disease.

7.4.3.4 Data

Figures 71 to 73 show the data for reach range in height, forward distance and left-right width direction,
respectively, for older people and people with physical disabilities.
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Comparin

g the data for physical disabilities with those for older people, the ranges for three directions

are significantly limited to from two thirds to a half for people with rheumatism, but not so much for
people with Parkinson’s disease. The biggest differences for people with Parkinson’s disease are seen
for the left-right width direction which means they have a difficulty moving their hands left to right.
This effect also reflects the reduced range for the forward distance direction for the one-hand side

condition (to move and stretch the hand to the side of the body).
Y TABC
EBzD
160 Y
(40 H
o | 160 <
i ~] 140 /
100 H H — B 120 1
80 1 M u ] 100
60 1 7 u ] 80
0 H M u ] 60
20 1 ] i 40 H
0 20 H L
a b C g | |
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a) Upper limit b) Lower limit

Fange, height (cm)

g, one hand

g, both hands

one hand

both hands

people

with rheumatism

with Parkinson's disease

[ — Reach range for height for older people, people with rheumatism, and people with
Parkinson’s disease

Key
Y reach
A standi
B  standi
C sitting
D sitting
a older}
b  peopld
c peopld
h  height
Figure 7
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b) Shoulder-height level

reach range, forward distance (cm)

people with Parkinson’s disease

c) Hip-heightlevel for{standing

or 70 cm for sittjng

Higure 72 — Reach range for forward distance for older people, people with rheumatism, and
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reach range, left-right width (cm)

ng, one hand
ng, both hands

sitting, one hand

sitting, both hands

older people

people with rheumatism

Key

Y

A standi
B standi
C

D

a
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c

w

Figure

7.4.3.5

The num

peoplgwitirParkimsom'sdisease

left-right width

73 — Reach range for left-right width for older people, people with rheumatism, and
people with Parkinson’s disease

Limitations

pber of participants with disabilities was limited in this assessment and the individ

differencds affected the extent of disabilities. The present data only previde a reference data sou
for peoplg with Parkinson's disease. More data is needed to obtain & general feature for people w

disabilitigs.

7.4.3.6

Application examples

The data ¢an be applied to designing living spaces and home appliances and furniture. A kitchen syst

is one exa|

Imple. The data can also be applied to tables faor‘displaying objects at exhibitions, for examy

where viditors with rheumatism or Parkinson’s dise€ase can have difficulty in picking up an obj

displayed

7.4.3.7
— Data

— Cross

on the table due to their limited range ofireach.

References
ource: Reference [114];

L-references in this document: 7.4.1, 7.4.2;

— Otherreferences: none.

744 R

7.4.4.1

Movemen
movemen

btation: pronation and supination (ageing effect)

General

[ of<a\wrist is important when people handle and manipulate products and controls. T

1al
"ce
ith

le,
bct

his

I issalso important when people use fingers as the finger movements are always associat

ed

with movement of a Wrist.

This subclause provides data on maximum angle of wrist rotation inward and outward, i.e. pronation

and supin

7.4.4.2

ation.

Sampled population

People in different age groups from 20 to over 80 years participated in the measurements. The data
were collected from a total of about 750 people (about 360 men and 390 women) in the Netherlands in

1995 and

120

1996.
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7.4.4.3 Methods and conditions of data collection

Pronation and supination were measured with a device with a T-shaped handle as shown in Figure 74.
The hand and the fully supported lower arm were in line, and the participant turned his/her wrist
inward or outward from the thumb-up position of the fist without moving the lower arm and the hand
remains in the fist.

The data of pronation and supination were measured as maximum values. The data in Table 22 and
Table 23 represent the 5th percentile of those maximum values, which is meaningful for designing.

/
8 7,
%%
N\ -
-
INN
Q. ~
N N
7 ~
4 \)
'/ \
o] 1, 081 09\\\

Ly

a) Pronation b) Supination

Figure 74 — A device for measuringpronation and supination

7.4.4.4 Data

Thie data of Table 22 and Figure 75 show thesmaximum inward rotation of a wrist (pronation). Table 23
anfl Figure 76 show the maximum outwardrotation of a wrist (supination). The data show only the 5th
pefcentile data (denoted as Pg).

Thie data show that the women’s wr'ist is more flexible than the men’s one, but almost no|ageing or
slightly enhanced ageing effect ‘of flexibility was observed for inward rotation (pronation) while ageing
effect of reduced range is obServed for outward rotation (supination).

Table 22 — Maximum ihward rotation of the wrist (pronation) for men and women of different

age groups
Men Women
Age grovpy Number of 5th percentile, P Number of 5th perceptile, Pg
years participants . participants .
n n

20-30 55 75 68 77
31-4Y — — — p—
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 Pg data are available.
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55-59 65-69 75-79

Key (l/
age grpups (years) &Q~

maxinmum rotation angle inward (P data in degrees) O\

men \%
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o)

oo < X

Figure 73 — Maximum inward rotation of the wrist (pronatio@@‘ different age groups (P5 data)

N
Table|23 — Maximum outward rotation of the wri&@upination) for different age groups
Men @ Women

Age grpups Number of 5th percent:ﬂg)Ps Number of 5th percentile, P

years participants participants .
n A\l n
20-30 55 o 64 68 69
31-49 — o — —
50-$4 35 N 46 35 59
55-$9 46 (- 56 50 62
60-44 44 () 62 53 57
65-69 50 50 51 60
70-T4 )59 51 62 55
75-19 ol 36 55 38 49
801 R 37 35 49
NOTE Only Psgwre available.
%\
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Key

X | age groups (years)

Y | maximum rotation angle outward (P5 data in degree)
A | men

B | women

Figure 76 — Maximum outward rotation of the wrist(supination) for different age|groups
(P5 data)

7.4.4.5 Limitations

The data of pronation and supination shownHere were measured as maximum values. The data in
Table 22 and Table 23 represent the 5th percentile of those maximum values, which are meapingful as
th¢ minimum values in designing products.

7.4.4.6 Application examples

Thie data can be applied te~the position of hand-held objects or controlling parts (espé¢cially for
rotational manipulation) stich’as a cap on a bottle, a key or a screwdriver, etc.

7.4.4.7 References
—| Data source; Reference [97];
—| Cross-réferences in this document: none;

—| Otherreferences: none.

7.5 Movement - Functions of lower body structure
7.5.1 Step height (ageing effect)

7.5.1.1 General

The height of a step or stairs is one of the important design issues in buildings and transportations.
Some national regulations already prescribe the dimensions of steps for accessibility and safety
reasons. However, it is not clear whether those dimensions are suitable for older people, in particular,
for older women.

This subclause provides data on a step height for ascending and descending a single step comfortably or
with maximum acceptable effort.
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7.5.1.2 Sampled population

People in different age groups from 20 to over 80 years participated in the measurements. The data
were collected from a total of about 750 people (about 360 men and 390 women) in the Netherlands in
1995 and 1996.

7.5.1.3 Methods and conditions of data collection

A step height was measured by the following four criteria:

f riabhlabaoight of & oo 0 S cona
Com ( ItAauvuilc Al\.rlslll- \vpuney JL\'H U doTTlIIivg,

— comffq

— main:um acceptable height of a step to ascend;

— maxi

The meas

at different heights. The frame had one sloping handrail. The participant was.asked to step on or sf

down on 3
acceptabl

Figure

7.5.1.4

rtable height of a step to descend;

um acceptable height of a step to descend.

uring equipment consisted of a frame as shown in Figure 77 in whichca¢plank was insert

single plank set at a given height and to evaluate the height whichzcemfortable or maximq
e for ascending and descending stairs.

a) Ascending b) Descending

/7 — An experimental method for measuring a step height ascending and descendin

Data

Figure 78

ed

ep
m

=}

=]

and Figure 79 show the data of step height evaluated as comfortable and the maxim

m

acceptable height respectively. They both include the data for ascending and descending.

The step height for men is much larger than that for women for both the comfortable and maximum
acceptable conditions. The ageing effect was also observed but not demonstrated clearly for men in
case of the comfortable step height condition.
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Figure 78 — Comfortable step height oﬁhen and women of different age groups
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a) Maximum step height, ascending

age groups (years)
step height (cm)
men

women

b) Maximum step height, descending

Figure 79 — Maximum acceptable step height for men and women of different age groups
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7.5.1.5 Limitations

The data were obtained for a single step but not for several consecutive steps (stairs). The data can be
influenced by many of other factors such as leg length of individual participants, ability to keep body
balance and slope of the step or stairs.

Care should be taken whether handles or grips are available in the right place. The present data is for
the case where a handrail is available.

7.5.1.6 Application examples

The data
aircraft, e

7.5.1.7
— Data

— Cross

— Other

7.5.2 Sﬁp height: Subjective evaluation of physical load (ageing‘effect, international

compari

7.5.2.1

A comfor
compare §

This subc
Germany,

condition§

7.5.2.2

Each coun
female, ol

7.5.2.3

Methods and conditions of data collection

tc.).

References
ource: Reference [97];

-references in this document: 7.5.2;

references: none.

n)
General

able or maximum step height depends on body dimensions. Therefore, it is important
tep heights among different countries with different body sizes.

ause provides data on the subjective evaluation of a step height taken from four countri
Rep. of Korea, Japan and the USA, for international comparison using the same method a

p.

Sampled population

try recruited 15 to 20 participants in the experiment for each category, young/male, your
ler/male and older/female.

Each of t

step height. The participants were asked to ascend a single step with a given height and to evalu
perceived|physicaleffort of the action of ascending by using a 10-point scale from 0 to 9, where 0 me3
“no effortf and 9 means “maximum effort”. The same procedure applied for the descending. No hand
was available (see Figure 80).

e four countries used the same experimental method and condition for the evaluation

126

can be used for designing a single step in buildings or in transportation (buses, trains,

to

es,
nd

g/

of
hte
ns
ail
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q/b‘
a) Ascending b) Da&‘a}ading

Figure 80 — Experimental method for perceived physical effort i®\scending and descending a
single step

7.3.2.4 Data QQQ
Figure 81 and Figure 82 show two sets of data on subje

a flunction of step height for ascending (Figure 81) a
frdm the 4 countries, averaged for young and olde

e evaluation of perceived physicdl effort as
escending (Figure 82). Each set confains data

The data provide a general feature of the load of @§ending and descending a step with variable step height.
Thre is no critical step height that causes sudden change in physical load along with the step height.

oA "SpA oA oA

Y a ®B Y ~QCSJ‘" B Y c ®mB Y d |=B
: Y —— : ;
b 7 — 7 7
é e g : n
71 N 4 4 n
4
1 1 1
0 C}E) 0 0
10 20 30 40 50 60 X O 10 20 30 40 50 60 X 10 20 30 40 50 60 X 10 22 32 4] 50 X
15 25 35 45 55 \% 15 25 35 45 55 15 25 35 45 55 16 26 37 |46 56
Ke c.)

y
step height @9

Rep. of Korea
USA

X

Y evaluat'@%ore of physical load
A | you ople

B ﬁe people

a rmany

b Japan

c

d

NOTE Sampling of step height in the USA is slightly different from other countries.

Figure 81 — Subjective evaluation for ascending a single step respectively measured in four
countries for young and older people
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a  Germgny
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NOTE Sampling of step height in the USA is slightly different from other countries.

Figure $2 — Subjective evaluation for descending a single stepwrespectively measured in fou

The data
The trend
different

young ped

7.5.2.5

The data |
was avail
reduced.

America, |

7.5.2.6

The data
trains air

7.5.2.7

countries for young and older people

for the 4 countries show that physical effort gradually increases as a function of step heig

ht.

of the data for Germany, Japan and the USA\ are similar but the Korean data are slightly

rom them. In the Republic of Korea, the perceived effort is greater for older people than
ple with no great difference between ascending and descending.

Limitations

vere measured for a single step but not for stairs which consist of several steps. No handf
hble. If a handrail or any other support is used, the required physical effort is considera
he number of countries‘was limited to four: two in Asia, one in Europe and one in No
put the data seem to reflect common features.

Application examples

can be used‘for designing a single step and stairs in buildings or in transportation (bus
frafts, etes),

References

for

ail
bly
th

Y £ Lz
I Data SouUrce. Relerelice [ 744,

— Cross

-references in this document: 7.5.1;

— Other references: none.

7.5.3 Tread depth of stairs (ageing effect)

7.5.3.1

General

The depth of tread of stairs, as shown in Figure 83, is one of the important factors influencing ease of going
up and down stairs. The stairs in public spaces, buildings, trains and buses, as well as in private homes,
should have appropriate dimensions of tread depth to ensure safety and comfort walking on stairs.
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This subclause provides data concerning subjective evaluation of tread on ease of walking as a function
of its depth for young and older people.
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Figure 83 — Stairs and their'dimensions
.3.2 Sampled population

Fticipants were 20 young people and 30 older people. The average age, stature and wei

re 70,3 years, stature 1,572 m, and 57,2Kg.

.3.3 Methods and conditions-of'data collection

ng a 7-steps stairway with\variable rise height, and variable tread depth, each partic
xed to ascend and descend)the stairway at his/her comfortable pace while being allowe
hdrail. After ascending and descending the stairway, the participants evaluated the combin
muscular effort and difficulty of walking by using a 5-point scale from 0 (no effort and diffi
ry strong feeling efeffort and difficulty).

.3.4 Data

cht of the

ing participants were 24,0 years, 1,740 m,\and 68,0 kg, respectively, and those of older participants

pant was
1 to use a
ed feeling
culty) to 4

shownin/Figure 84, the relationship between tread dimension and subjective evaluati
sculap-effort and difficulty of walking can be formulated by a quadratic polynomial (p

yo!

1 significance level, p < 0, 001) The load and dlfflculty are lowest at around 35 cm of trea

on on the
robability
for both
ge is seen.

Below the minimum point, i.e. shorter than 35 cm, the muscular effort and walking dlfflculty gradually

increase again as a function of the reduction in tread depth. The effect of reduction in tread depth is
relatively higher for younger people than for older people. The reason that treads shorter than 35 cm
are more difficult for younger people than for the older ones is not clear but foot length might be one of
the affecting factors for this.

NO

©lI

TE The important point emerging from this study is a tread depth about 35 cm to be used in the design of
stairs at which both younger and older people feel easiest walking and experience the least muscle load.

S0 2021 - All rights reserved

129


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

—A
Y —B
4
3 X

Key

X  tread ¢lepth (cm)

Y subjed
feeling

A young
B  older]
Figure

7.5.3.5

The data 4

7.5.3.6

By using §
determing

The data ¢
with rega

7.5.3.7
— Data

— Cross

— Other

tive evaluation of muscular effort and walking difficulty (0: no effort and difficulty and 4: very str
of effort and difficulty)

people
people

84 — Relationship between tread depth and subjective’evaluation on stair-walking
effort and difficulty

Limitations

ire valid only when no handrail is available,

Application examples

igure 84, the subjective evaluation of the muscular effort and the difficulty of walking can
bd when the tread dimensiontis given, which is useful data for designing steps and stairs

an be used for designing stairs in buildings or in transportation (buses, trains, aircrafts, e
Fd to subjective evaluation of muscular effort and difficulty for walking stairs.

References

ource: Reference [115];

L.referenees in this document: 7.5.1, 7.5.2;

references: none.

7.5.4 Walking speed (ageing effect)

7.5.4.1

General

ng

be

c.)

Walking is one of the most fundamental movements in daily life. Ageing also affects walking speed. For
example, older people need more time to pass automatic doors or to use pedestrian crossings for examples.
Itis very unpleasant for older people to be forced to walk at a pace other than their normal pace.

This subclause provides data for normal and hurried walking pace in the Netherlands and for normal
pace in Japan.
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7.5.4.2 Sampled population

A total number of about 750 people (about 360 men and 390 women) in different age groups from 20 to
over 80 years participated in the measurements conducted in the Netherlands in 1995 and 1996.

For the Japanese data, 790 men and 839 women (total 1 629) took part in the measurements. They were
aged between 0 to 79 years and have been divided into groups in 5 years steps. The age range of 0-4
actually starts from 1,5 years (see NOTE in Figure 86).

7.5.4.3 Methods and conditions of data collection

In the Netherlands data, the participants were asked to walk 10 m at a normal and a hurried|pace. The
nofrmal pace means the speed that the participant usually adopts when walking outside."The hurried
page is the speed the participant adopts when catching a bus or a train, for example, byt without
ruhning. The measurements were carried out in a flat indoor room.

Thie measurements in Japan were carried out for a walking distance of 50 m at’a,formal pace

7.3.4.4 Data

Table 24 and Table 25 present the data of walking speed for Dutch people at two walking pacgs, normal
anfl hurried, respectively. Figure 85 shows these data with standard deviations. The walkfing speed
defreases with age, and men walk faster than women at both speeds.

Table 24 — Walking speed at a normal pace for-Dutch people in different age groips

Men Women
Age groups Number of Mean Standard Number of Mean Standard
years participants deviation participants ddviation
n m/s s n m/s s
20-30 55 1,5 0,2 68 1,4 0,2
31-49 — — — — — —
50-54 35 14 0,2 35 1,3 0,2
55-59 46 1,4 0,2 50 1,3 0,2
60-64 44 1,4 0,2 53 1,3 0,2
65-69 50 1,4 0,2 51 1,3 0,2
70-74 59 1,3 0,2 62 1,1 0,2
75-79 86 1,1 0,2 38 1,1 0,2
80+ 33 1,1 0,2 34 1,0 0,2

Table'25 — Walking speed in a hurried pace of Dutch people for different age groups

Men Women
AGE-EFOUpS Numberof Mean Stamdard Numberof Mean Standard
years participants deviation participants deviation
n m/s s n m/s s
20-30 55 2,1 0,2 68 2,0 0,2
31-49 — — — — — —
50-54 35 2,0 0,2 35 1,9 0,3
55-59 46 2,0 0,3 50 1,8 0,2
60-64 44 2,0 0,2 53 1,8 0,3
65-69 50 19 0,2 50 1,8 0,3
70-74 59 1,9 0,3 62 1,6 0,3
75-79 35 1,6 0,2 38 1,4 0,3
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Table 25 (continued)

Men Women
Age groups Number of Mean Standard Number of Mean Standard
years participants deviation participants deviation
n m/s s n m/s s
80+ 33 1,6 0,3 34 1,4 0,2
Y Y ~
3 3 q/
2,5 2,5 B
2 2 L T TT = 3
1,5 HH—F 1,5 |
0 M O Fm
1 HIH TH FH B 1
LU LB P PR |
0,5 sl slisl =il 0,5
0 AT AT AT AT
20-30 50-54 60-64 70-74 80+ X 20 30 50- % 60-64 70-74 80+ X
55-59 65-69 75-79 59 65-69 75-79
a) Normal pace ‘\\> b) Hurried pace
<
Key \\g\
X age grpups (years) . Q)$
Y  walkirlg speed (m/s) Q\
A men \O
B  womep C)\\C\)j‘~
Figure 8% — Walking speed at a n@al and a hurried walking pace of Dutch people in differgnt
C)O age groups
Figure 86[presents the aver ata of the Japanese male and female participants for the range of 4ge
from 0 (1,p years) to 79 y@ in 5 years steps. A peek speed is observed at around 30-34 years of agp.

X age groups (years)

Y walking speed (metres/sec)
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NOTE The age range of 0-4 means 1,5 to 4 years.

Figure 86 — Walking speed at a normal walking pace of Japanese people in different ages

7.5.4.5 Limitations

Walking speed is affected by the body size factor such as stride length, etc. The speed can also be
affected by walking distance used for the measurements as well as sloped ways or the outdoor/indoor
difference.

7.3.4.6 Application examples

Thie data can be used for pedestrian crossing signal timing, which should take\account of older
peflestrians’ walking speed for safety and comfort for green or red signals. The data can alsp apply to
the speed of escalators or moving walkways.

7.5.4.7 References

—| Data source: References [97] and [47];

—| Cross-references in this document: none;

—| Other references: none.
7.3.5 Slope of ramps and wheelchair operation (physical disabilities)

7.5.5.1 General

The gradient of a ramp is an important factor to enable a wheelchair user or a user with crutches to
mgve independently and easily. Handling-of a wheelchair becomes difficult as the gradient [of a ramp
indreases.

Thlis subclause provides data on the relationship between ramp gradient and ease of wheelchair
oppration.

7.3.5.2 Sampled population

Wheelchair users gperating by themselves without help and without additional power.

7.3.5.3 Methods and conditions of data collection

Thlere is nosinformation in the data source.

7.3.54 Data

Figure 87 shows the relationship between ramp gradient and ease of operation of a wheelchair without
any power assist or other help. It gives examples of cases how the ramp gradient affects the wheelchair
handling by the user. It is relatively easy for wheelchair users to ascend and descend by themselves
when the gradient is less than 3,4° (1/17).
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% 16,7 12,4 10 8,3 6,7 5
angle 9,46° 7,15° 571° 4,76° 3,81° 2,86°

grade 1/6 1/8 1/10 1/12 1/15 1/20
| | | | | |

| | |
wheelchair may step back

natural posture in ascending

Figur

NOTE

these data
ascend is 4
walking by
less than 4

7.5.5.5

ascend e
difficult to accelerate to ascend
difficult to control velocity
forvuiard cactor ol b oot 1] easvtao QQ(‘PT\H
forward-easter-will-beinstable Y
brake on and off
descend keep breaking

easy to descend

p 87 — Relationships between a slope of ramp and ease of operation-of a wheelchair

Similar data in the same data source is also presented for crutches uséd for walking. According
there is no effect of gradient when less than 1/14; easy to descend\is at less than 1/13,5, eas}
t less than 1/12, step size is controllable at less than 1/8, need adjusting crutches at over 1/12, §
small steps is at over 1/9. For a person with crutches, the slope€for easy ascending and descendin
1° (1/14).

Limitations

The data in Figure 87 cannot be applied to wheelchair operation by children or elderly people. The d

give some

7.5.5.6

This datal
wheelcha

7.5.5.7
— Data

— Cross

— Other

7.6 Mu

indications for users of walking frames or.persons pushing a wheelchair.

Application examples

provides information to detepmine the appropriate gradient of a ramp for independ
I users.

References
ource: Reference [49];
L-references in thiS’”document: none;

referencessnone.

5cle strength and muscle endurance
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General

Muscle strength is one of the important human functions when people handle and manipulate products.
This subclause provides basic data on the maximum muscle strength while clenching the hand into a fist.

7.6.1.2

Sampled population

A hundred women and 100 men between 50 and 70 years of age and 25 women and 25 men between 20
and 30 years of age took part in this biomechanical study that was carried out in Germany in 2006 and
2007. All the participants were healthy and had no physical impairment.
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The right hand grips the larger rubber ball of the vigorimeter from below and squeezes it as hard as
possible, while the hand is clenched into a fist (see Figure 88).

7.6
Ta

).1.4 Data

or
thd
hig

Thie data that are of most interest are the values for the 5% percentiles, since they represen
ce that can be exerted to be taken into account in order, to include the largest number of p
lise a product, system or service. This also applies toithe data in 7.6.2 to 7.6.4. In Table 26, the value is

for
to
0,6

hest values for the individuals within the group.

Figure 88 — Method for measuring grip force of the hand

ble 26 and Figure 89 show the data for the grip pressure of the hand in\a‘unit of bar (1 bar
100 KN/m?2) for men and women in three different age groups. ThePg, Ps, and Py in the t
 5th) 50th apd 95th percentile, respectively. The values used for ¢the variation refer to the |

bar for men aged 20-29 years.

= 100 KPa
hble mean
bwest and

t the least
eople able

Thle measure is an indicator for the muscular strength of the hand, which decreases while adyilthood.

Table 26 — Grip force of the hand (unit: bar)

Ag;f;fs“ps P Pg, Pgs Variation

20-29 0,6 09 1,2 0,6-1,3

Men 50-59 0,6 0,8 1,1 0,2-1,4
60-69 0,4 0,8 1,0 0,3-1,2

20-29 0,4 0,6 09 0,3-0,9

Women 50-59 0,4 0,5 0,7 0,3-0,8
60-69 0,3 0,5 0,6 0,2-0,6

NOTE Pg, P, and Py are the 5th, 50th and 95th percentile, respectively.
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NOTE Vertical arrow bars refer the 5th and the 95th percentile data. Open éircles indicate the upper and
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7.6.1.5

The strenjgth of the hand depends on the types of‘grip which are summarized in 7.6.5. Exertion|

gripping fi
7.6.1.6

When des|
the maxin

7.6.1.7
— Data

— Cross

— Other

of the data.

Figure 89 — Grip force of the hand at the 50t percentile for three age groups

Limitations

prce depends on size, length and texture-of a surface.

Application examples

igning the cap of a jar, a bottle'and other packaging that needs gripping, clenching or rotati
num grip force of the hand should be taken into account.

References
ource: Reference{58];

-referencesin this document: 7.6.5;

references: none.

7.6.2 P

~pc<ing force of the thumb

the

of

=]

g

7.6.2.1

General

This subclause provides data on the maximum pressing force of the thumb.

7.6.2.2

Sampled population

A hundred women and 100 men between 50 and 70 years of age and 25 women and 25 men between
20 and 30 years of age took part in this biomechanical study that was carried out in Germany in 2006

and 2007.
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7.6.2.3 Methods and conditions of data collection

A middle rubber ball of the vigorimeter is held between index finger and middle finger of the right hand
with the palm of the hand is facing upwards (see Figure 90). The rubber tube hangs down between both
fingers. The ball is compressed by the thumb as strongly as possible. The index finger should not touch
the rubber ball while measurement is proceeding.

Figure 90 — Method for measuring pressing force of the thumb

7.6.2.4 Data

Taple 27 and Figure 91 show the pressing force of the thumb in bar (har = 100 KPa or 100 K|N/m?) for
mgn and women in three different age groups. The P, Pc(, and Pgg inthe table mean the 5thf 50th, and
95fh percentile, respectively. The values used for the variation refér to the lowest and highest[values for
th¢ individuals within the group.

Thie measure is an indicator for the muscular strength ofithe thumb, which does not change 4o much in
adplthood.

Table 27 — Pressing force of the thumb in bar

Age groups Py Ps, Pyg Variation
years
20-29 0,2 0,5 0,6 0,1-0,7
Men 50-59 0,3 0,5 0,7 0,2-0,8
60%69 0,3 0,5 0,7 0,2-0,7
20-29 0,2 0,4 0,5 0,2-0,6
Women 50-59 0,3 0,3 0,5 0,1-0,5
60-69 0,3 0,3 0,4 0,2-0,5
NOTE-'Pg) Ps(, and Py are the 5th, 50th and 95t percentile, respectively.
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ure 91 — Pressing force of the thumb at the 502 percentile for three age groups

Limitations

orce of the thumb depends on types of grip which are summarized in 7.6.5. It is noted tl
f the pressing force depends on the size;length, texture and environment of a button.

Application examples

igning buttons for emergency ' call systems, the maximum pressing force of the thumb shot
nto account.

References
ource: Reference{58];

-referencesin this document: 7.6.3;

references: none.

7.6.3 Campressive force of the index fingpr

7.6.3.1

nd

hat

h1d

General

This subclause provides data on the maximum compressive force of the index finger.

7.6.3.2

Sampled population

A hundred women and 100 men between 50 and 70 years of age and 25 women and 25 men between 20
and 30 years of age took part in this biomechanical study that was carried out in the Germany in 2006

and 2007.
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7.6.3.3 Methods and conditions of data collection

A smaller rubber ball of the vigorimeter is held between the right hand’s thumb and middle finger, so
that the rubber hose is hanging down between both fingers (see Figure 92). The ball is pressed from

above with the index finger as strongly as possible.

®—)

Figure 92 — Method for measuring compressive force of the index finger

7.6.3.4 Data

Table 28 and Figure 93 show the compressive force of the index finger in bar (1 bar = 1
10p KN/m?) for men and women in different age groups. The Ps, Rgjyand Py mean the 5th, 50
pefcentile, respectively. The values used for the variation refef:to the lowest and highest val
individuals within the group.

Thie measure is an indicator for the muscular strength of the index finger, which does not
mych in adulthood.

Table 28 — Compressive fotrce of the index finger (unit: bar)

Age groups Py Ps, Pyg Variation
years
20-29 0,2 0,4 0,6 0,1-0,6
Men 50-59 0,2 0,5 0,6 0,2-0,7
60-69 0,4 0,5 0,7 0,1-0,7
20-29 0,2 0,3 0,5 0,2-0,5
Women 50-59 0,1 0,4 0,5 0,1-0,6
60-69 0,2 0,4 0,5 0,1-0,5
NOTE  Ps, Pg(, and Py are the 5th, 50th and 95th percentile, respectively.

0 KPa or

h and 95th
es for the

change so
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Figure P3 — Compressive force of the index finger at the 50! percentile for three age groups

7.6.3.5 [Limitations

Pressing force of the index finger depends on thetypes of grip which are summarized in 7.6.5. It is
noted thaf exertion of the pressing force also depends on the size, length, texture and environmen{ of
the button.

7.6.3.6 [Application examples

When degigning buttons for emergency call systems, the maximum pressing force of the index finger
should beftaken into account.

7.6.3.7 [References

— Data gource: Reference [58];

— Crossfreferences in this document: 7.6.2, 7.6.10;

— Otherfreferences: none.

7.6.4 Operating torque in four different conditions

7.6.4.1 General

Operating torque is one of the important physical activities concerned with handling and manipulation
of products, especially for manipulating doors and handles, opening jars, etc. As the exerted torque
depends on the various physical and human factors of products and operators, it is necessary and useful
to know the amount of torque that can be exerted.

This subclause provides basic data on maximum operating torque for the right hand when turning a
screw cap anticlockwise. Two diameters (@ 85 mm and @ 31 mm) were each tested in horizontal and
vertical orientations.
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7.6.4.2 Sampled population

A hundred women and 100 men between 50 and 70 years of age and 25 women and 25 men between 20
and 30 years of age took part in this biomechanical study that was carried out in the Germany in 2006
and 2007.

7.6.4.3 Methods and conditions of data collection

The four conditions used in the measurements of operating torque which are shown in Figure 94 a) to
d). Details of each condition are as follows:

a) | Horizontally situated screw cap of a large size (@ 85 mm)

The fingers and the thumb of the right hand take hold of the horizontally situated $erew|cap of the
operating torque meter that is fixed on a horizontal surface, and try to move it anticlochwise. The
resulting operating torque is measured. “Horizontally situated” means that-the plane of revolution
is horizontal [see Figure 94 a)].

b) | Vertically situated screw cap of a large size (@ 85 mm)

The fingers and the thumb of the right hand take hold of the vértically situated screw fap of the
operating torque meter that is fixed on a vertical surface, anid try to move it anticlockiwise. The
resulting operating torque is measured [see Figure 94 b)].

c) | Horizontally situated screw cap of a small size (@ 31 mm)

The index finger, the middle finger and the thumb:of the right hand take hold of the hgrizontally
situated screw cap of the operating torque meter;that is fixed on a horizontal surface, and try to
move it anticlockwise. The resulting operatingtorque is measured [see Figure 94 cJ].

d)| Vertically situated screw cap of a small size(@ 31 mm)

The index finger, the middle finger ‘and the thumb of the right hand take hold on the|vertically
situated screw cap of the operating-torque meter, fixed on a vertical surface, and try fo move it
anticlockwise. The resulting operating torque is measured [see Figure 94 d)].

L B

) “Large, horizontal b) Large, vertical c¢) Small, horizontal d) Small, vertical

Ve

o

Figure 94 — Methods for measuring operating torque for different screw sizes and positions

7.6.4.4 Data

Tables 29 to 32 and Figure 95 a) and b) show the operating torque in Nm for each of the four different
measuring conditions described in 7.6.4.3. Data are presented for men and women in three different
age groups. The Pg, Pc, and Py in the table mean the 5th, 50th and 95th percentile, respectively. The
variation refers to data distribution from the lowest to the highest value.
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The measure is an indicator for the muscular strength of the hand, which changes gender-specifically in
adulthood. It slightly decreases for women with age, but slightly increases for men.

Table 29 — Operating torque data, in Nm, for screw caps of different sizes and in different
positions - horizontally situated large screw cap of a large size (@ 85 mm)

Ag(;eg:::ps Pg Ps, Pyg Variation

20-29 4,0 7,7 11,2 3,2-119

Men 50-59 77 9,2 1478 3,0-15,3
60-69 4,1 91 13,3 3,3-14,7

20-29 3,8 6,0 8,3 2,1-8,5

Women 50-59 3,3 6,2 10,1 2,8-10,9
60-69 2,3 4,9 8,4 1,9-9,0

NOTE Ps, Py, and Pgg are the 5™, 50th and 95th percentile, respectively.

Table 30 — Operating torque data, in Nm, for screw caps of different.sizes and in different
positions - vertically situated large screw cap of a large size’/(@ 85 mm)

Age groups Pg Ps, Pgz Variation
years
20-29 3,7 7,6 12,1 3,2-13,2
Men 50-59 49 9,2 15,4 4,3-16,4
60-69 4,2 85 12,5 3,7-15,2
20-29 4,1 5,8 8,3 3,8-99
Women 50-59 3,3 5,8 8,9 2,9-9,2
60-69 3,0 4,6 8,1 2,2-9,3
NOTE Pg, Py, and Py are the 5th, 50tand 95th percentile, respectively.

Table 31 — Operating torque data, in Nm, for screw caps of different sizes and in different
positions - horizontally.situated small screw cap of a small size (0 31 mm)

Ag;f:::ps Pg Ps, Pyg Variation

20-29 0,4 0,7 1,4 0,3-2,4

Men 50-59 0,4 0,8 1,6 0,3-2,2
60-69 0,3 0,7 1,5 0,0-1,6

20-29 0,3 0,5 0,9 0,2-1,0

Women 50-59 0,2 0,4 1,1 0,2-1,5
60-69 0,2 0% 0,7 0,2=079

NOTE Ps, Pg(, and Py are the 5th, 50th and 95th percentile, respectively.
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Table 32 — Operating torque data, in Nm, for screw caps of different sizes and in different
positions - vertically situated small screw cap of a small size (@ 31 mm)

Age groups
ge grotp Py Ps, Pyg Variation
years
20-29 0,4 0,7 1,6 0,2-1,8
Men 50-59 0,5 1,0 2,1 0,4-2,7
60-69 0,4 0,8 1,9 0,2-2,0
20-29 0,2 0,7 1,1 0,2-1,2
Women 50-59 0,3 0,6 1,4 0,2-1,7
60-69 0,2 0,5 0,8 0,0-1,0
NOTE Ps, Py, and Py are the 5th, 50th and 95th percentile, respectively.
Y Y
17 o 17
16 o= o 16 EA
15 = o 15
14 14 @B
13 o T 13
12 o 12 oC
11 I 0
10 10 —o = D
9 9 5 o o0
8 8 . T
7 7
6 6
5 5
4 4
3 3
2 2
1 | 1
0 ‘ — 0
20-29 50-59 60-69 X 20-29 50-59 60-69 X
a)-Men b) Women
Key
X | age groups {years)
Y | operatiggtorque (Nm)
A | horizontally situated large screw cap of a large size (@ 85 mm)
B | yértically situated large screw cap of a large size (@ 85 mm)
C Lherizentallysituated-small-serewcap-ofa-small-size-{(@-31-mm)
D vertically situated small screw cap of a small size (4 31 mm)
NOTE Vertical arrow bars refer to the 5th and the 95th percentile data. Open circles indicate the upper and

the lower limit of the data.

Figure 95 — Operating torque for screw caps of different sizes and in different positions

7.6.4.5 Limitations

Operating torque depends of the types of grip which are summarized in 7.6.5. It is noted that exertion of
operating torque also depends on the diameter, size and texture of a cap surface.
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7.6.4.6 Application examples

When designing a cap for bottles, screw plugs or doors handles and opening jars, the maximum

operating

7.6.4.7

torque data for different sizes and positions should be applied.

References

— Data source: Reference [58];

— Cross-references in this document: 7.6.11, 7.6.12, 7.6.13;

— Otherfreferences: none.

7.6.5 Grip strength (ageing effect)

7.6.5.1 [General

Easy and ffirm handling and manipulation of products by fingers, hands or arms“dare necessary wh

people use them. The amount of force required for manipulating the produets is one of the criti

quantitieq in designing products. Gripping is one of the methods for handling-and manipulation wh

people hold or handle products such as jars, scissors, pliers, etc. With this data designers are also a

to know whether a product can withstand maximum forces.

Figure 96|illustrates the different types of grip of the operator’s hand.and the control.

— Contdct grip is one where a unidirectional force is applied.by a finger, the thumb or a hand to {
contrpl.

— Pinch|grip is one where a control is held by fingers and/or the thumb without clenching a fist.

— Clenc

The size s

h grip uses all fingers wrapped around a caritrol (see ISO 9355-3).

Litable for a control depends on the typé of grip used.

en
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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 96 — Types of grips (from ISO 9355-3)

Thiis subclause provides data on grip strength as a function of age which were measured)in
the Netherlands.

7.6.5.2 Sampled population

Japanese data were based on measurements of people aged from 6 years (thestdrting age of e
school in Japan) to 79 years with a total of about 30 000 participants. Thé'\measurements are

pe

Fo
thg
wd

7.6

Th

po
co

Fformed every year and the 2016 data of 32 700 participants are preSented here.

" the data of the Netherlands, people in different age groups from 20 to over 80 years parti
b measurements. The data were collected from a total of abeut-750 people (about 360 me
men) in the Netherlands in 1995 and 1996.

).5.3 Methods and conditions of data collection

e measurements in Japan were conducted using-the Smedley hand dynamometer in a

ntraction for both right and left hand and the’stronger grip strength of the two was taken a

Thie data of the Netherlands were taken with the Jamar dynamometer. The participant sits upr

mg
[se

asuring chair with the lower arm supported. Maximum exerted strength during 3 s was
e Figure 97 b)].

Japan and

ementary
regularly

cipated in
h and 390

standing

sture. Figure 97 a) shows the method. The grip strength was measured as the maximum effort

5 the data.

ight in the
measured

& AN

a) Method used in Japan b) Method used in the Netherlands

Figure 97 — Methods used to measure the grip strength in Japan and in the Netherlands

7.6.5.4 Data

Figure 98 shows the data on maximal grip strength of men and women as a function of age for two data
sources in Japan and in the Netherlands plotted together. Both sets of data show a similar ageing effect.
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The grip strength increases from childhood up to around the age of 20 years, keeps almost constant on
peak level over the next 20 years and then gradually decreases with age.

The average strength of women is about two-thirds that of men, and the average of older people is about
two-thirds that of the peak achieved by young people.

Y Y
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— R 500 —-— A
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pre—e—e "::"\ ——1B
400 ff \\“:-\. 400

\-
300 300 jfr,,,.._.q:t

200 200 =
100 c‘é 100 —
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a) Men b) Women
Key
X  age (ypars)
Y grip stirength (N)
A Japan
B Netheflands

Figure P8 — The grip strength of men and womén as a function of age in two data sources in
Japan and the Netherlands

7.6.5.5 [Limitations

Grip strerlgth depends on the types of.grip which are summarized in Figure 96. It is noted that exertjon
of gripping force also depends on the size and length of a grip and texture of the surface.

The presgnted data are medn) values of maximum exerted strength but they are not comfoprt
gripping forces.

7.6.5.6 [Applicationlexamples

When degjigning caps for jars, bottles and other packaging that need gripping, rotating and squeezing,
the maximum gripping force of a hand should be taken into account.

Maximun] force is not always accepted in designing products as it is the extreme case. It is preferaple
to exert comfortable force when using most of products, in particular where they are used often.
Furthermore, if the force has to be exerted for a longer time without interruption, less force is preferred
for users in operating the products.

It is generally considered that a third to half of the maximum exerted force can be applied when it has
to be exerted many times or comfortably exerted, and about 15 % of the maximum force can be applied
for continuous exertion[110],

7.6.5.7 References

— Data sources: References [22], [73] and [97];

— Cross-references in this document: 7.6.1;
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— Other references: Reference [110].
7.6.6 Lifting strength (gender effect)

7.6.6.1 General

Lifting is one of the most frequent actions required for carrying or moving objects in our daily life.
Designing products in terms of their weight or the force required for easy and comfortable lifting is
one of the important criteria for safe and comfort handling of objects. Effects of age and sex exist in the
exertion of lifting

Thiis subclause provides data on maximum lifting strength measured in Germany showirlg gender-
related differences.

Thie general relationship between maximum force and comfortable one is described in 7.6.3.6 as that
a third to half of the maximum exerted force can be applied for the force thathas to be exerted many
tinhes or comfortably exerted, and about 15 % of the maximum force can be.applied for the cpntinuous
exertion[110],

7.6.6.2 Sampled population

Dafta were collected from 1 967 males between 16 and 62 years of age and 1 113 females bgtween 18
anfl 59 years of age. All participants were healthy and had na/physical impairment.

7.6.6.3 Methods and conditions of data collection

Li

—

fiting strengths were obtained for 6 heights from:x1'50 mm to 1 350 mm.

Thie data were collected for two types of two-handed lifting: gripped by the sides and lifted from the
bottom, as illustrated in Figure 99. Three heights were employed for each grip type: 400 mnj, 750 mm
anfl 1 350 mm for side-gripping, and 150 mm, 500 mm and 1 110 mm for bottom-grigping. The
pafticipant lifted different weights by side-gripping and by bottom-lifting. Bending knees wgs allowed
anfl the position of the feet was at theparticipant's discretion.

Dimensions in millimetres
+A +A

T T

1350

1100

750

400
500

150

Key
+A vertical force direction

Figure 99 — Methods of measurements for the two-handed lifting strength with a box
(width 500 mm)
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7.6.6.4 Data

Table 33 and Figure 100 show the data for 6 conditions of different types of gripping (side and bottom)
and different heights. The data are given for five levels of percentiles for both men and women. In
Figure 100, the 50t percentile data are shown together with the 5th and 95th percentile as error bars.
In most cases, the exerted force of women is much lower (less than half) than that of men.

Table 33 — Two-handed force exerted to lift a crate (width 500 mm)

Gender-related force
Point of force appliratinn
Force direction Force percentiles N
mm
Women Men
5 123 268
1 134
1350 0 3 305
sid o 15 144 323
ice-gripping 50 186 417
95 268 570
5 153 353
1
1110 0 176 393
5 o 15 190 419
ottom-gripping 50 248 ca1
95 353 784
5 294 642
750 10 345 739
sid o 15 375 821
ice-gripping 50 528 1274
95 985 1868
A (vertical)
5 284 617
1
500 0 339 718
5 R 15 363 774
ottom-gripping 50 507 990
95 724 1329
5 281 603
1 2
400 0 326 687
sid o 15 349 762
iGe-gripping 50 490 1108
95 770 1651
5 256 587
150 10 501 6/0
5 o 15 338 736
ottom-gripping 50 470 971
95 689 1324
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2000

1800 T oA

1600

1400 "B
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1000 =
800

600 = I
400 TI
200 i7
0
d

type of gripping and height
lifting strength (N)
men

=~
(]
=

women
side-gripping, height =1 350 mm
side-gripping, height = 750 mm
side-gripping, height = 400 mm
bottom-gripping, height =1 110 mm
bottom-gripping, height = 500 mm

- o a0 o ® oW < X

bottom-gripping, height = 150 mm

Z
Q

TE Vertical arrow bars refer to the 5thand the 95th percentile range.

Figure 100 — Maximum lifting strength of men and women in different gripping types and
heights at the 50" percentile

7.6.6.5 Limitations

Thie data are for the maximum force but not for the comfortable or continuous one. These meagurements
reyeal the gender-efféct but do not take account of ageing.

7.6.6.6 Application examples

Thie data,can be used when designing household appliances which need to be carried or lifted by users.
Comfortable lifting force is obtained between about a third and half of the maximum forcg given in
Table=33 (cpp 765 6)

7.6.6.7 References
— Data source: Reference [6];
— Cross-references in this document: 7.6.7;

— Other references: Reference [95].
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7.6.7 Lifting strength (effects of age and gender)

7.6.7.1 General
Lifting strength is affected not only by gender but also by age.

This subclause provides data of ageing effect on maximum lifting strength measured for Japanese
children, young people and older people both male and female.

7.6.7.2 Sampled population

Table 34 ghows the distribution of participants by age and sex. The number of participants depends|on
each of the measurement conditions taking account of the differences in stature. Detailed sampling was
taken for thildren to see a larger age-related change in childhood.

Table 34 — Participants of the lifting strength measurements

3 years old 4 years old 5 years old Young people Older people
Sex Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
Age (years) 3 3 4 4 5 5 19,5 20,5 79,5 77,8
Number o 16 30 34 25 28 24 19 4 4 28
participar]ts
Stature _ _ — — — —~ M6 | 1605 | — —
(average, ¢m)
Weight - — — — — = | 608 | 501 | — _
(average, kg)

7.6.7.3 [Methods and conditions of data collection

Lifting stfength was measured by a force measurement system designed for this measurement with a
flexible ripg. The ring was connected to a handle made by a pipe and the force applied to the handle dan
be measufed through the distortion of the ring. As Figure 101 shows, the handle was set to a specific
height andl the participant was asked to-lift the pipe handle upwards with both hands. The positior] of
feet was decided by the participant.

The height was set in steps of 20_om in the range of 20 cm to 80 cm for child participants, 40 cm|to
160 cm fof young participantsfand 60 cm to 100 cm for older participants.

Key
h  height of the handle to be lifted

Figure 101 — Method of measurements of two-handed lifting strength

7.6.7.4 Data
Figure 102 shows lifting strength data of Japanese people in 5 age groups at various heights of the handle.

A similar ageing effect occurs for men and women. In general, the force is maximum at youth and much
reduced with age. During childhood, the force is significantly increased with age for both male and female.
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Key
X | age groups
Y | lifting strength (kgf)
a | 3yearsold
b | 4yearsold
¢ | 5yearsield
d | youfig-people
e | ©lder people
A Theight=20cm
B height =40 cm
C  height=60cm
D  height=80cm
E  height=100 cm
F  height=120 cm
G  height=140 cm
H height=160 cm

Figure 102 — Lifting strength of Japanese men and women in childhood, youth and older age

© IS0 2021 - All rights reserved

151


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

7.6.7.5

Limitations

The data are only for maximum force not for comfortable use of force.

7.6.7.6

Application examples

The data can be used when designing household appliances which need to be carried or lifted by users.
Comfortable lifting force is obtained between about a third and half of the maximum force (see 7.6.5.6).

7.6.7.7
— Data

— Cross

References

ource: Reference [54];

Lreferences in this document: 7.6.6;

— Otherjreferences: Reference [95].

7.6.8 P

7.6.8.1

ishing force with two hands (ageing effect)

General

Pushing i one of the basic physical actions when a person opens or closes‘doors, for example. As ther¢

an ageing
force whe

This subc

7.6.8.2

People in

effect also in the pushing force, it is important to understand how the ageing affects push
h opening a heavy door such as an emergency exit.

ause provides data on pushing force with two handéfor different age groups.

Sampled population

different age groups from 20 to over 80 years were participated in the measurements. T

data werecollected from a total of about 750 people (about 360 men and 390 women) in the Netherlar
in 1995 and 1996.

7.6.8.3

Figure 10B illustrates a measuring(evice and scene used for measurements. The participant stood i

Methods and conditions of data-collection

front of the measuring device and adopted a free posture to exert maximum pushing force. The time
exerting fprce was limited to 3(s:
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Figure 103 — Method of measurements for pushing force with two hands
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Data on maximum pushing force with two hands are shown in Table 35 for men and women in different
age groups. Figure 104 also shows this together with standard deviations. Women exert less force than
men for all age groups, and an ageing effect was observed clearly for both men and women.

Table 35 — Pushing force with two hands for men and women in different age groups

Men Women
Agegroups | Nyumber of Mean Standard Number of Mean Standard
years participants, deviation, s | participants, deviation, s
n N N n N N
20-30 54 508 123 68 333 90
31-49 — — — — — —
50-54 35 459 131 35 307 70
55-59 46 485 107 49 294 122
60-64 44 424 88 53 288 76
65-69 50 409 111 51 250 66
70-74 59 361 74 62 230 71
75-79 36 349 103 37 219 57
80+ 33 295 87 34 165 44
Y
800
700
600 -
500 —i |
400 -
300 [
200
100- 5
oL
20-30  50-54  60-64 70-74 80+ X
31-49 55-59 65-69 75-79
Key
X | age group§ fyears)
Y | pushingferce (N)
A | men
B | ‘women

7.6.8.5 Limitations

Figure 104 — Pushing force with two hands for different age groups

The data show the maximum pushing forces with two hands but not the comfortable one. Comfortable

pushing force or maximum pushing force with one hand is lower than the presented data.
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7.6.8.6

Application examples

The data can be useful when designing products or equipment that need pushing such as doors,
shopping carts and cart bags with casters.

7.6.8.7

References

— Data source: Reference [97];

— Cross

— Otherreference: Reference [95].

7.6.9 P

7.6.9.1
Pulling is

an ageing
can exert,

This subc

7.6.9.2

People in

were colldcted from a total of about 750 people (about 360.11en and 390 women) in the Netherlandq i

1995 and

7.6.9.3

Figure 105p illustrates a measuring device and.scene used for the measurement. The participant stqg

in front o
The time
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-references in this document: 7.6.9;

1lling force with one hand (ageing effect)

General

pne of the basic physical actions when a person opens or closes doors, fer€xample. As thers
effect also in the pulling force, it is important to know how much foreea person of a given ¢

ause provides data on pulling force with one hand.

Sampled population

different age groups from 20 to over 80 years participated in the measurements. The d

1996.

Methods and conditions of data collection

I the measuring device and adopted-a free posture to exert his/her maximum pulling for
or exerting force was limited to'3.s.

b is
ge

hta

Figure 105 — Method of measurements of pulling force with one hand
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7.6.9.4 Data

Data on maximum pulling force with one hand are shown in Table 36 for men and women in different
age groups. Figure 106 also shows this together with standard deviations. Women can exert less force
than men for all age groups as in the case of pushing force. An ageing effect was also observed for both
men and women.

Table 36 — Pulling force with one hand for men and women in different age groups

Men Women
EE€BTOUPS | Number of Mean dSta!nd_ard Number of Mean Standard
years participants, eviation, s | participants, deviation, s
n N N n N N
20-30 55 349 73 68 240 56
31-49 — — — — + —
50-54 35 342 88 35 247 52
55-59 46 374 86 50 262 120
60-64 44 330 80 53 238 64
65-69 50 321 75 51 212 60
70-74 59 288 60 62 194 55
75-79 36 287 71 37 184 46
80+ 33 258 66 35 155 40
Y
800
700
600
500
400
300
200
100
0
20-30  50-54  60-64  70-74 80+ X
31-49 55-59 65-69 75-79
Key
X | age groups (years)
Y | pullingforce (N)
A | tren
B women

Figure 106 — Pulling force with one hand for men and women in different age groups

7.6.9.5 Limitations

The data show maximum pulling force with one hand. Comfortable pulling force with one hand is lower
than the presented data (see 7.6.5.6).
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7.6.9.6 Application examples

The data can be used when designing products or equipment e.g. household appliances that need to be
pulled or when loads or products have to be moved by one hand such as a drawer.

7.6.9.7 References
— Data source: Reference [97];

— Cross-references in this document: 7.6.8;

— Otherjreferences: Reference [95].
7.6.10 Plishing force with a finger (ageing effect)

7.6.10.1 [General

Pushing with a finger is one of the frequent actions used to operate home appliancésor other produgts
that need [fine handling. It is useful to know how much pushing force can be exerted by a finger and hpw
the pushing force is affected by ageing. For example, this information can be-ttsed in designing a pysh
button of power on/off in electric appliances or a control panel in elevators.

This subclause provides data on pushing force by the forefinger meastifed for Japanese people.

7.6.10.2 Sampled population

Data werq collected from 332 Japanese participants (196 mewand 136 women) aged from 20 to over|380
years. Distribution of the participants in age is presented ‘it Table 37.

7.6.10.3 Methods and conditions of data collection

The forefipger of the right hand was used in measuring finger force for pushing a button that was plaqed
on a horifontal and a vertical panel. Figute107 illustrates the measurement scene. The horizontal
and vertig¢al panel with the push-button were placed at the elbow height and at 30 cm in front of the
participant. The participants pushedtthe button while standing. The maximum pushing force was
measured.

a) Push-button on a horizontal panel b) Push-button on a vertical panel

Figure 107 — Methods for measuring pushing force with the forefinger

7.6.10.4 Data

Table 37 and Figure 108 show data on maximum pushing forces with the forefinger for men and
women in different age groups. Two data for the horizontal and the vertical push-button show no large
differences. Slightly less force is required for vertical push-buttons.
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An ageing effect is observed. Pushing force decreases particularly for older age groups.

Table 37 — Maximum pushing force with the forefinger for men and women in different age

groups
Horizontal push button Vertical push button
Men Women Men Women
Age
groups Stand- Stand- Stand- Stand-
Number of |Mean |ard devi- | Number of | Mean |ard devi-| Number of |Mean |ard devi- | Number of | Mean | ard devi-
years partici- ation,s | partici- ation, s partici- ation,s | partici- ation, s
pants, n N pants, n N pants, n N pants, n N
N N N N
21-30 5 36,0 21,35 9 41,8 12,84 5 37,2 15,92 9 440 11,96
31-40 20 47,2 20,44 5 38,6 8,99 20 43,2 15,57 5 371 8,92
41-50 15 37,3 13,81 7 29,4 10,29 15 38,8 16,87 7 28,p 59
3$1-60 13 49,5 56,37 11 50,6 31,95 12 44,8 | 38,19 10 45,p 31,6
1-70 87 45,5 28,59 70 37,0 27,07 85 41,0 27,81 71 33, 28,12
11-80 54 40,7 | 26,83 32 33,3 21,83 56 34,2 23428 32 26,p 17,24
1-90 2 24,0 8,33 2 33,3 0,98 2 19,1, 1,47 2 30,B 0,49
140 120
_ O A
140 100
g0 T
q0
I
1 LT
0 | | | 0 | |
21-30 41-50 61570 81-90 X 21-30 41-50 61-70 81-90 X
31-40 51-60 71-80 31-40 51-60 71-80
a) Horizontal push-button b) Vertical push-button
Key
X | age groups (years)
Y | pushingforce (N)
A | men
B | women

Figure 108 — Pushing force with the forefinger for men and women in different age groups

7.6.10.5 Limitations

The data was measured at the elbow height and can be affected by other heights. The data for different
heights of measurements are available at the NITE database (7.6.10.7). The data is based on the
maximum exerted force but not for comfortable or normally exerted force which is lower than the
maximum force. Pushing force with other finger or pushing with a few fingers is different. The present
data shows only the force exerted with the forefinger of the right hand which is most commonly used
in manipulating house appliances. The data for other fingers are also available at the NITE database
(72.6.10.7).
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7.6.10.6 Application examples

The present data can be used for designing controls or tools that need pushing with fingers. Small push-
buttons or push-buttons for operating an elevator are the most common examples. The information can
also be used in designing a push button used to power electric appliances on and off.

7.6.10.7 References

— Data source: Reference [78];
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references: none.
atic torque with two hands (ageing effect)

General

I'ce is required when people open and close packages like jars and-bottles with lids or 3
Hucts that needs rotation for handling. It is useful to know how @aurch torque a person d

equired for products to withstand the torque in use.

ause provides static torque by two hands of men and women for different age groups.

Sampled population

different age groups from 20 to over 80 years*participated in the measurements. The d
cted from a total of 750 people (about 360 men and 390 women) in the Netherlands in 19

ethods and conditions of data collection

illustrates a measuring device-for torque with two hands which simulates opening a j

ny
an
of

hta
95

jar-like bpttle. The participant stoodvin’ front of the measuring device and adopted a free postuyre

whether
7,5 cm, re

olding the jar or leavingrit'on a table. The diameter of the lid and the jar was 6,6 cm a
spectively. The participantwas asked to exert maximum torque force for 3 s.

nd
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Figure 109 — Method of measurement of static torque with two hands
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7.6.11.4 Data

Data on maximum torque with two hands are shown in Table 38 and Figure 110 for men and women
in different age groups. Figure 110 also shows standard deviations. Women can exert less torque force
than men at all age groups, and an ageing effect was observed for both men and women. The exerted

torque constantly decreases with age.

Table 38 — Maximum static torques with two hands for different age groups

oec orouns Men women
o Number of Mean Standard Number of Mean Skandard
years participants, n Nm deviation, s | participants, n Nm ddviation, s
20-30 55 8,7 2,2 68 5,6 1,4
31-49 — — — — — —
50-54 35 7,7 1,9 35 4,8 1,5
55-59 46 7,5 2,2 50 4,7 1,4
60-64 44 6,4 1,8 53 4,8 1,4
65-69 50 6,5 2,1 51 4,0 1,2
70-74 59 53 2,1 62 3,7 1,1
75-79 35 51 1,7 38 3,5 1,3
80+ 33 4,9 1,7 35 3,4 09
Y
12
10 H- oA
8 _‘|‘ T T m B
0 | Ny Y
4 1 I i
T ||| I 1|1|
i
20-30 50-54 60-64 70-74 80+ X
55-59 65-69 75- 79
Key
X | age groups (yearns)
Y | torque foree'(N)
A | men
B | women

rigure 11U — Maximuimi static torque withh two hands ifor dirierent age group

7.6.11.5 Limitations

The data show the maximum static torque with two hands. Comfortable torque is lower than the
presented data. The torque data cannot simply be applied to other lid diameters.

7.6.11.6 Application examples

The data can be applied to products that require torque with two-handed manipulation, e.g. one part
has to be turned relative to the other. Gender difference and age differences should be taken into
account in the application. For a torque for comfortable operation, about a third to half of the maximum
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torque can be applied. For continuous operation, about 15 % of the maximum force is generally adopted
(see 7.6.5.6).

7.6.11.7

References

— Data source: Reference [97];

— Cross

-references in this document: 7.6.12, 7.6.13;

— Other references: none.

7.6.12 TJ)rque and force for opening packages (effects of ageing and disabilities)
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General

force are required particularly for opening and closing packages and it is iniportant to kn

torque and force a person can exert to open packages used on a daily basis. The requiy
d force for people of different ages as well as for people with various types of physi
s should be identified.

ause presents practical data on the torque and force exerted by péople of different ages 4
rent types of physical disabilities to open various types of jars) It also presents data on {
ted by these same individuals in opening the tab of a washingpowder package. The packag
in this study represents that used for typical everyday pfoducts in the home.

Sampled population

ipants grouped by various physical disabilities. Total numbers of men and women in the
y age were 54 (31 and 23 for ages 61-70 and over 71 years, respectively) and 140 (31, 30,
ages 20-40, 41-50, 51-60, 61-70 and aover 71 years, respectively) respectively, and 88 peo
ed comprised the set in the group with physical disabilities.

ing six types of disabilities and ‘the number of people were represented in the sample:
hatic diseases (A): 30;
ble sclerosis (MS): 11;

hson's disease (PS):9;

— cereb
— one-

— one-

al palsy (CP}y'%
nded function (hemiplegia) (OHH): 20;
ndedfunction (amputation) (OHA):11.

OW
ed
cal

nd
he

ng

bf participants participated in the measurements: men and women in different age groups,

set
D8,
ble

7.6.12.3 Methods and conditions of data collection

A total of 8 different types of packages were used to measure the torque or force, as relevant, needed to
open the packages, as follows:

— one-li
— small
— small

— small

tre bottle (1LB);
jar with a smooth lid of diameter 73 mm (SLS = small lid, smooth);
jar with a knurled lid of diameter 73 mm (SLK = small lid, knurled);

jar with a deep lid of diameter 73 mm (SMD = small lid, deep);

— large jar with a smooth lid of diameter 85 mm (LLS = large lid, smooth);

160
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large jar with a knurled lid of diameter 85 mm (LLK =large lid, knurled);
large jar with a deep lid of diameter 85 mm (LLD = large lid, deep).
washing powder packet (WPP).

The participants were asked to open each of these packages with both maximum and comfortable
effort, and the torque and force required for that action were measured by a measuring device attached
to the package. In this subclause, only the maximum effort data are presented.

7.6.12.4 _Data

Fid

ure 111 and Figure 112 show the data for maximum torque or force, as relevant, for-the

pa
jan
Y2

Th
of

pa
gre

kaging for men and women, respectively, grouped by age. Torque was measured for the |
s and force was measured for the washing package. The unit for the latter is kgf.and is sho
Laxis.

e effect of age is clearly observed in the data for women. The measures show & peak at arou

Ckages. There is very little difference in the age data for men. The 60370 years olds exert
pater torque and force than do those 71 and over.

B types of
bottle and
wn on the

nd the age

11-50 years and decreases at younger and older ages. This ageing efféet applies for all thie types of

bomewhat

The level of torque largely depends on the types of packages for both men and women. Amagng the six

lid

mg

Ke

Y1

5 of different size and surface, the large lid with a knurled'surface (LLK) resulted in th
ximum torque.

e greatest

Bow N R

©lI

Y1 Y2
160 i
140 :
120 }
100 I —
80 ' D
60 TS T - T | T i ®mE
40 :
20 I
N |
1 2 3 4 5 6 7 8 X
4
type of package and lid 5 large lid, smooth (LLS)
torque (kgf-m x 10-2) 6 large lid, knurled (LLK)
force (kgf x 10-1) 7 largelid. deep (LLD)
one-litre bottle (1LB) 8  washing powder packet (WPP)
small lid, smooth (SLS) D 61-70years
small lid, knurled (SLK) E 71+years

small lid, deep (SLD)

Figure 111 — Static torque and force maximally exerted for opening packages of men in

different age groups
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Y1 Y2
160 :
140 i oA
120 | OB
100 | oC
80 Tl | mD
A0 I . E
6 Tt |
40 T4 T N I
20 :
o LT |

1 2 3 4 5 6 7 8 X

Key
X type of package and lid 1  one-litre bottle (1LB)
Y1 torqud (kgf-m x 10-2) 2 small lid, smooth (SLS)
Y2 force (kgf x 10-1) 3 small lid, knurled (SLK)
A 20-40|years 4  small lid, deep(SLD)
B 41-50|years 5 large lid, smiooth (LLS)
C 51-60years 6 large lid, knurled (LLK)
D 61-70years 7  largedid, deep (LLD)
E 71+ ydars 8  washing powder packet (WPP)
Figure/112 — Static torque and force maximally exerted for opening packages of women in
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3 shows the similar data but fopy people with physical disabilities. Six bars, represent
torque (or force) data for thesix types of disabilities, are shown for each package type. Amd

ss maximum torque than-people with other physical disabilities such as multiple sclero
rebral palsy (CS).

ed torque and force averaged over all the types of disabilities presented here are much 1

than for people with n¢ physical disabilities. Yet, the general trend for different types of packas
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torque reldtive to the other packaging types.
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ipants with disabilities, people with rheumatic diseases (A) and Parkinson's disease (FS)

Sis

PSS
res
pst
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7.6

Thl
w3
de

Y1 Y2

160 i

140 | OA

120 | OB

100 | oC
| =D
ol

X

type of package and lid

torque (kgf-m x 10-2)

force (kgf x 10°1)

rheumatic diseases = A

multiple sclerosis = MS

Parkinson's disease = PS

cerebral palsy = CP

one-handed function (hemiplegia) = OHH
one-handed function (amputation) = OHA

).12.5 Limitations

du

)N O U1 A W N

gure 113 — Static torques and force‘maximally exerted for opening packages for dif]
types of disabilities

e number of subjects for.éach age group and each disability is limited. The male participa
s limited to people.alder than 50 years, so the ageing effect across the life span cannot
monstrated for mén-~The pattern of results may or may not mirror the results for women.

sample sizexfor groups of people with disabilities is too small to make clear distinctions
didabilities type: However, the data do show that, in general, people with disabilities exert sig
lower amounts of torque/force than those without disabilities. This should, therefore, be ¢
ing the.design of packaging.

one-litre bottle (*LB)

small lid, smogth (SLS)

small lid, knurled (SLK)

small lid{deep (SLD)

large’lid, smooth (LLS)

large lid, knurled (LLK)

large lid, deep (LLD)

washing powder packet (WPP)

ferent of

nt sample
be clearly

based on
nificantly
onsidered

The data can be directly applied to the design of packages for ease of opening. In particular, the data are
useful for designing packaging that is more accessible for people with physical disabilities.

7.6.12.7 References

©lI

Data sources: References [50] and [51];

Cross-references in this document: 7.6.11, 7.6.13;

Other references: none.
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7.6.13 ]Jar opening (perceived effort, older women)

7.6.13.1

General

Jar opening is one of the most difficult activities with respect to packaging. This is particularly true for
older women who also have a physical disability affecting their hands. Testing the practical jar-opening
performance of these women who represent the worst-case scenario can provide us with insights that
can be utilized to increase accessibility of jars and other similar packages.

This subclause provides data on jar opening performance of older women aged over 80 years who have

disabilitiggnvoiving trand functiomn-

7.6.13.2

ampled population

Data wer¢ obtained from 18 women with a mean age 85,4 years (sd = 5,4 years). They. had hand yse

limitatio
7.6.13.3

The jar oy
Borg CR1
the torqusg
torque (M
the exper

The packj
shape (cir
resulted i

7.6.13.4

The mean
respectivy
combinati

Lid height
in the con
jar lid (thg

which were verified using a six-measure hand function assessment method1¥2l,

ethods and conditions of data collection

ening performance was measured as a perceived effort rating (RER), using the 0 to 10 po
scalel>2], where 10 means “strong almost maximal effort”. For the purpose of the experimg
needed to open the jar was set for each participant at 70 % of th€ir mean maximum volunts
TV), so as to minimize fatigue and discomfort for each participant over the repeated trials
ment. The MVT was measured a few times before testingfor each participant.

ging variables were lid diameter (28 mm and 42 fim), lid height (9 mm and 17 mm), {
cular and hexagonal), side shape (flat and convex)<nd texture (smooth and serrated) wh
n a total of 32 jars to be tested, based on all combinations of the variables.

Data

data for PER are shown in Figure 114 a) and b) for the lid diameters of 28 mm and 42 m
ly. The individual bars in Figurél14 a) and b) represent the PER data for each of the
ons of lid height, texture, top shape and side shape for each lid diameter.

is the most important factor (the taller the better). The least perceived effort was obsery
dition of the tall (17 mm) jieight, rough surface texture, hexagonal top and convex side sh{
rightmost bar in eachyfigure).

int
nt,

Iy
of

op
ch

ed
pe
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a) Lid diameter, 28 mm b)., Lid diameter, 42 mm
Key
X | type oflid and jar
Y | perceived effort rating (0-10)
A | lid height, 9 mm
B | lid height, 17 mm
a | smooth
b | rough
¢ | circular
d | hexagon
e | flat
f | convex

Figure 114 — Perceived effort rating for jar opening obtained from 18 older womern with
functional hand limitations

7.6.13.5 Limitations

The data_presented here are for the worst case (i.e. for older women with hand problems)| Different
regults would be likely to be obtained for other people who are different in age, gender or functional
capability.

7.6.13.6 Application examples

Designers of packages like jars should refer the data and implications presented in this subclause to
maximize the ease of opening of their packaging.

7.6.13.7 References

— Data source: Reference [112];

— Cross-references in this document: 7.6.11, 7.6.12;

— Other references: References [113] and [52].
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7.6.14 Upper extremity muscle strength (ageing effect)

7.6.14.1 General

Muscle strength of the upper limbs has a great impact on activities of daily life and on quality of life.
This subclause provides data on muscle strength for joint torque of a wrist, an elbow and a shoulder of
Japanese men and women as a function of age.

7.6.14.2 Sampled population

The data

80 years fpr each measurement of wrist, elbow and shoulder torque.

7.6.14.3 Methods and conditions of data collection

The musd
values. Th
dynamom
elbow ang
hand was

NOTE
against an
movement

were collected from about 400 Japanese men and 400 women ranging in age from 20

le strength data were defined as the gravity-compensated extremity joint torque (E
e EJT values were measured by isometric “make” tests in the sagittal plane With a hand-h
eter (HHD). Figure 115 a), b) and c) shows pictures of a measuring scere.for each of the wr

held on the chest.

The “make” test is a muscular strength testing method for measuring-the force exerted by individu
unmoving object such as a wall. Isometric means that the musclélength is kept constant without jg
during the testing.

a)| Wrist strength b) Elbow strength c) Shoulder strength
Figure 115 — Method of measurements for muscle strength of the upper extremity
7.6.14.4 Data

Tables 39
and 44 to
the elbow|

and 40 together with Figure 116, Tables 41 and 42 together with Figure 117, and Tables
betherwith Figure 118 show the data on joint torques for flexion and extension for the wr
and the shoulder, respectively. Joint torque of any kind measured and shown here has a sli

peak at thF young to middle age (30 to 50 years) and decreases with age above that. Large differences

to

T)
bld
st,

| shoulder muscle strength. The measurements were done with the(right hand while the left

als
int

43
st,
rht

in

torques are also tound between men and women 10T all the joint torques.

Table 39 — Torque data for wrist flexion for Japanese men and women for different age groups

Men Women
Age groups Standard Standard
Number of Mean deviation, s Number of Mean deviation, s

years participants, n Nm participants, n Nm

Nm Nm
20-29 36 9,9 3,6 33 5,4 2,1
30-39 43 10,9 4,4 33 5,6 2,2
40-49 39 10,9 4,4 30 6,0 2,4
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Table 39 (continued)

Men Women
Age groups Standard Standard
Number of Mean deviation, s Number of Mean deviation, s
years participants, n Nm participants, n Nm
Nm Nm
50-59 39 10,9 4.6 39 6,5 1,9
60-64 68 9,5 4,0 66 6,2 1,8
65-69 103 9,7 3,8 93 5,8 2,2
70-74 84 8,9 3,5 68 5,2 1,8
75-79 23 8,0 3,7 17 5,3 1,4
Table 40 — Torque data for wrist extension for Japanese men and women for different age groups
Men Women
Agegroups | Nymber of Mean Standard Number of Mean Standard
years participants, deviation, s participants; deviation, s
n Nm Nm n Nm Nm
20-29 36 91 2,4 30 5,6 1,5
30-39 43 10,1 3,4 33 6,0 1,7
40-49 40 99 3,0 30 6,2 1,8
50-59 40 9,5 3,0 40 6,8 1,6
60-64 70 8,4 2,5 67 6,1 1,9
65-69 101 8,9 25 89 6,1 1,9
70-74 87 8,0 2,4 69 5,3 1,6
75-79 19 8,0 2,5 16 5,0 1,4
Y1, _ Y2,
14 _ 14
12 12
M I M O
10 T 10 | | 1 A
8 — T 8 T OB
o LT . [ i
i) ; I 11
[\
5 1 5 2 1
0 502577 30-30  20-39  50-59 60-64 | 70-74 | 0 5026 30-30  40-49  50-59 60-64 1 70-74 X
65-69  75-79 65-69 |75-79
a) Wrist flexion b) Wrist extension

Key

X age groups (years)

Y1 wrist flexion torque (Nm)
Y2 wrist extension torque (Nm)
A  men

B women

Figure 116 — Torque data for wrist flexion and extension for Japanese men and women as a
function of age
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Table 41 — Torque data for elbow flexion for Japanese men and women for different age groups

Men Women
Age groups | Nymber of Mean Standard Number of Mean Standard
years participants, deviation, s | participants, deviation, s
n Nm Nm n Nm Nm
20-29 37 41,4 11,9 35 23,7 6,2
30-39 45 45,7 129 33 24,8 5,8
40-49 44 45,6 13,0 29 26,2 5,8
50-59 39 43,3 11,4 40 26,9 4,3
60-64 72 40,0 11,6 75 25,6 7,0
65-69 109 39,9 10,2 95 24,2 6,4
70-74 86 36,1 91 78 22,4 6,3
75-79 25 35,9 11,3 20 21,7 6,0
Table 42 — Torque data for elbow extension for Japanese men and women for different age groups
Men Women
Age groups Standard Standard
Number of Mean deviation, s Numberof Mean deviation|s
years participants, n Nm " | participants, n Nm
Nm Nm
20-29 34 24,6 79 33 12,0 3,7
30-39 35 25,3 7,2 32 12,7 2,9
40-44 33 25,8 7,2 28 14,2 4,5
50-59 33 22,9 6,9 39 13,8 2,5
60-64 62 22,5 74 66 13,0 3,4
65-69 96 22,2 6,6 94 12,8 3,9
70-74 74 21,1 59 68 12,4 3,8
75-79 21 19,4 53 19 11,6 4,2
Y1, Y2,
50 I I 50
10 ]L ]L ]l 1] ‘0 oA
30 j[ ' T T 30 —T I I 0B
oo 2 0 i J[{ ! {
o 10 'I' T {'I— {'r 'I'
0 039 30-39 40-49  50-59 250-6'4'65 6’9'7027'4'7'5179 %3029 30-30  40-19  50-59 'eoieki6'sl6'9'7'0-7%i75 o X
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a) Elbow flexion

b) Elbow extension
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Key

X age groups (years)

Y1 elbow flexion torque (Nm)
Y2 elbow extension torque (Nm)
A men

B women

Figure 117 — Torque data for elbow flexion and extension for Japanese men and women as a

fu“ ction of age

Taple 43 — Torque data for shoulder flexion for Japanese men and women for different age groups

Men Women
ABe8roups | nNymber of Mean Standard Number of Mean Standard

years participants, deviation, s | participants, deviation, s

n Nm Nm n Nm Nm
20-29 34 51,4 12,8 34 30,2 7,4
30-39 35 55,4 12,6 31 31,2 6,5
40-49 33 54,2 14,5 29 31,0 7,1
50-59 31 51,0 14,2 40 32,6 4,6
60-64 64 46,7 13,2 66 31,8 6,9
65-69 89 48,0 11,7 82 29,8 6,1
70-74 72 44,0 10,1 62 28,8 6,6
75-79 19 43,1 9,1 15 28,6 6,2

Table 44 — Torque data for shoulderextension for Japanese men and women for different

age groups
Men Women
A8egroups | nNymber of Mean Standard Number of Mean Standard
years participants, deviation, s | participants, deviation, s
n Nm Nm n Nm Nm
20-29 = 45,5 21,5 34 22,0 8,1
30-39 — 46,5 14,5 32 24,7 8,1
40-49 — 48,5 21,0 29 25,4 8,5
50-59 — 47,0 17,5 40 26,2 7,2
6064 — 41,0 17,5 70 21,7 7,4
65-69 — 39,0 15,0 93 20,7 8,0
70-7% — 34,0 TZ275 65 20,1 6,7
75-79 — 38,5 12,0 16 19,3 5,2
NOTE Data of shoulder extension for men were visually inspected from the original figure, and the number

of participants were unknown.
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Key
X  age (ygars)

Y1 shoulder flexion torque (forward elevation) (Nm)
Y2 shoulder extension torque (Nm)

A  men
B  womep

Figure 118 — Torque data for shoulder flexion and extension forJapanese men and women as a
function of age

7.6.14.5 [Limitations

The data fhow the maximum torque for the muscle strength of the wrist, elbow and shoulder but not
provide data for comfortable or continuous torque.

7.6.14.6 [Application examples

The data [can be used as basic data for designing and evaluating objects that involve movements| of
hands and arms.

7.6.14.7 [References
— Data $ource: Reference [Z8};
— Crosstreferences inthis’document: none;

— Otherfreferencesvnone.

8 Cognitive characteristics and capabilities

8.1 Overview of cognitive characteristics and capabilities

Cognitive characteristics and capabilities are those concerned with central information processing
in brain, such as directing attention to information, processing information, storing and recalling
information, which relate to human intellectual functions such as understanding, learning, language
and literacy. Cognitive performances decline with ageing in general. There are also various types of
disabilities in cognitive characteristics and capabilities caused by medical disorders or impairments in
brain functions. However, no clear dependency is observed for either gender or ethnicity.

Table 45 summarizes cognitive characteristics and capabilities with regard to effects of ageing and
disabilities. Due to the high degree of variability in the data in this cognitive science field, only data
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related to consistently observed effects are cited in this clause. More relevant information and data can
be found in scientific studies for each cognitive function, for example in References [83] and [98].

Table 45 — List of major sensory functions and effects of ageing and disabilities

Cognitive functions

Effects of ageing/disabilities

Attention

Selective attention

Affected (difficult to control)

Sharing attention

Affected (difficult to control)

Sulstaining attention

Reduced

Information processing

Prjocessing speed

Affected (slower)

Priocessing capacity

Affected (reduced)

Memory

Sejnsory memory Affected
Wprking memory (short-term memory) Affected (mostly)
Lgng-term memory Affected
Efisodic memory Affected
Infellect

Unjderstanding Abilityreduced
Learning Abilityreduced

Language and literacy

Minimal or not affected for age;

Affected for people with various cognitive d

sabilities

8.2 Attention

8.2.1.1 General

8.2

T™W
72
lev

.1.2 Sampled population

.2.1 Selective attention (selectivelistening, effect of age)

a dichotic selective listening task [i.e. different messages presented simultaneously to
ith the subject instructed to repeat the message presented to the designated ear (righ
Fformance errors increased as a function of age. Around the age of 60, the ability to correq
her of two messages declines markedly. Hence, in noisy listening conditions, older subje
re adversely affected by distractors than younger ones.

enty-five female participants each in age group 17-24, 25-32, 33-40, 41-48, 49-56, 57-61
were screened for normal health and hearing. Within each age group, the most common ecllucational

each ear,
[ or left)],
tly report
'ts can be

L and 65-

el'was high school graduate.

8.2.1.3 Methods and conditions of data collection

Twenty-four messages, consisting of letters or digits (0-9), were presented simultaneously at the rate
of two items per second, one message to each ear. Each message segment consisted of 16 letter/digit
pairs. One of the messages was preceded by a tone, which indicated that the subject should report items

that were subsequently presented to that ear.

The independent variable was the subject’s age. The dependent variable was the number of errors.

The participant's task was, after hearing the tone, to report all digits or letters heard in the relevant ear

im

©lI

mediately upon hearing them.
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8.2.14

Data

The ability to selectively attend to messages declined with age (probability and significance level, p <
0,001), particularly in the 60s (probability and significance level, p < 0,05). Significance was determined
by a multivariate analysis and Newman-Keuls analysis. Figure 119 shows the mean total error and
standard deviation as a function of age.

Other studies employing related tests of selective attention generally have shown that selective
attention ability begins to decline in the 60s.

In this st
the other
less so on

Key

X agegr
Y1 totale
Y2 stand3
A  mean
B  stand{

Figure 11

dy. other tests were administered to the same participants. The oldest group deviated from

Y1

90
80
70
60
50
40
30
20
10

bups (years)
rrors

rd deviation

rd deviation

b on portable rod-and-frame, group embedded figures and complex reaction time tests, ut
a simple choice reaction time test (Figure 120 and Figure 121).

,o———v”‘

17-24 33-40

25-32

7
\\“(/
| | | |
49-56 65-72
4148 57-64

Y2

60
40
20

00—

X

9 — Information-processing performance as a function of age — Selective attention test
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X | age groups (years)

Y1| degrees of deviation (portable rod-and-frame test)/misses (group embedded figures test)

Y2| standard deviation

A | mean (portable rod-and-frame test)
B | mean (group embedded figures test)
C

D

standard deviation (portable rod-and-frame test)
standard deviation (group embedded figures test)

Figure 120 — Information-processingperformance as a function of age — Portable rpd-and-
frame test and group embedded figures test
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mean [complex reaction)

A

B  mean [simple choice reaction)

C standqrd deviation (complex reaction)
D

standdrd deviation (simple choice reaction)

Figure[121 — Information-processing performance as a function of age — Complex reactiorn
time and simple choice reaction time

8.2.1.5 [Limitations

The limitjtions of the study include-that only females were tested, and the age range did not extgnd
beyond tHe age of 72. Nevertheless, there is no reason to assume that the observed trend would not
be replicadted with male patticipants. Similarly, there is no reason to assume that the obseryed
performance trend wouldmotcontinue if groups with participants older than 72 were tested. Althoygh
the study|involved an auditory task specifically, there is evidence from a variety of sources that the
same effeft occurs for'ather sensory-related tasks (particularly vision tasks).

8.2.1.6 [Application examples

Applying tHese results involves ensuring that products, systems and services designed for older adylts
avoid presenting extraneous mformation that distracts the user from the task they are attempting to
perform. If a person is trying to understand and follow a conversation, for example, other sources of
extraneous auditory information (e.g. background conversation from a television set) should be turned
off. Similarly, a website allowing people to place an order for a product online should not present
non-task-related animation (i.e. extraneous information) that would distract the user while they are
completing the data entry task involved in placing their order.

Persons with some cognitive disabilities can also have the same distractive effect from unrelated or
background noises, perhaps in a more pronounced form. Therefore, care should be taken in designing
products and applications for those individuals.
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8.2.1.7 References
— Data source: Reference [99];

— Cross-references in this document: none;

— Other references: References [57], [93] and [109].

8.2.2 Dual task performance (task complexity, ageing effect)

8.2.2. 1T Generat

Performance is generally better when individuals perform a single task rather than(when they are
required to divide their attention among multiple tasks. Additionally, performance,is generally better
for] simple tasks than for difficult or complex tasks under dual-task conditions. With respect| to ageing
effects, the extent of the performance decline for older adults under dual task-cenditions depends on
the¢ nature of the particular tasks being performed. While performance for ‘tasks that invdlve visual
atflention or reaction time tend to decline more markedly for older adults than younger|adults as
difficulty increases, task performance for tasks that involve meaningful, connected speech [decline at
approximately the same rate for younger and older adults.

Thlis subclause presents data for dual-task conditions which ¢dmnvolved recall of spoken| text (i.e.
semtences) and recognition of pictures as having been previously viewed or not previously viewed on a
computer screen.

8.2.2.2 Sampled population

Supjects were 25 young adults, aged 18 to 27 (meah.age = 20,3 years), and 25 older adults, age(d 60 to 78
(mlean age = 68,0 years). All had good hearing acliity.

8.2.2.3 Methods and conditions of data collection

In [the dual task condition, the participant was asked to recall all of the words in sentences verbally
pre¢sented at one of three different speech rates [140 words per minute (wpm), 182 wpm, and 280 wpm],
while simultaneously responding to pictures presented on computer screen, in terms of whether
th¢y had been previously viewed (i.e. old pictures) or not previously viewed (i.e. new pictuiles). The 3
diffferent speech rates of theysentences were designed to vary the difficulty of the sentence recall task.
In the single task condition, participants performed only the sentence recall task.

8.2.2.4 Data

Figure 122 shows that the sentence recall of both older and younger adults decreased under| dual task
conditions,‘relative to single task conditions, and the pattern of the decrease is similar for|older and
yolinger-adults. Figure 122 presents the experimental results showing a clear decline in the plercentage
of portectly recalled words by older people (but not younger people) as the speech rate incrgased. The
detline in the performance of older people with increasing speech rates is thought to reflect g cognitive
slowing of information processing, such that they need more time to process information presented at
fast rates.

)

It should be noted that additional similar studies by Tun, McCoy, and Wingfield[192] in which hearing
acuity, was also included as a grouping variable, indicated that poor hearing acuity decreased accuracy
in a primary word recall task, even though the words were presented at an intensity level that was
verified as audible by all participants. In addition, the effect was greatest for older adults with poor
hearing relative to the other groups. The authors explain the result in terms of the greater mental effort
required for older adults with hearing impairments to perceptually identify the words, resulting in less
capacity available for the performing the task(s).
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B youngf dual-task
C elderly: single-task
D elderly: dual-task

Figure 122 — Percentage of words correctly:recalled from sentences as a function of age, task
difficulty (i.e. words per minute) and single vs. dual task conditions

8.2.2.5 [Limitations

This patté¢rn of results is typical(of studies in which the task involves meaningful connected speefh,
However, [in studies in which(the task performance measured involves reaction time or visual [as
opposed fo auditory) attention, older adults show a greater decline than younger adults under dpal
task condjitions as difficulty increases. Thus, designers should consider the nature of the tasks to|be
performedl when applying’'the results.

8.2.2.6 [Applicatien examples

Designerd shiould not ask users to perform two tasks simultaneously unless they are simple ones. This
is especiallytrue for older adults. The higher the level of difficulty of the task of interest, the maore
important it is for tasks to be performed one at a time. Designers should also consider the particular
task involved when determining whether two tasks can be performed simultaneously. Performance for
tasks involving meaningful speech can be less affected for older adults under dual task conditions than
tasks that require other types of performance (visual information processing or fast reaction times).
However, designers should keep in mind that older adults with hearing impairments can be especially
burdened by speech-related tasks under dual-task conditions, even if attempts are made to ensure
audibility of the speech, due to the mental effort required to identify the words.

8.2.2.7 References

— Data sources: References [104] and [10

2];

176 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=de634369b995e534e6b2cde905ed722d

ISO/TR 22411:2021(E)

Cross-references in this document: 6.3.1, 8.2.3;

Other references: References [55], [96], [103] and [68].

8.2.3 Memory under dual task conditions (effects of dual tasks and ageing)

8.2.3.1 General

The tasks of memorizing information require attention and processing capacity. Therefore, performance
of tasks involving memory can be adversely affected when other tasks, not directly related to the

mq
pr

mory task, need to be performed at the same time. Doing this requires additional atte
hcessing capacity.

Thiis subclause presents data from younger and older people, showing how memory task pet
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\ffected by the simultaneous performance of other non-related tasks.

.3.2 Sampled population

otal of 56 young (34 male and 22 female) people and 56 older peeple (35 male and 2
Fticipated in the experiment. Young people ranged in age from 15-t6°35 years with mean
1 years and 21,7 years for males and for females, respectively. Older people ranged in age f
with mean values of 67,4 years and 66,0 years for males andforfemales, respectively.

.3.3 Methods and conditions of data collection

ure 123 shows the experimental procedure. The participant was asked to memorize 5
Inbers sequentially presented on a screen for 1 sgach in every 3 s and to recall all 5 number
ring the 3 s interval, the participant was askedto'do a task (distraction) inputting a one-dig

the same one-digit number as display€d on the screen to memorize;

the one-digit number subtracted the given number from 9, i.e. “2” in case of “7”;
any one-digit number read out from a 5-digit number printed on a separate card;
any one-digit number taken from the date (day and month) of the experiment.

fore and after these task-associated trials, a control trial with no task was carried out at the
1 the end of trials:

The dependentniedsure is the accuracy of memory recall of the 5 digits presented sequentiall

co

nditions with'different input tasks.

ntion and

formance

1 female)
values of
rom 60 to

one-digit
s verbally.
it number

mouse-clicking on a separate device. The task differs in each trial according to the following:

beginning

[y for the 4
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Key

1s 3s 1s 3s 1s 3s 1s 3s 1s 3s

start sfgnal (0,3 s prior)

input fask using a mouse

memofy recall of all 5 one-digit numbers presented sequentially

8.2.3.4 [ata

a
b  one-digit number presentation on a screen
c
d

Figure 123 — Experimental procedure for memory with input tasks

Figure 124 shows how the digit recall accuracy was affegted by the distractive tasks. The accurgcy
is the perfentage of correct recall for each of the 15t ta;5th presentations of repeated trials. For oldler
adults, performance was negatively affected by the\subtraction, card reading and date input typing
tasks. In gontrast, any typing task condition had little or no effect on the digit recall performance of the

younger adults.
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Y | percentage of correct memory recall
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B | input of the same one-digit number as presented
C | input a digit subtracted from 9
D | inputofa digitin a printed card
E | input of a digit taken from a date
F | no task (as a control at the end)
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Figure 124 — Percentage of correct recalling of five numbers consecutively presente
distractive tasks in between

.3.5 Limitations

e present results are task-specifi¢. For different tasks, the recall accuracy is affected d
wever, difficult distractive tasks can affect performance for a memory task, and the effe
nounced in older people than'in young people.

.3.6 Application examples

s not appropriatefor older people to have imposed on them different non-related tasks du

pe
in

Fforming a prifnary task involving memorization. When watching several screens or displa
rmation frofir a previous screen or display is needed to understand the current screen

d with

ifferently.
Ct is more

ring while
ys and the
br display,

it ghould be avoided to interrupt a person, especially an older person, who is engaged in the task by

inffroducing hew information or asking him/her to do something else.

8.2.3.7 References

©lI

Data source: Reference [77];
Cross-references in this document: 8.2.2;

Other references: none.
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8.3 Information processing
8.3.1 Processing speed and capacity

8.3.1.1 General

Age differences in cognitive task performance, to a large degree, are caused by a decline in working

memory capacity and expressed through a reduced information processing speed.

Generally, performance of learned mental tasks and skills take longer than they would for younger

people. Similarly, older people can acquire new knowledge and master new sKkills, but doing so requi
more tim¢ than it does for younger people.

This subclause presents data demonstrating how processing speed decreases with age.

8.3.1.2 [Sampled population

Adults ranging in age from 20 to 90, grouped in 10-year increments (20-29, 3039, etc.) comprig
the sample. The number of subjects in each group ranged from 40-54, exceptfor the eldest group (|
80-89), wihich contained only 23 individuals.

8.3.1.3 [Methods and conditions of data collection

Subjects were asked to complete a variety of pencil-and-paper tasks and memory tests over the cou
of a 3-day|period. Three of those tasks were designed to assess.changes in processing speed.

In the dig{t-symbol task, subjects were presented with 9 geemetric figures, each assigned a digit (1
They wer¢ then presented with a series of random digits\(1=9) and asked to copy the symbol associat
with each digit as fast as possible onto a scoring sheet. The dependent measure was the number
digits synjbols correctly copied in 90 s.

In the letfer comparison task, subjects were presented with pairs of letter strings, three, six, or n
characterg in length, and asked to judge whether the strings in the pair were the same or different. T
dependenf measure was the total number.of correct decisions made in three, 30 s trials (one trial
pairs of egch string length).

Similarly, fin the pattern comparison-task, subjects were presented with pairs of geometric figures, 4
asked to judge if they were the-same or different. The pairs were figures with 3, 6 or 9 line-segmer
The depenpdent measure was®he'number of correct decisions made in each of three, 30 s trials (one tr
ine segment condition).

8.3.1.4 [ata
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Z-scores. Figidré 125 shows that processing speed decreased in a linear fashion with age, for all th
tasks. As|dge increased, the number of items that were completed in 90 s in the digit-symbol t

Participant data~for each of the three dependent measures were normalized by transformation ifto

ee
sk

decreased, as did the number of correct pattern and letter comparisons that were made in a 30 s period.
This cognitive slowing is presumed to occur at all stages of information processing. It also 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.
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Figure 125 — Processing speed as a function of age

.1.5 Limitations

hough the data show a general decrease inZprocessing speed (i.e. an increase in task pef

tinhe) with age, the absolute amount of the“decrease cannot be determined because it dep

va
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tag
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riety of other factors, including the subjeet’s skill level, and the nature of the particular task

.1.6 Application examples

cause the changes in processing speed are large as age increases, even for the simple task
this study, product and application developers are best served by not imposing time limi
ks, in order to ensure that users of any age have sufficient time to complete those tasks su
n application requires/such limits, developers should set the limits high enough so that all
mplete the tasks-in-the allotted time frames. For a given product or application, testing
nducted with uSers representing a broad age range, to verify that the set limits are appropi

fewise, learning and instructional material designers can take into account the changes in

1 testing for older users who can require more time to complete learning tasks.

formance
ends on a
involved.

5 involved
LS on user
ccessfully.
users can
should be
iate.

rocessing

bed thatioecur with age, and ensure that appropriate amounts of time are provided durinig training
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Data sources: References [81] and [61];
Cross-references in this document: none;

Other references: Reference [53].
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8.4 Memory
8.4.1 Effects of ageing and cognitive disabilities on memory

8.4.1.1 General

Ageing is accompanied by a reduction in processing capacity. All forms of memory generally decrease
as a function of age for nearly everyone. This memory decline accelerates after the age of about 75.
Working memory seems to be most strongly affected by the process of ageing. The decline of working
memory is believed to affect pprfnrmnnr‘p in many tasks such as rpr‘:ﬂling information_informatjon
processing, language fluency and understanding grammatical complexity as well as under multi*task
performapce conditions.

However, [nemory for vocabulary does not show evidence of a decline with age. It increases with 3ge
until at legst age 80.

[

Certain c¢gnitive impairments and medical conditions have similar effects (to ageing) on memory] In
addition, people with cognitive impairments often have difficulties remembering.the exact sequencing
of multi-step procedures or lose their orientation in a long sequence of steps. They rely more heavily|on
external hemory aids and have problems holding a large amount of information in working memdry.
It should plso be noted that the vocabulary memory increasing with agée«for adults without cognitjve
impairmepts does not necessarily apply to people with cognitive impairments, especially learning
disabilitigs. These people can have significant difficulties with the language acquisition and vocabulary
retention,

8.4.1.2 [Sampled population

Adults ramging in age from 20 to 90, grouped in 10-yeariincrements (20-29, 30-39, etc.) composed the
sample. The number of subjects in each group rangeddrom 40-54, except for the eldest group (i.e. §0-
89), which contained only 23 individuals.

8.4.1.3 ethods and conditions of data. collection

Subjects dompleted several pencil-and-paper tasks and memory tests over a 3-day period. Memory for
vocabulary was measured through the WAIS-R vocabulary test, and the vocabulary section of the Ship|ey
Institute ¢f Living Scalel11e], Two tasks measuring recall memory were also completed. In the free redall
task, two [ists of 25 words (each centaining 5 words each from 5 semantic categories) were generatged.
The wordp on each list were-then presented individuals for 5 s each. After the list was presented, the
subjects wWere then asked te retall as many words as possible, in any order. The dependent measure was
the total number of words recalled for each list. In the cued recall task, participants received two lists
of 22 word pairs; one word of each pair was the “cue” presented in small letters, and had an associat{on
with the tiarget wordy which was presented simultaneously in capital letters. Each of the 22 pairs for a
given list [was presented for 5 s. After that, each “cue” word was presented alone, and the subject Had
8 s to write dewn the target word associated with it. The dependent measure was the number of target
words redalled for each list.

Three tasks/tests were designed to measure working memory specifically. The backward digit span
subscale of the WAIS-R[108] was administered, and subjects completed a reading span task and a
computation span task. The latter two tasks were adapted from Reference [90]. In the reading span
task, subjects read a series of sentences aloud, and answered a simple question about each sentence.
At the same time, they were instructed to remember the last word in the sentence just presented, and
hold this in their memory, along with the last words from previously presented sentences. The number
of words to be held in memory (set size) was varied from 1 to 7 (i.e. from the last word from only one
previously presented sentence to the last word from 7 previously presented sentences.). Three trials
were conducted at each set size. A trial was terminated after three consecutive errors. The reading
span score was the total number of trials in which both recall of the “last word” and answers to the
questions were correct up until the point at which the task was terminated.
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Similarly, in the computation span task, subjects saw a simple mathematical equation on a screen (e.g.
7 + 6 =7),and were given three possible answers, from which they were to select the correct answer. At
the same time, they were asked to hold in their memory the final digit in the equation. After viewing/
solving a series of equations, they were asked to recall the series of final digits. The set size, number of
trials, and scoring were the same as for the reading span task.

8.4.1.4 Data

All data were normalized by transformation into Z-scores. The results of the testing are shown
in Figure 126. Panel a) shows that performance on both free recall and cued recall tasks decreased
stdadily with age, with an acceleration in the decline after age 70. Interestingly, panel b) shows that
mgmory for vocabulary shows small but steady increases with age, and no significant decline in the
older age groups. Finally, the three tasks assessing working memory showed steady declined with age,
anfl an acceleration in the level of decline in the older age groups.

Y Y Y
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G
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a) Memory b) Vocabulary c¢) Working memory
Key
age by decade
Z-score

free recall

cued recall

WAIS-R vocabulary
shipley vocabulary
computation span
reading span

QMmoo o0 w > < X

backward digit'span

Figure 126 — Memory changes as a function of age

8.4.1.5 Limitations

The data provide a general picture of how several different types of memory change with increasing
age, and do not provide specific numbers for design. However, for tasks that place demands on working
memory, the results are generalizable.

8.4.1.6 Application examples

Because vocabulary memory is just as good, if not better, as people age, the same vocabulary can be
used for older and younger adults in applications and products. However, as noted previously, if an
application or product is expected to be used by people with cognitive disabilities, whose vocabulary
and vocabulary memory can be limited in various ways, the use of simple vocabularies is recommended
(e.g. “big” instead of “gigantic”, “home” instead of “residence).
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However, with respect to working memory tasks, it possible for younger adults to be able to maintain
5 to 9 items of information in working memory at one time, but 3 to 5 only for older adults, for later
recall. Thus, applications that require people to maintain bits of information in working memory (for
later recall and use) should limit the number of items that need to be maintained in working memory,
so all users can effectively use the application. For example, a voice menu delivered as part of a banking
application over the telephone gives people the choice to "make a deposit", "make a withdrawal", "get
their account balance" or "other". Although the bank can offer many additional services, it limits the
ones offered by any given menu to less than 5, so that all users can remember all the options presented

and effectively make their selection.

Additionatty,ttispreferabtetotimitthetoad—omworkingmemory,—wierepossibte; by usimg—~vispal

presentatjons of menus, so that users do not have to remember the information items at all (i:e.\the
options pe¢rsist on the display until the user makes a selection).

8.4.1.7 |[References
— Data $ources: References [81] and [61];
— Crosstreferences in this document: 8.5.1;

— Otherfreferences: Reference [53].
8.5 Larguage and literacy
8.5.1 Language use (ageing effects)

8.5.1.1 [General

As noted |n 8.4.1.4, older adults gain steadily in vocabilary and vocabulary memory throughout their
lives. Thus, it also makes sense that their languageuse would improve over time and with experienice.
Two studies have shown that this does occur in seme tasks, and dramatically so. This subclause repofts
the resultp of four studies employing crossword puzzles that demonstrate these effects.

8.5.1.2 [Sampled population

Seven grdups of participants, grouped by age (20s, 30s, 40s, 70s), who regularly worked crosswqgrd
puzzles wiere recruited for each.of-the studies. Between 195 and 218 adults participated in each of the
studies.

8.5.1.3 [Methods and‘conditions of data collection

Participants wereasked to spend 15 min attempting to solve a crossword puzzle taken from the New
York Timgs. The-dependent measure was the number of words correctly completed in 15 min.

8.5.1.4 ata

The results of all 4 studies showed surprising similar results. The number of words completed in
15 min increased steadily across the age groups. For the youngest group in their 20s, the number of
words completed ranged from approximately 16 to 21. Participants in their 40s completed between
approximately 34 and 45 words. Finally, people in their 60s completed 42-56 words in 15 min, which
was also approximately the same range as for those in their 70s.

8.5.1.5 Limitations

This study can be considered to involve a best-case scenario in which the participants in all groups
had experience with crossword puzzles, and the task was specifically about solving crossword puzzles.
This sort of improvement can be generalizable across other, similar language-related tasks for which
people have experience. Howwever, it is possible that it would not apply to other types of tasks.
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8.5.1.6 Application examples

The data suggest that people can improve across the life span in at least some language-related skills
that they have routine experience applying. There is no need to make special age-related design
accommodations for these types of tasks.

8.5.1.7 References

— Data sources: References [60] and [89];
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—| Other references: none.
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Annex A
(informative)

Additional textual descriptions of figures

This annex is intended to provide textual descriptions of information which is presented in the figures
of the mafn body of the document In a pure visual way and not verbally explained there. It 1s intended
support persons who have problems to retrieve or understand the visual information from graph, bar
and chart|diagrams, scatter charts or other types of visual presentations and illustrations. It is'the gpal
to provid¢ all readers of this document the same quality of data information, even if they.cahnot gee
the figuregs or have problems estimating values from them. Therefore, this annex is mugh ' more thah a
collection|of simple figure captions.

In many ¢ases, where a textual description of graphs or scatter charts would¢b& very long, simple
tables of the data are provided which save space and are easy to use even by sereen reader (electropic
version of/the document). Data provided for this purpose are taken from theoriginal but the number of
significanf figures is rounded down to the level sufficient to provide an image of the graphs. In case the
original dpta are not available, data are taken from the figures by visual inspection and tabulated.

This annex provides additional, but not full, textual information fey'each figure in the main document.
It cannot pe understood without reading the text in the corresponding clause. For example, this annex
first shows the text associated with a figure, and below its additional description. Hyperlinks to the
main docyment support easy reading without searching.

Descriptiye texts as provided in this annex should notibe mistaken with so called "alternative texjts"
which arelhidden, very short texts in electric documénts such as pdf providing blind persons or persqns
with low fision with information about the function or content of figures or icons, e.g. when using a
screen redder.

This apprjoach of descriptive texts is notintended to become a standard form for other documents
of differept types. Still, this annex can bea reminder of the necessity to provide all relevant visuglly
presented information also in text form'to address the needs of all readers.

NOTE A data point in a two-dimenssional diagram is expressed as (a, b) in this annex where a and b mean fhe
X-axis (hoifizontal) coordinate and the Y-axis (vertical) coordinate, respectively.
Figure 1: Two approachestoaddress accessibilityin standards described in ISO/IEC Guide 71:2014

Visualizatfion of the tekt-above and below the figure about the structure of ISO/IEC Guide 71:2014.

Figure 2:[Spectral'sensitivity curves of the human eye for seven age groups from 11 to 78 years
A diagranp with'X-axis for wavelength (nm) from 350 to 750 nm and Y-axis for the relative sensitivjity
logarithmii om 0,00 0 he diagram provides seven lines, each presenting an age decade. The

parabolic lines start at a wavelength of about 420 nm with a maximum at a Wavelegth of about 550 nm,
ending at a wavelength of 700 nm.

Curves start at a sensitivity of 0,006 for people in their 70s and 0,05 for people in their 10s, the other
curves have equally spaced starting points in the order of age. The maximum relative sensitivity for all
curves is about 1. All curves end with a sensitivity between 0,005 and 0,008 at 700 nm. The curves cross
at peak wavelength of about 550 nm to have a reverse order in longer wavelength region than 550 nm
but the differences are negligible. The curves for people in their 10s and in their 70s are denoted as A
and B, respectively, for clarification.

Figure 3: An application of spectral sensitivity for calculating contrast of a coloured sign
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Sign presenting the word "ISO". The diagram below shows two lines of radiance distribution in a range
from 375 to 725 nm wavelength (X-axis) and spectral radiance of 0,000 0 to 0,002 0 watt/m?2 (Y-axis).

Parabolic line labelled “a” shows the radiance distribution of a blue letter starting at (375 nm,
0,000 0 watt/m?) with a maximum at (450 nm, 0,008 5 watt/m?), ending to nearly zero at 575 nm. A line
labelled “b” shows the radiance of a dark yellow background starting at (480 nm, 0,000 0 watt/m?) with
a steep maximum at (630 nm, 0,000 75 watt/m?2) and a smaller steep peak at (710 nm, 0,000 6 watt/
m?2), ending to nearly zero at 725 nm.

Two illustrations to visualize the results for calculation of contrast for an observer in his/her 20s and in
hi_/hnr 70s Eachillustrationconsistsofthree bhars prncanfing theluminance of a dark yn"nmr ba kground’

of 4 blue letter and of a dark yellow background. The values are given in the key of this figure:

Figure 4: Measurements of colour similarity and definition of colour category (in case of red
fundamental colour)

Figure 4 a) is a visualization of the experimental procedure described in the text-above the f]gure. The
our red is selected from the 13 fundamental colours and the colour dark-yellow is selected from the

Figure 4 b) shows an example of results (the contour map) of the procédure for the red fundamental
colour in the Munsell value 5 plane classified into four categories of different similarity (see [key of the

Figure 5: Spans of fundamental colours for young people@at photopic level (50 % similarity level)

Colour category data for young people, older people, people with defective colour vision and p¢ople with

vision are presented in Figures 5 to 8, respectively. Each figure consists of data at four different
lightness levels in the Munsell colour space of values'9, 7, 5 and 3 presented from top to the pbottom of
eath figure (see keys of the figures). The size and shape of the spans differ for types of colqur vision,
i.e{ young people, older people, people with défective colour vision or people low vision, and also for
fupdamental colours.

re are a total of 13 fundamental colgurs in each figure, and a span of a fundamental colour is shown
for] each fundamental colour in four-cross-sections along with Munsell value axis (lightness akis) as the
in forms a three-dimensional space like a small rugby ball distributed in the colour space.

Z g

bure 6: Spans of fundamental colours for older people at photopic level (50 % similarity level)
Seg¢ above description of Kigure 5.

Figure 7: Spans of fundamental colours for people with defective colour vision at photppic level
(59 % similarity level)

See above description of Figure 5 a) protanope and b) deuteranope.

Figure 8:*Spans of fundamental colours for people with low vision at photopic leviel (50 %
sitpilarity level)

ot

See above description of Figure 5.
Figure 9: Example of colour combination for older people under photopic condition

Visualization of the text above the figure. The figure shows one colour circle at the value 5 plane with
spans of five fundamental colours (yellow-red, green-yellow, blue-green, purple-blue and red-purple)
used for colouring five lines of a traffic network which is shown at the right side to the colour circle.

Figure 10: Span of fundamental colour “red (reference 5R5/12)” for young people at photopic
vision (moderately bright level) measured in six countries (50 % similarity level)
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The figure shows a matrix of colour circles with contour map for the Munsell values 9, 7, 5 and 3
(horizontal or in rows) and the countries 1: Japan, 2: USA, 3: Germany, 4: Republic of Korea, 5: Thailand
and 6: China (vertical or in columns) for young people.

Figure 11: Span of fundamental colour “red (reference 5R5/12)” for older people at photopic
vision (moderately bright level) measured in six countries (50 % similarity level)

See above description of Figure 10, but for older people.

Figure 12: Contrast sensitivity function plotted on the spatial frequency vs. contrast plane

An illustrytion of a diagram with vertical axis ranging from high contrast (bottom) to Iow contrast,(t

and with

horizontal axis ranging from low (left) to high (right) spatial frequency. Six circles are(plag

in a matrik of two rows and three columns in the spatial frequency vs. contrast domain. The salid-circ
present visible and the dashed circles (left upper and right upper location) present invisible.parts. '
grating de¢tection borderline starts at approximately 80 % of contrast at low spatial frequency a
closes thelfvisible parts ending at approximately 65 % of contrast at high spatial frequerdy. Its maximyi
is at appr¢ximately 15 % of contrast at the middle range of spatial frequency.

Figure 13: Contrast sensitivity function of human visual system for young\people, older peoj
and peo:[e with low vision

A diagra

with X-axis for spatial frequency logarithmic from 0,01 cycleS)per degree (cpd) to 100 g

and Y-axig for contrast at threshold logarithmic from 100 % (bottom)t6 0,1 % (top).

The diagram shows three curves for young, older and low visionjpé€ople.

Nearly pafrabolic graph a is for young people starting at (0,07 cpd, 12 %) with a maximum at ab

(3cpd, 0,

% %) ending at (30 cpd, 100 %).

Nearly pafabolic graph b for older people starting at (0,08 cpd, 12 %) with a maximum at (2 cpd, 1
ending at |20 cpd, 100 %).

Nearly pafabolic graph c for people with low vigion starting at about (0,01 cpd, 100 %) with a maximy

at (0,6 cp
The visib

d, 6 %) ending at (3 cpd, 100 %).

le range at 10 % contrast is from-0,08 cpd to 20 cpd, from 0,09 cpd to 10 cpd, and from 0,1 ¢

to 1,0 cpd|for younger people, older,people, and people with low vision respectively.

Figure 14: Character on a grey background with variable contrast

Visualizatjion of the text above’showing a character "A" with four different contrasts.

Figure 13: Legibility of simple characters of seven different font sizes with positive polarity a

function

Two diag
0,1 % to
showing
fromA, 1

pf contrast

jams, aJfor young people and b) for older people, with X-axis for contrast (%) logarithmic fr
10090 and Y-axis for legibility evaluation score from 0 to 5 with 7 curves for each diagr

p)
ed

les
he
nd
m

ble

pd

but

/0)

pd

he“data in the following two data tables. The Y-axis data are given for 7 different font siz.

60 ptto G, 8 pt.

In Table A.1, the data of the two diagrams are shown combined.

Table A.1 — Legibility of simple characters of seven different font sizes with positive polarity as

a function of contrast

Y: A,)Y: B,|Y: C,|Y: D,|Y: E,Y: F,|Y:G,8|Y: A,|Y: B,|Y: C,|Y: D,|Y: E,|]Y: F|Y:G 8
X (%) 160 pt|80 pt |40 pt |28 pt |18 pt |12 pt |pt 160 pt|80 pt |40 pt |28 pt |18 pt |12 pt |pt

young|young|young |young|young|young|young|older |older |older |older |older |older |older

0351 00 | 00 ] — | — | — | — | — o0 | — | = = =] =1 =
0,76 0,2 0,1 0,0 0,0 — — — 0,1 0,0 0,0 — — — —
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Table A.1 (continued)

Y: A,|Y: B,|Y: C,|Y: D,|Y: E,|Y: F,|Y:G,8|Y: A,Y: B,|Y: C,|]Y: D,|Y: E,|]Y: F|Y:G 8
X (%) 160 pt|80 pt |40 pt |28 pt |18 pt |12 pt |pt 160 pt|80 pt |40 pt |28 pt |18 pt |12 pt |pt

young|young|young young | young|young|young|older |older |older |older |older |older |older
1,5 0,7 0,3 0,1 0,1 0,0 0,0 — 0,5 0,2 0,0 0,0 — — —

29 1,2 1,0 0,6 0,6 0,3 0,0 — 1,3 09 0,3 0,1 0,0
5,0 1,6 1,5 1,1 1,1 0,8 0,3 0,0 2,1 1,6 0,8 0,3 0,1

8,2 2,0 2,0 1,6 1,6 1,3 0,8 0,1 2,6 2,1 1,3 0,8 0,3 0,0 —
[ 2 2,3 2,4 2,1 2,1 1,6 09 0,2 2,8 2,4 1,7 1,3 0,6 0,p —
17 2,6 2,7 2,3 2,3 2,0 1,4 0,5 3,2 2,7 2,2 1,7 1,0 o,L 0,0
P4 3,0 3,2 2,9 2,9 2,4 19 0,8 3,5 3,3 2,5 2,1 1,4 0,B 0,1
B4 3,5 3,5 3,3 3,3 2,9 2,4 1,2 39 3,5 2,9 2,6 1,8 0,p 0,1
9 4,0 4,0 3,8 3,8 3,4 2,8 1,6 4,2 4,0 3,5 3yl 2,3 0,p 0,3
/0 4,6 4,6 4,3 4,3 4,0 3,3 2,1 4,7 4,5 4,0 3,5 3,0 1,B 0,5

100 50 4,9 4,7 4,7 4,4 3,8 2,8 4,8 4,8 44 3,8 3,3 2,p 1,1

Figure 16: Map of legibility level as a function of font §ize (in pt) and contrast for simple
chpracters for young and older people.

et

Two diagrams, a) for young people and b) for older people, with X-axis for font size (pt) ldgarithmic
frdgm 1 point to 1 000 points and Y-axis for contrast(%) logarithmic from 0,1 % to 100 % [with data
pojnts as shown in Table A.2. The data are for 6 different legibility levels labelled level 0 to ldvel 5. The
siZe vs contrast plane is separated to 6 zones by those data and coloured differently with a grgy scale in
the¢ diagram. White dot at font size 18 pt with 40 % contrast is in both diagrams.

In [Fable A.2, the data of the two diagrams.are shown combined.

Table A.2 — Legibility level asafunction of font size and contrast for simple characters for
young and older people

Y: level | Y: level | Y: l€vel| Y: level | Y: level | Y: level | Y: level | Y: level | Y: level | Y: level | Y: level | Y: level

XlI(pt) | 0(%) | 1 (%) | 2(%) | 3(%) | 4(%) | 5(%) | 0(%) | 1 (%) | 2 (%) | 3 (%) | 4 (%) | 5 (%)
young | young(| young | young | young | young | older | older | older | older | older | older
8 11 52 — — — — 26 94 — — — —
12 6,9 28 63,8 — — — 15 54 98,1 — — —
18 2,8 12 25,3 55 — — 6,1 17 39,3 70 — —
28 252 6,2 16,6 37 72 — 2,6 9,4 22,0 46 — —
40 1,2 4,5 11,3 27 57 — 2,2 6,2 14,5 36 69 —

80 0,63 2,8 8,5 21 49 99 1,2 31 7,6 20 50 100
160 0,59 2,2 8,4 24 48 90 0,59 2,2 8,4 24 48 90

Figure 17: Visual acuity as a function of viewing distance for seven age groups

A diagram with X-axis for viewing distance (m) logarithmic from 0,1 m to 10 m and Y-axis for visual
acuity logarithmic from 0,1 to 10 with curves drawn using the data in Table A.3. The data are for 7 age
groups from A, 10-19 years to G, 70-79 years.
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Table A.3 — Visual acuity as a function of viewing distance for seven age groups

Y: A, Y: B, Y: C, Y: D, Y:E, Y:F, YG,
X (m) 10-19 20-29 30-39 40-49 50-59 60-69 70-79
years years years years years years years
0,3 1,1 1,2 0,9 0,4 0,3 0,2 0,3
0,5 1,3 1,3 1,1 0,6 0,4 0,4 0,3
1 1,4 1,4 1,2 1,0 0,8 0,7 0,6
2 1,5 1,5 1,3 1,2 1,2 1,0 0,7
5 7 15 1,3 & 1,3 T 0,8

Figure 18: Visual acuity as a function of luminance for seven age groups

A diagranp with X-axis for luminance (cd/m?) logarithmic from 0,1 cd/m? to 10 000-¢d/m?2 and Y-aKis
for visualjacuity logarithmic from 0,1 to 10 with curves drawn based on the data imTable A.4. The data

are for 7 gge groups data from A, 10-19 years to G, 70-79 years.

Table A.4 — Visual acuity as a function of luminance for seven age groups

Y: A, Y: B, Y: C, Y:D, Y:E, Y: F, YG,
X (cd/m?2) 10-19 20-29 30-39 40-49 50559 60-69 70-79
years years years years years years years
0,05 0,3 0,3 0,3 0,2 0,3 0,2 0,2
0,1 0,4 0,4 0,4 0,3 0,3 0,3 0,3
0,3 0,6 0,6 0,5 0,5 0,5 0,4 0,3
1 0,8 0,8 0,7 0,7 0,6 0,6 0,4
3 0,9 1,0 0,8 0,8 0,8 0,7 0,6
10 1,1 1,2 1,0 1,0 0,9 0,9 0,7
30 1,4 1,4 1,3 1,1 1,1 1,0 0,7
100 1,5 1,5 1,4 1,4 1,2 1,1 0,9
1000 1,7 157 1,5 1,4 1,4 1,3 0,9

Figure 19: Minimum font size for legibility of single characters for young and older people

Two bar diagrams, a) for\young people and b) for older people, with X-axis for viewing conditions from
condition|1 to conditien 8 and Y-axis for font size (pt) showing the data in Table A.5. The data are for
three different character conditions from A, simple characters to C, complex characters.

In Table A5, the data of the two diagrams are shown combined.

Table A.5 — Minimum font size for legibility of single characters for young and older people

Y: A, simple Y: C, complex | Y: A, simple Y: C, complex
Y: B, complex Y: B, complex
characters characters characters characters
(Japanese cha_lracters_ 1 2 (Chinese (Japanese cha_lracters_ 1 2 (Chinese
X Chinese with . Chinese with A
Kana, Numer- with 11-15 [Kana, Numer- with 11-15
;llS) 5-10 strokes) strokes) :':lls) 5-10 strokes) strokes)
(pt) young (pt) young (pt) young (pt) older (pt) older (pt) older
1: 0,5 m,
100 cd/m?2, 3,4 4,3 4,8 11,4 12,3 13,1
serif font
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