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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 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.
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Introduction

Operation of products and equipment used in everyday life requires a range of human physical
characteristics and capabilities. The range is broad, including very limited capabilities among parts of
the population. To improve operating accessibility, products and equipment must be designed using
ergonomic principles related to physical characteristics, capabilities and limitations among populations.

This document provides ergonomic considerations for design to increase the operating accessibility of
products and equipment specific to human physical characteristics, capabilities and limitations (e.g.
body size, reach range, strength, dexterity).

This|document adopts the guidance on accessibility given in ISO/IEC Guide 71 and ergenomics data
given in ISO/TR 22411.
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Ergonomics — Accessible design — Ease of operation

1 Scope

This document provides ergonomic requirements and recommendations for increasing accessibility in
terms of ease of operation through the design of products and controls of daily use. It is intended to aid
the design of products and equipment that can be handled and manipulated easily and comfortably by

peop
age 1

The

cons
capa
strer

le with the widest range of physical characteristics, capabilities and limitations acros
ange.

‘equirements and recommendations specified in this document are based ongeheral
derations as well as specific design considerations based on human physical cha
bilities and limitations related to the operation of products and equipment, such a
gth, reach range and dexterity. Some considerations of cognitive facters-are also pres¢

Products and equipment for professional use only, as well as those used“only by technical

notc

This
work
issus€

NOT]H
and H
and s

2

ISO 7
use d

IEC ¢

overed in this document. Design aspects related only to information and marking are 1

document includes no general ergonomic requirements or‘recommendations for manu
ing postures or safety of machinery but the contents ate based on general knowle
S.

ISO 11226, ISO 11228-1, ISO 11228-2, ISO 11228-3, EN 894-3+A1, EN 1005-2, EN 1005-
N 1005-5 provide ergonomic requirements and recommendations for manual handling, wor}
pfety of machinery.

Normative references

0282-1:2006, Ease of operationofieveryday products — Part 1: Design requirements f{
nd user characteristics

b3008:2020, Household and’similar electrical appliances — Accessibility of control elen

lids, {drawers and handles

EN 3

L

3
For t

ISO 4

P1 549, V3.1.1:2019,-Accessibility requirements for ICT products and services

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

ndJEC maintain terminology databases for use in standardization at the following adc

s the widest

hccessibility
racteristics,
s body size,
ented.

experts, are
10t included.

al handling,
lge of those

3, EN 1005-4
fing postures

br context of

hents, doors,

Iresses:

— 1

|
3.1

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

EC Electropedia: available at https://www.electropedia.org/

control
element of a product with which a user operates the product

EXAMPLE

3.2

Buttons, levers, knobs.

control panel
board that integrates controls, including information and marking

©ISO
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3.3
informatio

n and marking

visual or tactile characters and symbols, written or spoken instructions, and other indicators provided
with the product to assist the user with its operation and use

EXAMPLE

3.4
operation

Labels, meters, indicators.

action that a user performs to achieve an intended goal supported by the predefined behaviour of the

product
EXAMPLE

Note 1 to ent

3.5

ease of ope
extent to wh

4 Gener

4.1 Gene

Subclauses

Lifting, lowering, carrying, gripping, rotating, pushing, sliding, touching.

'y: See Annex A.

ration
ich a product, control or control panel is used with ease and comfort

al requirements

ral

4.2 to 4.10 provide general accessibility requirements and recommendations for

of operatio

requirements and recommendations.

Consideratipns on user characteristics related to evéryday products shall be in accordance
ISO 20282-1:2006, Clause 7.

Safetyissuef in general shall take precedence overiany accessibility requirements and recommendat
4.2 Layo:[t of controls and control panels

Placing a c¢ntrol and a control panel/for users to access without bending or stretching incr¢
accessibility, accommodating the widest range of seated and standing anthropometry (including
a wheelchail) to the product. Aeontrol or control panel that is prominent and identifiable also incrg
accessibility. See also 5.4.

The followiy
related to 10|

view w

EXAMPLE

The poq

n. The design of products, controls and control’panels shall take into account f{

g specific deSign requirements and recommendations are intended to increase accessi
cation and layout of a control or control panel:

itionaf\a product's control or control panel should be recognizable from the user’s fig
en'he'or she is looking at the whole product. See 5.4.3.

ease
hese

with

ions.

bases
se of
bases

hility

eld of

The top-bottom and Ieft-right orientation of a control panel shall be identifiable.

abilities.

5.4.2.

EXAMPLE

A product control or control panel should be identifiable by its particular shape.

An input control with a large push-button.

A tactile marking at the top of a control panel to show upwards for people with limited visual

A product control or control panel shall be located within reach of a user's position. See 5.4.1 and

A control should be located in a position that is not hidden by the user’s hands during operation.

© IS0 2023 - All rights reserved
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with low dexterity, and some actions interfere with seeing or touching a control.

Operation includes actions of various types, such as with a single hand, both hands and hands

— A control or control panel should have sufficient spacing around it so that the user’s fingers or hands
do not interfere with the operation or with nearby controls or control panels.

— The layout of a control or control panel should be logical and consistent with regard to frequency
and process of use.

EXAMPLE Controls aligned in a sequential order or placed in a group, along with frequenc

y of use.

— Controls should be grouped by a common shape, size and colour when coordinated in operation.

q

«

|

4.3

Cons
limit
gripy

The following specific design requirements and recommendations are intended to increase

relat

q

q

— 4
1

]
1

\
g

— 1

$pecific controls such as keyboard keys or buttons in a control panel of a‘product wh

$trength for operating a product should-be set at the minimum suitable force required

ach control should have a single function.

hen more than one function is assigned to a single control, information and/mark
rovided to show the functions.

ing shall be

ich serve as

home” keys or buttons should be identifiable with surface features facilitating tactile identification.

EXAMPLE A raised dot on the “5” key in a numeric keypad.

Strength required for operation

iderations of population strength characteristics, such.as age, sex and physical cap
ntions, for operation of a product and controls that'require user strength output (|
ing, pushing, sliding) increase accessibility.

ed to human strength. For the strength of each particular action, see Clause 5.

ontrol.

A\ product that needs excessive strength for operation should have an additional dev
hereby decreasing the required strength.

NOTE Some people with physical limitations of the upper or lower limbs, in particulay
heumatism or spinal cord‘injuries, are unable to operate some products.

hbilities and
e.g. holding,

hccessibility

for comfort

ce to assist,

people with

[Vhen operationCef*a product requires opening and closing, the actions should requlire minimal

trength to be\accessible by the widest range of population (e.g. age, sex, strength
bxcept where'a fail-safe mechanism and safety considerations are needed (see 4.9).

Products; Controls and control panels shall have a non-slippery surface finish with

4.4

hands\or fingers to make operation easier for people with muscle strength limitations.

limitations),

urchase for

Dexterity

iHg strength.

Considerations of user’s finger or hand dexterity increases accessibility to ease operation for the widest
range of users, including people with dexterity limitations.

The following specific design requirements and recommendations are intended to increase accessibility
related to dexterity:

— Acontrol should be designed to be operated by people with the widest range of dexterity capabilities
and limitations, including those in a higher age range or with compromised dexterity abilities.

©ISO
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— A control that needs fine dexterity for operation should have an assistive tool or an indicator, such
as a visual scale, to guide the operation.

Use of different time durations for different operations on the same control, such as a long and

a short pressing time, should be avoided except for particular cases, such as avoiding incorrect
operation or using long and short pressing times to denote different control functions (such as in
touch screens).

NOTE

The dexterity is sometimes negatively affected by wearing gloves.

4.5 Avoidance of simultaneous multiple operations

Multiple op4

The followiy
related to ay

Simulta
ensure

An alteq
provide

4.6 Provi

Provision o
widest rang

The followi
related to m|

— Aprody
EXAMPI

EXAMPIL
one fing

Compat

4.7 Provi
Provision of]
The followiy

Operati

rations should not be imposed at one time on one operating part of a product.

g specific design requirements and recommendations are intended to increase-accessi
roidance of simultaneous multiple operations:

neous multiple operations, such as pressing and rotating, should not)be used exce
bafety and to prevent misuse, for example in the case of child-resistantyproducts.

native method of operation should be provided when simultaneous multiple operation
d (see 4.6).

sion of multiple means of operation

F multiple means for operating a product or controlincreases accessibility, enablin
e of users to use the product.

g specific design requirements and recommendations are intended to increase accessi
ultiple means of operation:

ct should have multiple means of operation for its main parts.
E1  Aninput control using eithef'a‘keyboard, a touch screen or a voice input.

E2
PT.

Operation which requires.touching with two fingers can be carried out by touching wit

ibility with assistive devices for people with physical limitations should be made poss

sion of feedback
feedback foroperating a control increases accessibility.
1g specific design requirements and recommendations relate to the provision of feedb4

prigf'a control should prompt acceptance or response feedback to the user through mu

hility

pt to

S are

b the

hility

h just

ble.

hck:

tiple

means

EXAMPLE

fimformmation {eg-visual, auditory, tactite or haptic):

information related to the status or stage of the operation.

provide

EXAMPLE

d.

A rotating dial control that stops at an ending stage.

Reaction time for feedback shall be constant for a group of related operations.

Tactile or haptic feedback should be used for people with limited visual or hearing abilities.

A response to show “accepted” or “error” by means of a visual display or an auditory signal.

For a series of operations, feedback should be given to the user after each operation, together with

For a cyclic series of operations, information related to a starting and an ending stage should be

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=db61ca3619b76ee883d94c595f05fef0

ISO 24553:2023(E)

EXAMPLE A short vibration used for a touch screen input device when operated with a finger.

When tactile vibration is used as feedback, care should be taken to avoid excessive vibration that
causes discomfort and other problems for human touch.

The direction and amount of movement of a control should correlate with the resulting change(s) in
a product or an indicator.

EXAMPLE Clockwise rotation of a control denoted by a clockwise turning scale.

4.8 Logical process

Proviision of logical and straightforward processes for operating a product increases accesgibility when

a sequence of operations is required.

The following specific design requirements or recommendations are intended to increase pccessibility

related to the logical process of operating a product:

[omplicated multiple steps in hierarchical processes for operating a product should be|avoided.

Unnecessary repeated actions shall be avoided. If repeated acfions are necessary, the times
fepetition is necessary should be reduced.

EXAMPLE Use of a single combined operation when the opération is always followed by tyo or three of
the same sequential operations except for ensuring safety.

An “undo” function shall be possible for a sequence of.operations to stop at any stage and to restart
the sequence from the first operation.

EXAMPLE A press button provided to return-fo'the initial stage of a series of operations af any time.

A set duration of a timed response for an-operation shall be sufficiently long to allow ap unfamiliar
ir untrained user to operate it comfortably. Notification of a limited time or a residual|time for the
peration as well as manual setting for a preferred time by a user should be provided.

Programmable settings for frequéent sequential operations should be provided. The [programme
ghould be able to be easily started and edited by a user.

INOTE A set of sequential operations fixed in a programme is effective for people with limited cognitive
jbilities.

The shape and placement of a control or control panel should be designed so the user intuitively
inderstands the action which is necessary for its operation.

EXAMPLE A small tab attached to a package that is meant to be pulled.

A paired operation of a product should be used for easy and intuitive understanding of the mutual
felation of the operations.

EXAMPLE A control using a toggle switch for “ON” and “OFF”, “UP” and “DOWN” or “LEFT” and “RIGHT”.

4.9 Safety and a fail-safe mechanism

Considerations to ensure safety and a fail-safe mechanism increase accessibility.

The following specific design requirements and recommendations are intended to increase accessibility
related to safety and a fail-safe mechanism:

A control should be designed to be operated with the minimum suitable force thatavoids inadvertent
and unintentional activation.

NOTE People with limited visual abilities can press control buttons unintentionally.

© IS0 2023 - All rights reserved 5
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4.10 Other (assembling, installation, storage.and maintenance)

Reach range, body size and the user position shall be taken into account to avoid unintentional
activation of a control.

A control shall be placed apart from other controls or have a lock mechanism or a cover to avoid
unintentional operation.

EXAMPLE1  Anurse call button in a hospital that is isolated from other controls.
EXAMPLE 2 Alighter with a child-resistant mechanism that is difficult for a child to ignite.

EXAMPLE 3  An emergency push-button with a cover to avoid inadvertent operation.

Warning or caution shall be provided to inform users of the state of a product through multiple
means of sensory information.

A fail-s4fe mechanism shall apply to a control, control panel or product.
EXAMPIE A microwave oven that stops warming when the door is opened.

When ifcorrect operation occurs in a series of operations, undoing from*any point should be jnade
possiblg.

Sharp ppints or sharp edges shall be avoided when designing a product, a control or a control ganel.

Readily|visible warning labels explaining the product mass\and operation requirements sh3ll be
provided when necessary.

EXAMPIE A package that has a label showing mass and a warning.

The following specific design requirements andrrecommendations are intended to increase accessibility

related to agsembling, installation, storage and maintenance of a product.

5

The siz¢, shape and mass of a prodtict shall be designed for easy holding, lifting and carrying (see
5.2).

A handlp or catch for easy holding, lifting and carrying, if attached to a product, should be designed
for easy| grasping by hands\or fingers and for keeping a mass in balance. A heavy product shoulld be
provideld with additiofidl mechanisms for easy manual handling, for example casters (see 5.2)

When 4ssembling\a product, control, control panel or any other part of a product should be
distingyishable‘iryshape and colour for easy understanding of the assembly process.

A product’should be designed for easy installation, mounting and decomposition. Connectipn of
wiring or attachments should also be easy.

The layout and process of storing a product shall be easy and understandable.

EXAMPLE The packaging of a product which has instructions for storage.

Ergonomic requirements and recommendations for ease of operation

5.1 General

Subclauses 5.2 to 5.4 provide ergonomic requirements and recommendations with regard to physical
actions for ease of operation when designing products, controls and control panels. Annex A provides
a list of design items and human abilities to be considered for accessibility. Annex B provides relevant

© IS0 2023 - All rights reserved
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data of human abilities with figural representations and Annex C textural descriptions of the figures for
people with difficulties in visually retrieving the figural information.

For household and similar appliances, in particular their controls such as handles, doors, drawers and
lids, the accessibility requirements given in IEC 63008:2020, Clauses 5 to 7 shall apply.

For ICT products, in particular operating parts, the accessibility requirements given in EN 301 549,

V3.1

5.2

1:2019, 5.5 to 5.9 shall apply.

Holding, lifting, carrying, pushing or pulling with hands or feet

5.2.1

A pr
have

Shape and size of products

bduct that is operated by holding, lifting, carrying, pushing or pulling with hands o
a shape and size suitable for these actions to be easily performed by the widest rar

feet should
1ge of users,

taking account of the direction of force, range of movement and posture requireéd to perform the action.
5.2.7 Mass to hold, to lift and to carry with hands
Ap suitable for

thesg¢ actions to be easily performed by the widest range of users, taking account of the po

acti
shou
of ph

A pr
assis
of trd

NOTH
for m|
the n

NOTH
persd
gripp
midd
diffeq
mass

NOTH

Rduct that is operated by holding, lifting and carrying with hands'should have a mass

(e.g. height), direction of force and posture required to perform the action. The acce
Id be based on population strength data, including age différences, sex differences an
ysical limitations.

duct that has a mass that is difficult or impossible’to hold, lift or carry should have 4
ting device, such as a handle or a grip, for ease of action, or should be provided with
insportation.

1  Datarelated to the acceptable mass for|lifting with two hands and for carrying with one
ale or female persons of different ages have'been reported by HQL.[13][16] The data are useful
ass of a whole product or a package that;is lifted or carried by hand. See B.3.1 and B.3.2.

2 Data related to the maximumstrength for lifting a crate in a standing posture for m
ns of different heights (tall, medium and short) and for different gripping types (side-gripping
ing) has been provided by DIN 33411-5. Male persons exert higher strength than female per
e height condition is optiftnum for yielding lifting strength for both male and female persons. ]
ence is found between Side-gripping and bottom-gripping. The data are useful for setting 4
of a product for lifting;See B.3.3.

3 IS0 11228:T)defines 5 kg as a reference mass for the evaluation of lifting and lowering str|

occupational use forchildren and older people. It also describes 3 kg as a lower limit for applying th

5.2.3

A pr

Strength (pushing or pulling with hands or feet)

bduct that is operated by pushing or pulling with the hands or feet should be suffici

sition of the
ptable mass
H the effects

mechanical
bther means

or two hands
for designing

hle or female
and bottom-
sons do. The
No significant
limit for the

length in non-
e standard.

ently strong

to make these actions suitable and easy for the widest Tange of USers, taking account of t

e direction

of force, range of movement and posture required to perform these actions. The acceptable strength
should be based on population data that include age differences, sex differences and the effects of
physical limitations.

NOTE1 Data related to the maximum strength for pushing or pulling with one or two hands for male and
female persons of different ages have been reported by DTI2% and TU Delft.[21] The strength for pushing and
pulling is in the range of 100 N to 400 N for one hand and 100 N to 500 N for two hands, both depending on age.
Pushing strength is greater than pulling strength in both cases. The data are useful for designing a door or a cart
pushed or pulled by hand, for example. See B.3.4 and B.3.5.
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NOTE 2  Data related to the maximum strength for pressing or lifting a bar and a pedal with the feet for male
and female persons of different ages have been reported by DTL[2%] The strength is in the range of 50 N to 700 N
for male persons and 50 N to 500 N for female persons, depending on age. The highest strength is found in the age
range of 20 years to 40 years. Pressing strength on a bar is much higher than the lifting strength on a bar and a
pedal. Male persons show higher strength than female persons do. Data are useful for designing brake pedals of
pushchairs or trolleys, for example. See B.3.6.

5.3 Gripping, grasping, rotating, twisting, pushing or pulling (with fingers), pinching,
sliding and touching

5.3.1 Shape and size of products, controls and control panels

A product, dontrol or control panel that is operated by gripping, grasping, rotating, twisting pushing
or pulling (With fingers), pinching, sliding or touching should have a shape and a size suitable-for these
actions to ble performed easily by the widest range of users, taking account of the dir€étion of force,
range of moyement, posture required to perform the actions and dexterity.

Shapes or sjzes that require high dexterity for operation should be avoided for,people with dexterity
limitations (e.g. caused by Parkinson's disease or rheumatism).

NOTE1 Dagta for the maximum grip diameter measured anthropometrically-for the circle made with the
thumb and the forefinger for male and female persons of different ages have Been reported by TU Delft.[2}] The
grip diametef measured are in ranges of 39 mm to 43 mm (male) and 36 mm.to6 39 mm (female), both showing a
gradual decrgase with age. These data can be used for the design of grip siZe for products such as rails, handles
and umbrellds. See B.3.7.

NOTE 2  Grips of different diameters are in practical use in different design fields depending on the contpxt of
use. Table 1 dresents data for some examples.

Table 1 — Grip diameters for handrails

Context of use Diameter Sources
mm
Handprails in built environment 45 to 60 1SO 21542

(circular shape)
Handrails in built envirohhrent 50 to 70 (width) |ISO 21542

(elliptical shape) 25 to 50 (depth)

Handrails used forassistive 25to 45 ISO 17966
products

Rounded poles 30 to 40 HQLI6]

(in ergondmic experiments)

NOTE3  Data for_steadiness of hand-eye coordination as related to dexterity for male and female pefsons
of different pagesihave been reported by TU Delft.[21] The steadiness was measured using a task in yhich
a thin needl¢ Wwas inserted into a hole without touching the hole edge. This hand-eye coordination gradually
deteriorates Witirage, which means that dexterity decreases with age. 1 he data are usetul for designing pointing
devices for computers and ticket inserting machines, for example. See B.3.8.

NOTE4 The maximum angle of inward rotation (pronation) and outward rotation (supination) of the wrist
for male and female persons of different ages have been reported by TU Delft.[21] Reduction of the movable range
with age is found for outward rotation, with no significant change for inward rotation. The wrists of female
persons are more flexible than those of male persons. Data are useful for designing, for example, a rotational
knob, a key or a screwdriver. See B.3.9.

NOTES5  Data for the diameter of a circular dial for ease of rotation with fingers for male and female persons of
different ages have been reported by HQL.[18] Data show that a diameter of 20 mm to 25 mm is easily achievable
for rotation with the fingers. The data are useful for designing circular dials of household appliances, for example.
See B.3.10.
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NOTE 6  Data for the preferred stroke length for ease of pushing a small button with the forefinger were
reported by Kikuchi et al. for people of different ages.[22] Strokes in the range of 0,5 mm to 1,0 mm were most
preferred by people of all ages, with a slight tendency that older people preferred a longer stroke than younger
people. The data are useful for designing small push-buttons used for household appliances, for example. See
B.3.11.

5.3.2 Strength (hands and fingers)

A product, a control or a control panel that is operated by gripping, grasping, rotating, twisting,
pushing or pulling (with fingers), pinching, sliding and touching with hands or fingers should be
sufficiently strong for these actions to be performed easily by the widest range of users, taking account
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data

See B

NOTH
circu
ages.
adult]
it real
betw]|

appli

NOTH
were

Fpusitiomof theactiom te-g-treight); directionmof force anmd-posture TequiTed to perforT
hcceptable strength should be based on population strength data that include age
ifferences and the effects of physical limitations. Consideration should be devoted {
Ichair users, in particular.

duct, a control or a control panel that is operated by the hands and fingersshould be
people with limitations of strength or of dexterity of hands or fingers {é,g. because of]
se or rheumatism) are able to operate it.

1  Data for maximum grip strength for male and female persons<of* different ages are a
Lific papers[231[241[23] and research project reports (TU Delft,[21 MEXTI2¢l), Male grip stren

of 100 N to 550 N and female grip strength is in the range of\100 N to 350 N, depending
ctively show the highest values at 20 years to 30 years of age,ggradually decreasing with age th
hire useful for designing products that require squeezing with, the hands, such as refuelling hog
.3.12.

2 Data for the maximum twisting strength of theiwrist have been reported by NITE[2Z] and
ar knobs of 50 mm diameter (NITE) and of 40 mm-diameter (DTI) for male and female persor
The necessary twisting strength is in the range. @03 Nm to 5 Nm for male adults and 2 Nm to 4 ]
5, depending on the grip type and knob type. The strength increases with age from 2 years to }
ches a plateau, which remains until 60 years of age. It then decreases. No significant differen|
en inward and outward rotation. The data are useful for designing doorknobs, keys and dials
hnces, for example. See B.3.13.

3 Data for the maximum twisting strength of the upper limbs have been reported by NITE
sampled from 38 male persens‘and 42 female persons who were 60 years to 73 years old. T

1 the action.
differences,
o height for

designed so
Parkinson's

yailable from
gth is in the
on age. They
ereafter. The
es and pliers.

DTIL8] using
s of different
Nm for female
0 years until
ice was found
or household

[27] The data
he maximum

torqye strength is about 5 Nm/t0-8 Nm for male persons and 3 Nm to 5 Nm for female persons. The necessary
torqye for inward rotation (pronation) is greater than that for outwards rotation (supination). [The data are
useful for designing large and‘heavy handles for household appliances, for example. See B.3.14.

NOTH
Delft
adult]

4 Data for the maximum torque with two hands for jar opening have been reported by D
21] for male and female persons of different ages. The opening torque ranges from 3 Nm to 10
5 and from 2-Nm to 6 Nm for female adults, depending on the jar diameter and the lid typg

ageinlg effect iS\arather steep increase up to about 20 years, a plateau in adulthood and a gradual d

aget
ared

nereafter. A significant effect is found for the jar diameter and the lid type, i.e. smooth or knujj
reetlytuseful for designing packages. See B.3.15.

TI19] and TU
Nm for male
. The typical
ecrease with
led. The data

NOTES

B £ 1 - 3o 3 il Pl 1 1 31 oyl il
Ddld 10I" e IMdXITUI pusIiing Strengin witllh 4 INger 11ave DECTT T'eported by UlllgJ

and NITE[27]

for male and female persons of difference age groups. The DTI data show strength to be in the range of 120 N
to 180 N for male adults and 80 N to 130 N for female adults, whereas NITE data show the range as 40 N to
60 N for male adults and 30 N to 60 N for female adults. This difference depends on the measurement method
employed: a force plate for DTI and a real push-button for NITE. No large difference is found between forward
and downward pushing, but a significant difference exists between the forefinger and the thumb. The data are
useful for designing push-buttons of various types used in home appliances. See B.3.16.

NOTE 6  Data for the maximum pulling strength with a finger have been reported by DTI for a practical case of
pulling on a can ring pull.[20] The data were collected from male and female persons of different ages for two ring
pull positions: horizontal and vertical to the top of the can (see Figure B.17). The pulling strength is 50 N to 150 N
for male adults and 30 N to 100 N for female adults, reflecting the general ageing effect. The data are directly
useful for designing the ring pull of a can. See B.3.17.
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NOTE 7  Data for pinching strength with fingers have been reported in scientific papers for male and female
persons of different ages.[231[24][28] The data are shown for three types of pinching: tip pinch, key pinch and
palmar pinch (i.e. three fingers pulp pinch). The pinching strength ranges from 80 N to 120 N for male adults and
50 N to 80 N for female adults, depending on the type of pinching. Data show a general age-related change for a
span of life. The key pinch and the palmar pinch yield nearly the same strength. The data are useful for designing

clips or contr

ols, for example, that use pinching for operation. See B.3.18.

5.4 Reachrange

5.4.1 Height of operation plane of products, controls and control panels

Products, c(
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to perform t
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NOTE D{
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when sitting)
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5.4.2 Reaich range of the upper limbs
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The comfor
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of different a
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significant. T|
kitchen systd
horizontal re

NOTEZ2 D

ntrols and control panels should be placed on a plane at a suitable height that allows
for the widest range of users, taking account of the type of action and the posturefeqi
he action. An acceptable height for the operation plane should be based on population
s age differences, sex differences and the effects of physical limitations, @onsider
voted to height for wheelchair users, in particular.

ta for acceptable height of an operation plane have been reported by HQL[18] forithe case of vert]

hnding and sitting. Whereas female persons prefer the height at olecranon’/(the lowest elbow
the height of about 90 % of olecranon is preferred for the standing posture by both male and f¢
acceptable range of height (i.e. between the upper and lower accéptable limit) decreases wit
useful for designing the height of desks, shelves and control panels of house appliances. See B.]

| control or a control panel should be placed so(tis reachable or can be operated b

he user. An acceptable reach range should.be based on population data, taking accoy
ture (standing or sitting) and effort (comfort or maximum with or without special
ed for reaching, such as bending trunkj.

fable reach range should be used\for cases in which the user’s hand or finger frequ
Foduct, control or control panel:“The maximum reach range should be used for cas
ser’s hand or finger occasionally reaches a product, control or control panel. In both d
bntrol or control panel should be placed within the shortest reach range found for the

ta for the reach rangeof the upper limbs for simple touching, comfortable and maximum, for g

bsture and for~the horizontal reach range in a sitting posture. The effects of age and statui
he reach rangébecomes smaller with age and with smaller stature. The data are useful for desi
ms, table®Sizes and window heights, for example. See B.3.20 for vertical reach range and B.3.}
ach range.

fifth percenti

ton placed on a horizontal plane. Data are sampled from both male and female persons of difﬂ)erent
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hired
data
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oint)
male
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8.19.
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ases,
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bes and statures Have been reported by TU Delft.[21] Data were given for the vertical reach rafge in

e are
bning
b1 for

n the

ta for the horizontal reach range of the upper limbs for grasping of German female persons

texts

of reaching, such as optimum or extended. The data are useful for design that is related to practical reach range
that requires operations such as grasping. See B.3.22.

5.4.3 Useful field of view for finding products, controls and control panels

A product, control or control panel should be located within a useful field of view for the widest range
of users, taking account of the contrast, colour differences between a control or control panel and
background, and size. An acceptable size of the useful visual field should be based on population data
that includes age differences, sex differences and the effects of visual and cognitive limitations.

NOTE Data for useful field of view for simple detection have been reported in ISO/TR 22411 for young (in
their 20s) and older (in their 60s to 80s) people. See ISO/TR 22411:2021, 6.2.11.

10 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=db61ca3619b76ee883d94c595f05fef0

Annex A
(informative)

ISO 24553:2023(E)

Design items to consider accessibility of products related to ease

of operation

B et UM R I
addressing operation accessibility.
Table A.1 — Design features and human physical abilities to be considered for accessibility
Product items Design features Human actions and abilities
Gengral: Size Holding, lifting, lowering
whole product Shape Carrying
whole control panel Mass Pushing or pulling [by hand({)]
Pésture (standing, sitting)
Contjrols: Size Pushing or pulling strength
push-button Shape Grip size and strength (contaft, pinch)
slidipg button Range of movements (e.g..atigle) Rotating or turning angle
(rotgting) dial Strength (force or torque) Rotating or turning torque anjd angle of
Kknok Surface treatment hands (pronation, supination|
handle Operation mode'(e.g. one-hand) Dexterity
door Operation.speed Posture
Feedback Work efficiency
Tim&constraints Work effectiveness
Frequency of actions Coordinated actions
Other (e.g. sharp points)
Spatjal arrangement Location Reach range
Layout Dexterity
Othegr [lluminance Visual abilities
Temperature Thermal sense
Surface finish Tactile sense
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(informative)

Reference data for human physical characteristics and strength

B.1 General

This annex provides additional information for data of human physical characteristics and strengjth as
referred to In this document. These data are referred from ISO documents, academic papers;.technical
reports and| databases in technical institutions. The data and their reference values are)préesented as
notes in thiy document because the data depend on the sample body size and contextS)of measyiring
methods and conditions. They are difficult to provide as standard values for general use in a |arge
variety of cqntexts.

Most of the data presented in this annex are based on the maximum level of human strength, some on
comfort levels and some on other criteria in between. The maximum foree‘is not always acceptgd in
designing pfoducts as it is the extreme case. In general, the maximum lével is greater than the compfort
level. It is ugeful to consider that one third to half of the maximum foerce can be applied when it has to
be exerted nany times or comfortably exerted,[22]1 and much less. than that for sustainable exeftion
depending ¢n the duration. The designer will need to consider.the strength data of the specific or
appropriate|population (e.g. age, gender, disability status) and the conditions in which data are applied.

B.2 Sumpnary of data referred to in this dociiment

Table B.1 infludes a list of data referred to in thissdocument. The list is in accordance with the ¢rder
of Clause 5[and does not necessarily correlateiwith the logical order of anthropometry. Diagfams
of original dlata, which mostly present average data for groups of persons of different ages, sej and
measuring donditions, are presented in B.3: Some data are based on fifth percentiles. For most diagifams,
where available, standard deviations are\presented as vertical bars to show the variability of the |data.
The data pojnts with error bars are shifted slightly along the X-axis to display the data clearly.

Table B.1 — Huiman physical characteristics and capability data

Clguse Notes in Data titles in Annex B Data clauses
main claus- and figures in
es Annex B
5.1 General — — —

5.2 Holding, [liftigy car-
rying, pushipg.er pulling — — —
with hands orfeet

5.2.1 None No data presented None
Shape and size of prod-
ucts
5.2.2 NOTE 1 Lifting strength with two hands with comfort, slight |B.3.1
Mass to hold, to lift and to effort and extreme effort Figure B.1
carry with hands NOTE 1 Carrying strength with one or two hands with com- |B.3.2
fort or slight effort Figure B.2
NOTE 2 Maximum lifting strength with two hands B.3.3
Figure B.3
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Table B.1 (continued)

Clause Notes in Data titles in Annex B Data clauses
main claus- and figures in
es Annex B
5.2.3 NOTE 1 Maximum pushing or pulling strength with one hand |B.3.4
Strength (pushing or pull- Figure B.4
ing with hands or feet) Maximum pushing or pulling strength with two B.3.5
hands Figure B.5
NOTE 2 Maximum pressing or lifting strength with feet B.3.6
Figure B.6
5.3 Qripping, grasp-
ing, yotating, twisting,
pusHing or pulling (with — — —
finggrs), pinching, sliding
and fouching
5.3.1 NOTE 1 Maximum grip diameter B.3.7
Shape and size of prod- Figure B.7
u:;se;;ontrols and control NOTE 2 Grip diameter for handrails T_all)le 1
P NOTE 3 Dexterity: steadiness of hand-eye coordination B.3.8
Figure B.8
NOTE 4 Maximum angle of the wrist\for inward (pronation) |[B.3.9
and outward (supination) rotation Figures B.9
NOTE 5 Dial diameter for ease’of rotation with fingers B.3.10
Figure B.10
NOTE 6 Preferred strokelength for pushing a small button B.3.11
with the fogefinger Figure B.11
5.3.2. NOTE 1 Maximunrgrip strength (of one hand) B.3.12
Strepgth (hands and Figure B.12
finggrs) NOTE 2 Maximum twisting strength of the wrist B.3.13
Figure B.13
NOTE 3 Maximum twisting strength of the upper limbs B.3.14
Figure B.14
NOTE % Maximum jar-opening strength of two hands B.3.15
Figure B.15
NOTE 5 Maximum pushing strength with a finger B.3.16
Figure B.16
NOTE 6 Maximum pulling strength on a can ring pull B.3.17
Figure B.17
NOTE 7 Maximum pinching strength with fingers (tip-pinch, |B.3.18
key-pinch, palmar-pinch) Figure B.18
5.4 Reaeh range — — —
5.4.1 NOTE Appropriate height for pushing a button placedona |B.3.19
Height of the operation horizontal plane Figure B.19
plane of products, con-
trols and control panels
5.4.2 NOTE 1 Vertical reach range of the upper limbs for simple B.3.20
Reach range of the upper touching while standing Figure B.20
limbs NOTE 1 Horizontal reach range of the upper limbs for simple |B.3.21
touching while sitting Figure B.21
NOTE 2 Reach range of the upper limbs for grasping B.3.22
Figure B.22
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Table B.1 (continued)

finding prod

Useful field of view for

ucts, controls

and control panels

Clause Notes in Data titles in Annex B Data clauses
main claus- and figures in
es Annex B
5.4.3 NOTE No data presented None

B.3 Data

B.3.1 Lift]

FigureB.1s
variable ma

(109 male a
or slight effq

ing strength with two hands with comfort, slight effort and extreme effort

hows data for a mass that a person can lift with two hands against a rectangular solid Hox of
5s in a standing posture. The data were obtained from HQL, sampling 214 Japanese pefsons
nd 105 female) aged 20 to 90.[16] Ageing effects were found for lifting anfass with extfeme
rt, but no significant effects were found for lifting a mass with comfort.

Y Y
25 25
20 20
15 15
//.\\.ﬂ—.\\o\
10 — ke ~o— 10 —O— -
RS e relk L = o T—o\\.\
g e e S e |
> ol B A R R > ._—I"ET.--I-_$;I
0 0 >
0 10 20 30 40 50 60 70 80590 100X 0 10 20 30 40 50 60 70 80 90 10p X
a) Male b) Female
Key
X hge (years)
Y mass to lift (Kg)
—@— with extréme effort
ceolleens with slight effort
-H-- Wwith comfort
NOTE Vertical bars refer to standard deviations.

SOURCE Reference [16].

Figure B.1 — Lifting strength with two hands with comfort, slight effort and extreme effort for

male and female subjects of different age groups

B.3.2 Carrying strength with one or two hands with comfort or slight effort

Figure B.2 shows data for a mass that a person can carry with one or two hands with comfort or slight
effort measured for Japanese people by HQL.[LZ] The data were obtained by asking the subject to hold a
rectangular solid box with variable mass and walk some distance. Eight young people (four aged 20 to

14
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29 and four aged 31 to 39) and 12 older people (three aged 60 to 69, five aged 70 to 79 and four aged 80
to 89) participated. It is clear that carrying strength largely depends on the context of the task.

Y 1 2 3 4
8

7

o L I I I I I I I I I I l I I I I
a b c d a b c d a b e~ d a b c d X
Key
X subjects 1 carrying with comfent with one hand
Y mass to carry (kg) 2 carrying with slight effort with one hand
a young male subjects 3 carrying with comfort with two hands
b young female subjects 4 carrying with slight effort with two hands
c older male subjects
d older female subjects
( average
[ | maximum value
O minimum value

SOURCE Reference [17].

Figure B.2 — Carrying strength with one or two hands with comfort or slight effort
(20-year-old te:39-year-old) and older (60-year-old to 89-year-old) male and femal

B.3.3 MaXximum lifting strength with two hands

Figufé-B.3 shows the maximum lifting strength measured for male and female persons

for young
e subjects

for different

gripping types and heights.llZI The strength was measured by Iifting a crate (560 mm width) with two

hands in two ways (side-gripping and bottom-gripping) at three different heights (low,
high), as shown in the inset. Data were sampled from a total of 1 967 male and 1 113 femal
Germany and the 50th percentile data for male and female groups are shown. The data are
ISO/TR 22411.

middle and
e persons in
also cited in

The maximum lifting strength of male subjects was found to be greater than that of female subjects
depending on the type and height of lifting. The optimum condition for exerting lifting strength is the
middle-height condition (from the knee to under the chest). The difference between side-gripping and

bottom-gripping remains unclear, particularly for female subjects.
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Dimensions in millimetres

Yy
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1600 +AT
1400 —
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1000 =
800 2
600 ol | - ° 8|
B
200 f s
o LB
a b c d e f X 1 2
Key
X typg of gripping and height 1 side-gripping
Y lifting strength (N) 2 bottom-gripping
] male subjects +A  direction of force
] female subjects
a side-gripping, height =1 350 mm
b side-gripping, height = 750 mm
o side-gripping, height = 400 mm
d bottom-gripping, height =1 110 mm
e bottom-gripping, height = 500 mm
f bottom-gripping, height = 150 mm
NOTE Vgrtical bars refer to the fifth and the 95th percentiles of the data.
SOURCE References [8] and [14].
Figure B.3 [— Maximum lifting strength with two hands for different gripping types and heights
(50th percentile data of male and female subjects)
B.3.4 Maximum pushing grpulling strength with one hand
Data for makimum pushing or pulling strength with one hand as a function of age for male and fegmale
subjects ar¢ shown in.Figure B.4. Data were obtained by DTI20 and by TU Delftl2ll using sifnilar
methods. The Delft data are only available for pulling. The DTI data were taken from a total of 154
persons (71| male and 83 female) of different age groups from 2 years to 90 years; the Delft data were
from 750 pé¢rsens (360 male, 390 female) from 20 years to over 80 years. The strength was exé¢rted
for a few secénds in a free-standing position, as shown in the inset, and the maximum strength was

measured. The TU Delft data are also cited in ISO/ TR ZZ4TT.

The maximum pushing or pulling strength with one hand increases gradually with age until it comes
to a gentle peak between 30 years and 50 years of age. It then decreases gradually with age for male
and female subjects. Male strength is greater than female strength for both pushing and pulling, but
no significant difference was found in people younger than 20 years old. Pushing strength is generally
greater than pulling strength. No difference was found for the bar orientation, either horizontal or

vertical.

16
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0 10 20 30 40 50 60 70 80 90 100 X 0 10 20 30 40 50 60 70 8(Q 90 100X

a) Male b) Female

Key
X age (years) 1 measuring method by DTI (pushing a horizonfal bar)
Y pushing or pulling strength (N) 2 measuring method by TU Delft (pulling a horizontal bar)
e | pushing a vertical bar (DTI)
—O0—] pushing a horizontal bar (DTI)
el pulling a vertical bar (DTI)

O pulling a horizoutalbar (DTI)
A pulling a horizontal bar (TU Delft)

NOTH Vertical'bars refer to standard deviations.

SOURCE References [8], [20] and [21].

Figure B.4 — Maximum pushing and pulling strength with one hand for male and female
subjects of different ages

B.3.5 Maximum pushing or pulling strength with two hands

Figure B.5 presents the same data as Figure B.4 but with two hands.[20[21] The Delft data are only
available for pushing. Similar features to those obtained with one hand are found for two hands, except
for the range in strength, which is larger with two hands than with one hand, as expected. The TU Delft
data are also cited in ISO/TR 22411.
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—O— pushjng a horizontal bar (DTI)
- pullihg a vertical bar (DTI)
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0O pulli
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NOTE Vdrtical bars refer'to standard deviations.

SOURCE R¢ferences8],[20] and [21].

Figure B.5 — Maximum pushing and pulling strength with two hands for male and female

SOc

5\/0

B.3.6 Maximum pressing and lifting strength with feet

Figure B.6 shows the maximum pressing and lifting strength with the foot measured by DTL[20] The
data were collected from a total of 140 persons (64 male and 76 female) of different age groups from
2 years to 90 years. A bar and a pedal were used for both pressing and lifting (see Figure B.6). Maximum
pressing and lifting strengths with the foot were measured. Measurements were conducted of subjects
in a standing posture.

For both pressing and lifting, male subjects exert higher strength than female subjects. The general
trend of ageing effects observed for pushing or pressing with the hands was found here too, with a
gradual increase with age up to a plateau at about 20 years to 50 years and a gradual decrease with age
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over 50 years. Pressing strength is considerably greater than that of lifting. Particularly, the pressing
on a bar is much greater than the other conditions.

1
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900 900 Ne~

800 800 ~

700 700 G

60 600 !

500 500

400 400

300 300

200 200

100 100

§ = 0
0 10 20 30 40 50 60 70 80 90 100X 0 10 20 30 40 50 60 70 80|90 100X
a) Male b) Female

Key
X age (years) 1  abar (at pressing)
Y pressing or lifting strengthy(N) 2  a pedal (at lifting)
e pressing a bar
—0—] lifting a bar
- pressing a pedal
e lifting a p€dal
NOTH Verticalbars refer to standard deviations.

SOURCE Reference [20].

= DL nA - - Al ' i | L. | £ i 1 A £ 1 =
Figure B-6—Maximmumpressingandlifting strengthrwith feet for mateandfenratesubjects of
different ages

B.3.7 Maximum grip diameter

Figure B.7 shows the maximum grip diameter of the hand measured at TU Delft.[21] Data were obtained
from 750 persons (360 male, 390 female) of different age groups from 20 years to over 80 years by
measuring the maximum diameter of the circle made with the thumb and the forefinger, as shown in
the inset of Figure B.7. The diameter shows a gradual decrease with age, with larger diameter shown by
male subjects than by female subjects. The data are also cited in ISO/TR 22411.

©1S0 2023 - All rights reserved 19


https://standardsiso.com/api/?name=db61ca3619b76ee883d94c595f05fef0

ISO 24553:2023(E)

2 L
20-30 50-54 g _cq 60-64 ¢c_gg 70-74 75_79 80+ X

~

ey
agel (years)

grip diameter (cm)

male subjects

female subjects QQ<<

grip diameter and a measuring cone 0\\

—

el I e

NOTE Vdrtical bars refer to standard deviations.

SOURCE References [8] and [21]. $
.\@
Figure B./ — Grip diameter measured using aeone for male and female subjects of differe
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B.3.8 Dexterity: steadiness of hand-eye coordination

Figure B.8 shows ergonomics data ®9rned with dexterity. The dexterity was defined and meag
as hand-ey¢ coordination by TU for 750 persons (360 male, 390 female) of different age gi
from 20 yeafrs to over 80 yearié\?leasurements were conducted asking the subject to insertan
(2 mm diamieter) into holes ng iable diameter without touching the hole edge. The minimum dian

at which thd task was co d was measured.

The measurjed diam Q&were 4,4 mm to 6,2 mm for male subjects and 4,3 mm to 5,9 mm for fé
radual increase with age and indicating decreased dexterity with age

change was|o ed for male subjects. The data are also cited in ISO/TR 22411.
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CE References [8] and [21].

bure B.8 — Steadiness of hand-eye coordination for male and female subjects of
ages

) Maximum angle of the wrist for'inward (pronation) and outward (supin

rotalrion for male and female subjekts of different ages

mum angles of rotating the ‘wrist inward (pronation) and outward (supination)

bns (360 male, 390 female)-of different age groups from 20 years to over 80 years.[21]
s were measured usinga T-shaped handle without moving the lower arm as shown
b figure. The fifth percentile data are shown as a useful criterion for practical design

peoplle can rotate theZwrist within the value.

Data
was
was
cited

show that thefemale wrist is more flexible in rotation than the male wrist. Almost no 4

pbserved for outward rotation(supination) for both male and female subjects. The d
in ISO/TR 22411.

SR

different

ation)

are shown

pctively in Figure B.9 a) and-Figure B.9 b). Data were measured by TU Delft samplipg from 750

[he rotation
in the inset
50 that most

igeing effect

bbservedfor inward rotation (pronation), although slight reduction with age in the rgtation angle

ata are also
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NOTE The data Q the fifth percentiles.

SOURCE  R¢ fer,@% [8] and [21].

Figure B.9 — Maximum angle of the wrist for inward and outward rotation for male and female
subjects of different ages

B.3.10 Dial diameter for ease of rotation with fingers

Figure B.10 shows data for the circular dial diameter for easy rotation and adjustment with fingers
measured by HQL.[18] Ease of operation was evaluated by 12 older subjects (two male and two female
each in their 60s, 70s and 80s) and eight young subjects (two male and two female each in their 20s and
30s) using a five-point score (1, difficult; 2, slightly difficult; 3, moderate; 4, slightly easy; 5, easy) when
the subject rotating a dial attached to a vertical plane (see the inset of the figure). Average evaluation
scores are shown in the bar diagram of Figure B.10. The circular dial for easy operation is neither
too small nor too large; the highest evaluation score was observed for the range of 20 mm to 25 mm

22 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=db61ca3619b76ee883d94c595f05fef0

ISO 24553:2023(E)

diameter. A smaller dial was preferred by older subjects more than by young subjects. Variation of data
is not available.

Y

5

4

3

2

1

15 20 25 35 X
Key
X dial diameter (mm) 1 circular dial o ayvertical panel andl operation
Y ease of operation score (1: difficult to 5: easy) d diameter ofithe dial
[0 | young subjects
n older subjects
SOURCE Reference [18].
Fijgure B.10 — Subjective evaluation of diametér of a circular dial for ease of rotation with
fingers for young (in their 20s and 30s)and older (in their 60s to 80s) subje¢ts

B.3.11 Preferred stroke length for pushing a small button with the forefinger
Subjective preference data for the stroke length of a push-button when pushing the butfon with the
forefinger are shown in Figure B.11 for young and older people, which were reported by Kikuchi et
al.l24 The data were obtained from 24 young (20 years to 40 years old) and 32 older people (over 65
years old) who were asked to push an array of small (13 mm diameter) push-buttons wjth different
strokes from 0 mm to 3,5 mmdih 0,5 mm steps. Each subject reported a preference of the opgration using
a seven-point scale at three orientations of the board, i.e. a horizontal plane (downward pushing), an

oblique-angle plane (45.%pushing) and a vertical plane (forward pushing). See the inset of figure B.11.

Stroke lengths of 0,5 mm to 1,0 mm were most preferred by both young and older people, but older
peoplle preferred-a slightly longer stroke than younger people did. No significant difference was found

among orientations of the operation board.
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— downward pushing on a horizontal plane
______ obligue angle (45 °) pushing
— .— forwards pushing on a vertical plane
SOURCE Réference [22].
Figure B.11 — Preferred stroke length for pushing a button with the forefinger for younjg
(20-year-old to 40-year-old) and older (over 65-year-old) subjects
B.3.12 Maximum grip strength (of one hand)
Figure B.12 [shows data fof.thaximum grip strength of one hand measured from five studies condycted

in different
aged from 2
aged from 1
from 20 yeq

rountries. Data’of Mathiowetz et al.[23] were sampled from 310 male and 328 female suh
0 years 4094 years. Data of Angst et al.[24] were from 496 male and 482 female suh
3 years-to 96 years. Data of TU Delft[21] were from 360 male and 390 female subjects
rs &0 ‘over 80 years. Data of MEXTI26] were from 31 637 male and 30 606 female sub

jects
jects
aged
jects

aged from 6

years to 79 years. Data of Leong et al.[23] were from 52 059 male and 73 403 female suh

jects

aged from

o years to /0 years collected from 21 countries and classified into seven regions. All

data

were measured using conventional hand grip strength meters (Jamar dynamometer for Mathiowetz
et al.,, Angst et al., TU Delft and Leong et al. and the Smedley dynamometer for MEXT). See the inset of

Figure B.12.

Similar results were obtained for these data sets, whereas some regional data of Leong et al. (Africa,
South-Ease Asia, South Asia) and Japanese data showed slightly lower strength than that of groups
measured in Europe and North America (Angst et al., Mathiowetz et al. and Leong et al.).

The maximum grip strength increases rapidly from the age of 6 years to about 20 years, until it reaches
a plateau, maintaining an almost constant level up to about 60 years. It then decreases gradually after
the age of 60. This trend is the same for male and female subjects but the average strength of female
subjects is about two-thirds of that of male subjects, except during childhood, for which no significant
difference was found. The TU Delft data and the MEXT data are also cited in [ISO/TR 22411.
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Key
X age (years) 1 measuring method for Mathiowetz et all (A), Angst et
sely al. (B), TU Delft (C) and Leong et al. (E,§G)
Y grip strength (N) 2 measuring method for MEXT (D)

—e—| Mathiowetz et al.

—0O—| Angstetal.

wr/m|  TU Delft

i-| MEXT

—| Leongetal (Etrope and North America)

Leonge€tal. (three data sets of South America,
the Middle East and China, respectively)

FKeong et al. (three data sets of Africa,
Southeast Asia and South Asia, respectively)

NOTE Vertical bars refer to standard deviations.

SOURCE References [8], [21] and [23] to [26].

Figure B.12 — Maximum grip strength of one hand for male and female subjects of different
ages
B.3.13 Maximum twisting strength of the wrist

Maximum twisting strengths of the wrist measured for different experiment contexts are shown in
Figure B.13 for male and female subjects of different age groups. The data were provided by NITE[27]
and DTL[9 The NITE data were sampled from 204 to 210 male subjects and 138 to 142 female subjects
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(depending on the experiment context) whose ages were 20 years to over 80 years, and the DTI data
from 64 male and 86 female subjects of 2 years to 90 years. Both measurements employed the height
at elbow when standing. Subjects were asked to turn a circular knob oriented vertically or horizontally
with maximum effort for a few seconds. The NITE study used a 50 mm diameter knob grasped by the
fingers and the palm. The DTI study used a 40 mm diameter knob grasped only by the fingers. See inset

of Figure B.13.

The measured twisting torques were 3 Nm to 5 Nm for male subjects and 2 Nm to 4 Nm for female
subjects in adulthood, depending on the knob type and orientation. The torque increases with age from
2 years to 20 years until it almost reaches a plateau, which remains until around 60 years to 70 years; it
then decreases with age. No significant difference was found between inward rotation (supination) and

outward ro
the horizont

OHNW-PU‘lG\\lmp.<

NAF |
1.

OHNLU-PU‘IO\\]CO..<

ation (pronation), whereas the vertical orientation yields a slightly higher strength|than
al orientation of the knob in the NITE data.

1020 30 40 50 60 70 80+90 100 X

a) Male

age ([years)
twisting torque (N}

circujar knob, 50ymm diameter, outward rotation, vertical orientation; NITE
circular kneb; 50 mm diameter, outward rotation, horizontal orientation; NITE

circular:knob, 50 mm diameter, inward rotation, vertical orientation; NITE

0 10 20 30 40 50 60 70 80 90 100 |X

b) Female

circular knob, 50 mm diameter, inward rotation, horizontal orientation; NITE

circular knob, 40 mm diameter, clockwise rotation, vertical orientation; DTI

ridged knob, clockwise rotation, vertical orientation; DTI

ridged knob, clockwise rotation, horizontal orientation, DTI

circular knob used in the NITE measurement, vertical orientation

circular knob used in the NITE measurement, horizontal orientation

circular knob used in the DTI measurement, horizontal orientation

ridged knob used in the DTI measurement, horizontal orientation

Vertical bars refer to standard deviations.
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SOURCE References [19] and [27].

Figure B.13 — Maximum twisting strength of the wrist for male and female subjects of different
ages

B.3.14 Maximum twisting strength of the upper limbs

Figure B.14 shows the maximum torque strength for twisting the upper limb provided by NITE.[27] Data
were obtained from 80 persons (38 male and 42 female) aged from 60 years to 73 years (65,3 and 64,9
averaged years for male and female subjects, respectively). The twisting torque was measured using a
rotaqy handle set in a horizontal orientation as shown in the inset of the figure. Each subjegt was asked
to uge the right hand, to grip and to rotate the handle inwards (pronation) or outwards |(supination)
with|the upper limb with the maximum effort. Measurements were taken at the height of the shoulder
whem standing. The maximum torque of male subjects was greater than that of female spibjects. The

torqiie for pronation was significantly greater than that for supination.
Y Y
10 10 \
8 8 /
6 Y 6 \
4 4 Q
2 2
0 0 1
A B A B
a) Male b) Female
Key
Y  fwisting torque (Nm)
A pronation (anticlockwise By right hand)
B supination (clockwise.by right hand)
1 method for measurement
NOTH Verticalbar's refer to standard deviations.

SOURCE Reference [27].

FigureB:14 — Maximum twisting strength of the upper limbs for older (60-year-old to 73-year-

1A 1 A £ 1 Jas e
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B.3.15 Maximum jar-opening strength of two hands

The maximum jar-opening strength when a person opens a jar lid has been provided by DTI [12l and TU
Delft(21] for male and female subjects of different age groups. Figure B.15 shows the data as a function of
age for different jar and lid diameters. The DTI data were those of 144 persons (59 male and 85 female)
aged from 2 years to 90 years. The TU Delft data were of 750 persons (360 male and 390 female) aged
from 20 years to over 80 years.

Each subject was asked to hold a jar with a measuring device and to try to open a lid with two hands
(the lid does not open) in a standing posture, and to exert maximum twisting strength for a few seconds.
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The jar and lid had different diameters: 45 mm, 65 mm and 85 mm with smoothed and knurled lids for
the DTI measurements and 66 mm with a smoothed lid for the TU Delft measurements.

The opening strength measured ranged in torque from 3 Nm to 10 Nm for male adults and from 2 Nm
to 6 Nm for female adults, depending on the jar diameter and the lid type. The torque increases with
age from 2 years to 20 years until it almost reaches a plateau, which remains until about 60 years to
70 years before decreasing with age. This general trend shows the effects of ageing on human strength.
A significant effect of the jar diameter was found: the larger the diameter, the more strength exerted.
The knurled lid exerted a larger strength than the smoothed lid. The TU Delft data are also cited in
ISO/TR 22411.
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1 1

0 0
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a) Male b) Female

Key
X age (years) 1 measuring method and a device
Y twikting torque (Nm)

e 45 mm diameter, smooth lid (DTI)
e:Onre 45 mm diameter, knurled lid (DTI)
—A— 65 mm diameéter, smooth lid (DTI)
AT 65 mmdiameter, knurled lid (DTI)
— B 85 mm/diameter, smooth lid (DTI)

S (T 85 mm diameter, knurled lid (DTI)
9 66 mm diameter, smooth lid (TU
Delft)
NOTE Vertical bars refer to standard deviations.

SOURCE References [8], [19] and [21].

Figure B.15 — Maximum jar-opening strength with two hands for male and female subjects of
different ages
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B.3.16 Maximum pushing strength with a finger

Figure B.16 shows data for maximum pushing strength with a finger measured at DTI12] and NITE[27],
Both data employed forward and downward pushing with the forefinger and the thumb. DTI used a
circular force place and NITE used an apparatus simulating an ordinary push-button. See the inset
figures in Figure B.16. The DTI data were sampled from 148 persons (65 male and 83 female) ranging
in age from 2 years to 90 years, and the NITE data from 329 persons (194 male and 135 female) from
21 years to over 80 years.

A typical ageing effect was observed for both the DTI and the NITE data: a steep increase up to 20 years
of age then reaching an almost constant level up to 60 years of age followed by a gradual decrease with
age gftertitat-Sexdifferences were atso observed: No targe difference was fourmd betweem forward and
downward pushing, but a significant difference was found between the forefinger and+theg thumb: the
thumb yields greater strength than the forefinger. Large differences can be found between|the DTI and
the NITE data, perhaps because of the different methods employed in their measurements. The force
platg used for the ergonomic measurements by DTI generates a greater force tham the ordinary push-
buttgn. The NITE data are also cited in ISO/TR 22411.

3
Y
250 250
200 200
150 | 150
100 100
50 50 | J/T e,
by L
0 0
0 10 20 30 40550 60 70 80 90 100 X 0 10 20 30 40 50 60 70 80 (90 100 X
a) Male b) Female
Key
X age(years) 1 force plate to measure pushing strength (DTI)
Y pushing strength (N) 2 push-button for measuring pushing strength forward (NITE)
forefinger fomaard (DTN 3 push-buttonformeasyrina pushina strenath dawhward (NITE)

—O0— forefinger, downward (DTI)
. thumb, forward (DTI)
—_1— thumb, downward (DTI)

@ forefinger, forward (NITE)

REROTEE forefinger, downward (NITE)

vl thumb, forward (NITE)

Sl CLL thumb, downward (NITE)

NOTE Vertical bars refer to standard deviations.
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SOURCE References [19] and [27].

Figure B.16 — Maximum pushing strength with the forefinger and thumb for male and female
subjects of different ages

B.3.17 Maximum pulling strength on a can ring pull

Maximum pulling strength on a can ring pull with the hand and the forefinger was measured by DTI,[29]
the data of which are shown in Figure B.17. The measurements were carried out with a can (100 mm
height and 75 mm diameter) that had a ring pull (35 mm long and 23 mm diameter) on the top. The ring
pull was in fwo positions: one at the starting position with a 5 mm space between the ring and/he top
surface (hotfizontal position), and the other one at 75 ° to the top of the can (vertical case). See!the inset
of Figure B.17. For each case, the subject was asked to pull the ring pull with the forefinger (thering pull
does not move) holding the can by the hand. The maximum strength was measured for 139 persons (60
male and 79 female) of different age groups from 2 years to 90 years.

The pulling |strengths were in the range of 50 N to 150 N for male adults and 30-N t6 100 N for fegmale
adults. Gengral ageing effects were observed for both male and female subjects:a’steep increase by 20
years of agg, reaching a constant level up to 60 years of age, followed by acgradual decrease with age
after that. The vertical case yields a significantly greater strength than thethorizontal case.
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1 horizontal ring pull
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NOTE Vertical bars refer to standard deviations.
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SOURCE Reference [20].

Figure B.17 — Maximum pulling strength with the hand and the forefinger on a can ring pull for
male and female subjects of different ages

B.3.18 Maximum pinching strength with fingers (tip-pinch, key-pinch, palmar-pinch)

Figure B.18 shows the maximum pinch strength for pinching of three types: tip pinch, key pinch and
palmar pinch (three-finger pulp pinch).[23].[24].[28] The Mathiowetz et al. data were obtained from 638
persons (310 male and 328 female) ranging in age from 20 years to 94 years,[23] the Angst et al. data
(key[pinch only) from 978 persons (482 male and 496 female) from 18 years to 96 years;$2}l and the Lo
et al{data (key pinch and palmar pinch only) from 198 persons (99 male and 99 female) frpm 20 years
to 64 years, the former two trying to establish standard data for clinical use and the lattef one for job
design in manufacturing industries.

The ¢lata show almost constant values for the age range from 20 years to 60 years and a gradual decline
with|age after 60 years. The strength is from about 80 N to 120 N for male’subjects and about 50 N
to 8Q N for female subjects. Tip pinch showed the lowest strength among the three pinch types. The

strength of female subjects is about two-thirds of that of the male¢subjects throughout the life span
meagured.
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—A— key pinch (Mathiowetz, et al.)
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(Mathiowetz, et al.)
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- key pinch (Lo et al.)
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NOTE Vertical bars refer to standard deviations.

©1S0 2023 - All rights reserved 31


https://standardsiso.com/api/?name=db61ca3619b76ee883d94c595f05fef0

ISO 24553

SOURCE References [23], [24] and [28].

:2023(E)

Figure B.18 — Maximum pinching strength with fingers for male and female subjects of

different ages

B.3.19 Appropriate height for pushing a button placed on a horizontal plane

Figure B.19 shows the acceptable height for pushing a button placed on a horizontal plane. Data were
obtained by HQL from a total of 533 persons (259 male, 274 female) ranging in age from 16 years to
over 80 years.[18] The subjects were asked to evaluate the ease of operation using a five-point scale

for each of t
conducted b
height and |
height to th
subjects.

The data in
comfort hei

he pre-set heights of a working plane on which the button was placed. This evaluatier] was
oth when standing and sitting. From these data, the upper acceptable limit height, comfort
bwer acceptable limit height were derived. Data in Figure B.19 are expressed as'the relative
e olecranon (lowest elbow point = 1,0) to compensate for differences in stature ainong

licate that most people prefer the height of about 90 % of the height.of‘0lecranon as [their
bht, except for female subjects when sitting, for whom the height at.olécranon is prefefrred.

The acceptable range, i.e. between the upper and the lower acceptable limits, decreases with age for

both male a

hd female subjects.
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SOURCE Reference [18].

Figure B.19 — Height.ofan operation plane for pushing a button for male and female|subjects of
different ages

B.3.20 Vertical reach range of the upper limbs for simple touching while standing

Figure B:20 shows vertical reach range of the upper limb (right hand) in a standing posture measured
at TU ‘Delft.[21] Data were obtained from 750 persons (360 male, 390 female) of differdnt ages and
statures. Each subject was asked to stand upright and to mark the trace of the right-hand reach on the
vertical panel at the right side with comfort reach and maximum reach. The comfort reach is the reach
without bending the body forward; the maximum reach is the reach with bending the trunk while
keeping the legs stretched. The data are classified into six groups of three different ages (young, old
and older) and two different statures (smaller and taller). The mean values of the respective groups are
shown in the figure.

Vertical reach range becomes smaller with increasing age and shorter stature. The data are also cited
in ISO/TR 22411.

©1S0 2023 - All rights reserved 33


https://standardsiso.com/api/?name=db61ca3619b76ee883d94c595f05fef0

ISO 24553:2023(E)

250 207 250
75°
\
/\O—
200 / o v 200
Y .'..o.... ’ Y
45 150 TRy 150
100 100
30°
50 50
15°
0 0
-150 -150 400 -50 0
X
a) Comfort reach range b) Maximum reach range
Key
X horizontal distance (cm)
Y vértical distance (cm)
—O— age 20 years to 30 years, stature greater than or equal to 175 cm
@ age 20 years to 30 years, stature smallef than 175 cm
—1— age 50 years to 74 years, stature greater than or equal to170 cm
ol age 50 years to 74 years, stature/smaller than 170 cm
—A— age over 75 years, stature greater than or equal to 165 cm
- age over 75 years, stature smaller than 165 cm
SOURCE Regferences [8] and{21].
Figure B.20 — Vertical reach range while standing for persons of different ages and statures
B.3.21 HOl iLUlltal 1 Cabh 1augt: Uf thc uppcn }illlbb fUl aiulp}c tuubhius whﬂc Dittills
Figure B.21 presents the same data but for the horizontal reach range while sitting.[21] The subject

was asked to mark the trace of the right-hand reach at the height of the elbow with comfort reach and
maximum reach. The comfort reach represents reach without bending the trunk, while maximum reach
is reach with bending the trunk. The data, measured from 760 samples, are classified into three groups
of people of different ages and statures. The mean values of the respective groups are shown in the

figure.

Horizontal reach range becomes smaller with increasing age and shorter stature, similar to the results
obtained for the vertical range. The data are also cited in ISO/TR 22411.
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Figure B.21 — Horizontal reach range while sitting for persons of different ages ang statures

B.3.22 Reach range of the upper limbs for grasping

Figure B.22 shows the horizontal reach range of the upper limb for grasping provided by DIN/Technical
Repdrt 124. Data were.sampled only from female subjects of the fifth percentile of the Gefman female
body size (i.e. the smallest group). Measurements were conducted on a desk surface afl a height of
750 mm with twopestures, stretched and bent arm postures, as shown in the inset of the fjgure.

The pptimum(grasping area is the range that one can reach in the upright posture with bent arm and
elboyv jointat'90° (data A and B and posture 1). The functional grasping area is the range that one can
reach in‘the upright posture with stretched arm and elbow joint at 180° (data C and posfure 2). The
exteﬂided grasping area is the range that is reachable with bending of the upper body (data|D). Data are
also cited in ISO/TR 22411.
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Annex C
(informative)

Textual descriptions of figures in Annex B.3

General

annex provides textual descriptions of the figures presented in Annex B.3 for persons-y
pir limitations in visual abilities, have difficulties visually retrieving the information o

nformation presented here is additional to the information described in-Clause 5 a

'ho, because
[ the figures,

hd Annex B,

h should be referred to first. Most of the information here is data tabulated in a simplj
de an image of the graphs. Numerical values of the graphs were taken from the origi
ded down only to provide images of the graphs, or from visual inspections where the ¢
not available. Data for error bars such as standard deviations are not presented to av(
mation. However, averaged values of the standard deviations or ranges between mz:
mum value are presented in the text.

Textual descriptions

re B.1 — Lifting strength with two hands with comfort, slight effort and extren
and female subjects of different age groups

Figure shows two line-graphs, for a) mdle and b) female, that visualize Table C.1, wif]
psenting age from 0 years to 100 yedsis-and the Y-axis a mass to lift in kg from 0 kg to
bs are drawn: A: with extreme effott; B: with slight effort and C: with comfort. Standar
riven for all data points as vertical bars. The average deviations for male and fem|
3,0 kg and + 1,9 kg, respectively.

Table.C.1 — Numerical values visualized in Figure B.1

fied form to
nal data but
riginal data
id too much
iximum and

e effort for

h the X-axis
b5 kg. Three
d deviations
ale subjects

X: age Y: A, Y: B, Y: C,
years with extreme effort with slight effort with comfort
kg kg kg
a) Male
20to 29 12,7 8,6 4,8
30to 39 15,1 94 54
40to 49 13,9 8,9 53
50 to 59 14,2 9,8 53
60 to 69 12,3 8,2 54
70to 79 10 7 4,7
80 to 89 9,2 6,3 4
b) Female

20to 29 8,5 6 3,5
30to 39 10,1 71 4,2
40to 49 9,5 7,2 4,8
50 to 59 9,4 6,5 3,8
60 to 69 8,4 6,2 4,1
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Table C.1 (continued)

X: age Y: A, Y: B, Y:C,
years with extreme effort with slight effort with comfort
kg kg kg
70to 79 74 5,4 37
80to 89 6,6 55 4,1

Figure B.2 — Carrying strength with one or two hands with comfort or slight effort for young
(20-year-old to 39-year-old) and older (60-year-old to 89-year-old) male and female subjects

The figure g = oy = ps of
subjects in gach of four measuring conditions: 1: with comfort with one hand, 2: with slight effort|with
one hand, 3| with comfort with two hands and 4: with slight effort with two hands. The Y-axis shows
the mass to| carry in kg. Each data point has a maximum and minimum value among the subjedts in
addition to an average value.
Table C.2 — Numerical values visualized in Figure B.2
X: Carrying style/subject Y: A, Y:B, Y: C,
mean maximum minimum
kg kg kg
1: comfort carrying with one hand/young, male 1,6 2,0 0,9
1: comfort carrying with one hand/young, female 1,3 1,4 1,2
1: comfort carrying with one hand/older, male 1,6 2,0 1,4
1: comfort carrying with one hand/older, female 1,1 1,4 0,8
2: slight effoft carrying with one hand/young, male 3,3 4,2 2,5
2: slight effoft carrying with one hand/young, female 1,8 2,6 1,4
2: slight effoft carrying with one hand/older, male 2,5 3,7 1,4
2: slight effoft carrying with one hand/older, femalé 2,2 3,6 1,7
3: comfort cdrrying with two hands/young, male 3,8 4,7 2,7
3: comfort cgrrying with two hands/young, female 2,8 3,2 2,7
3: comfort carrying with two hands/older, male 4,4 57 2,7
3: comfort cdrrying with two hands/older, female 3,3 3,9 2,4
4: slight effoft carrying with twothands/young, male 6,2 6,6 59
4: slight effoft carrying with4we hands/young, female 4,4 5,7 3,7
4: slight effoft carrying with-two hands/older, male 5,2 6,8 3,7
4: slight effoft carrying'with two hands/older, female 4,4 5,9 3,2
Figure B.3 — Maximum lifting strength with two hands for different gripping types and heights,

(50th percentile data of male and female subjects)

The figure shows a bar graph that visualizes Table C.3, with the X-axis representing gripping style
and height and the Y-axis lifting strength in N from 0 N to 2 000 N. Each data point has data of the
50th percentiles for A: male and B: female. The fifth or 95th percentiles are given for each data point
as vertical bars to show deviation from the 50th percentile. The average deviations are 380 N for male
subjects and 200 N female subjects. Two illustrations are included to show the measuring methods: 1:
bottom gripping and 2: side-gripping. Both are shown with the lifting force direction.
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Table C.3 — Numerical values visualized in Figure B.3

X: Type of gripping and height Y: A, Y: B,
lifting strength, lifting strength,
male subjects female subjects
N N
a: side-gripping, height =1 350 mm 420 190
b: side-gripping, height = 750 mm 1270 530
c: side-gripping, height =400 mm 1110 490
d: bottom-gripping, height=1 110 mm 540 250
€: bottom-gripping, height = 500 mm 990 5T0
f: bottom-gripping, height = 150 mm 970 470
Figufe B.4 — Maximum pushing and pulling strength with one hand for maleand female subjects
of different ages
The figure shows two line-graphs for a) male and b) female that visualize [Fable C.4, with the X-axis
representing age from 0 years to 100 years and the Y-axis pushing or,pulling strength in{N from 0 N
to 8Q0 N. Five curves are drawn for different measuring conditions at.different institutiops. Standard
deviations are given for all data points as vertical bars. The average-deviations are + 99 Nfand + 110 N
for male and female subjects, respectively. Two illustrations are included to show th¢ measuring
metHods: 1, DTI; 2, TU, Delft.
Table C.4 — Numerical values visualized in Figure B.4
Xt age Y: A, Y: B, Y: C, Y: D, Y:E,
ypars pushing a pushing a pulling a vertical pulling a ulling a
vertical bar, horizontal bar, bar, horizontal bar, hor'li}ontal bar,
DTI DTI DTI DTI U Delft
N N N N N
a) Male
2|to 5 250 250 240 210 —
6o 10 170 190 150 190 —
11fto 15 173 210 190 180 —
16(to 20 272 280 270 260 —
21|to 30 225 220 240 230 —
31jto 50 457 500 320 350 —
51|to 60 270 370 220 260 —
61jto 70 340 320 290 300 —
71|to 80 330 290 210 210 —
81{te-90 220 190 190 170 —
20036 — — — — 350
31to49 — — — — —
50 to 54 — — — — 340
55to 59 — — — — 370
60 to 64 — — — — 330
65 to 69 — — — — 320
70 to 74 — — — — 290
75to0 79 — — — — 290
over 80 — — — — 260
b) Female
2t05 250 260 | 220 230 —
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Table C.4 (continued)
X: age Y: A, Y: B, Y: C, Y: D, Y:E,
years pushing a pushing a pulling a vertical pulling a pulling a
vertical bar, horizontal bar, bar, horizontal bar, horizontal bar,
DTI DTI DTI DTI TU Delft
N N N N N
6to 10 190 180 150 150 —
11to 15 310 290 260 220 —
16 to 20 350 340 230 240 —
21to 30 230 220 230 210 —
31to 50 320 330 230 230 -
51 to 60 320 270 230 230 =
61to 70 210 190 150 150 —
71to 80 250 260 240 250 —
81to 90 260 250 230 220 —
20 to 30 — — — — 240
31to 49 — — — —% —
50 to 54 — — — — 250
55to 59 — — — — 260
60 to 64 — — — — 240
65 to 69 — — — — 210
70 to 74 — — — — 190
75to0 79 — — = — 180
over 80 — — — — 160
Figure B.5(— Maximum pushing and pulling strength with two hands for male and female

subjects of

The figure i
The averagsg

different ages

Table C.5=; Numerical values visualized in Figure B.5

5 the same as Figure B.4 but for two hands. Table C.5 includes the data for the visualizgtion.
standard deviations are 310 N and * 120 N for male and female subjects, respectively.

X: age Y: A, Y: B, Y:C, Y: D, Y:E,
years pu§hing a p_ushing a pulling a vertical pulling a p-ushing E
vertical bar; horizontal bar, bar, horizontal bar, horizontal har,
DTI DTI DTI DTI TU Delft
N N N N N
a) Male
2to5 270 240 230 210 —
6to 10 200 240 150 180 —
11to 15 210 200 210 190 —
16 to 20 300 300 280 260 —
21to 30 300 250 250 240 —
31to 50 520 540 330 320 —
51 to 60 350 430 230 250 —
61to 70 410 440 310 330 —
71 to 80 400 360 230 210 —
81to 90 300 280 190 160 —
20to 30 — — — — 510
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Table C.5 (continued)
X: age Y: A, Y: B, Y: C, Y: D, Y:E,
years pushing a pushing a pulling a vertical pulling a pushing a
vertical bar, horizontal bar, bar, horizontal bar, horizontal bar,
DTI DTI DTI DTI TU Delft
N N N N N
31to49 — — — — —
50 to 54 — — — — 460
55to 59 — — — — 490
60to64 — — = — 420
65|to 69 — — — — 410
70|to 74 — — — — 360
75|to 79 — — — — 350
ovier 80 — — — — 300
b) Female
2|to 5 300 280 260 250 —
6o 10 220 140 160 150 —
11{to 15 380 320 280 230 —
16|to 20 390 370 230 220 —
21fto 30 260 230 240 210 —
31jto 50 350 330 220 220 —
51|to 60 390 310 260 230 —
61|to 70 230 210 150 160 —
71|to 80 310 310 260 260 —
81{to 90 340 280 210 190 —
20[to 30 — ~ — — 330
31|to 49 — > — — —
50|to 54 — — — — 310
55|to 59 — — — — 290
60[to 64 — — — — 290
65|to 69 — — — — 250
70|to 74 —= — — — 230
75|to 79 — — — — 220
ovier 80 — — — — 170
Figufre B.6"— Maximum pressing and lifting strength with feet for male and female|subjects of
diffegrentages

The figure shows two line-graphs for a) male and b) female that visualize

Table C.6, with the X-axis

representing age from 0 years to 100 years and the Y-axis pressing or lifting strength with feet in N
from 0 N to 900 N. Four curves are drawn for different measuring conditions: A: pressing a bar, B:
lifting a bar, C: pressing a pedal, D: lifting a pedal. Standard deviations are given for all data points as
vertical bars. The average deviations are + 73 N and + 60 N for male and female subjects, respectively.
Two illustrations are included to show the measuring methods: 1, pressing a bar, 2, lifting a bar, both by

foot.
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Table C.6 — Numerical values visualized in Figure B.6

X: age Y: A, Y: B, Y: C Y: D,
years pressing a bar lifting a bar pressing a pedal lifting a pedal
N N N N
a) Male
2to5 90 80 50 40
6to 10 170 150 90 70
11to 15 470 280 220 140
16 to 20 660 410 330 170
21to 30 630 340 320 160
31to 50 670 330 310 200
51 to 60 590 220 280 180
61to 70 560 270 250 160
71 to 80 420 210 180 130
81to 90 300 210 160 130
b) Female
2to5 90 80 50 30
6to 10 230 160 130 100
11to 15 430 200 180 120
16 to 20 400 220 180 100
21to 30 470 230 230 140
31to 50 520 240 210 130
51 to 60 350 240 150 110
61to 70 340 180 160 120
71to 80 360 220 140 130
81to 90 260 150 120 110
Figure B.7 1~ Grip diameter measured using a cone for male and female subjects of differentjages
The figure ghows a bar-graph that visualizes Table C.7, with the X-axis representing age from 20 years
to over 80 years and the Y-axis grip diameter in cm from 2,0 cm to 5,5 cm. Each data point has|data
for A, male pnd B, female subjects. Standard deviations are given for all data points as vertical pars.
The averagg deviations are 70,33 cm and #* 0,34 cm for male and for female subjects respectively. An
illustration |s included to-show the measuring method.
Table C.7 — Numerical values visualized in Figure B.7
X:age Y: A, Y: B,
years male subjects | female subjects
N N
20 to 30 4,3 3,9
31to 49 — —
50 to 54 4,2 3,9
55 to 59 4,1 4,0
60 to 64 4,2 3,9
65 to 69 4,1 3,8
70 to 74 4,1 3,9
75to 79 4,1 3,7
over 80 3,9 3,6
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Figure B.8 — Steadiness of hand-eye coordination for male and female subjects of different ages

The figure shows a bar graph that visualizes Table C.8, with the X-axis representing age from 20 years
to over 80 years and the Y-axis the diameter of a hole from 2,0 mm to 7,5 mm. Each data point has data
for A, male subjects and B, female subjects. Standard deviations are given for all data points as vertical
bars. The average deviation is + 1,0 mm for both male and female subjects. An illustration is included to
show the measuring method for hand steadiness.

Figu
rota
The f
that

maxi
for A

Table C.8 — Numerical values visualized in Figure B.8

X:age Y: A, Y: B,
years TTale Subjects | female Subjects
mm mm
20to 30 4,4 4,2
31 to 49 — —
50 to 54 4,5 4,9
55to 59 4,8 4,8
60 to 64 5,0 5,0
65 to 69 5,2 50
70 to 74 5,4 4,8
75to 79 5,7 5,2
over 80 6,2 5,5

re B.9 — Maximum angle of the wrist for inward (pronation) and outward (
fion for male and female subjects of different'ages

igure shows two bar graphs for a) inward rotation (pronation) and b) outward rotation
visualize Table C.9, with the X-axis representing age from 20 years to over 80 years aij
mum rotation angle of the wrist in degrees from 20 ° to 110 °. Each data point has a
, male subjects and B, female subjects. The data are the fifth percentiles: no standar

supination)

(supination)
d the Y-axis
pair of data
H deviations

are ghown. Two illustrations are included to show the measuring methods: 1: inward rotaption and 2:
outward rotation.
Table'C.9 — Numerical values visualized in Figure B.9
X:age Y: A, Y: B,
years male subjects female subjects
degrees degrees
a) Inward rotation (pronation)

20to 30 75 77

31to 49 — —

50 to 54 76 66

55to 59 79 89

60 to 64 84 82

65 to 69 79 84

70 to 74 80 82

75to 79 77 89

over 80 78 98

b) Outward rotation (supination)

20to 30 64 69

31to 49 — —

50 to 54 46 59

55 to 59 56 62
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Table C.9 (continued)
X:age Y: A, Y: B,
years male subjects female subjects
degrees degrees
60 to 64 62 57
65 to 69 50 60
70 to 74 51 55
75to 79 55 49
over 80 37 49

— Subjective evaluation of diameter of a circular dial for ease of rotatiemwith
fingers for young (in their 20s and 30s) and older (in their 60s to 80s) subjects

The figure ghows a bar graph that visualizes Table C.10 with the X-axis representing dial-diamete¢r for
15 mm, 20 mm, 25 mm and 35 mm and the Y-axis subjective evaluation score for easé)of operatipn of

a five-point
people. No s
for operatin|

Figure B.1

Table C.10 — Numerical values visualized in Figure B.10

X: dial diameter Y:A, Y: B,
mm young subjects older subjects
15 39 3,7
20 4,3 4,1
25 4,3 4,0
35 3,3 3,2

(20-year-old to 40-year-old) and older (oyer 65-year-old) subjects

The figure j
with the X-3
of operatior]
different puy|
presented. 4
angle.
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Table C.11 — Numerical values visualized in Figure B.11

scale from 1, difficult to 5, easy. Each data point has data for A, young people and B, plder
fandard deviations are presented. An illustration is included to show(the measuring mgthod
g a circular dial on a vertical panel with a separate figure to indicate’the dial diameter] d.

| — Preferred stroke length for pushing a button with the forefinger for ypung

hows two line graphs for aj\young people and b) older people that visualize Table |C.11,
xis representing stroke length from 0 mm to 4,0 mm and the Y-axis the preference
from 0, least preferred to 7, most preferred. Three curves are depicted in each graph for
shing directions: A, downward; B, oblique angle; and C, forward. No standard devia%on is
An illustration is included to show operation of pushing a button for a case at an ob

pcore

ique

Xistroke Y: A, Y: B, Y: C,
length downward pushing oblique angle forward pushing
mm
a) Young subjects
0,0 1,5 4,0 59
0,5 55 5,0 59
1,0 5,0 5,6 5,0
1,5 4,0 31 3,4
2,0 3,0 3,7 3,5
2,5 0,9 2,0 1,8
3,0 1,6 0,1 0,0
3,5 0,0 0,6 0,5
b) Older subjects
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Table C.11 (continued)

X: stroke Y: A, Y: B, Y: C,
length downward pushing oblique angle forward pushing
mm
0,0 1,0 3,5 3,4
0,5 5,0 5,0 3,9
1,0 5,5 4,5 4,3
1,5 3,6 4,0 2,5
2,0 3,6 2,5 3,0
2,5 1,6 1,5 1,5
3,0 11 1,1 0,4
3,5 0,1 0,0 2,5
Figure B.12 — Maximum grip strength of one hand for male and female subjécts of different ages
The figure shows two line-graphs for a) male and b) female that visualize, Table C.12, witlh the X-axis
repre¢senting age from 0 years to 100 years and the Y-axis grip stréngth from 0 N to 00 N. Four
curves are depicted in each graph for the representative data sourées: A, Mathiowetz et pl.; B, Angst
et alf C, TU Delft; D, MEXT. In addition, seven curves of the Leong et‘al. data are shown: E |Europe and
North America; F, three curves of South America, the Middle East'and China; G, three curves of Africa,
Southeast Asia and South Asia. Standard deviations are given for all data points, except f¢r the Leong
et al{data, as vertical bars. The average deviations are + 120:N and * 49 N for male and femple subjects,
respectively. Two illustrations are included to show the measuring methods: 1, for Mathipwetz et al.;
Angdt et al;; TU Delft; and Leong et al. and 2, for MEXT:
Table C.12 — Numerical ¥alues visualized in Figure B.12
X:age| Y:A, Y:B, | Y:C, | Y:D, Y E; Y: F, Y: F, Y:F: Y: G, Y: G Y: G,
years | Mathio- | Angst | TU | MEXT | Leonget | Leonget | Leong | Leong | Leong | Leonget | Leong
wetz etal. | Delft N al., al., South| etal.,, | etal,, | etal., | al.,, Soyth-| etal,,
etal. N N Europe | America | Middle | China | Africa | east Asia | South
N and N East N N N Asia
North N N
America
N
a) Male
6 — ~ — 90 — — — — — — —
7 — — — 110 — — — — — — —
8 — — — 130 — — — — — — —
9 — — — 150 — — — — — — —
10 — — — 170 — — — — — — —
11 — — — 266 — — — — — — —
12 — — — 240 — — — — — — —
13 — — — 290 — — — — — — —
14 — — — 340 — — — — — — —
15 — — — 370 — — — — — — —
16 — — — 400 — — — — — — —
17 — — — 420 — — — — — — —
a2 Forage 18 years to 19 years.
b Forage 20 years to 29 years.
¢ For age over 75 years.
d  For age over 80 years.
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Table C.12 (continued)

X:age| Y:A, Y:B, | Y:C, | Y:D, Y., E, Y:F, Y:F, Y: F: Y: G, Y: G, Y: G,
years | Mathio- | Angst | TU | MEXT | Leonget | Leonget | Leong | Leong | Leong | Leonget | Leong
wetz etal. | Delft N al., al., South| etal., | etal., | etal., | al., South- | etal,,
etal. N N Europe | America | Middle | China | Africa | east Asia | South
N and N East N N N Asia
North N N
America
N
18 — — — 420 — — — — — — —
19 566 — 420 — — — — — — —
20 to b — — — — — — A9+
54 | 540 | 530 | 5400 | 450 an/
4
25 to — — — — — Oy —
29 540 520 — 460 ‘(,SO
30to | 5hy | 540 | — | 460 - - - — — ‘LD‘ — B
34 &)
35t 530 | 550 | — | 460 | T - - - |8 - B
39 A
\J
40to | sa0 | 530 | — | 460 - - - <[ - - —
44 Q
45 to d — — — N — — —
19 490 510 | — | 460 s\\\\f
50 to — — e | — | = — —
54 510 500 510 450 \"Q
55 to — - — — — — —
=g 430 | 530 | 480 | 440 A\Q)
60 to — \o— — — — — —
64 4Q0 470 450 420 ’ N\‘
N — — _ _ _ —
%l ago | 420 | 420 | 300 | O
k\ rY
70t | 340 | 410 | 390 | 370 )$ - - - - | — - —
74 Pad,
>
7%0 290¢ | 360 | 370 |.(320 - - - - - - —
N2)
o
80 to | 300 @CQ . — — — — — — —
84 N
A
over 1 ) \~ . — — — — — — —
85 AN
35to ~
-+ AV — — — 490 440 440 440 360 390 340
40 c‘ >
7
4;50 — — — — 480 420 420 420 370 360 320
Sééo — — — — 450 400 390 390 310 320 300
6%0 — — — — 410 360 340 350 290 280 260
b) Female
e [ - [-[-Tw[ -1 - -T-T-T - T~

¢ Forage over 75 years.

For age over 80 years.

a  Forage 18 years to 19 years.

b Forage 20 years to 29 years.
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X:age| Y:A, Y:B, | Y:C, | Y:D, Y., E, Y:F, Y:F, Y: F: Y: G, Y: G, Y: G,
years | Mathio- | Angst | TU | MEXT | Leonget | Leonget | Leong | Leong | Leong | Leonget | Leong
wetz etal. | Delft N al., al., South| etal.,, | etal., | etal., | al., South- | etal,,
etal. N N Europe | America | Middle | China | Africa | east Asia | South
N and N East N N N Asia
North N N
America
N
7 — — — 100 — — — — — — —
8 — — — 126 — — — — — — —
L4
9 — — — 140 — — — — — Aq'/ —
10 — — — 160 — — — — — q>) — —
11 — — | — | 190 — — — — ~< ] — —
12 — — | — ] 210 — — — — [N — —
13 — — — | 240 — — — —~|V— — —
14 — — | — | 250 — — — S| — — —
15 — — — 250 — — — - — — —
16 — — | — | 260 — — =< = — — —
17 — — — 270 — — — — — —
18 — — | — | 260 — — N — — — — —
19 — 310a | — | 270 — — ] — — — — —
20 ; S NS " -
24 310 330 | 340 270 .,$
— \\Y _ _ — — _ _
251 330 | 340 | — | 280 3
29 «O
30t | 350 | 330 | — | 280 |OF - - | = | ~ - -
34 N
35to A - — — — — — —
39 330 350 — &0.
N
40 to — — — — — — —
44 310 350 ,:Q 290
U _ _ — — — — —
LPl o280 | 330> | 200
49 CA
50 tp - — — — — — — —
54 290 T@) 300 280
S5 2@9 310 | 290 | 270 - - — - |~ - —
59 O
60 to |\ — — — — — — —
64 Cg 250 280 | 280 | 260
65t | 220 | 290 | 260 | 250 | T - - | = | ~ - -
69
70 to — — — — — — —
74 220 260 | 250 230
7ol 190c | 250 | 230 | 220 | T - - i - -
a2  Forage 18 years to 19 years.
b For age 20 years to 29 years.
¢ Forage over 75 years.
d  For age over 80 years.
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Table C.12 (continued)

X:age| Y:A, Y:B, | Y:C, | Y:D, Y., E, Y:F, Y:F, Y: F: Y: G, Y: G, Y: G,
years | Mathio- | Angst | TU | MEXT | Leonget | Leonget | Leong | Leong | Leong | Leonget | Leong
wetz etal. | Delft N al., al., South| etal., | etal., | etal., | al., South- | etal,,
etal. N N Europe | America | Middle | China | Africa | east Asia | South
N and N East N N N Asia
North N N
America
N
80 to d — — — — — — —
84 — 190 | 200 —
over — — — — — — —
85 —+ 170 — —
3280 —+ — — — 290 280 260 270 210 230 430
Hel 4+ — | — | — | 290 260 | 250 | 270 | 240 220 410
5250 —+ — — — 260 250 230 260 200 200 190
6%50 —+ — — — 250 230 210 230 180 180 190
a2 Forage 18 years to 19 years.
b For age 2( years to 29 years.
¢ Forage oyer 75 years.
d  For age oyer 80 years.

Figure B.13

ages

The figure {
representin
curves are (
conditions

Standard de
and + 1,0 N

— Maximum twisting strength of the wrist for male and female subjects of diffe

rent

hows two line graphs for a) male:dnd b) female, that visualize Table C.13, with the X-axis
b age from 0 years to 100 years\and the Y-axis twisting torque from 0 Nm to 8 Nm. Seven
lepicted in each graph for different data sources (NITE and DTI) and different measuring
inward or outward rotatien, smooth or ridged knob, horizontal or vertical orientation).
viations are given for all data points as vertical bars. The average deviations are * 1,
m for male and fenrale subjects, respectively. Four illustrations are given to show the

P Nm

measuring methods: 1, a circulay knob at vertical orientation by NITE; 2, a circular knob at horizpntal

orientation

horizontal grientation by-DTIL.

by NITE; 3, a_circular knob at horizontal orientation by DTI; and 4, a ridged kn

Table C.13 — Numerical values visualized in Figure B.13

bb at

X: age Y: A, Y: B, Y: C, Y: D, Y:E, Y:F, Y: G
years circular- circular- circular- circular- circular- ridged- ridge(d-
Knob, Kknob, Kknob, Kknob, Kknob, Kknob, knob,
50 mm 50 mm 50 mm 50 mm 40 mm 40 mm 40 mm
diameter, diameter, diameter, diameter, diameter, diameter, diameter,
outward- outward- inward- inward- clockwise- | clockwise- | clockwise-
rotation, rotation, rotation, rotation, rotation, rotation, rotation,
vertical- | horizontal- | vertical- | horizontal- | vertical- vertical- | horizontal-
orientation, | orientation, | orientation, | orientation, | orientation, | orientation, | orientation,
NITE NITE NITE NITE DTI DTI DTI
Nm Nm Nm Nm Nm Nm Nm
a) Male
20 to 29 3,7 4,7 2,9 4,8 — — —
30to 39 3,2 4,7 3,7 4,8 — — —
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