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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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Part 1

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
fask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting\»*Publication as
bl Standard requires approval by at least 75 % of the member bodies castingawote.

shall not be held responsible for identifying any or all such patent rights.

110 was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee S(
s of human-system interaction.

the

rds
an

drawn to the possibility that some of the elements of this document.fmay be the subject of patent

L 4,

edition of 1SO 9241-410, together with 1SO 9241-400, 1SO 9241-4111), SO 9241-420") and

211), partially replaces 1SO 9241-4:1998 and 1SO 9244<9:2000, technically revised as follows:
and definitions from 1ISO 9241-4 and ISO 92419 have been transferred to ISO 9241-400;

Hing principles have been incorporated into 1SO 9241-400 and unified so that they correspong
bpe of the new ISO 9241 series;

brinciples are applied in ISO 9241-410 in order to generate provisions for product design.

plication procedure has beenyspecified in ISO 9241-410, for reasons related to the structure of
subseries of ISO 9241 and its usability- rather than property-based nature;

ater convenience, a-separate normative annex covering each of the different devices, as well as
ative annex addressing issues related to accessibility, have been included in ISO 9241-410.

tonsists of the following parts, under the general title Ergonomic requirements for office work |
ay termipals' (VDTSs):

Géneral introduction

to

the

an

vith

Part 2.

: Guidance on task requirements

Part 3: Visual display requirements
Part 4: Keyboard requirements

Part 5: Workstation layout and postural requirements

1) Planned or under preparation. (See Annex A)
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— Part 6: Guidance on the work environment

— Part 9: Requirements for non-keyboard input devices
— Part 11: Guidance on usability

— Part 12: Presentation of information

— Part 13: User guidance

— [Partt#Merudiatogues

— | Part 15: Command dialogues

— | Part 16: Direct manipulation dialogues

— | Part 17: Form filling dialogues

Th¢ following part is under preparation:

— | Part 129: Guidance on software individualization
ISQ 9241 also consists of the following parts, under the general titleErgonomics of human-system interaction:
— | Part 20: Accessibility guidelines for information/communication technology (ICT) equipment ang services
— | Part 110: Dialogue principles

— | Part 151: Guidance on World Wide Web user interfaces

— | Part 171: Guidance on software accessibility

— | Part 300: Introduction to electronicvisual display requirements

— | Part 302: Terminology for electronic visual displays

— | Part 303: Requirementsfor-electronic visual displays

— | Part 304: User performance test methods

— | Part 305: Optical laboratory test methods for electronic visual displays
— | Part 306:Field assessment methods for electronic visual displays

— | Part\307: Analysis and compliance test methods for electronic visual displays

— —Part 308—Surfate-comnauction efectron-ermitter aisplays (SED) T Technicat-Report}
— Part 400: Principles and requirements for physical input devices

— Part 410: Design criteria for physical input devices

— Part 920: Guidance on tactile and haptic interactions

Framework for tactile and haptic interaction is to form the subject of a future part 910.

© 1SO 2008 — All rights reserved \"
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Introduction

Input devices are a means for users to enter data into interactive systems. Generally speaking, an input
device is a sensor that can detect changes in user behaviour (gestures, moving fingers, etc.) and transform it
into signals to be interpreted by the interactive system. An input device is regarded as the combination of
hardware with the software designed to use it (e.g. a driver).

This part of ISO 9241 defines design criteria for products on the basis of relevant properties of physicalyinput
devices asllaid down in ISO 9241-400:2007. It is intended to cover assessment methods for laboratory’use (in
order to adcelerate future development of test and evaluation methods) and user organizations iffuture parts
of ISO 924[1.

Most of the principles presented in this part of 1SO 9241 have previously been defined or outlined in
Internationpl Standards for keyboards and other input devices (ISO 9241-4 and)ISO 9241-9). Where
necessary/ definitions of terms have been reformulated so that they are applicable forall input devices.

ISO 9241 |was originally developed as a seventeen-part International Standard on the ergononjics
requirements for office work with visual display terminals. As part of the standards review process, a major
restructuring of 1ISO 9241 was agreed to broaden its scope, to incorporate other relevant standards and to
make it more usable. The general title of the revised 1ISO 9241, “Ergénomics of human-system interaction”,
reflects thg¢se changes and aligns the standard with the overall title and scope of Technical Committee
ISO/TC 15B, Ergonomics, Subcommittee SC 4, Ergonomics of\’human-system interaction. The reviged
multipart sfandard is structured as a series of standards numbered in the “hundreds”: the 100 series dgals
with software interfaces, the 200 series with human centred design, the 300 series with visual displays, the

400 series|with physical input devices and so on.

See AnneX A for an overview of the entire ISO 9241, series.

Vi © 1SO 2008 — All rights reserved
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Ergonomics of human-system interaction —

Part 410:
Design criteria for physical input devices

1

Thi
for
toul
the

Scope

s part of ISO 9241 specifies criteria based on ergonomics factors for the design of’physical ing
interactive systems including keyboards, mice, pucks, joysticks, trackballs, trackpads, tablets an
ch-sensitive screens, styli and light pens, and voice- and gesture-controlled.devices. It gives g
design of these devices, taking into consideration the capabilities and limitations of users, an

generic design criteria for physical input devices, as well as specific- criteria for each type

Re
be
ha

EX}
The
con

Thi
cor
de

Thi
des
of

1S(

nuirements for the design of products are given either as a result of context-free considerations,
ing been subdivided into task-oriented categories, wherever applicable.

\MPLE The resolution of a pointing device is given in relation‘to four levels of index of difficulty for t
required category for the resolution can be determined on the\basis of the task characteristics, user po
text of use for the intended application.

s part of ISO 9241 does not specify the categories’that are appropriate for devices as, accor
cept of usability, a product has no inherent usability. Selecting the category to which a certain p
ice belongs is subject to the design of a product.

s part of ISO 9241 is expected to be used by the manufacturers of physical input devices, includ
igners and test organizations, in detérmining the design characteristics of a device for its inteng
ise (user population, task, software/or environment, etc.). The data generated by the users of
D 9241 for the description of the properties of their products can be applied in the selection ¢

ut devices
d overlays,
Lidance on
d specifies
of device.
Or else can

determined based on the specified design criteria for the intendedyuse; such specified criteria generally

he Fitts test.
bulation and

Hing to the
operty of a

ng product
ed context
this part of
f a device

adgquate for the actual contextof use on the basis of the task primitives relevant for the task of the specific

use

2

The
refe
doq

r population, and for achieving the required level of efficiency and effectiveness for a given syste

Normative réferences

following ‘referenced documents are indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

O

m.

For dated
referenced

1S(

7000, Graphical symbols for use on equipment — Index and synopsis

ISO 9241-400:2007, Ergonomics of human-system interaction — Part 400: Principles and requirements for
physical input devices

ISO/IEC 9995 (all parts), Information technology — Keyboard layouts for text and office systems

IEC 60417-DB, Graphical symbols for use on equipment 2)

2)

Permanently updated database.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 9241-400 and the following apply:

3.1

bounce-free switch
switch that generates a single and definite signal after actuation

3.2
category

$ matawhbickh ki £ X H
part Of a S:,S“,m Hto-Wrtenr prup\,l tHeS-oreftte

3.3
class
category o

NOTE 1
the number

NOTE 2
all requirem

3.4

b
o)
9P

a property of a product with rank order

Class 1 is the most, and class n the least, favourable category of a specific property of a‘product, where
of classes.

An example of a property is durability of the legends of a key. If a key belongs 10 the highest class, it will
bnts for the lower categories.

compact Keyboard
keyboard {hat features most properties of a full-size keyboard, with ‘the editing section integrated into
alphanumgric section

NOTE

3.5

force feed
application

EXAMPLE

3.6

A compact keyboard can have a numeric section.

back
of physical force in response to user input

In games, or in car and plane simulaters.

full-size k¢yboard

n is

ulfil

the

keyboard that comprises all sections-and zones as described in ISO/IEC 9995-1

3.7

group

category of a property of a product without rank order

NOTE Some properties such as the size of a key do not constitute a virtue without further considerations. For such
properties, fhe categorization may help to differentiate objects without being able to determine a rank in consideratiop of
the specific propetty-

EXAMPLE A particular size of key on a keyboard that is suited for continuous touch-typing, a smaller key sizd for
hand-held devices or a larger size for use with gloves.

3.8

haptic, adj

of or relating to, or proceeding from, the sense of touch

3.9

haptic display

display presenting information accessible through the sense of touch, mainly by, but not limited to, use of
hands and fingers

2 © 1SO 2008 — All rights reserved
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3.10

haptic interface

user interface based on touch, using the movements of the user as input and the sense of touch as output for
tactile and kinaesthetic feedback

EXAMPLE Force feedback joysticks, Braille screen readers.
3.1

housing
protective cover designed to contain or support a mechanical component

NO[TE An input device is either integrated into its own housing or into another unit that comprises othér functional
unifs (e.g. control desk, control panel, telephone).

3.1p
index of difficulty
Ip
meg@sure of the user precision required in a task

NO[TE The index of difficulty, I, is measured in bits, and is calculated for selection, pointing, or dragging {asks by

d+w

Ip =log,

and for tracing tasks by

where
d is the distance of movement to the target;

w is the target width of the displayed target along the approach axis for selection, pointing or dragging tasks, and
perpendicular for tracing tasks.

3.1B
key arrangement
spatial organization of keys of a-keyboard following certain design rules or conventions

EXAMPLE Typewriter, calculator or telephone layout of keys for generating codes for numerals (numegric keys for
digits 0 to 9) on office machines.

31
keypad
funictional unit’that comprises at least a group of keys dedicated and arranged for a given functipnality and
possibly ‘additional keys supporting related functionality

EXAMP| E Numeric keys “Enter” key of keypad

3.15
multi-tap
alphanumeric input requiring several presses per character

3.16
section
(keyboard) functional groups within computer keyboards for which different rules for layouts can apply

NOTE Some sections of existing keyboards are arranged according to more-than-century-old conventions.

© 1SO 2008 — All rights reserved 3
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3.17

task precision
measure of the accuracy required for a pointing, selecting or dragging task primitive, quantified by the index of

difficulty

3.18
touchpad

touch-sensitive pad that senses the position of a finger on its surface

3.19

work surface

surface on
[ISO 9241-

3.20
zone

(keyboard)

EXAMPLE
function and

which equipment and task materials are used

5:1998, definition 3.25]

smaller unit within a section of a keyboard representing different functionality.

The layout of the alphanumeric keys for entering graphic characters (alphanumeric zone) grouped
modifier keys such as “Ctrl”, “Alt”, “Tab” or “Backspace”.

vith

4 Procgdure for applying this part of ISO 9241

Generally [speaking, the entirety of requirements for the overall' design of a product is a result| of

considerations from a variety of origins, such as engineeringsafety, environmental protection, economic

efficiency, marketing or the concept of usability (see ISO 9241-400).

This part of ISO 9241 presents requirements related to pra@duct properties that are in turn related to usability of

physical input devices. Its application requires followingsteps a) to d), below.

a) Identify properties of the device that are relevant for usability.
First, identify those properties relevant-toUsability, i.e. relevant for the effectiveness and efficiency of lise
and fgr the satisfaction of user needs.»Some of the properties are known (e.g. key legends for keybogrd)
and rgquirements for them exist for certain areas of use (e.g. minimum size of key legends for full-gize
keyboards).

b) Apply|generic design requirements
Identify other properties by applying the generic design principles on a specific device (e.g. controllabjlity
on keyboards or miee). The requirements for these properties can be different for different contexts of use.
For these properties, the requirements are subdivided into categories — classes or groups. Specify fthe
categqry to which a device belongs. The device will need to conform to the requirements that apply to that
categqry.

c) Apply device specific design requirements

For each relevant property, apply the requirements for a specific device (see Annexes B to J). See
Figure 1 for a summary of these requirements.

d) Evaluate the performance criterion

Ensure that the device fulfils the requirements derived from the provisions of this part of ISO 9241, while
considering the product’s designated purpose.

NOTE

A product is considered as being any combination of hardware and software utilized for a given task.

© 1SO 2008 — All rights reserved
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Relevant Properties

1 Property Class/ Group/ Value
T @ Effectiveness EERO
= & | Efficiency ERERO
CE, -g Dimensioning EEER
.% g_ Software dependency v 5
g & | Additional device O <-— |
c Obviousness EEER R
2 | £ | Predictability mEEm~— | 9
Z § Correct order EERO
'c;) & | Consistency EEEO
& Compatibility EERO
s > | Responsiveness EEER
; % Non-interference EEEE
S S | Reliability of device access EREN
g g Adequacy of device access | § F R |
2 © | Control access EEER
g § - Postures ER0O0
(&) c 8| Effort ERRO
o -
o
w » | Size 0000 — [ 4
-g E‘ Roll-over ERERQO
§_ Durability of legefids ERO0O 5
o Alphanumerie vV e
S | 2 8| Numeric )
2 |2 R Editing %
§ & g Function v
- Multimedia pp——

requirement derived.frema generic design principle

Key

1

2 [not relevant

3 | property with requirements in four groups
4 | property with-requirements in four classes
5 | property with requirements

6

property without requirements in this document

@O0
Q@O0
*QO@O
HOIG@]

© 1SO 2008 — All rights reserved

2 1 L}
ST

c3 --
C4.

Figure 1 — Sample for a summarizing table


https://standardsiso.com/api/?name=f8379d7ba78e4ba909d2c084ad44e0c2

ISO 9241-410:2008(E)

5 Performance criterion

The input device shall be usable for its designated purpose. It is considered usable if its user can achieve a
satisfactory level of performance on a given task and maintain an acceptable level of effort and satisfaction.
This objective is met when the design requirements and recommendations (see Annexes B to J) applicable to
the device are satisfied.

If completing the task requires the utilization of more than one physical device, all elements specified shall be
treated as a unit for the purposes of determining usability.

6 PropLerties of physical input devices relevant for usability
Properties [of physical input devices with relevance for usability can be broken down into groups of properties.
Requiremgnts can either be derived from a generic design principle to which various properties‘can contribute
or the releyant property can be identified without applying a principle. Properties with requirements in grolips

serve to categorize products without the ability to assign them to classes, whereas other, properties can|be
categorized into classes with rank order:

— functignal properties;

— mechanical properties;

— electrigal properties;

— maintdinability-related properties;

— health} and safety-related properties;
— interd¢pendency with software;

— interd¢pendency with use environment.
For such [properties, requirements or recommendations exist based on technical knowledge, scientific
evidence gr conventions. The relevance of additional (or sometimes the same) properties can be identified or
established in consideration of the genéric design principles presented in ISO 9241-400. This part of ISO 9241
specifies design requirements for each device derived from those principles. Other properties corresponding

to a certain principle equally or eyén-better suited may be used instead.

EXAMPLE The form of the-housing of a mouse is relevant if the user has no equivalent or better means to sense|the
orientation gf the device (prificiple: controllability, reliability of device access).

EXAMPLE 2 The grientation of a button for minimizing finger extension is relevant if the button is located on a mojuse
where the button will.be”actuated without losing overall control of the device (principle: controllability, control access). [For
other buttons, the ‘Orientation might not be relevant.

7 Generic design requirements for physical input devices

7.1 General

The intended use of a physical input device shall be specified unless it is obvious or the product is designed
for general-purpose use. The specification shall include technical conditions for the context of use to be
realized for satisfactory use of the device (e.g. operating system, driver, support surface).

Each physical entity possesses a number of properties, of which only some are relevant for its usability. Since
a device cannot have intrinsic usability, for each relevant property subject to a design requirement, wherever

6 © 1SO 2008 — All rights reserved
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possible four categories are given. If sufficient knowledge exists to recommend a certain category, this is

indicated.

NOTE The category required for a given task, intended user population and/or context of use (e.g

. stationary,

portable, hand-held and in different environments) will be able to be determined using procedures given in a future part of

ISO 9241.
7.2 Generic design requirements

7.21 General

This clause derives generic design requirements from the ergonomic principles that apply to athiby
as fefined in ISO 9241-400:2007, 4.2. These are

— | appropriateness,
— | operability,
— | controllability, and

— | biomechanical load.

7.212 Appropriateness

ut devices

The design of a device shall be appropriate for the intended tasks being performed and the infended use

enyironment, including additional devices if required by the task. An appropriate input device enabl
to pchieve the required effectiveness for the task and~is efficient and satisfactory for the intqg
population.

Th¢ dimensioning of an input device and its~parts shall be compatible with the relevant anth
dimensions of the part of the body for the intended user population so that relevant design objecti
met (intended level of effectiveness, intended level of efficiency).

If the design objectives cannot be met/without the use of additional tools (e.g. stylus for input via
keys) or if, in order to achieve the intended level of appropriateness, the design requires enhan

software or the additional use of\a 'device other than is delivered with the device under consideratio
shall be specified.

7.2l13 Operability

7.23.1 General

An|input déviee shall be operable, i.e. its intended use is obvious, predictable and consistent an
receivestadequate feedback.

bs the user
nded user

ropometric
ves can be

small size
cement by
n, then this

d the user

The obviousness of the intended use can be categorized into four classes:
C1 known or visible without additional instructions and information;
C2 detectable by the user by trial and error;
C3 learnable by simple instructions;

C4 learnable by special training.

© 1SO 2008 — All rights reserved
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7.2.3.3 Predictability

The predictability of the input is achieved if the movement or other activation of the input device consistently
produces a directly corresponding movement of the display or desired action by the system, e.g. movement of
an input device in one of the cardinal directions (up, down, left, right), or if a voice command to the same
effect consistently produces movement of the pointer in the same direction on the screen.

7.2.3.4 Consistency of operation

Consistency of operation is provided if the device operates and responds in the same manner in the specified
context of gser-

Operating |n the same manner means that the same level of effectiveness is maintained under the(intendged
context of use.

Responding in the same manner means that the user receives the same feedback through the\same chanrjels
(e.g. tactild, visual or auditory).

7.2.3.5 User compatibility

7.2.3.5.1 | General requirement

Physical ipput devices shall be user-compatible, i.e. their design<{accommodates the intended user
anthropomietric characteristics and biomechanical capabilities.

7.2.3.5.2 | Throughput
The anthrgpometric characteristics of the intended user poptilation can be accommodated in four classes:

C1 fdlly compatible, enables maximum throughput-and accuracy;
C2 rgstricted (level 1), maximum achievable\level for effectiveness 90 %, efficiency 90 %;
C3 rgstricted (level 2), maximum achievable level for effectiveness 80 %, efficiency 80 %;

C4 use requires additional aids.
7.2.3.5.3 | Force and posture
The compatibility with biomechanical capabilities of the intended user population can be categorized by the
degree to which a fraction.ef)the maximum capability (e.g. angle of joint, contracting force of a muscle) is

needed for the operation-of.the device.

NOTE Current sCientific knowledge does not allow a setting up of such categories valid for all input deviges.
Therefore, this part @f1SO 9241 does not include categories for the angle of joints and the contracting force of muscle.

7.2.3.6 Feedback

An input device shall provide effective feedback, i.e. the user is given immediately perceptible and
understandable indication that the device is responding to user actuation (see ISO 9241-400). The feedback
generated by the operation of an input device is only partly transmitted by that device to the users, e.g. by
tactile feedback while actuating a button. Some input devices such as gesture-sensitive cameras do not
provide any feedback except that generated by the system. Thus, the adequacy of feedback is highly
software-dependent.

8 © 1SO 2008 — All rights reserved
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An input device shall either give adequate feedback by its own functionality or generate a signal enabling the
system to provide feedback. The feedback is adequate if the user can detect the following without taking
further action:

— current state of the device;

— outcome of the latest action (e.g. input accepted, required action initiated);

— any action required as consequence of the latest action.

Users with special needs or use conditions may require certain types of feedback. For example, feedback
through the same channel (faciile Teedback by the bufton thatis being actuated) could be needed]if visual or
acqustic feedback are likely to fail. In other cases, feedback through a diverse channel may be bengficial if the

chgnnel that is being used for an action does not accept the response, e.g. the acceptange.of a [text that is
beiphg dictated cannot be confirmed continuously by sound, but by visual or tactile feedback:;

7.214 Controllability

7.2141 General

The operation of an input device shall be controllable. This means that

— | the device shall be responsive, and its use shall not interfere with its functionality,
— | the design of the device shall give the user adequate and reliable access, and

— | the design shall prevent unintended loss of control during intended use, e.g. slipping by hand-operated
devices.

NO[TE See ISO 9241-110 for details concerning contrellability in dialogue design in general.

7.24.2 Responsiveness
Regponsiveness of an input device occursiif-the feedback following its actuation is consistent and sufficient.

EXAMPLE Activating a graphic key\on a keyboard is always accompanied by a generated character o the screen
and by a tactile feedback that is the same for all keys on that keyboard.

7.214.3 Non-interference

Anlinput device shall notiinterfere with its own use. This means that all functional elements belonging to that
deyice can be accessed and operated without degrading the usability of the device. Functiondl elements
neg¢ded to transpartydata from the device to the system and vice-versa (cables, infrared beamg) shall not
influence throughput and accuracy.

EXAMPLE 1 The user's hand or arm does not block an infrared beam.

EXAMPLE 2 A computer mouse is not pulled by its own stiffness and weight during intended use.

7.2.4.4 Reliability of device access

Adequate control of an input device is given when its design prevents unintended loss of control during
intended use.

7.2.4.5 Adequacy of device access

The design of an input device shall enable the user to quickly and easily access it (e.g. grasp, position,
manipulate) during intended use without adversely affecting performance.

NOTE Positioning of a device depends on its design and the design and adjustment of the workstation and position
of the user.
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7.2.4.6

Control access

The controls of an input device shall be able to be located and actuated quickly and easily without interference
with the overall use of the device.

EXAMPLE

Actuating a mouse button does not move the focus of the pointer.

7.2.5 Biomechanical load

7.2.5.1

General

The design
this part of

NOTE

mechanism
more neutrg

7.25.2

An input device shall be operable without undue deviation from a neutral posture during intended use.

NOTE
postures in

7.25.3

An input device designed for efficient use shall be operable without excessive effort during intended use.

NOTE
use without

8 Deuvis

While gengric design requirements of/this part of ISO 9241 cover aspects applicable to any physical unit {

could be u
apply to th
trackballs

While thos
is designeq

The followi

functid

of a physical input device shall minimize the biomechanical load of the user. For the purposey
ISO 9241, only postures and muscular effort are considered.

Some input devices incorporate functionality that helps to reduce static muscle load. This\can includ
that measures duration of holding without user actions and gives feedback that reminds the*user to ado
| posture, e.g. with a tactile signal.

Postures

Proper setup of the device as a component of the full workstation is imiportant relative to encouraging ned
he workplace (workstation height, keyboard placement, etc.).

Effort

Proper setup of the device as a component of the full workstation is important relative to encouraging effic
excessive effort in the workplace (workstation height, keyboard placement, etc.).

ce-specific design requirements

5ed as an input device, some requirements are highly device-specific. Different requirements n
e same object if it is designed to be used in another context. For example, while keyboards, m
pr joysticks can all ingorporate buttons in their design, the buttons can serve different purpos
e on an alphanumeérical keyboard are designed for fast typing with ten fingers, a button on a joys

to be pressedby the thumb. Thus requirements can be different depending on the specific devi

hg are treated as device-specific design requirements in this part of ISO 9241:

nalgroperties;

of

e a
bt a

tral

ent

hat
hay
ce,
es.
tick
Ce.

10

health-

mechanicarl propertes,
electrical properties;

maintainability-related properties;

and safety-related properties;

interdependency with software;

interdependency with use environment.
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9 Documentation

The documentation of a product shall comprise the product description and the operating instructions. The
product description shall specify all relevant and usability-related information for selection of the appropriate
device.

Since all input devices are operated through some changes in at least one part of the body, relevant
information for using them can require dynamic representations (e.g. video clips, animations). Designers are
encouraged to select the type of information adequate for the specific information.

grost-dey e aHes gbut-alseleng-term—training —Se dey wih potential
efits are not accepted by the user because of information missing on the amount of traiping|needed to
achieve a certain level of effectiveness and efficiency. Therefore, the documentationCshoyld include
infermation on the timescale for achieving a high level of proficiency.
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Annex A
(informative)

Overview of the ISO 9241 series

This annex presents an overview of 1ISO 9241: its structure, subject areas and the current status of both
published and projected parts, at the time of publication of this part of ISO 9241. For the latest information on

the series,

see: hitp://isotc.iso.org/livelink/livelink ?tunc=Ill&ob|ld=651393&0objAction=browse&sort=name.

Part no.

Subjectltitle

Current status

Seneral introduction

International Standard
(intended to be replaced.by ISO/TR 9241
and 1S©,9241-130)

—_

Suidance on task requirements

International Standard

isual display requirements

International Standard
(intended to be replaced by the
1ISO 9241-300 subseries)

eyboard requirements

International Standard
(intended to be replaced by the
1ISO 9241-400 subseries)

Vorkstation layout and postural requirements

International Standard
(intended to be replaced by ISO 9241-500)

Suidance on the work environment

International Standard
(intended to be replaced by ISO 9241-600)

Requirements for display with reflections

International Standard
(intended to be replaced by the
1ISO 9241-300 subseries)

Requirements for displayed colo@rs

International Standard
(intended to be replaced by the
1ISO 9241-300 subseries)

Requirements for non-keyboard input devices

International Standard
(intended to be replaced by the
1ISO 9241-400 subseries)

11

Suidance on‘usability

International Standard

12

Presentation” of information

International Standard
(intended to be replaced by ISO 9241-111
and ISO 9241-141)

13

User guidance

International Standard
(intended to be replaced by ISO 9241-124)

14

Menu dialogues

International Standard
(intended to be replaced by ISO 9241-131)

15

Command dialogues

International Standard
(intended to be replaced by ISO 9241-132)

12
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Part no. Subjectititle Current status
16 Direct-manipulation dialogues International Standard
(intended to be replaced by ISO 9241-133)
17 Form filling dialogues International Standard
(intended to be replaced by ISO 9241-134)
20 Accessibility guidelines for information/communication .
; - International Standard
technology (ICT) equipment and services
Infroduction
100 Introduction to software ergonomics Planned

Gdneral principles and framework

110 Dialogue principles International Standard

111 Presentation principles Planned to partially revise and|replace
ISO 9241-12

112 Multimedia principles Planned to revise and replace ISP 14915-1

113 GUI and control principles Planned

Prgsentation and support to users

121 Presentation of information Planned

122 Media selection and combination Planned to revise and replace ISP 14915-3

123 Navigation Planned to partially revise and|replace
ISO 14915-2

124 User guidance Planned to revise and replace ISP 9241-13

129 Individualization Planned

Dialogue techniques

130 Selection and©ombination of dialogue techniques Planned to incorporate and r¢place

ISO 9241-1:1997/Amd 1:2P01
131 Menu dialegues Planned to replace 1ISO 9241-14
132 Cgmmand dialogues Planned to replace 1ISO 9241-15
133 Direct-manipulation dialogues Planned to replace ISO 9241-16
184 Form-based dialogues Planned to replace 1ISO 9241-17
135 Natural language dialogues Planned

Interface control components

141 Controlling groups of information (including windows) Planned to partially replace 9241-12
142 Lists Planned
143 Media controls Planned to partially revise and replace

ISO 14915-2
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Part no.

Subjectititle

Current status

Domain-specific guidance

151 Guidance on World Wide Web user interfaces International Standard

152 Interpersonal communication Planned

153 Virtual reality Planned
Accessibility

171 Suidance on software accessibility Under preparation
Human-centred design

200 ntroduction to human-centred design standards Planned

210 Human-centred design of interactive systems Planned to revise @andreplace 1ISO 13407
Process rgference models

220 Human-centred lifecycle processes Planned to revise and replace

ISO/PAS 18152

Methods

230 Human-centred design methods Planned to revise and replace ISO/TR 16982
Ergonomi¢ requirements and measurement techniques for electronic visual displays

300 ntroduction to electronic visual display requireéments To be published

302 [erminology for electronic visual displays To be published

303 Requirements for electronic visualdisplays To be published

304 ser performance test methods To be published

305 Dptical laboratory test methods for electronic visual displays To be published

306 Field assessment methods for electronic visual displays To be published

307 \.nalysis and cémpliance test methods for electronic visual To be published

displays

308 Burface ‘€onduction electron-emitter displays (SED) To be published (Technical Report)

309 Drganic light-emitting diode displays (OLED) Planned

310 ixel defects (visibility, aesthetics and ergonomics) Planned
Physical input devices

400 Principles and requirements for physical input devices International Standard

410 Design criteria for physical input devices International Standard

411 Laboratory test and evaluation methods for the design of Planned

physical input devices

420 Selection procedures for physical input devices Under preparation
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Part no. Subjectititle Current status
421 Workplaqe test and evaluation methods for the use of physical Planned
input devices
Workstation
500 Workstation layout and postural requirements Planned to revise and replace ISO 9241-5
Work environment
600 Guidance on the work environment Planned to revise and replace’ISO 9241-6
Application domains
710 Introduction to ergonomic design of control centres Planned
711 Principles for the design of control centres Planned-to revise and replace ISO 11064-1
712 Principles for the arrangement of control suites Planned to revise and replace ISQ 11064-2
713 Control room layout Rlanned to revise and replace ISP 11064-3
714 Layout and dimensions of control centre workstations Planned to revise and replace ISP 11064-4
715 Control centre displays and controls Planned to revise and replace ISP 11064-5
716 Control room environmental requirements Planned to revise and replace ISP 11064-6
717 Principles for the evaluation of control centres Planned to revise and replace ISP 11064-7
Tagtile and haptic interactions
000 Introduction to tactile and haptic interactions Planned
910 Framework for tactile and haptic’interactions Planned
020 Guidance on tactile and<aptic interactions Under preparation
030 Haptic and tactile inferactions in multimodal environments Planned
040 Evaluation of tactile and haptic interactions Planned
071 Haptic and(tagctile interfaces to publicly available devices Planned
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Annex B
(normative)

Keyboards

B.1 Properties of the keyboard

B.1.1 Functional properties

B.1.1.1 Design of the keys

The functignal properties of keys within keyboards (not single buttons) relevant for the usability of a keybogprd
are

— size (qverall),
— keytop shape,
— strike purface,
— displagement,

— force,

— force/dlisplacement characteristic,
— feedeck,

— bounckg,
— roll-ovgr,

— legenq, and

— durability of legends.

B.1.1.2 $ections and zones

A keyboarfl comprises.at least one keypad. More complex arrangements can consist of different keypgds,
which shopld be ofganized in meaningful sections. The following sections are defined in ISO/IEC 9995
(all parts):

— alphanumeric section;

— numeric section;
— editing section;
— function section.

A keyboard may comprise any of these sections, combinations thereof and additional sections and zones. The
minimum required number of sections for a keyboard and zones within these sections is determined by the
intended use of the keyboard. A maximum arrangement can also be determined by the task, but realization
could be restricted by space constraints or other overriding considerations such as portability or fitting into the
human hand.
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B.1.2 Mechanical properties

Those mechanical properties of a keyboard relevant for usability are
— centreline spacing,

— height,

— width,

— [Siope,
— | profile,

— | surface finish,

— | weight,

— | material,

— | thermal conductivity,
— | adjustability, and

— | palmrest.

B.1.3 Electrical properties

For keyboards that do not require separate power<upply, the electrical properties of keyboards ar¢ unrelated
to ysability.

For keyboards with their own power supply, the following usability-related aspects need to be considlered:
— | influence of cabling (keyboards-with external power supply);
— | influence of provisions for\electrical safety;

— | electromagnetic influences on other equipment;

— | weight (battery-operated keyboards).

B.1.4 Maintainability-related properties

Malntainability-related properties of keyboards to be considered for usability reasons are the following:

— surface of keytops (cleaning);

— surface of covers required for certain environments (cleaning or keeping free of bacteria in areas with
high hygienic requirements).

For keyboards with their own power supply, the following usability related aspects need to be considered:
— dependence of operational characteristics from power supply (voltage and current);
— durability of batteries (battery-operated keyboards);

— indicators for insufficient power supply (e.g. low voltage).
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B.1.5 Health- and safety-related properties

The following properties of keyboards need to be considered for safety and health:

weight

electrical safety (devices with external power supply);

(hand-held devices for continuous operation);

chemical safety (e.g. fumigation);

mechd

B.1.6 Interdependency with software

nicar safety (e.g. sharp edges).

Some releyant characteristics of keyboards may be adversely influenced by software.

EXAMPLE Certain application software can slow down the transfer of data from the physical device to the system.

In some cdses, using the “generic” driver may degrade the usability of the keyboard,

Like any gther control, the functionality of a physical keyboard may be enhaneed by adequate software

support.

EXAMPLE 1 If the task requires a certain key to be protected against unintended use (e.g. “fat finger error”) |the

intended prgtection may be realized

a) by adeguate physical properties of the key and its location within thé&\layout, with the key possibly requiring a higher
force t¢ actuate than the adjacent keys and/or being located in a p@sition where it is unlikely to be hit unintended,

b) by adequate physical properties and software, where thé“execution of the command initiated by the key is
deliberptely slowed down and requires holding for a certain.time period, and

c) by softvare alone, where the execution of the commands initiated by the activation of a key requires confirmation.

Optimizing|interdependencies between physieal properties of a keyboard and software requires knowledgg¢ of

the contex{ of use, the task and the user population.

B.1.7 Interdependency with use(environment

The operafion of a keyboard shauld' be independent from the use environment. The operation of a keyboprd

can influepce the use environment to a certain degree (e.g. through noise) and can be influenced|by

environmehtal conditions stich as the stability of the support surface and its size or mechanical vibratipns

affecting the support surface or the user. Both influences can have undesirable effects.

The use of|a keyboard can influence the environment through

— noise,

— reflectiens-onthe-sereen;

— occupying free space.

The use of a keyboard can be affected by the following environmental conditions:

— vibrations;

— instability of the support surface;

— lighting (gloss, modelling by multiple shadows etc.).

Both sets of influences can have undesirable effects.
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B.2 Design requirements and recommendations
B.2.1 Correspondence with generic design requirements

B.2.1.1 Appropriateness of keyboards

A product may offer different levels of appropriateness. In the case of keyboards, systems integrators or users
shall be given information to enable them to select the appropriate device for the task at hand (see Figure B.1).

Speed and accuracy important?

Yes No
Textinput-with:little: numericinput?
{or:mouse-use moreimportant-than
Yes numericinput?) No
Input-efficiency:more-important
o
Yes that portability 7 No
Editing important? Text i
Yes No Yes
Compact Full size Alphanumeric | Alphanumeric | Numeric pad | Keypad with
keyboard desktop keyboard pad with with multi-tap stylus
(without keyboard without reduced input
numeric editing keysize
section) section

Figure B.1 — Guidance for selecting the appropriate keyboard

If §peed and accuracy. ef the input are not important a keypad with stylus may be appropriate for various
reasons (size, weighi;-space requirement).

For text input \with only little numeric input a keyboard with full-size alphanumeric section buf{ without a
numneric section is appropriate because it facilitates a more relaxed and neutral mousing position.

A flll-size desktop keyboard with all sections according to ISO/IEC 9995 is needed if text and nueric input
and_the editing of existing data are important. In this case, however, no user will be able to take a position that
allows the use of the keyboard and of a mouse while maintaining a neutral posture (see Figure B.2)

If portability is more important than input efficiency the key size may be reduced. If text input is of minor
importance a multi-tap numeric pad may be used also for text input.
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» (0 0000 0000 00D000d ¢ Jd \.
(OO000000000)

=
C

a) Position of full-size keyboard for 5t percentile (female top percentile) and
95th percentile (male bottom percentile) user of European origin

6 4 5

0 0000 0000

1

b) Position of compact keyboard for 5th percentile,(female bottom percentile) user
of European origin with easier access to mouse area

Key
user of European origin, 5th percentile (female)
user of European origin, 95th percentile (male)
full-sizel keyboard

compadt keyboard

mouse grea for right-hand use

o 0Bk WN -

mouse frea for left-hand use

Figure B:2 — Position of a keyboard (optimum for typing)

B.2.1.2 Qperability of-keyboards

B.2.1.2.1 | Obviousness

A keyboard shall either belong to class C1 for obviousness (known or visible without additional instructipns
and informption) or else the required level of instructions shall be specified.

B.2.1.2.2 Predictability

The predictability of key input is achieved if an unintended multiple event, signalled from a single key actuation,
is prevented, and if the keyboard detects each key activation in the correct order.

Prevention of the signalling of an unintended multiple event is achieved if the keyboard is provided with either
bounce-free switches or a means to ensure that bounce will not cause unintended activation.
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Detecting each key activation in correct order is achievable by adequate key roll-over. The required roll-over
characteristics depend on the speed of input. Keyboards can be assigned to the following classes

characterizing their roll-over abilities:

C1 unlimited (exceeds maximum throughput for two-hand operation), n-key roll-over or equivalent;

C2 maximum throughput for 90 % of two-handed input, two-key roll-over or equivalent;

C3 noroll-over, i.e. first activated key must be released before the subsequent key can be detected;
C4—delayed input required, i-eafter release of the first activated key, a definedwaiting-pericd is needed

before the subsequent key can be detected.

Keyboards shall either belong to class C1 or else the class to which they belong shall be specified.

B.2.1.2.3 Consistency of operation of keyboards

There is consistency of operation if the effectiveness does not change under different situations belonging to
the| intended context of use. The feedback given shall be the same for the intended context of use. This
means that the effectiveness and the feedback will not be changed under’ conditions for which a certain
varjation is allowed (e.g. a temperature range).

As |for compatibility, a keyboard shall either belong to class C1 (ehables maximum throughput anf accuracy
fortwo-handed operation) or else the restricted level shall be specified.

B.2.1.2.4 Compatibility of keyboards with biomechanical capabilities
Th¢ most important property of keyboards for accommodating the anthropometric characteristics
population is the centreline spacing, i.e. the distance of adjacent keys measured from centre to
fasf touch typing, which needs prior training and” long-term experience, it is important to have
spdcing for all systems that accept fast and continuous input from keyboards. This spacing is set tg
conjvention.

NOJTE
might not be applicable vertically or horizontally, nor in either direction (see ISO/IEC 9995-1).

Ceftain user populations with-special needs can require a greater distance, while 19 mm could be

of a user
centre. For
the same
19 mm by

Certain keys can occupy mofre jthan one position in the grid and thus the 19 mm centre-to-centie restriction

bo wide for

others such as children). A distance greater than 19 mm can also be required for certain environments (e.g.

environments where) users need protective equipment or unstable environments such
planes or trains).

col
ae

Thg
Po
ang
bet

tability of a‘\device with an integrated keyboard is one such reason; fitting a device into the hum
ther. Currently, there are no established ergonomic rules for establishing an acceptable ¢
weenthem.

as cars,

pre are a vari€fy of reasons for using smaller centreline distances for keys, thus also for using smaller keys.

an hand is
bmpromise

Foi the spacing of the keys. the following group categories apply for the adult user population:

G1 fully compatible for adult user population, 19 mm;

G2 restricted maximum achievable level for effectiveness 90 % and efficiency 90 %, 14 mm;

G3 restricted maximum achievable level for effectiveness 80 %, efficiency 80 %, 12 mm;

G4 use requires additional aids (e.g. stylus) and or special forms for keys, less than 10 mm.

For users with small hands (e.g. children, women with hand-size below the 5th percentile), keys with smaller

spacing (pitch) can be beneficial. Such keyboards have a spacing between G2 and G3.
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With very young children who have less precise motor control, larger keys (more than 19 mm) can be better
suited. Such keyboards are also beneficial for other users who have lost some precision of their motor control,
such as elderly users. Where it is not possible to use key spacing other than 19 mm, the use of an additional
mechanical guide for the fingers can help to compensate for some loss of motor control. Such guides may
also be beneficial in environments where typing is affected by vibration.

B.2.1.2.5

Feedback

Feedback from a keyboard can be visual, kinaesthetic, auditory or a combination of these. The feedback can
be given partly by other components of the system using the signal generated by the keyboard.

The chara
feedback fi
and least ¢
informatior
only.

Feedback
C1 c(

C2 r4g

C3 auditory feedback;

C4 delayed visual feedback.

B.21.3 (

Cteristics of feedback required for usability depend on the specific task. The fastest detectd
br keying is kinaesthetic feedback, while visual feedback on a secondary device can be thé slow
ffective. Kinaesthetic feedback is also the most effective and efficient because it gives-continu
on the actuation and activation of a key, whereas auditory and visual feedback indicate activa
can be categorized into four classes:

ntinuous kinaesthetic feedback sufficient for two-handed touch typing;

mp action and auditory feedback;

Controllability of keyboards

ble
est
DUS
ion

The responsiveness of a keyboard is given if the feedbackfollowing its actuation is consistent and accuratg to

the same ¢

EXAMPLE

feedback which is the same for all keys on that keyboeard.

The respo
be used w
or rock. F
repositiong

For hand-held devices, controllability is given if the required level of effectiveness and efficiency can

achieved W

Adequate
detachablg

egree.

Activating a graphic key is always.accompanied by a generated character on the screen and by a ta
nsiveness of a keyboard cansbe' changed by software. Reliable access to a keyboard designed
nile resting on a support surface is given if user actions during intended use cannot cause it to
br the adequacy of device’ access, detachable keyboards shall be designed so as to be ea
d on the support surface.

ithout the aid/6f'a support surface for the device and/or upper extremities.

control acecess for a keyboard designed to be used while resting on a support surface is given if
and fulfils the requirements for the mechanical design of keyboards (see B.2.3).

Ctile

to
slip
Sily

be

tis

Adequate

ontrol access for a keyboard designed for hand-held operation is given if the required effectiven

PSS

can be achieved under consideration of the compatibility with the biomechanical capabilities of the intended
user population and the user can operate the keyboard without losing contact to the display.

22
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B.2.2 Requirements for functional properties

B.2.2.1 Requirements for the design of keys

B.2.2.1.1 Requirements for full-size keyboards

The requirements a) to m), below, apply for full-size keyboards for which (see also Figure B.1)

a)

b)

c)

d)

speed and accuracy are important,

mouse use is less important than numeric input,

input efficiency is more important than portability,

editing is important,

there is C1 operability (exceeds maximum throughput for two-hand operation),’and
there is C1 user compatibility (adult user population).

Keytop shape

The keytops of normal-size keys in the alphanumeric, curser and numeric zones shall h
concave or flat strike surfaces. The space bar may be flat ar/convex.

Strike surface

The strike surface of the keytops of alphanumeric-keys shall be at least 110 mm?2 in area, an

ave either

d between

12 mm and 15 mm in width. The minimum strike surfaces apply to the keys in the alphan:tqmeric and
2

numeric zones. Outside these sections, strike-surfaces may be smaller, but not less than 64 m

NOTE  The appropriate dimensions of.the“keytop (keycap) depend on the key width and key centre
well as the strike surface and the key displacement.

Tactile indicators should be provided on the appropriate keys on the home rows of the alg
zones (i.e. position C04 and:C07 according to ISO/IEC 9995-1) and numeric zones (i.e. C52 a
ISO/IEC 9995-1).

Displacement

The key displacement shall be between 1,5 mm and 6,0 mm. The preferred key displacement
2,0 mm and4;0'mm.

Force

Fhe. force at the character generation point or at the snap point should be between 0,5 N and

spacing, as

hanumeric
ccording to

is between

0,8 N and

shall be between 0 25 Nand 1 5 N

Force/displacement characteristics

For displacement keyboards (see Figure B.3), the initial resistance (starting force or preload) shall be

between 25 % and 75 % of the force at the character generation point (for ramp action) or sna
snap action). The switch-make action in the snap action shall occur after the snap point but
key force has returned to the snap point. The activation should occur around the minimum
after the snap point.

p point (for
before the
force point

The force/displacement characteristics across the alphanumeric keys should be consistent. The
force/displacement characteristics of a key should not depend on the part of the strike surface hit while

actuating.
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travel, hm
force, N
force at|snap point — between 0,5 N and 0,8 N (preferred), 0,25 N and 1,5 (permitted)
snap pqgint
ramp agtion
snap adtion
switch-hake point occurs — after snap point, at force < snap point
initial relsistance — between 25 % and 75 % of force at snapspoint
full travél — 2 mm to 4 mm (preferred), 1,5 mm to 6 mm.(permitted)

Feedhack

Figure B.3 — Relationship between key displacement and key force

Actuatfion of a key shall be accompanied by feedback. Feedback can be kinaesthetic, auditory or sgme

combi
prefer

Ramp
by aug

Audito
audito

nation of the two. If the design allows for only one means of feedback, then kinaesthetic feedbac
ed.

itory feedbagk.

ry feedback should be provided whenever tactile feedback is not provided. If the principal mean
ry, thetauditory signal shall be perceptible in the use environment. The auditory signal should be

impulg

e-sound (e.g. click of a relay switch) or tone (e.g. bell or beep sound). Supplementary audit

K is

action displacement alone does not provide sufficient tactile feedback and should be accompariied

5 is

ory

feedback shall be suppressible (i.e. a volume control position that represents "oif"). The feedback s

occur within 100 ms after the key activation.

hall

Visual feedback should be used to indicate the long-term status of a particular key or keys (e.g. shift,
mode state). Such feedback should be clearly visible to the user. Visual feedback may be given by the
key itself or the keyboard, in which case it should be adjacent to or in close proximity to the key. In the
case of feedback appearing on the screen (e.g. in an operator information area) it should clearly indicate

which

state the key or keys are in.
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Bounce

In order to prevent unintended multiple event signalling from a single key actuation, the keyboard shall be
provided with either bounce-free switches or a means of ensuring that bounce will not cause unintended

activation.
Key repeat function

Where a repeat function is provided, the fixed repeat rate shall be 10 activations per

second to

20 activations per second after an initial delay of between 500 ms and 750 ms after the key is actuated. If
the repeat function is activated by a higher pressure force upon the key, the delay may be reduced.

NOTE Initial delays of greater than 750 ms are likely to be perceived as too long.

A user-adjustable repeat rate is preferred.
For certain irreversible functions (e.g. “erase” command) the repeat action facility should be suf
Key rollover

Keyboards designed for stationary use shall be equipped with @=key rollover accord
(see B.2.1.2.2). Alternatively, any means ensuring that each key acfivation is detected in co
order may be used.

Geometric design of key legends

All legends on keys shall be legible from the design reference posture (see ISO 9241-5). Th
primary legends on an alphanumeric key shall not bedess than 2,6 mm. When a graphical sy
word or a well-established abbreviation is used, the height shall not be less than 2,2 mm. The |
capital letters (excepting | and W) shall be between. 50 % and 100 % of the height. The ratio b
height and stroke width should be between 5:1sand 14:1. For primary legends on all keys, the
contrast between the luminance level of the<background and the legends shall be a minim|
Secondary legends should be perceptually different from the primary legends on the same ke
should appear to have a sharp outline.>Dark characters on a light background are recomn
bright environments.

Graphical symbols

bpressible.

ng to C1
rect timely

e height of
mbol, a full
vidth of the
etween the
luminance
um of 3:1.
y. Legends
hended for

Where graphical symbolscare used, these shall be in accordance with ISO/IEC 9995, and with ISO 7000

and IEC 60417-DB, as applicable.
Number and positioning of legends

The number af fegends on any key should be kept to a minimum. The positioning of the legen
in accordance-with ISO/IEC 9995-1, as applicable.

Wheretlegends are too long for the keytop or where the function of the keys can change (e.g.

ds shall be

emulation),

keyilegends may be provided on an overlay. Where legends are provided on overlays or th¢ keyboard

housing, they should be adjacent, or in close proximity, to the keys to which they refer. If spad

e does not

allow for the implementation of this recommendation. a reference card should be provided. O

erlays and

reference cards shall have a matt finish.

Some keyboards incorporate individual displays for each key. In this case, it shall be possible to label the

re-legendable key with appropriate information about the content programmed into the key.
Durability of legends

Legends shall be legible throughout the intended life of the product. They shall be robust and
that they are able to withstand normal wear and usage, including regular cleaning.

NOTE

durable so

Currently, the intended life of desktop keyboards is calculated for continuous keying of the E key over the

workday during the full life-span of the product, assuming the approximate occurrence of this character in European

languages.
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B.2.2.1.2 Requirements for compact keyboards

The requirements for the design of the keys for compact keyboards shall be the same as those specified for
full-size keyboards in B.2.2.1.1, a) to I). The requirements related to the durability of legends are as follows.

Legends shall be legible throughout the intended life of the product. They shall be robust and durable so that
they are able to withstand normal wear and usage, including regular cleaning.

If the device is designed to be used as an equivalent replacement for a full-size keyboard, the intended life of
the product shall be the same as that for the full-size keyboard. For devices designed to be integrated in

portab|e units. (n g Inlnfnr\ compl |’rnre)1 aless intensive use for knying may he assumed

NOTE Currently, the intended life of desktop keyboards is calculated for continuous keying of the E key-over|the
workday dufing the full life-span of the product, assuming the approximate occurrence of this character in) Europgan
languages.

B.2.2.2 $ections and zones

B.2.2.2.1 | Requirements for full-size keyboards

A full-size gesktop keyboard shall comprise all the sections and zones defined in 1ISO/IEC 9995:

— alphanumeric section;

editing

functia

numellic section;

section;

n section.

The principal sections of a keyboard as defined in_ISO/IEC 9995-1 shall be perceptually differentiated. T

may be ac¢
differentiat

B.2.2.2.2

A compact

alphar

editing

functid

complished by a spatial vertical and harizontal separation by at least half a key pitch or by vis
on.

Requirements for compact keyboards
keyboard shall comprise(thefollowing sections and zones as defined in ISO/IEC 9995-1:
umeric section;

section;

n section.

his
ual

his

The princiC;LaI Sections of a keyboard as defined in ISO/IEC 9995-1 shall be perceptually differentiated. T

may be a

omplished by a spatial vertical and horizontal separation by at least half a key pitch or by vis

ual

differentiation. Spatial grouping of the keys of the function section is not required.

B.2.3 Requirements for the mechanical design of keyboards

B.2.3.1

Requirements for full-size keyboards

The requirements a) to m), below, apply for keyboards for which (see also Figure B.1)

speed

26

and accuracy are important,

mouse use is less important than numeric input,
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a)

b)

d)

f)
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input efficiency is more important than portability,

editing is important,

there is C1 operability (exceeds maximum throughput for two-hand operation), and
there is C1 user compatibility (adult user population).

Centreline spacing

WW@MWMW@WWWJWMeen two
adjacent keys in the alphanumeric and the numeric zones measured centre to centr¢ shall be

19 mm = 1 mm. Outside the alphanumeric and numeric zones, other centreline spacings)are
but should not be smaller than 15 mm.

NOTE  Certain keys can occupy more than one position in the grid and thus the 19 mm géntre-to-cent
might not be applicable vertically or horizontally, nor in either direction (see ISO/IEC 999541).

Home row height

The preferred home row height is as low as possible and not greater’than 30 mm. However
row height of the keyboard shall not exceed 35 mm. If an adjustment mechanism is provided,
be at least one adjustment that allows it to comply with the height specification.

Width and depth

For the purpose of achieving efficient use of the, keyboard, the overall size of a devic
determined in consideration of the number of keys. needed and their adequate grouping in sg
zones. Following the concept of minimum footprint, the size of a keyboard should be limited tg
required to achieve the intended functionality.

Since most keyboards are likely to be used together with a mouse by right-handed persons, th
housing should not extend further to the right than is required by mechanical considerations.

The overall depth of a keyboard is’less critical than the width, given that flat monitors offer mo
to positioning the keyboard..Klowever, on workplaces with restricted space, the depth can beg
usability and it is therefore beneficial to keep the depth of the keyboard as small as possible.

Slope of keyboard

permitted,

e restriction

the home
there shall

e shall be
ctions and
the space

b keyboard

re freedom
critical for

The recommended slope is 0° to 12° positive to the horizontal. The slope of the unadjusted keyboard

shall be between 0° and 15° positive.
Profile of\keyboard

The ‘profile of the keyboard may be sloped, dished, stepped, sculptured or flat.

Evboard susf I ial .

The visible surfaces of the keyboard shall be matt-finished. The finish of the surfaces should not exceed
silky matt (corresponding to 45 gloss units or to a 60° reflectometer value of less than 20), in order to
minimize specular reflections.

For lighted environments, the diffuse reflectance of the keyboard should have values of between 0,15 and
0,75, in order to avoid undue luminance contrast to the equipment and other items within the field of view
(see I1ISO 9241-5:1998, 5.4.4).

There should be no sharp edges or corners on the keyboard that could cause injury or discomfort to users.

The minimum radius at edges and corners on the keyboard housing should be 2 mm with a larger radius
at the corners.
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9)

h)

j)

k)

Numeric keypad

The ten digits zero to nine shall be allocated to keys in the numeric section in one of two ways: either in
the form of the 1-2-3 (telephone) layout or the 7-8-9 (calculator) layout. The telephone layout is
recommended.

NOTE
Curso

Keys fi

Layout and allocation of the numeric section is specified in ISO/IEC 9995.
r keys and keys in the editing section

r the control of cursor mavement shall be pmvidpd

NOTE

Keys

Weigh

It shol
of unir

Mater!

Materi
wear &

Thernpal conductivity

The material of the surface with which the user’frequently comes into contact should not h
unfavgurable heat conductivity characteristics.

Adjustability

The Keyboard slope should be adjustable. Any adjustment mechanism shall not compromise

which activate erase or delete functions should be positioned so that inadvertent'activatiorn
prevented.

Positioning of the cursor keys is covered by ISO/IEC 9995.

t

Id be noted that the weight of the device can be relevant for the usability. of the product (prevention

tended movement and slipping).

al

nd tear [for durability of legends, see A.2.2.1.1 m].

al properties of keyboards for stationary use are relevant in respect of thermal conductivity and

pve

the

requirgments for stability and placement. Adjustments shall not be able to be made unintentionally. Tqols
shall rjot be required for adjustmentypurposes.

NOTE | Support surfaces or other mechanisms designed for the purpose of placing or holding keyboards (g.g.
keybodrd trays that provideCx;”y and z and slope adjustments) are subject to the design provisions given in
ISO 9241-5.

Palmrest

If the dlesign inclides a palmrest then a depth of 50 mm to 100 mm should be provided in front of row A

Wher¢g

\.

apalm-rest is not provided, the area in front of row A should be as near as possible to the frlont

edge ofthe kcybual -

B.2.3.2 Requirements for compact keyboards

The requirements a) to |), below, apply to keyboards for which (see also Figure B.1)

28

speed

and accuracy are important,

mouse use is more important than numeric input,

input efficiency and portability are important,
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editing is important,
there is C1 operability (exceeds maximum throughput for two-hand operation), and

there is C1 user compatibility (adult user population).

The allocation of key positions to functions may be organized in deviation from ISO/IEC 9995-1. The keys of
the editing section should be positioned to the right of the alphanumeric section or in front of it on the right
side (see Figure B.4).

b)

c)

d)

Figure B.4 — Position of the editing section

Centreline spacing

The horizontal and vertical distances between two adjacent keys in the alphanumeric zone and
the numeric zones, when measured centre-to centre-shall be 19 mm + 1 mm.

NOTE  Certain keys can_occupy more than one position in the grid and thus the 19 mm centre-to-cent
might not be applicable vertically or horizontally, nor in either direction (see ISO/IEC 9995-1).

Home row height

The keybeard should be as low as possible and have a preferred home row height not g
30 mmThe home row height of the keyboard shall not exceed 35 mm.

Width

, if present,

e restriction

eater than

IO achieve efficiency for the use of the keyboard, the overall sizé of a device shall be determined in
consideration of the number of keys needed and their adequate grouping in sections and zones.

Following the concept of minimum footprint, the size of a keyboard should be limited to

the space

required to achieve the intended functionality. For this purpose, the editing section of the keyboard is

integrated closely to the alphanumeric section.
Slope

For the slope of compact keyboards, the provisions of B.2.3.1 d) for full-size keyboards apply.
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e) Profile

The profile of the keyboard may be sloped, dished, stepped, sculptured or flat.

f) Keyboard surfaces and material properties

For the visible surface and material properties of compact keyboards, the provisions of B.2.3.1 f) for full-
size keyboards apply.

g) Cursor keys and keys in the editing section

Keys for the control of cursor movement shall be provided. These keys can be organized as showy i
Figure B.4 if the editing section is integrated into the alphabetic section.
Keys which activate erase or delete functions should be positioned so that inadvertent \activatior]
prevented.

h) Weight

It shotjild be noted that the weight of the device is directly relevant for products designed for portab

and us
(in pre

i) Mater

Materi

e on stable surfaces. The weight of the device may also be relevant for-the usability of the prod
venting unintended movement and slipping).

al

al properties of compact keyboards are relevant regarding\thermal conductivity and wear and tea

j) Thermal conductivity

For th
apply.

e thermal conductivity of compact keyboards,dhe provisions of B.2.3.1 k) for full-size keyboa

k) Adjustability

For th
1) Palmn

For th

b adjustability of compact keyboards; the provisions of B.2.3.1 1) for full-size keyboards apply.
est

p palmrest of compact(keyboards the provisions of B.2.3.1 m) for full-size keyboards apply.

B.2.4 EI

B.2.4.1

ctrical properties

equirements for full-size keyboards

Desktop keybaards receive their power either through a low voltage cable from the computer or parts of it
through (mostly) rechargeable batteries. Provisions for electrical safety can interfere with usability aspect

lity
uct

-

rds

or
5 in

exceptionatcasesonty:

Cables attached to physical input devices should be located or attached to the input device such that they do
not interfere with use. The weight, flexibility, tension, and attachment location of the cable and the potential for
it to become entangled should be taken into account when designing cabling.

Cabling of any kind occupies a certain part of desk space and forms a potential obstruction for the case when
the occupied space is needed for other devices or activities. The interference of cabling with usability can be
reduced by appropriate design of the device and/or the cable itself.

30
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The categories for the design of the device are (see Figure B.5)

C1 no cable needed,

C2 cable can be plugged in at different locations on the keyboard as needed at a particular workplace,

C3 cable connected at the middle of the device, and

C4 cable connected at one end of the device.

The-design-of-the-cable-can-interfore-with-the-space-i-the-cable-is—forexample—teo-thisk—tee-stiff-or too long

(see Figure B.6).

Th

E

€

& categories for the design of the cable are

C1 no cable needed,

C2 thin, flexible cable,

C3 spiral cable with the spiral end at the keyboard, and

C4 cabile thick or inflexible due to other considerations.

ow|ng to regulations for electromagnetic compatibility.

ctromagnetic influences on other equipment used at the sanle workstation may be considered irrelevant,

Th¢ additional weight of batteries of keyboards for stationary use is not relevant for usability.
A lpose cable with a plug on both ends can facilitatewnaintenance and replacement/change of the keyboard.
C4 C3 C4
@ @
0 00000000 0000 ooo
0O00800000000C ) 000 0000
JOE0000000000) 000 C]C]C]
(00000000000 ) 00
(10000000000 ] 00
(200 OO0 C]C]Cl C]C]
ggvcable connection in middle of device
C4 | cable\eonnection at one end of device

NOIE=___ While C2 allows the connection of cable for minimum interference with space _in C3 the connectfion is at the
middle of the keyboard and in C4 only one of the connections at either end of the keyboard is used.

Figure B.5 — Possible cable connections of a keyboard
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C2 C3 C4

The cable cgn interfere with the space if, for example, too thick, too stiff or too long

Figure B.6 — Cables categorized for possible interference with other devices on the desktop

B.2.4.2 Requirements for compact keyboards

For the electrical properties of compact keyboards designed to be used ,as-separate units, the same
provisions fas for stationary keyboards apply (see B.2.4.1). For compact keyboeards integrated into the degign
of another|device (e.g. portable computer), no separate considerations fap electrical properties are given in
this part of|ISO 9241.

B.2.5 Majntainability-related properties

B.2.5.1 Requirements for full-size keyboards

In certain areas, the easy cleaning of keytops can be afn‘important consideration, for example, for reason$ of
hygiene amd where a smooth keytop surface is required. Where such requirements exist, the finish of the
keytops is hot required to be matt.

The impaiment of visibility through gloss can)be reduced by adequate lighting. In some environments, fthe
entire keyloard will need to be covered, e:g. for hygienic reasons. Any interference of the cover with [the
efficiency @nd effectiveness of typing-ahd the visibility of important parts of the keyboard (legends, acjive
indicators, etc.) should be minimized:

If the operational characteristics-0f'a battery-operated keyboard can be adversely affected by an insufficiepcy
in the powgr supply, there shall"be an easily detectable indication of the battery power status (e.g. indicator
lamp, alarm sound or a me&chanical indicator).

The durabllity of the~batteries and their electrical characteristics shall be such that they ensure the user ¢an
complete the last-actions after being warned without high time pressure. The keyboard should funcfion
properly fof at Jeast 5 min after the indication of the battery status.

B.2.5.2 ras

Maintainability-related requirements for compact keyboards designed to be used as separate devices do not
differ from those for keyboards designed for stationary use.

Compact keyboards integrated into another device receive their power from that device, and no specific
requirements associated with usability apply.

B.2.6 Health- and safety-related properties

SAFETY PRECAUTIONS — Keyboards should not contain, nor be made of, materials known to cause
health and safety problems through skin contact or emissions.
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B.2.6.1 Requirements for full-size keyboards

The electrical safety of computer equipment in general is specified in other International Standards
(e.g. IEC 60950 [14]).

B.2.6.2 Requirements for compact keyboards

As computer equipment, the electrical safety of compact keyboards is specified in other standards
(e.g. IEC 60950 [14]).

The Wcigil'l of thre 'r\cy'uucuu' carmbe Tefevantforthecomfortof bdllyillg portabteumnits; morequirement can be
given based on usability considerations.

Compact keyboards integrated into another device (e.g. portable computer) generally:-do not| contribute
sigpificantly to the weight of that device.

B.2.7 Documentation

B.32.7.1 General

Keyboard documentation shall indicate whether the following is needed to achieve the intendgd level of
usability (effectiveness, efficiency and satisfaction):

— | special training;
— | additional physical tools;

— | specific software support.

B.32.7.2 Requirements for full-size keyboards

Keyboards designed for stationary use_ full-size keyboards) form a group of products with |world-wide
disfribution. Thus, training needed for their efficient use is not considered “special training”. There fis no need
for|the documentation to specify user, training.

The¢ use of these products dees’/not require additional physical tools for the sole purpose for whicH they have
been designed (alpha-numeric input). There is also no need for the documentation to specify other physical
tooys.

Th¢ documentation~(see Clause 9) shall indicate the need for specific software support if needed|to achieve
the]intended levelof effectiveness and efficiency.

B.2.7.3 Requirements for compact keyboards

For compact keyboards, the same requirements for the documentation as for full-size keyboards apply.

B.2.8 Interdependency with software

B.2.8.1 Requirements for full-size keyboards

This part of ISO 9241 does not give requirements concerning the interdependency between the physical
characteristics of a keyboard and software, since the optimization of such interdependency is highly
dependent on the context of use, e.g. task and user population. This does not mean that the interdependency
is low or insignificant. The opposite is the case, as shown by the efforts of manufacturers, both in the past and
in recent years, to optimize the use of their software by changing the design of the keyboard. However, there
is insufficient knowledge to be included in an International Standard.
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The most obvious and annoying effect of the interdependency between keyboard and software is the
reduction of throughput below the individual speed of a user. However, this effect is mostly caused by the

application

EXAMPLE

software.

A spreadsheet that performs calculations during input or a layout program that continuously recalculates
page breaks during text input.

B.2.8.2 Requirements for compact keyboards

Compact keyboard design differs from that of full-size desktop keyboards mainly through the integration of the

editing sectieon-inthe-space-occupied-by-the-alphanumeric-section-and-itsneighbourhood—Seme-keys—might
be smaller|{than those on the full-size keyboard (e.g. cursor keys). And the numeric section could be missing.
Thus, somg activities (e.g. navigating with the cursor) can be less effective and efficient.
However, Working with software based on operating systems with graphical user interfaces)improves this
situation, gs the use of an additional input device — generally a pointing device, most oftenya mouse — is
improved. Bince the compromise entailed requires consideration in respect of the application software but jnot
of the desi@n of the keyboard, there are no specific requirements.
NOTE Problems can occur with software that utilizes keys that are duplicated in the numeric section, such as =, [f, -,
+ or /, in different contexts of meaning than those in the other sections.
B.2.9 Interdependency with use environment
B.2.9.1 equirements for full-size keyboards
In many yse environments, the keyboard generates more, and continuous, noise than devices such|as
printers that are active for a short period of the working day:\In noisy environments, however, the keybogard
noise may|be hardly perceptible. For this reason, no single:limit for the noise emission of keyboards can|be
justified frgm an ergonomic point of view, but the noise emission should be as low as possible without
compromiging the usability of the keyboard.
The noise| emission can be categorized in consideration of the intended application area and its typjcal
ambient npise levels (see ISO 9241-6). The jclasses can be determined by the noise exposure datd of
ISO 11690¢1:

C1 suitable for meeting rooms ertasks involving concentration [35 db(A) to 45 dB(A)];

C2 syitable for routine office-work [45 dB(A) to 55 dB(A)];

C3 suitable for industrial'workplaces [75 dB(A) to 80 dB(A)].
The data in square brackets in the list is the recommended maximum noise exposure range.
NOTE 1 There(is-no C4 because ISO 11690-1 specifies only three levels of noise exposure. There is a much flner
specificatiorn) of the'noise exposure in that International Standard, but it seems unrealistic that keyboards can be produfced
and marketg¢d 1o be suitable for seven or eight levels of noise exposure.

NOTE 2

Acoustic feedback from keyboards is not considered “noise” because it can be a functional requirement.
However, it still can be annoying to persons not involved in the use of the device (e.g. colleagues in shared office space).

Reflections of the keyboard on the screen as a form of interdependency with the environment can occur in
most environments. However, they will remain unnoticeable in most cases. In dark environments, such
reflections may annoy users. For specific tasks where the correct identification of colours is essential to the
task, the effectiveness of work may be impaired.

In environments where reflections of the keyboard on the screen could be an annoyance or even the cause of
a loss of effectiveness, dark keyboards should be used.
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The keyboard occupies a considerable part of the work surface in front of the user, and for proper operation it
needs to be located in close reach of the user. Remedies can be found either by appropriate organization of
the work place (see ISO 9241-5) or by the design of the device. The provisions given in B.2.2 are formulated
to give guidance for reducing the required space without compromising the usability of the device. The
guidance given in Figure B.1 is formulated to help finding the appropriate keyboard for limited space.

Vibrations and instability of the support surface are factors that influence the operation of a keyboard. Both will
reduce the throughput, increase errors and biomechanical load. For the design of keyboards for stationary use,
it may be assumed that vibrations are limited to an extent that the interference is not significant. In addition, it
may be assumed that the support surfaces are stable enough for effective and efficient keyboard operation.

NO[TE 3

Lighting can interfere with keyboard use if the surfaces are not matt. Therefore, it is a requirement
of [SO 9241 (see B.2.3.1) that the keyboard surfaces be matt-finished. In cases wheré surfaces

(se

maitt-finished, appropriate lighting-related measures outside the scope of this part of ISO 9241 m3g
e SO 9241-6).
pctional light can also interfere with keyboard use by modelling the surface’appearance in a ¢
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Errors or reduced throughput can be compensated by appropriate software.

ce this interference can occur under certain circumstances, no general recommendation can b
design of the device.

.9.2 Requirements for compact keyboards

uirements for compact keyboards are the same as for full-size keyboards. When using
board as a portable device, it is recommended that (he* noise emission fulfil the requiremg
table for meeting rooms or tasks involving concentration [35 db(A) to 45 dB(A)].

reflections on the screen, the same requirementsi\as for full-size keyboards apply.

mpact keyboards are affected by vibrations and instability of the support surface either to the s
full-size keyboards (used on stationary support surfaces) or even to a greater extent during n
5sible remedies are mechanical guides-similar to those designed for users suffering from s
fware with improved abilities in filtering and correcting mistyped words. Presently, there is no |
ed on scientific research for a standard on the design of devices.

b interference with lighting during the use of compact keyboards will occur to the same extent 4
b keyboards in organized\workspaces. However, in portable use, the problems can occur more ¢
characteristics of lighting are likely to be less favourable. For example, spotlights or halogen
se more annoyingreflections on keyboards than fluorescent lamps used in office lig
uirements resulting from this are a matt surface for the design of the product and often cleani
lections are less.,annoying when the diffuse reflectance of the keyboard is high.

of this part
cannot be
y be taken

brtain way.
e given for

8 compact
nts for C1

hme extent
hobile use.
pasticity or
ustification

s with full-
ften, since
bulb lamps
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C.1 Pro

Annex C
(normative)

Computer mice

erties of the mouse

C.11 Fu
The functid

— ancho

— locatin
— target

The releva
the pointer
the sensor
the control

C.1.2 Meghanical properties

Those meq
— shape
— friction]
— size (I
— surfac
— button

—  wheel

nctional properties

nal properties of the mouse are related to the following:

g the pointer correctly at the intended target;
acquisition.
, the resolution and consistency of resolution are important. For target acquisition, the locatior

the dynamic properties of the button (motion, actuationand the interference of the actuation
of the device) are also important.

hanical properties of a mouse relevant for (usability are

profile (two directions),

on the supporting surface (how.it'changes, e.g. when it collects dirt, flexibility of the cable),
pngth, width, height),
e, friction in hand,
S (position, shape, force, feedback),

(resistance, “bumps”, position, height, diameter, width), and

— feedeck (vibration, sound, force).

ring the body parts needed for holding and controlling the device on the device or on the work
surfackg;

ht properties for anchoring are the mechanical design of the_housing and the buttons. For locafing

of
vith

C.1.3 Electrical properties

Those electrical properties of a mouse relevant for usability are

— cabling,

— electromagnetic influences on the environment caused by the device, and

— batteri

36

es, if included.
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C.1.4 Maintainability-related properties

Ma

intainability-related properties relevant for usability are
cleaning the device or parts of it, and

the power supply for battery-operated mice.

C.1.5 Health- and safety-related properties

Thq

C.]

Thg

relgvant changes into the software that can considerably..change the usability of the device.

imf
The
fun
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EX}
The
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Thg

 following are properties of mice that need to be considered for the user's health and safety:
electrical safety (devices with external power supply);

weight (hand-held devices for continuous operation);

chemical safety (e.g. fumigation);

mechanical safety (e.g. sharp edges).

.6 Interdependency with software

ortant change users can make is adjusting gain to suit his)or her personal preferences.
e mouse is usually delivered with, and operated.\by means of, own-software that supports
ctionality, or else it is operated with the aid of as‘generic” mouse driver that might possibly pro
y limited capabilities.

peific software can help to overcome limjted-abilities of the user.

\MPLE Most people are unableto draw a straight line regardless of the device they use (pen, stylus
electronic equivalent of a mechanical rUler enables even people with very limited drawing ability to draw
e precisely than skilled draughtsman and highly independent of the environment (e.g. in shaky vehicles).

.7 Interdependency with use environment
b use of a mouse jis‘unlikely to influence the environment of the workplace except for the noise of
e use of a molse’can be particularly affected by the following environmental conditions:
vibrations;

sizé and location of the available free space;

p operation of a mouse is highly software-dependent. Normally, the user is allowed to introgluce some

The most

its entire
vide it with

or mouse).
traight lines

clicking.

instability of the support surface;
surface characteristics of the support surface;

dust and dirt.
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C.2 Design requirements

C.2.1 Correspondence with generic design requirements

C.21.1 Appropriateness of the mouse

Since mice are pointing devices designed to be controlled by the hand and the lower arm, an appropriate
general purpose design is recommended to enable users to achieve the maximum throughput for these limbs.
Mice can achieve a task precision corresponding to C1 (index of difficulty greater than 6, see C.2.2.2).

No conclug
of the inter
design of

anthropomietric percentiles, while keeping muscle forces low and minimizing static work load.

NOTE While a certain property of a design (e.g. length) can help improve posture to a certain degree (less v
extension) the same design can also reduce effectiveness and efficiency of use. Some mice are twjce: the size of other]
are much Higher than comparable products. Conventional wisdom (dimensioning for a certain, percentage of the U

the mouse should take into consideration neutral finger and wrist postures for) diffe

ive knowledge exists on the compatibility of the mouse in respect of the anthropometric dimenj:on

ded user population. For this reason, no requirements are given in part of ISO 9241. Howe\er, the

ent

rist
5 or
ser

population) [does not help much, since a number of anthropometric measures are involved~(length and width of palm,

length of the fingers involved, etc.) as well as a number of design parameters such as dength, width and height of
mouse, nunber and location of buttons, and use of mouse pad.

For these reasons, no requirements on appropriateness are given in this part of ISO 9241.

C.2.1.2 (Qperability of the mouse

The obvioy

C1 kmown or visible without the need for additional instfuctions and information;
C2 detectable by the user by trial and error;

C3 leprnable by means of simple instructions;

C4 le

C2 can bd
informatior
in the card
contact an

Regarding
mice can b

C1 in

sness of mouse operation can be categorized into four'classes:

arnable by means of special training.

achieved for general-purpese devices and novice users. For C3 and C4 devices, the releVv
shall be included in the documentation. The predictability of the pointer's movement on the scr¢
inal directions can berassumed if the user can sense the orientation of the device without vig
i if the device does_not move unintentionally when the user loosens his/her grip (see Figure C.1)

consistency/~of operation (device operates and responds in the same manr
e categorized as follows:

dependent of the characteristics of the support surface;

C2 operable-on-any-smooth-suface;

the

ant
ben
ual

er)

C3 operation requires a mouse pad;

C4 operation requires a mouse pad with specific characteristics.

If the cable is thick and heavy in respect of friction on the support surface, the mouse will be likely to turn each
time the user loosens his/her grip.

38

© 1SO 2008 — All rights rese

rved


https://standardsiso.com/api/?name=f8379d7ba78e4ba909d2c084ad44e0c2

ISO 9241-41

0:2008(E)

C.2

Thg
tha
an(
(C1

NO
deg

No
chi

NO
deV

Fo

Figure C.1 — Easily detectable orientation by means of shape

.1.3 User compatibility of the mouse

p design of mice can accommodate the anthropometric charagteristics of adult user populations f
t throughput and accuracy for pointing tasks are limited by-the capabilities of the limbs involved
fingers) but not by the characteristics of the device. This; in general, mice are considered fully
). If the design of a device restricts the effectiveness-and/or efficiency of pointing, this shall be in

TE 1 There is a clear indication that the mouse as+a device does not restrict the capability of the han
ign characteristics per se. Thus, it can be considered-fully compatible (in contrast to, e.g. the joystick).

clear evidence could be found as to whether or not mice designed for adult users are also com
dren or users with similarly small hands.

TE 2  Anecdotal evidence suggests that persons with either small or large hands feel more satisfied us
ice that fits their hand size.

a neutral posture, the forearm, wrist and fingers are relevant. The neutral posture or most relax

of

forgarm by up to 60%,-i.e. hands orientated horizontally. Some mice facilitate a less pronat

(s

he forearm is believed.to be with the hands about 30° from vertical. Most mice require the pron

Figure C.2).

a) Appropriate mouse shape b) Less appropriate mouse shape

0 a degree
arm, hand
compatible
dicated.

d/arm by its

batible with

ing an input

ed posture
pting of the
bd posture

The contracting’force of the muscle is relevant for fingers used for actuating the buttons and a thunb involved

in
m

e movement of the device. It can be assumed that mouse design does not require more than
imum;ferce of the involved muscles.

1 % of the
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a) Less-neutral posture — b) <Mouse whose use promotes
Forgarm pronated and wrist deviated neutral position of forearm
Figure C.2 — lllustration of the tendency to pronation and deviation caused by

the orientation of the device and the button access

C.2.1.4 HKeedback

The mousg as a hand- and finger-operated device gives directly tactile feedback on its relative position to
user and, if properly designed, on its orientation in space as well. If connected to an appropriately function
system, an optical signal will be generated to indicate the relative position on the screen.

The main feedback generated by-the ' mouse is visual (movement of the pointer on the screen). This feedb
will be copsistent if not deliberately manipulated by the system (e.g. converted into tactile or audi
feedback).

The moverment of the pointer on the screen needs to be displayed without undue delay. This is the case if,
the visual feedback the feed forward signal from the input device to the system occurs within 20 ms.

NOTE Any delay in the hand/eye control loop is likely to cause loss of user performance. A delay of up to 20 ms d
not degradq user performance because it is usuaIIy not percelved A delay of 40 ms results |n a10 % reductlon |n 4

the
ing

ack
ive

for

pes
ser

performance
perceptible delay occurs.

The feedback for the button activities will be generated at least partly by the system. If the buttons
designed to give kinaesthetic feedback, the minimum displacement should be 0,5 mm. The maxim
displacement shall be 6 mm.

are
um
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C.2.1.5 Controllability of the mouse

C.2.1.5.1 Reliability of device access

For reliability of device access, the design of the mouse shall enable the user to sense the orientation of the
device without visual access to it (see C.2.1.2, predictability of the pointer's movement).

C.2.1.5.2 Adequacy of device access

Quick and easy access to a mouse (grasp, position, manipulate) is mainly determined by the characteristics of

the
req
reg

NO

C.2

The
foc

Thg
col

Sin
ang
cre

support surface and by additional physical input devices to be used together with it. Operatin
uires a free, smooth, horizontal surface of about A4 paper size (portrait format), preferably-w
ch of the user.

TE This part of ISO 9241 gives no specific requirements concerning design for adequacy '0f device ac

.1.5.3 Control access

e design of the device shall ensure that actuating any button or combination of buttons shall no
us of the pointer.

e buttons should be located such that they minimize finger extensjorn’or other movement or posi
Id cause finger strain (see Figure C.3).

g a mouse
ithin close

[EeSS.

t move the

ioning that

hor somepart of the fingers, hand, wrist or arm on either the input device or the work surface
ate a'stable relationship between the hand and the point of action.

= D
7 Z
a) Initial design enforcing b) Forward inclination to change finger starting ppsition
extension into flexion
Figure C.3 — Orientation of the mouse button for minimising finger extension
.2.2 Functional properties
.21 Anchoring
ce the mouse is an input device designed to be used for fine-positioning accuracy, it shall be possible to

in order to

C.Z:222—Resolutionm (task precision)

Input devices should be designed such that they achieve a resolution that supports the precision required by
the task primitive. Since the most important task for a mouse is pointing, the resolution required will be

det

ermined by this task primitive.

The task precision required for a mouse can be categorized into the following classes:

C1 high (index of difficulty greater than 6);

C2 medium (index of difficulty greater than 4 and less than or equal to 6);

© 1SO 2008 — All rights reserved
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C3 low (index of difficulty greater than 3 and less than or equal to 4);

C4 very low (an index of difficulty less than or equal to 3).
A product can achieve the required levels of resolution either in an environment where other physical input
devices are irrelevant for the operation or under consideration of an additional device. The method by which

the level of task precision has been determined shall be indicated.

For a mouse with operating systems based on GUI (graphical user interface) and for general-purpose
applications, the category shall be determined for the following keyboard utilization (see Figure B.2):

— full-size keyboard located with alphanumeric zone centred in front of the user;
— shoulder width for 5" percentile female of the intended user population;

— overal| length of keyboard at least the length of a full-size keyboard (420 mm).
NOTE This position is not an optimum working position.

C.2.2.3 S$Sensor location

The motion sensing point (such as the rolling ball on the underside of a typical mouse) should be located
under the fingers rather than under the palm of the hand.

NOTE ‘Finger” also applies to the thumb.
C.2.2.4 Button design

C.2.2.4.1 | Button motion

The devicg should be so designed that during itsxintended use the fingers are able to make contact @nd
actuate buftons without excessive deviation from alneutral posture.

NOTE ‘Excessive” means, for example, interfering with accuracy or causing muscular strain.
C.2.2.4.2 | Button actuation

It should b¢ possible to press the buttons on the mouse without reducing control of the device.
C.2.2.4.3 | Button activation

The input device should™be designed to be resistant to inadvertent button activation during its intended use.

C.2.2.4.4 | Button shape

Butt hbtidb b ot b £ TP SRS AT
utions snetraoe-srapeato-assistrnger-postiontganaottonactaaton:

C.2.2.4.5 Button force
Buttons should have a displacement force within the range of 0,5 N to 1,5 N, until actuation.

Button force should be minimized without compromising usability.

C.2.2.4.6 Button displacement

Buttons intended for providing kinaesthetic feedback should have a minimum displacement of 0,5 mm.
The maximum displacement shall be 6 mm.
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C.2.2.4.7 Inadvertent pointer movement
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The input device should be so designed that neither inadvertent button actuation nor intended button actuation
causes unintended movement of the pointer.

C.2.2.4.8 Button lock

The input device shall be so designed that a hardware or software lock can be provided for buttons that need
to be continuously depressed for the duration of a task primitive such as dragging, tracing or free-hand input.
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.4.2.6 Resolution consistency

2.9 Consideration of handedness

t devices should be operable by the use of either hand; alternatively, right and left-handed.devi
vailable.

shape and location of the controls (buttons, wheel) should be selected so as to,support ambidg
device.

p resolution of a mouse shall be independent of both the position of the device on the work surfg
ition of the pointer on the display.

Vertheless, the resolution may be changed by the software ordthe user.

2.3 Mechanical properties

dance on mechanical properties is given in C.2.1vand C.2.2.

.4 Electrical properties

e influence of cabling can be twofold: first, the cable requires a certain free space beyond the
use requires to move; second;.the cable can pull or turn the mouse if too heavy or too stiff.

e following three classes, apply to cabling:
C1 no cable;
C2 cable_ that-does not interfere with mouse use;

C3 cable that interferes with mouse use so that the user needs additional devices to p
interference.

mice that do not require an external power supply, electrical properties are unrelated to usability.

ces should

xtrous use

ce and the

space the

revent this

Eleet

at th Qo

macnatiotnflaoanaac 0 thar aouina waklkatation naanv b naidarad ircalan
T oTTTagre o CTIOC S O UthC T CUUTPTTIC T I at i~ Sarme woriksStatorT rray- T CONSIaCTCU—TCIC

to regulations for electromagnetic compatibility.

ant, owing

The weight of the mouse is only relevant for the friction between the support surface and the underside of the
device. Additional batteries have only low, if any, impact on friction.
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C.2.5 Maintainability-related properties

Maintainability-related properties of mice (excluding optical mice) to be considered for usability reasons are
— the surface of the ball (cleaning), and

— the ball housing.

NOTE Optical mice have no ball and thus need less maintenance.

Those parfS of @ mouse that need cleaning are the ball tself and/or the movement sensors (see Figure Cl4).
The desigr] of the mouse shall enable the user to access these parts without the use of tools.

Figyre C.4 — Mechanical parts of mouse that need cleaning — Ball and movement sensors

For a mouse with its own power supply, the following usability-related aspects need to be considered:

— dependence of operational characteristics from power supply (voltage and current) (battery-operated
mice);

— durability of batteries;

— indicafors for insufficient‘power supply (e.g. low voltage).

C.2.6 Heglth- and-safety-related properties

SAFETY BRECAUTIONS — Mice should not contain, nor be made of, materials known to cause heglth
and safety problems through skin contact or emissions.

There are no known user safety issues related to the mechanical design of mice, except for the avoidance of
sharp edges and corners. Edges and corners on mice shall not cause discomfort or injury. This requirement is
met if the minimum radius is 2 mm for edges and 3 mm for corners.

The weight of a mouse is in general so low that even hand-held devices can be used without the weight
causing a problem for the user.

Mice with a cable can be pushed back through the tension in the cable if the weight is too low. In this case,
users tend to keep the mouse firmly held in the hand, resulting in static muscle load. The avoidance of such
an effect requires counter measures such as friction between the device and the support surface. If the
operation of the device requires a specific area with certain properties (e.g. mouse pad, desk surface) the
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friction necessary should be determined for that surface. If the mouse is designed to be used on any surface,

the

friction should be determined for the surface with the lowest coefficient of friction.

C.2.7 Interdependency with software

If dedicated software is not delivered together with a device, the documentation (see C.3) shall specify how

the

device is to be operated to achieve the intended level of effectiveness and efficiency.

The documentation shall specify the setup of the device. It should be possible to test the effects of the settings.
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.8 Interdependency with use environment

ential remedies against vibration of the user and/or the support surface can be realized- with
fware. Since this part of ISO 9241 deals with physical devices only, it gives no such provisions.

b size and location of the available free space for moving the mouse not onlypaffect the usal
use but also the workload of the user. If the space is only limited by the reach>of the user and
ign of the support surface or other equipment used there, a constant-gain” mouse is equi
able-gain device that changes the display/control ratio depending on the speed of the mov

ted space, the variable-gain mouse offers some benefits. Thus, therefis)a clear interdependenc
ce characteristics, software properties and the usability of the devicé.

B Documentation

b interdependency described above can be resolved by‘adequate user information. This shall
bwing:

optimum location of the mouse for best effectiveness, efficiency and postural comfort as the
user satisfaction;

best location of the device for concurrent use with a keyboard;
adjustment of gain for limited space for the operation.
face characteristics of the support surface can affect effectiveness and efficiency.

reaching the maximum level of effectiveness and efficiency for a given device requir
racteristics, the relevant requirements shall be specified in the documentation.

e with mechanical balls suffer from characteristics of the support surface other than those affeg
e. In general; the operation of optical mice is more independent of the characteristics of t
face.

5t,Sand or dirt can interfere with mouse operation. For usual work spaces or living areas, prd

eay

adequate

bility of the
not by the
alent to a
bment. For
y between

nclude the

ndicator of

es certain

ting optical
he support

visions for

ytleaning of the mouse are considered sufficient. For industrial areas or open spaces with a cd

nsiderable

amount of pollution, organizing the cleaning and testing of the characteristics affecting the device could be
warranted.
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Annex D
(normative)

Pucks

D.1 Properties of the puck

D.1.1 Geperal

Pucks are [devices used in conjunction with an input tablet for precise positioning. Even if a puck ‘resemblgs a
mouse, the¢ function is different. While a mouse uses relative positioning, the puck is tied \t6 the absolute
position on| the tablet. For target acquisition, the puck needs at least a button or equivalent:

— les]0]—

\ /

Figure D.1 — Fixed relation between puck position and pointer on-screen position
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D.1.2 Functional properties

The functional properties of the puck are related to the following:

— anchoring the body parts needed for holding and controlling the device;
— positioning the reticle window correctly at the target;
— target acquisition.

The relevant properties for anchoring are the mechanical design of the housing and the buttons. For locating
the target the resolution of the tablet and the magnifir‘atinn of the imagp under the reticle window are
important. For target acquisition, the location of the sensor, the dynamic properties of the buttgn (motion,
actpuation and the interference of the actuation with the control of the device) are important.

D.1.3 Mechanical properties

Thpse mechanical properties of a puck relevant for usability are

— | shape, profile (2 directions),
—| size (length, width, height),
— | buttons (position, shape, force, feedback), and

— | size of reticle window.

D.1.4 Electrical properties

Those electrical properties of a puck relevant for usability'are

— | cabling,

—| electromagnetic influences on the environment caused by the device, and
— | batteries, if included.

D.1.5 Maintainability-related.properties

Majntainability-related properties relevant for usability are those related to the cleaning of the device or parts
of if and to the power supply for battery-operated pucks.

D.1.6 Health- and-safety-related properties

Th¢ propertiestefipucks that need to be considered for the user's health and safety are

— | electrical safety (devices with external power supply),

— | ehemical safety (e.g. fumigation), and

— mechanical safety (e.g. sharp edges).

D.1.7 Interdependency with software

The operation of a puck is highly software-dependent. Normally, the user is allowed to introduce some
relevant changes into the software that can considerably change the usability of the device. The user can, for
example, subdivide the sensitive tablet area into various parts with different characteristics and define an
indefinite number of virtual buttons.

The puck is usually delivered with, and operated by means of, a specific tablet and software (the driver). Both
can limit or enhance the puck’s features.
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D.1.8 Interdependency with use environment

The use of a puck is unlikely to influence the environment of the workplace except for the noise of clicking. In
certain cases, signals on cables of other devices in the vicinity of the tablet can be influenced.

The use of a puck can be affected by the following environmental conditions:
— size and location of the sensitive tablet area;

— instability of the support surface;

— glare from reflections in the reticle window;

— parall3gx error if the tablet is positioned too far away from the user.

D.2 Desfgn requirements
D.2.1 Cofrespondence with generic design requirements

D.2.1.1 Appropriateness of the puck
Since pucks are pointing devices designed for control by the eye, hand and lower arm, an appropriate

general-pufpose design is recommended to enable users to achieve the ‘maximum accuracy for these limbs.
Pucks canlachieve a task precision corresponding to C1 (index of difficulty greater than 6, see D.2.2.2).

D.2.1.2 Qperability of the puck

The obvioUsness of puck operation can be categorized into the following classes:

C1 klown or visible without the need for additional instructions and information;
C2 detectable by the user by trial and error;

C3 leprnable by means of simple instructions;

C4 leprnable by means of specidl training.
C2 can be fachieved for general-guipose devices and novice users.
NOTE A puck looks like @-~mouse, but functions somewhat differently. While mice detect change and speed of
change, pug¢ks sense position only and a knowledge of their function and vision through the reticule without parallai is
needed. If § mouse is turned-without moving it laterally, the pointer remains at its position; whereas, if the same actiop is

made with @ puck, the-focus of the puck will remain somewhere else. Because of this, the operation of a puck is not as
obvious as that of a mouse.

For C3 or €4 devices, the relevant information shall be included in the documentation. The predictability of the
movement|of_the pointer on the screen in the cardinal directions can be assumed because all changes of [the
position of a puck are transmitted to the system. The target point of the puck is equivalent to the pointer on the
screen.

Regarding consistency of operation (device operates and responds in the same manner) pucks do not need a
categorization, since the device is always operated on a specific tablet. Inconsistencies (e.g. different
responses on different parts of the tablet) can result from settings of the software. However, such
inconsistencies are likely to be introduced deliberately to improve certain abilities of the application (see
Figure D.2).

The main feedback generated by the puck is spatial (position of the device on the tablet) and visual (position

of the pointer on the screen). This feedback will be consistent if not deliberately manipulated by the system
(e.g. being converted into tactile or auditive feedback).
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2 1.in a), b) and c) corresponds to the entire space on the screen used for the application. Fo limit the m
arm and the hand required for a certain action, the sensitivity of the tablet may be changed so that either
) and c) correspond to the same screen area.

Figure D.2 — Different uses of sensitive area of tablet

1.3 User compatibility

ree that accuracy for pointing tasks is limited by theccapabilities of the limbs involved (arm
ers) but not by the characteristics of the device. Thus, in general, pucks are considered fully
). If the design of a device restricts the effectiveness.and/or efficiency of pointing, this shall be in

b accuracy of operation of the same puck may be different on tablets of different size. The

depends on the size of the device as well as on’its position in relation to the user.

Fo

the compatibility of the puck in conSideration of the anthropometric dimensions of the inte

population, no conclusive knowledge~exists. For the reasons given above, no requirements are
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adq
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part of ISO 9241. However, the désign of a puck should consider neutral finger and wrist p
erent anthropometric percentiles, keep muscle forces low and minimize static work load. Al
ign of most pucks resembles that of a mouse, the involvement of the hand and arm is differg
ition, visual control is important for operation.

clear evidence could’be found as to whether or not pucks designed for adult users are also
n children or users:with similarly small hands.

TE Anecdotal evidence suggests that persons with small or large hands feel more satisfied using an
fits their hand size.

thelangle of joint, the underarm, wrist and fingers are relevant. Since the design of most puck
uire) a static deviation from the neutral position for the wrist, C1 (deviation less than 10 % of

bvements of
Areas 1 or 2

b design of pucks can accommodate the anthropometric, Characteristics of adult user populations to a

hand and
compatible
dicated.

difference
nded user
provided in
pstures for

hough the
nt, and, in

compatible

nput device

s does not
maximum)

could be considered usual. HOWEVET, studies show that an uinar deviation of more than 15° 1S co
reason for this is the utilization of the buttons that enforce this posture (see Figure C.2).

The use of a puck requires pronating the lower arm.

mon. The

The contracting force of the muscle is relevant for the fingers used for actuating the buttons, as well as for the
thumb involved in the movement of the device. It can be assumed that puck design does not require more

tha

n 1 % of the maximum force of the involved muscles.
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D.2.1.4 Feedback

As a hand- and finger-operated device, the puck gives directly tactile feedback on its relative position to the
user. It also gives visual feedback, because its position on the tablet corresponds to the position of the pointer
on the screen. If connected to an appropriately functioning system, an optical signal will be generated to
indicate the absolute position on the screen.

There is no need for the movement of the pointer on-screen to be displayed without undue delay because the
visual control of the positioning depends on the image of the object on the tablet. The operation of a puck is
less sensitive to the correct timing of the visual indication of the input.

The feedb
designed

hck for the button activities will be generated at least partly by the system. If the buttons
o give kinaesthetic feedback, the minimum displacement should be 0,5 mm. The maxim

displacemgnt shall be 6 mm.

D.21.5 (

D.2.1.5.1

Unintende
single con

D.2.1.5.2

Quick and

Controllability of the puck

Reliability of device access

loss of control during intended use is unlikely, since the positioning 6f-a’puck does not requir

Adequacy of device access

easy access to a mouse (grasp, position, manipulate) is mainly determined by the characteristic

the suppoit surface and by additional physical input devices to be“used together with it. Operating a p

requires a
characteris

NOTE

D.2.1.5.3

The design
focus of th

D.2.2 Fu

D.2.21 A
Since the

anchor sor
create a st

D.2.2.2

tablet that is preferably within the close reach.envelope of the user. Normally, the surf
tics of the tablet correspond to the needs of the operation.

This part of ISO 9241 has no specific requirements,concerning design of the device’s access adequacy.

Control access

of the device shall ensure that actuating any button or combination of buttons shall not move
b pointer. The buttons should be located to minimise finger extension (see Figure D.3).

nctional properties

Anchoring

buck is an input device designed to be used for fine-positioning accuracy, it shall be possiblg
ne part of-the fingers, hand, wrist, or arm on either the input device or the work surface in orde
bble relationship between the hand and the point of action.

nuous action. The movement can even be interrupted many times for an indefinite period of time.

are

5 of
lick
hce

the

to
rto

Resolution (task precision)

Input devices should be designed such that they achieve a resolution that supports the precision required by
the task primitive. Since the most important task for a puck is pointing, the resolution required will be
determined by this task primitive. In general, pucks are counted as being among those input devices that

enable the

highest input resolution.

The task precision required for a puck can be categorized into the following classes:

C1 high (an index of difficulty greater than 6);

C2 m

50

edium (an index of difficulty greater than 4 and less than or equal to 6);
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C3 low (an index of difficulty greater than 3 and less than or equal to 4);
C4 very low (an index of difficulty less than or equal to 3).

A product can achieve the required levels of resolution either in an environment where other physical input
devices are irrelevant for the operation or where there is an additional device to be considered. In contrast to
mice, pucks are often used for tasks where working with the pointing device can dominate the entire task.
Thus, it may be assumed that the puck will take the optimum position.

For a puck with operating systems based on GUI (graphical user interface) and used for general-purpose
apr\linnﬁnne’ the category shall he determined for the fnllnwing l(nyhnarri utilization (an Figllrn B ‘7)'

— | full-size keyboard located with alphanumeric zone centred in front of the user;

— | shoulder width for 5t percentile female of the intended user population;

— | overall length of keyboard at least the length of a full-size keyboard (420 mm).

The¢ method by which the level of task precision has been determined shall be, indicated.
NOJTE This position is not an optimum working position.

D.2.2.3 Button design

D.2.2.3.1 Button motion

The¢ device should be so designed that during its interided use the fingers are able to make contact and
actuate buttons without excessive deviation from a neutral posture.

NO[TE “Excessive” means, for example, interfering with accuracy or causing muscular strain.

Bufton contact surfaces should be perpendicular to the displacement direction of the button and to|the motion
of the finger during flexion.

D.2.2.3.2 Button actuation
It should be possible to press the buttons on a puck without unintentionally moving the device.
D.2.2.3.3 Button activation
Th¢ input device’should be designed to be resistant to inadvertent button activation during its intended use.

D.3.2.3.4 _“Button shape

Bu]tons should be so shaped as to assist finger positioning and button actuation.

D.2.2.3.5 Button force

Buttons should have a displacement force within the range of 0,5 N to 1,5 N until actuation.
NOTE Button force should be minimized without compromising usability.

D.2.2.3.6 Button displacement

Buttons intended for providing kinaesthetic feedback should have a minimum displacement of 0,5 mm. The
maximum displacement shall be 6 mm.
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D.2.2.3.7 Inadvertent pointer movement

The input device should be so designed that inadvertent button actuation does not cause unintended
movement of the pointer.

D.2.2.3.8 Button lock

The input device shall be so designed that a hardware or software lock can be provided for buttons that need
to be continuously depressed for the duration of a task primitive such as dragging, tracing or free-hand input.

D.2.2.4 (Consideration of handedness

Input devides should be operable by the use of either hand; alternatively, right and left-handed devices shquld
be available.

The shape|and location of the controls (buttons, wheel) should be selected so as to support.ambidextrous lise
of the devige.

D.2.2.5 Resolution consistency

The resolution of a puck shall be independent of both the position of the device:and the tablet.

Neverthelgss, the resolution may be changed by the software or the dser. It can also be useful to create
different sqttings for different parts of a tablet.

D.2.3 Mechanical properties
D.2.3.1 Unintended slippage
The puck ghould be resistant to unintended slippage if-used on an inclined surface.

D.2.3.2 Reticle location

The reticlelwindow should be designed and located on the puck so as to allow its operation without the us
head beind excessively deviated (flexion).by more than 15°.

N
=
[72])

D.2.3.3 Reticle window

The reticlelwindow should be“sufficiently transparent and free of aberrations to allow appropriate legibility.

D.2.4 Electrical properties

For pucks that do-not require an external power supply, electrical properties are unrelated to usability.

The influemceZaf cabling can be twofold- first the cable requires a certain free space heyond the space ithe

puck requires to move; second, the cable can pull or turn the device when too heavy or stiff.

Electromagnetic influences on other equipment at the same workstation may be considered irrelevant, owing
to regulations for electromagnetic compatibility.

The weight of the puck is only relevant for the friction between the support surface and the underside of the
device. It is not affected by additional batteries.
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D.2.5 Maintainability-related properties

Maintainability-related properties of pucks to be considered for usability reasons are
— the surface reticle window (cleaning), and

— the power supply for batteries.

The reticle window should be so formed as to facilitate cleaning. If cleaning requires certain precautionary
measures, this shall be indicated in the documentation.

The durability of the batteries, if included, and their electrical characteristics shall be such that they|ensure the
usgr can complete the last action after being warned without high time pressure. The puck shodld function
prdperly for at least 1 min after the indication of the battery status.

D.2.6 Health- and safety-related properties

SAFETY PRECAUTIONS — Pucks should not contain, nor be made of; materials known| to cause
health and safety problems through skin contact or emissions.

Edges and corners on pucks shall not cause discomfort or injury. This requirement is met if th¢ minimum
radius is 2 mm for edges and 3 mm for corners.

D.2.7 Interdependency with software

If dedicated software is not delivered together with a device, the documentation (see D.3) shall specify how
the| device is to be operated to achieve the intended leyelof effectiveness and efficiency.

Th¢ documentation shall specify the setup of the deyice. It should be possible to test the effects of the settings.

D.2.8 Interdependency with use environment
Potfential remedies against vibrations™of the user and/or the support surface can be realized with adequate
soffware. Since this part of ISO 9241 deals with physical devices only, it gives no such provisions.
D.3 Documentation

The user information’shall include the following:

— | optimum location of the tablet and puck for best effectiveness, efficiency and postural comfort as the
indicatorof user satisfaction;

— | best\location of the device for concurrent use with a keyboard;

— ~features of the hardware/software that could Improve postural comiort or reduce biomechanical load (e.g.
subdivision of the tablet in smaller areas with different resolution).

Surface characteristics of the support surface can affect effectiveness and efficiency. If reaching the maximum
level of effectiveness and efficiency for a given device requires certain characteristics, the relevant
requirements shall be specified in the documentation.

Dust, sand or dirt can interfere with puck operation. For usual work spaces or living areas, no provisions are

necessary. For industrial areas or open spaces with a considerable amount of pollution, organizing the
cleaning and testing of the characteristics affecting the device could be warranted.
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E.1 Properties of joysticks

E.1.1 Ge

Joysticks g
sliders and
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computers
unlimited n

Joysticks
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handicapp
joysticks) (

The great
standardiz

Annex E
(normative)

Joysticks

heral

switches, and can also be used as haptic displays — and thus as a haptic interface. Commo
of this kind is a mechanical lever (stick) of a size ranging from some millimetres (port
to arm length (heavy-duty vehicles). The lever and the housing of the device can contain
umber of controls of different functionality.

ed tasks such as aircraft or missile control by trained persannel, as well as by seve

see Figure E.1).

variety of different technical designs and applications for joysticks places limits on
btion of all their common relevant features.

re devices for input in three dimensions. They can comprise a number of controls such-as buttg

belong to that group of the most versatile design elements. They.-Can be utilized for hig

ns,

to
ble
an

hly
ely

pd users who cannot move more than few muscles in and around:their mouth (e.g. tongue-operated

the
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Figure E.1 — Different joystick designs
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E.1.2 Functional properties

The functional properties of joysticks are related to the following:

anchoring of the body parts needed for holding and controlling the device (hand, fingers and th
anchoring of the device on the work surface or on other objects;

target acquisition;

0:2008(E)

umb);

Thq

Fo

additional input through buttons, sliders, switches, etc.
e relevant properties for anchoring are the mechanical design of the lever, the housing and the b

target acquisition, the characteristics of the lever, location of the sensors, dynamic prope

buftons — motion, actuation and interference of actuation by the control of the device < are import

E.1

Th

E.1

Th

E.1

Mal
an(

E.1

.3 Mechanical properties

bse mechanical properties of a joystick relevant for usability are
form of the lever,

form and location of the buttons, and

form, location and visibility of other controls.

.4 Electrical properties

pse electrical properties of a joystick relevant for usability are

cabling,

electromagnetic influences on.the environment caused by the device, and

batteries, if included.

.5 Maintainability-related properties

ntainability-related properties relevant for usability are related to the cleaning of the device o
to the power-supply for battery-operated joysticks.

.6 _Health- and safety-related properties

He

ittons.

xies of the
nt.

i parts of it

rororteo

E.1.7 Interdependency with software

The operation of a joystick is highly software-dependent. Normally, the user is allowed to introduce many
relevant changes in the software and mechanical controls that can considerably change the usability of the
device.

A joystick is usually delivered with, and operated by means of, software (the driver). Unlike all other drivers
that allow the settings to be changed, joystick drivers are also controlled by mechanical buttons, sliders, etc,
all of which can limit or enhance the features of the device.
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E.1.8 Interdependency with use environment
The use of a joystick is unlikely to influence the environment of the workplace except for the noise of clicking.

The use of a joystick is, in most cases, not severely affected by environmental conditions such as vibration or
accelerations, which is one reason why these devices are used in aircraft, vehicles, ships or other machinery.

E.2 Design requirements

E.2.1 Cofrespondence with generic design requirements

E.21.1 ppropriateness of joysticks

Since joysticks are pointing devices designed to be controlled by the hand, lower arm and fingers,|an
appropriat¢ general-purpose design is recommended to enable users to achieve the maximum speed &and
accuracy for these limbs.

For the cgmpatibility of joysticks in consideration of the anthropometric dimensions of the intended user
population| no conclusive knowledge exists from which generalizations can be_made. For this reason,|no
related redquirements are given in this part of ISO 9241. However, the design of a joystick should take into
consideration neutral finger and wrist postures for different anthropometric_percentiles, while keeping musgcle
forces low and minimizing static work load.

NOTE The joystick was one of the very first input devices to be subject,to ergonomic research and evaluation (it has
been in usel in military aviation, for instance, since the First World War). Many current designs used for games resenble
devices devgloped many decades ago. The question is whether thesefollow the same design guidelines because of thpse
designs' prgven validity or merely as a result of convention.

E.2.1.2 Qperability of joysticks

The obviodsness of joystick operation can be categerized into the following classes:
C1 kmown or visible without need for additional instructions and information;
C2 detectable by the user by trial"and error;
C3 leprnable by means of simple instructions;
C4 leprnable by means-of special training.

C2 or C3 [can be achieved in the cases of general-purpose devices and novice users. Only very simple

devices with a levef. movable in the cardinal directions are considered as being C1. For C3 and C4 devides,
the relevart information shall be included in the documentation.

The predigtability of the pointer's movement on the screen in the cardinal directions can be assumed if the
device operaies in two dimensions. Because of various manipulations of the apparent movement of the
pointer by more complex operations (e.g. 3D applications with acceleration in parts of the space), no precise
advice can be given.

Regarding consistency of operation (device operates and responds in the same manner), joysticks are among
the best products available because of their high degree of independence from the environment. Joysticks can
be operated consistently even in unusual body postures.

The feedback provided from one joystick to another can be very different. For example, while isometric

joysticks give (passive) force feedback only, other types also provide kinaesthetic feedback, and where the
isometric joystick's feedback is passive — meaning that the application does not manipulate it (users feel the
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pressure against the lever that they themselves exert) — “force feedback” joysticks can provide different types
of feedback and display information that reaches far beyond a simple response.

E.2.1.3 User compatibility of joysticks

The evaluation of the user compatibility of joysticks in general is extremely difficult since the size can reach
from some millimetres (small button integrated into a keyboard, to be operated by fingertip) to heavy-duty
power grip handles. Controls requiring all possible types of grip, to be activated under more than one
circumstance at the same time, can be built into a device (see Figure E.2).

41 has not
been considered possible on the basis of conventional knowledge of human factors — especiallySince almost
all the muscles of an upper limb and all those other muscles related to their operation are invaolved.

Figure E.2 — Joystick design with three degrees of freedom for lever and two for control ({op) and
with various additional controls

Su¢h complex mechanisms can be evaluated using the outcome of user actions, e.g. by throughput
(performance) and/or errors (accuracy).

Retertresearch-suggests-thatthejoystekisinferiorto-some-othermere-eustomary—rput-deviees (touchpad,
trackball and mouse) in terms of performance and accuracy (see Bibliographic reference [15]). This is an
indication for a lower compatibility with user characteristics.

It must be noted, however, that there is no device comparable to joysticks in terms of functionality.

There is little conclusive advice in the literature regarding the user compatibility of the form of the joystick or
similar devices using levers. However, the recommendation not to design parts that are to be grasped by the
hand, “anthropomorph”, is justified because of the anthropometric differences of the human hand. The
recommendation is based on the rationale that good compatibility with the hand can be achieved for a small
number of users but that there will be problems for the rest of the user population. For this reason, a simple
ellipsoid shape for the lever is recommended.
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E.2.1.4 Feedback

Depending

haptic

on its functionality, a joystick can provide different types of feedback:

force (passive), in the case of isometric and other joysticks;

force (active), in the case of appropriately designed devices;

in general (force, vibration, torque, acceleration, etc.);

visual
kinaes

In comple
sequential

NOTE

(positiomrof thetever;stiders; buttorts; etc);
thetic (through buttons and other controls).

devices, one or more of these varieties of feedback can occur simultaneously -or in cl
order.

Because of the complexity of the question, this part of ISO 9241 does not pretend o joffer what would b

necessity only partial advice on individual elements of the device.

E.21.5 (

E.2.1.5.1

Lontrollability of joysticks

Reliability of device access

Unintended loss of control of the lever during intended use is unlikely; since it is usually designed for a t

grip (see F

E.2.1.5.2

Quick and
user.

E.2.1.5.3

gure E.1).

Adequacy of device access

easy access to a joystick (lever) is given if the device is located within the reach envelope of

Control access

The design of the device shall ensures<that the actuating of any button or combination of buttons shall

move the f

The button
E.2.2 Fu

E.2.21 /

Since joys
anchor sor

bcus of the pointer.

5 should be located so.as to minimize extension of the digits.
nctional properties

A\nchoring

icks_dre input devices designed to be used for fine-positioning accuracy, it shall be possiblg

pse

1)

of

=

ght

the

not

to
to

he-part of the fingers, hand, wrist or arm on either the input device or the work surface in ordef

create a st

able relationship between the hand and the point or action.

E.2.2.2 Resolution (task precision)

Input devices should be designed such that they achieve a resolution that supports the precision required by
the task primitive. Since the most important task of a joystick is pointing, the resolution required will be
determined by this task primitive. In general, joysticks cannot be counted among those input devices that

enable the

58

highest input resolution.
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The task precision required for a joystick can be categorized into the following classes:

C1 high (an index of difficulty greater than 6);
C2 medium (an index of difficulty greater than 4 and less than or equal to 6);

C3 low (an index of difficulty greater than 3 and less than or equal to 4);

C4 very low (an index of difficulty less than or equal to 3).

0:2008(E)

The method by which the level of task precision has been determined shall-be‘indicated.

NO

E.4.2.3 Button design

E.2.2.3.1 Button motion

The
act]

of

E.

Its

E.

2.2.3.2 Button actuation

2.2.3.3 Button-activation

¢ input device-should be designed to be resistant to inadvertent button activation during its inteng

full-size keyboard located with alphanumeric zone centred in front of the user;
shoulder width for 5" percentile female of the intended user population;

overall length of keyboard at least the length of a full-size desktop keyboard!(420 mm).

TE This position is not an optimum working position.

p device should be so designed that during its_intended use the fingers are able to make ¢
Late buttons without excessive deviation from asheutral posture.

TE “Excessive” means, for example, interfeting with accuracy or causing muscular strain.

ton contact surfaces should be perpendicular to the displacement direction of the button and to
e finger during flexion.

ould be possible to press the buttons on a joystick without unintentionally moving the device.

ontact and

the motion

ed use.

E.2.2.3.5 Button force

Buttons should have a displacement force within the range of 0,5 N to 1,5 N, until actuation.

Button force should be minimized without compromising usability.

E.2.2.3.6 Button displacement

Buttons intended for providing kinaesthetic feedback should have a minimum displacement of 0,5 mm. The

ma

ximum displacement shall be 6 mm.
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E.2.2.3.7 Inadvertent pointer movement

The input device should be so designed that inadvertent button actuation does not cause unintended
movement of the pointer.

E.2.2.3.8 Button lock

The input device shall be so designed that a hardware or software lock can be provided for buttons that need
to be continuously depressed for the duration of a task primitive such as dragging, tracing or free-hand input.

E.2.2.4 onsideration of handedness

Input devides should be operable by the use of either hand; alternatively, right and left-handed devices shquld
be available.

The shape|and location of the controls should be selected so as to support ambidextrous use of the device.

E.2.2.5 esolution consistency

The resolution of the joystick shall be independent of the position of the lever, if-not deliberately designed to
achieve a lhigher degree of usability.

Neverthelgss, the resolution may be changed by the software or the usér)Under some circumstances it ¢an
also be usgful to create different resolutions for different parts of a target.

E.2.3 Mechanical properties

E.2.3.1 Unintended slippage

The base af the device shall not be able to be movedunintentionally during intended use.

E.2.3.2 Actuation force

The force needed to displace a finger-operated joystick should be between 0,05 N and 1,1 N.

E.2.3.3 Displacement

b .

For hand-gperated displacementyjoysticks, the displacement should not exceed 45° to the left or right, 30
the forward direction (away fromr'the user) or 15° in the backward direction (towards the user).

E.2.3.4 Button location

The function buttons of a finger-operated joystick should be located on top of the handle so that they can| be
actuated by the index finger.

The functipn-buttons of a hand-operated joystick should be located on the top or side so that they can|be
actuated by the thumb, index or middle digit.

E.2.4 Electrical properties
For joysticks that do not require an external power supply, electrical properties are unrelated to usability.
The influence of cabling on the operation of a joystick does not affect the usability of the device.

Electromagnetic influences on other equipment at the same workstation may be considered irrelevant, owing
to regulations for electromagnetic compatibility.

The weight of the joystick is not relevant for its operation, except in the case of handheld devices.
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E.2.5 Maintainability-related properties

There are no known usability issues in respect of the maintainability-related properties of joysticks.

E.2.6 Health- and safety-related properties

SAFETY PRECAUTIONS — Joysticks should not contain, nor be made of, materials known to cause
health and safety problems through skin contact or emissions.

Those parts of a joystick that are grasped during use should have low thermal conductance.

Edges and corners on joysticks shall not cause discomfort or injury. This requirement is met if\th

rad

E.:

If d
the

Thq

E.:

Sj
giv

>

E.]

Thg

ius is 2 mm for edges and 3 mm for corners.

.7 Interdependency with software

edicated software is not delivered together with the device, the documentation \(see E.3) shall §
device is to be operated to achieve the intended level of effectiveness and éfficiency.

e documentation shall specify the setup of the device. It should be possible to test the effects of t

.8 Interdependency with use environment

ce the operation of this device is highly independent from the use environment, no such pro
bn in this part of ISO 9241.

8 Documentation

e user information shall include the following;

optimum location of the device for best effectiveness, efficiency and postural comfort;
best location of the device forconcurrent use with a keyboard;

features of the hardwaré/software that could improve postural comfort or reduce biomechanicg
setup for different buttons or changes in the setup aimed at relieving fingers and thumb).

B minimum

pecify how

he settings.

visions are

| load (e.g.
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F.1 Pro

Annex F
(normative)

Trackballs

erties of trackballs

F.1.1 Ge

Trackballs
cannot be
with that o
then transl
movement

NOTE
interfaces b

heral

are devices for input in two dimensions. Although a third dimension can also be aceessed,
done at the same time as the other two. The sensing mechanism of a trackball is ‘almost ident

ated into a rotatory movement of the ball, while on the trackball the ball itself is given a rotat
by the hand.

Trackballs belong to the oldest designs of input devices, utilized long befere computers with graph
bcame popular. There are some designs today that integrate a trackball inte~a-mouse.

his
cal

f a mouse. The main difference is the mouse requires a translatory movement of the hand that is

ory

ical

Figure F.1 — Various trackball designs

F.1.2 Functional properties

The functional properties of trackballs are related to the following:

— anchoring the body parts needed for holding and controlling the device (hand, fingers and thumb);
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— anchoring the device on the work surface or on other objects;

— target acquisition;

— additional input through buttons, switches, etc.

The relevant properties for anchoring are the mechanical design of the housing, the ball and the buttons.

For target acquisition, the characteristics of the ball, location of sensors and dynamic properties of the buttons
(motion, actuation and interference of actuation with the control of the device) are important.

F.1.3 Mechanical properties

Thpse mechanical properties of a trackball relevant for usability are
— | shape, profile of the housing,

— | exposed area of the ball (length, exposed arc),

— | buttons (position, shape, force, feedback), and

— | form, location and visibility of other controls.

F.1.4 Electrical properties
Those electrical properties of trackballs relevant for usability are
— | cabling and

— | batteries, if included.

F.1.5 Maintainability-related properties

Maljntainability properties relevantifor-usability are related to cleaning the device (ball).

F.1.6 Health- and safety-related properties

SAFETY PRECAUTIONS — Trackballs should not contain, or be made of, materials known to cause
health and safety problems through skin contact or emissions.

There are no kiewn user health and safety issues related to the mechanical design of trackballs.

F.1.7 Interdependency with software

The

operation-of a-trackball-is-highly software-dependent.—Norma heuser-is—allowed-to-introdluce some
relevant changes in the software that can considerably change the usability of the device. The most important
change users can make is adjusting gain to suit his or her personal preferences.

A trackball is usually delivered with, and operated by means of, either own-software that supports its entire
functionality, or else it is operated with the aid of a “generic” driver that might possibly provide it with only
limited capabilities.

Specific software can help to overcome limited abilities of the user.

EXAMPLE The electronic equivalent of a mechanical ruler enables even people with very limited drawing ability to
draw straight lines more precisely than skilled draughtsman and highly independent of the environment (e.g. in shaky
vehicles).
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F.1.8 Interdependency with use environment

The use of a trackball is unlikely to influence the environment of the workplace except for the noise of clicking.
Its use requires much less space than that of a mouse.

The use of a trackball can be affected by the following environmental conditions:
— vibration;

— instability of the support surface;

— dust and dirt, beverages.

In addition] sebum from the user’s fingers and hand, as well as dirty or wet fingers, can affect-the/use qf a
trackball inla similar way to dirt from the environment.

F.2 Des|gn requirements
F.2.1 Cofrespondence with generic design requirements

F.21.1 Appropriateness of trackballs

Since trackballs are pointing devices designed to be controlled by the*hand and the fingers, an appropriate
general-pufpose design is recommended to enable users to achieve the maximum speed and accuracy|for
these limbs. However, most studies comparing different input devices show that the mouse is superior to fthe
trackball in| effectiveness and efficiency if evaluated in isolation.:\Nevertheless, trackballs can prove to be mpre
appropriatg if used together with a full-size keyboard for most applications with a graphical user interface of in
any envirohment with limited space.

F.21.2 (@perability of trackballs
The obvioUsness of trackball operation can be categorized into the following classes:

C1 kmown or visible without the need: for additional instructions and information;

C2 detectable by the user by-trial and error;

1 ; v sreen—n—the—cardinal-directions—ean-be-assumed—ifthe
device operates in two dimensions. Because of various manipulations of the apparent movement of the
pointer during more complex operations (e.g. 3D applications with acceleration in parts of the space), no
precise advice can be given.

Regarding consistency of operation (device operates and responds in the same manner), trackballs are not
the best product available because of their lack of independence from the environment (vibrations,
accelerations).

The feedback provided from one trackball to another can be very different. While all trackballs provide

kinaesthetic feedback, some are designed additionally to give force feedback. Trackballs can be designed as
haptic displays.
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F.2.1.3 User compatibility of trackballs

The design of a trackball can accommodate the anthropometric characteristics of adult user populations only
to an extent where throughput and accuracy for pointing tasks are limited by the characteristics of the device.
Thus, in general, trackballs cannot be considered as being fully compatible (C2).

Recent research suggests that the trackball is inferior to some other customary input devices (mouse and

touchpad) in terms of performance and accuracy [1°]. This is an indication of lower compatibility with user
characteristics.

F.24-4—Feedback

Depending on its functionality, a trackball can provide different types of feedback:
— | force (active) by appropriately designed devices;

— | haptic in general (force, vibration, acceleration etc.);

— | kinaesthetic (through buttons and other controls).

In pomplex devices (e.g. trackball integrated into a mouse with different-buttons), one or more of these
varjeties of feedback could occur simultaneously or in close sequential ordef. Because of the complexity of the
stion, this part of ISO 9241 will not give any partial advice for single elements of the device.

NOJTE Because of the complexity of the question, this part of 1ISO9241 does not pretend to offer what [would be of

.21.5 Controllability of trackballs

.1.5.1 Reliability of device access

Un|ntended loss of control of the ball can oceur under unfavourable conditions and could occur more often
than during use of a mouse or touchpad under the same conditions.

.1.5.2 Adequacy of device access
Quijck and easy access to a trackball is given if the device is located within the reach envelope of thg user.

.1.5.3 Control access

Th¢ design of the dévice shall ensure that actuating any button or combination of buttons shall not move the
focus of the pointer.

The buttonsshould be located so as to minimize finger extension.

F.2.2 AFunctional properties

F.2.2.1 Anchoring

As trackballs are input devices designed to be used for fine-positioning accuracy, it shall be possible to anchor
some part of the fingers, hand, wrist or arm on either the input device or the work surface in order to create a
stable relationship between the hand and the point of action.

F.2.2.2 Resolution (task precision)

Input devices should be designed such that they achieve a resolution that supports the precision required by
the task primitive. Since the most important task for a trackball is pointing, this task primitive will determine the
resolution required. In general, trackballs cannot be counted among those input devices that enable the
highest input resolution.
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The task precision required for a trackball can be categorized into the following classes:

C1 high (an index of difficulty greater than 6);

C2 m

edium (an index of difficulty greater than 4 and less than or equal to 6);

C3 low (an index of difficulty greater than 3 and less than or equal to 4);

C4 very low (an index of difficulty less than or equal to 3).

For a tra

application|
— full-siz
— should
— overal

NOTE

If the deviq
typical use

The metho)
F.2.23 E

F.2.2.31

hall \u|+h r\r\arahnn cue{'ame based—on—GUI /nronhur\ol HSer |n+nrfor\c\ onrl for nanarol nUrn.
L I J |l

5, the category shall be determined for the foIIowmg keyboard utilization (see Figure B.2):
e keyboard located with alphanumeric zone centred in front of the user;

er width for 5" percentile female of the intended user population;

length of keyboard at least the length of a full-size desktop keyboard (420 mm)-

This position is not an optimum working position.

e is part of a more complex unit (e.g. portable computer), the category shall be determined for
of that device.

d by which the level of task precision has been determined shall be indicated.
Button design

Button motion

FpoSe

the

The devicg should be designed so that during its intended use the fingers are able to make contact @nd

actuate bu
NOTE

Button con
of the fingq

F.2.2.3.2

It should b

F.2.2.3.3

tons without excessive deviation from a neutral posture.

‘Excessive” means, for example, interfering’with accuracy or causing muscular strain.

r during flexion.

Button actuation

b possible to press-the' buttons of a trackball without unintentionally moving the device.

Button activation

tact surfaces should be perpendicular to the displacement direction of the button and to the motion

The input gevice should be designed so as to be resistant to inadvertent button activation during its intendgled

use.

F.2.2.3.4

|_Button shape

Buttons should be shaped so as to assist finger positioning and button actuation.

F.2.2.3.5

Button force

Buttons should have a displacement force within the range of 0,5 N to 1,5 N, until actuation.

Button force should be minimized without compromising usability.
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.2.3.6 Button displacement

Buttons intended for providing kinaesthetic feedback should have a minimum displacement of 0,5 mm. The
maximum displacement shall be 6 mm.

F.2

.2.3.7 Inadvertent pointer movement

The input device should be designed so that inadvertent button actuation does not cause unintended
movement of the pointer.

F.22.3.8 Button lock

Th
to

F.2

Trg
ava

Thg

F.2

Thq

Ne
als

F.Z

F.2

Thq

from the centre of the trackball;~should be not less than 100° and not greater than 140° (see Figur

reg

input device shall be designed so that a hardware or software lock can be provided for-button
e continuously depressed for the duration of a task primitive such as dragging, tracingcor ffee-h4g

.2.4 Consideration of handedness

ckballs should be operable by the use of either hand; alternatively, right and.left-handed devices
ilable.

e shape and location of the controls should be selected so as to suppert ambidextrous use of the
.2.5 Resolution consistency
e resolution of a trackball shall be independent of the position of the ball.

vertheless, the resolution may be changed by the :software or the user. Under some circumsta
b be useful to create different resolutions for differgnt parts of a target.

.3 Mechanical properties

.3.1 Size
e chord length of the exposed area of the trackball should be at least 25 mm. The exposed arc

ommended exposed arc i 120°.

>25

A
Y

5 that need
nd input.

should be

device.

hces it can

measured
e F.2). The

Dimensions in millimetres

140° 1
=N

v

Key

1

input device surface

Figure F.2 — Chord length and exposed arc of trackball
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F.2.3.2 Unintended slippage

The base of the device shall not be able to be moved unintentionally during intended use.

F.2.3.3 Actuation (rolling) force

The rolling force of a trackball should be between 0,2 N and 1,5 N. The starting resistance should be from
0,2N to 0,4 N.

F.2.3.4 Displacement

A trackballlis not a displacement device.

F.2.3.5 Button location
The buttonp shall be located such that their use does not interfere with the operation of the ball:

The shape|and location of the controls (buttons, wheel) should be selected so as to suppoft ambidextrous lise
of the devige.

F.2.4 Electrical properties
For trackballs that do not require an external power supply, electrical propefties are unrelated to usability.

The influence of cabling on the operation of a trackball does .not affect the usability of the device.
Electromagnetic influences on other equipment at the same workstation may be considered irrelevant, owing
to regulatigns for electromagnetic compatibility.

The weigh{ of the trackball is not relevant for its operation, except in the case of handheld devices.

F.2.5 Majntainability-related properties
The ball shall be easily removable for cleaning.

For environments where dust or spill could affect the operation of the device, trackballs with rugged dedign
features (elg. sealed, spill-proof, dust-proef, beverage immune) can be utilized.

F.2.6 Health- and safety-related properties

SAFETY RRECAUTIONS — Trackballs should not contain, or be made of, materials known to cadse
health and safety problems through skin contact or emissions.

Edges and corners on_thé-housing of trackballs shall not cause discomfort of injury. This requirement is met if
the minimym radius,is,2 mm for edges and 3 mm for corners.

F.2.7 Interdependency with software

If dedicated-s6ftware—is—not-delivered-togetherwith-the-device—the-desumentation+{see-F3}-sha peeifi-the
manner in which the device is to be operated to achieve the intended level of effectiveness and efficiency.

The documentation shall specify the setup of the device. It should be possible to test the effects of the settings.

F.2.8 Interdependency with use environment

The influence of vibration can be reduced by an adequate design of those parts that can be used to anchor
parts of the hand or fingers during actuation.

Potential remedies against vibration of the user and/or the support surface can be realized with adequate
software. Since this part of ISO 9241 deals with physical devices only, it gives no such provisions.
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F.3 Documentation

The user information shall include the following:

optimum location of the device for best effectiveness, efficiency and postural comfort;

best location of the device for concurrent use with a keyboard;

features of the hardware/software that can improve postural comfort or reduce biomechanical load
(e.g. setup for different buttons or changes in the setup to relieve fingers and thumb).
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Annex G
(normative)

Touchpads

G.1 Properties of touchpads

G.1.1 Geperal

Touchpadg function similarly to tablets, without, however, the tablet's need for a mechanical intermed
(such as g stylus or puck) between the hand and the sensing mechanism — hence the syhonym, tou

sensitive ta

Like all tah

Touchpads

portable dgvices. They can be moulded into one-piece constructions, thus‘€liminating grooves where dirt

collect. Th
(e.g. produ

Touchpads

and pressyre-sensing areas), and can be used for absolute (sensing location) and relative (sensing moti

input.

Their most
G.1.2 Fu
Functiona
ancho
ancho
target
additiq

The releva

blet.

are designed in a variety of sizes, but most are small (several square centimetres) and built

is makes them well suited for very clean environmentsy(g.g. hospitals) or very dirty o
ction areas).

can be partitioned into areas having different functionalities (e.g. motion-sensing, location-seng

common use is for relative input as a replacement for the mouse in portable computers.

nctional properties

properties of touchpads are related to the following:

ring the body parts needed for holding and controlling the device (hand, fingers and thumb);
ring the device on the-work surface or on other objects;

acquisition;

nal inputdhrough buttons, switches, etc.

nt properties for anchoring are the mechanical design of the housing and the buttons.

ary
ch-

lets, touchpads allow input in two dimensions; unlike mice or joysticks, touchpads can be madg to
sense muliiple points of contact.

nto
can
hes

ing
on)

For target

acquisition, the characteristics of the pad, the location and the dynamic properties or the butl

(motion, actuation and the interference of the actuation with the control of the device) are important.

G.1.3 Me

chanical properties

Those mechanical properties of a touchpad relevant for usability are

shape

smoot

70

, profile of the housing,

size of the sensitive area,

hness of the sensitive area,

ns
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— buttons (position, shape, force, feedback), and
— form, location and visibility of other controls, if present.
G.1.4 Electrical properties

Those electrical properties of touchpads relevant for usability are

— cabling, and

0:2008(E)

— | batteries, if included.

G.1.5 Maintainability-related properties

Majntainability properties relevant for usability are related to cleaning of the device.

G.1.6 Health- and safety-related properties

SAFETY PRECAUTIONS — Touchpads should not contain, or be made“of, materials known to cause

health and safety problems through skin contact or emissions.

There are no known user safety issues related to the mechanical-désign of touchpads. However, the surface

prdperties of the touch-sensitive area (friction, smoothness) doneed to be considered.

G.1.7 Interdependency with software

Th¢ operation of a touchpad is highly software-dependent. Normally, the user is allowed to intro
relevant changes into the software that can considerably change the usability of the device.
important change users can make is adjusting gain to suit his or her personal preferences.

juce some
The most

The¢ touchpad is usually delivered with, and.operated by means of, either own-software that supports its entire

funictionality, or else it is operated with~the aid of a “generic” driver that might possibly provide |t with only
lim{ted capabilities.

Specific software can help to gvercome limited abilities of the user.

EXAMPLE Most people~aré unable to draw a straight line regardless of the device they use (pen, stylug or mouse).

The electronic equivalent ©f.a“mechanical ruler enables even people with very limited drawing ability to draw gtraight lines

mofe precisely than skilled draughtsman and highly independent of the environment (e.g. in shaky vehicles).

G.1.8 Interdepéendency with use environment

The¢ use of-a touchpad is unlikely to influence the environment of the workplace, except for th
cligking. lts use requires much less space than that of a mouse.

— vibration;

— instability of the support surface;

— relative humidity of the air (indirect through the sweat on the fingertips);
— temperature (indirect through the sweat on the fingertips).

In addition, sebum from the user’s fingers and hand can affect the use of a touchpad in a similar
from the environment.
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G.2 Design requirements
G.2.1 Correspondence with generic design requirements

G.2.1.1 Appropriateness of touchpads

Since touchpads are pointing devices designed for being controlled by the hand and the fingers, an
appropriate general-purpose design is recommended to enable users to achieve the maximum speed and
accuracy for these limbs. However, most studies comparing different input devices show that the mouse is
superior to_the touchpad by means of effectiveness and efficiency if evaluated in_isolation. Nevertheless,
touchpads|can prove to be more appropriate in use, if used together with a full-size keyboard forcmost
applications with a graphical user interface or in any environment with limited space.

When equipped with software having the required functionality, touchpads can be used for pointing; dragding
and clicking without additional hardware such as buttons or other controls. Thus a touchpad-.could be mpre
appropriat¢ than a mouse for some tasks.
Touchpadg have a very low profile and can be integrated into other equipment such as\desks and low-prdfile
keyboards| The integration reduces homing time from the keyboard to the pointing device and back. This has
many bendfits for portable systems.

The touchpad's simple construction — no moving parts — leads to reliable;and’long-lived operation, making it
suitable fort environments where it will be subjected to intense use or whereyreliability is critical.

Touchpadg can be operated in different modes. For example, the .same device can be used as a poin{ing
device and simulate at the same time a number of different other devices such as numeric pads or sliders.

G.2.1.2 Qperability of touchpads

The obvioUsness of touchpad operation can be categorized into the following classes:
C1 kmpown or visible without the need for additional instructions and information;
C2 detectable by the user by trial and error;
C3 leprnable by means of simplg instructions;
C4 leprnable by means of special training.

C1 or C2 dan be achieved.in‘the cases of general-purpose devices and novice users since, next to the touch
screen, a tpbuchpad is theybest device in terms of directness between action and response.

For C3 anfd C4 devices, the relevant information shall be included in the documentation. Such devices fare
likely to bg used. without additional keys for clicking and double clicking (or as replacement for the left and
right mousg keys).

The predictability of the pointer's movement on the screen in the cardinal directions can be assumed if the
device operates in two dimensions. In this respect, the touchpad is one of the best solutions for input devices.

Regarding consistency of operation (device operates and responds in the same manner) touchpads are
among the best products available because of their high degree of independence from the environment
(vibration, accelerations). However, depending on the software, their use can be severely hampered to a
greater or lesser degree by perspiration of the user due to the relative humidity of the air, ambient temperature
or work done previously.
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G.2.1.3 User compatibility of touchpads

The design of a touchpad can accommodate the anthropometric characteristics of users to an extent where
throughput and accuracy for pointing tasks are limited by the characteristics of the device. Thus, in general,
touchpads cannot be considered fully compatible (C2).

Recent research suggests that the touchpad is inferior to the mouse as a pointing device in terms of
performance and accuracy [13l. This is an indication of lower compatibility with user characteristics. However,
for many applications the performance is sufficient.

alla 1
UNdaduUvn

G.2:+:

Tolichpads provide visual feedback.
.2.1.5 Controllability of touchpads

.1.5.1 Reliability of device access

rms of the likelihood of their unintended loss of control, touchpads are among the most reliable jof devices.

.2.1.5.2 Adequacy of device access

Qujck and easy access to a touchpad is given if the device is Jocated within the reach envelope ¢f the user.
Deyice access is easy and without the need for any intermediaté.devices.

.2.1.5.3 Control access

The¢ design of the device shall ensure that actuating-any button or combination of buttons shall not move the
focus of the pointer.

The buttons should be located so as to minimize finger extension.
G.2.2 Functional properties

G.2.2.1 Anchoring

Th¢ use of touchpads for(fine-positioning accuracy requires the anchoring of some part of the fingers, hand or
wrist — either on the input device or on the work surface — to create a stable relationship betweep the hand
the point of action. The design of the device need not include a space for anchoring, but this aspect

t . devices should be designed such that they achieve a resolution that supports the precision fequired by
thel task primitive. Since the most important task for a touchpad is pointing, this task primitive detgrmines the
resolution required. In general, touchpads cannot be counted among those input devices that enable the
highest input resolution.

The task precision required for a touchpad can be categorized into the following classes:
C1 high (an index of difficulty greater than 6);
C2 medium (an index of difficulty greater than 4 and less than or equal to 6);
C3 low (an index of difficulty greater than 3 and less than or equal to 4);

C4 very low (an index of difficulty less than or equal to 3).

© 1SO 2008 — All rights reserved 73


https://standardsiso.com/api/?name=f8379d7ba78e4ba909d2c084ad44e0c2

ISO 9241-410:2008(E)

For a (separate) touchpad with operating systems based on GUI (graphical user interface) and for
general-purpose applications, the category shall be determined for the following keyboard utilization (see
Figure B.2):

— full-size keyboard located with alphanumeric zone centred in front of the user;

— shoulder width for 5" percentile female of the intended user population;

— overall length of keyboard at least the length of a full-size desktop keyboard (420 mm).

NOTE Thi H H £s tH lei H'H
TS POSTHOTT IS TotTar Optrar T vWwOoT ik g PO STHOTT

If the devige is part of a more complex unit (e.g. portable computer), the category shall be determined for fthe
typical use|of that device.

The method by which the level of task precision has been determined shall be indicated.
G.2.2.3 Button design

G.2.2.3.1 | Button motion

The devicg should be so designed that during its intended use the fingers-are able to make contact @nd
actuate buftons without excessive deviation from a neutral posture.

NOTE ‘Excessive” means, for example, interfering with accuracy or causing muscular strain.

Button conftact surfaces should be perpendicular to the displacement direction of the button and to the motion
of the finggr during flexion.

G.2.2.3.2 | Button actuation

It should bg possible to press the buttons of a touchpad without unintentionally moving the device.

G.2.2.3.3 | Button activation

The input gevice should be designed(so as to be resistant to inadvertent button activation during its intendgled
use.

G.2.2.3.4 | Button shape
Buttons shpuld be shapéd-so as to assist finger positioning and button actuation.

G.2.2.3.5 | Buttonforce

Buttons shpuld have a displacement force within the range of 0,5 N to 1,5 N, until actuation.

Button force should be minimized without compromising usability.

G.2.2.3.6 Button displacement

Buttons intended for providing kinaesthetic feedback should have a minimum displacement of 0,5 mm. The
maximum displacement shall be 6 mm.

G.2.2.3.7 Inadvertent pointer movement

The input device should be designed so that inadvertent button actuation does not cause unintentional
movement of the pointer.
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G.2.2.3.8 Button lock

The input device shall be designed so that a hardware or software lock can be provided for buttons that need
to be continuously depressed for the duration of a task primitive such as dragging, tracing or free-hand input.

G.2.2.4 Consideration of handedness

Touchpads should be operable by the use of either hand; alternatively, right and left-handed devices should
be available. Since the form of the touchpad always allows this, problems that might possibly arise can be due
to the shape and location of other controls or the position of a touchpad on another device such as a keyboard.
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AItIough the absolute size of the sensitive area has a.certain relationship to the maximum

e shape and location of the controls should be selected so as to support ambidextrous use of-the|

.2.5 Resolution consistency
e resolution of a touchpad shall be independent of position.

Vertheless, the resolution may be changed by the software or the user. Undet’some circumsta
b be useful to create different resolutions for different parts of a target.

p.3 Mechanical properties

3.1 Size

ctiveness and efficiency, both the software and the contact strategy mainly determine the us
ice. For this reason, no advice can be given for the<absolute size of devices with comparable din

.3.2 Unintended slippage

e base of the device shall not be able to be‘moved unintentionally during intended use.

.3.3 Actuation (dragging the finger)
e surface properties of the sensitive area and the sensing mechanism should be selected so a

user to control the device without undue pressure. If the pressure is too high, effectiveness cou
ition, the fingertips may-\also suffer through friction between the device and the skin.

.3.4 Displacement

buchpad is neta displacement device.

.3.5 «-Button location

device.

hces it can

achievable
ability of a
hensions.

5 to enable
d suffer. In

Thq

p buttons shall be located such that their use does not interfere with the operation of the touch

ad and/or

the

keyboard if the device is mounted in the same housing as the keyboard.

The shape and location of the controls (buttons, wheel) should be selected so as to support ambidextrous use

of t

he device.

G.2.4 Electrical properties

For touchpads that do not require an external power supply, electrical properties are unrelated to usability.

The influence of cabling on the operation of a touchpad does not affect the usability of the device.
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Electromagnetic influences on other equipment at the same workstation may be considered irrelevant, owing
to regulations for electromagnetic compatibility.

The weight of the touchpad is only relevant for the friction between the support surface and the underside of

the device.

Additional batteries do not affect it.

G.2.5 Maintainability-related properties

Touchpads do not require user maintenance other than cleaning. Since their simple mechanical design makes
them less prone than other devices to collecting dust or dirt and greater resistance to spills of beverages, etc.,

touchpads

G.2.6 He

SAFETY H
health ang

Edges and
the minimy

G.2.7 Intérdependency with software

If dedicate
which the
documents

G.2.8 Interdependency with use environment

The interd¢pendency of the operation of the touchpad and-‘the use environment is rather low. Having no p

to slide or
pointing ta

The influer
of the hand
G.3 Doc
The user i
optimy

best Iq

TAIT be g good choite for work-areas where other devices are fikety to fait:

hlth- and safety-related properties

safety problems through skin contact or emissions.

corners on the housing of touchpads shall not cause discomfort or injury. This'fequirement is m
m radius is 2 mm for edges and 3 mm for corners.

g software is not delivered together with a device, the documentation shall specify the manne
device is to be operated to achieve the intended level“of effectiveness and efficiency. ]
tion shall specify the setup of the device. It should be pessible to test the effects of the settings.

bump, the pointer once placed on the screen “stays put’, thus making the device well suited
Eks in environments subject to vibration or'motion (e.g. cars, trains, boats, cockpits).

or fingers during actuation.

umentation
formation shall inClude the following:
m location ef'the device for best effectiveness, efficiency and postural comfort;

cation ‘©f‘the device for concurrent use with a keyboard;

featur

RECAUTIONS — Touchpads should not contain, or be made of, materials known to cause

bt if

rin
"he

lick
for

ce of vibration can be reduced by(adequate design of those parts that can be used to anchor parts

s-of the hardware/software that can improve postural comfort or reduce biomechanical load (s€

tup

for différent buttons, changes in the setup to relieve fingers and thumb, etc.);

of butt

76

ons).

instructions for improving the use of additional features (e.g. multi-tapping on the pad instead of the use
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buftons (motion, actuation and the interference of the actuation with the control of the device) are im

H.1
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Annex H
(normative)

Tablets and overlays

.1 General

dimensions. Unlike mice or joysticks, a tablet can be made to sense multiple peints of contact.

erent functionalities (e.g. motion-sensing, location-sensing or pressure-sensing areas) or reso
be used for absolute (sensing location) and relative (sensing motion) input.

.2 Functional properties

e functional properties of tablets are related to the following:
anchoring the body parts needed for holding and coentrolling the device (hand, fingers and thum
anchoring the device on the work surface or,on;other objects;

target acquisition;

additional input through buttons, switches etc.

e relevant properties for anchoring are the mechanical design of the housing and the buttons.

target acquisition, the characteristics of the sensitive area, the location and the dynamic prope

.3 Mechanical properties

pbse mechanieal properties of a tablet (see Figure H.1) relevant for usability are

shape;.profile of the housing (height, depth and slope),

blets are devices designed for the input of absolute positional information. Their use requires a mechanical
rmediary, such as a stylus or puck, between the hand and the sensing mechanism:*Tablets allpw input in

plets are designed in a variety of sizes, from small to large. They can-be-~partitioned into argas having

lution, and

rties of the
portant.

size of the sensitive (active) area,

size of the inactive area,

buttons (position, shape, force, feedback),

form, location and visibility of other controls, if present,

homing facility or the stylus,

smoothness of the surface (relevant for specular reflections and contact with the stylus), and

transmittance of the cover (relevant for using overlays).
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Key

1 sensitivp area, cover for the overlay
2 homing|utility for the stylus

3 area with virtual buttons

4  puck

5 stylus

6 inactivelarea

Figure H.1 — Tablet with areas.and accessories

H.1.4 Legibility and visibility related properties
Tablets and overlays used with them possess‘surfaces of considerable size, partly with visual information|on
them (e.g.|characters, other graphical symbols or icons). For this visual information, requirements similaf to
those for other visual displays apply. Thetlikelihood of errors or discomfort due to reflected glare is somewhat
higher than with monitors because of the horizontal orientation of most tablets.
Relevant properties treated in this'part of ISO 9241 are

— legibility of legends andgnaphic symbols,

— size of legends and.graphic symbols,

— colourjand contrast legends and graphic symbols, and

— reflectjonis' and glare on the tablet or overlay.

H.1.5 Electrical properties
Those electrical properties of tablets relevant for usability are
— cabling, and

— Dbatteries, if included.
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H.1.6 Maintainability-related properties

Those maintainability properties relevant for usability are related to cleaning of the device and its accessories.
Some devices can also require the changing of the stylus tip.

H.1.7 Health- and safety-related properties
There are no known user safety issues related to the mechanical design of a tablet in general.

The use of tablets involves prolonged skin contact with the surface. For this reason, chemical properties
(mé@teral, emissions) and thermal aspects shall be considered.

H.1.8 Interdependency with software

The¢ operation of a tablet is highly software-dependent. Normally, the user is allowed to introguce some
relevant changes into the software that can considerably change the usability 1of the device.| The most
important change users can make is the partitioning of the active area of the device:to suit his or her personal
pregferences. This action can not only modify the usability of a given device inCgeneral, but also considerably
chgnge the biomechanical load (see Figure H.2).

1 1 1
/ < ‘
h\ R,
2 2
a) b) c)
NOJTE The entire active area; ™, vin a), can be used to map either the entire screen or a relevant part of it,|but with the

res(ilt that access to some parts of the tablet requires moving the arms or even the body to reach them. Partitjons 1 and 2
in i) and c) map the relevant-scréen area but with different resolution and ease of access.

Eigure H.2 — Partitioning of a tablet (e.g. for right- or left-handed use)

H.1.9 Interdependency with use environment

The¢ use-of a tablet is unlikely to influence the environment of the workplace. However, depending pn its size,
: i pace } i iti e p-egcupy up to

The use of a tablet can be affected by the following environmental conditions:

— vibration;

— instability of the support surface.
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H.2 Design requirements
H.2.1 Correspondence with generic design requirements

H.2.1.1 Appropriateness of tablets

Since tablets are pointing devices designed to be controlled by the arm, hand and the fingers, an appropriate
general-purpose design is recommended to enable users to achieve the maximum speed and accuracy for
these limbs. In general, tablets are designed to achieve the highest possible input precision. To achieve this,
there is, however, a compromise involved between space requirements and the effectiveness that can be
achieved. $ince most applications require an additional input device (usually a keyboard), the appropriateness
of a given fablet depends on the role of this additional device for the application.

Even if a fyll-size keyboard with the smallest footprint is used and the tablet is placed as close to(t\as possible,
the “far enfl” of the active area of an A4 sized tablet is about 600 mm from the median (sagittal) plane of fthe
body. Sinde the shoulder breadth of adults lies between 323 mm (5" percentile female of European origin)
and 388 mm (95th percentile, male of European origin), any user will need an arm movement wide of the reach
area in order to access the corresponding location on the screen. Moreover, if a stylys,is used, the tip cduld
slide more|easily because of the tilt of the device. Thus, effectiveness and efficiency measured under these
conditions |will be far below the maximum achievable values under optimum conditions (tablet positioned in
optimum r{ach area). This means that a smaller tablet could be more appropfiate than a device with a wider

sensitive grea, and that other types of input devices with lower nominal resolution can achieve a higher
appropriat¢ness than a tablet with much higher resolution and a larger sensitive area.

H.2.1.2 Qperability of tablets
The obvioUsness of tablet operation (pointing) can be categorized-into the following classes:

C1 kmown or visible without the need for additional.imstructions and information;

C2 detectable by the user by trial and error;

C3 leprnable by means of simple instructions;
C4 leprnable by means of special training.

C1 or C2 dan be achieved in the cadses of general-purpose devices and novice users since, next to the touch
screen, a fablet is the best device)in terms of directness between action and response. Some tablets eyen
include a [visual display to aehieve the same directness as a touch screen — and with much higher
effectivengss. Access to additional functionality (use in different modes, programming virtual buttons, etc.) ¢an
require moye instructions; thus making use less obvious. For C3 and C4 devices, the relevant information shall
be included in the documentation.

The predigtability“of*the pointer’'s movement on the screen in the cardinal directions can be assumed if [the
device operates in two dimensions. In this respect, the tablet is one of the best input devices available.

Regarding consiStency of operation (deviCE operaies and responds In the same manner), tablets are not
among the best available products because of their lack of independence from the environment (vibration,
accelerations). Nevertheless, in well-designed or -protected work areas and if positioned on stable support
surfaces, tablets are likely to display consistent behaviour.

H.2.1.3 User compatibility of tablets
The design of a tablet can accommodate the anthropometric characteristics of users to an extent where

throughput and accuracy for pointing tasks are not limited by the characteristics of the device. Thus, in general,
tablets can be considered fully compatible (C1) if sized and positioned in the reach area in an appropriate way.
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