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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-g
Internation
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ISO 9241
visual disp

Part 1
Part 2
Part 3

Part 4

bvernmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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, Part 2.
fask of technical committees is to prepare International Standards. Draft International Standal
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 castinga'vote.

drawn to the possibility that some of the elements of this document.may be the subject of pat
shall not be held responsible for identifying any or all such patent rights.

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

211), partially replaces 1SO 9241-4:1998 and 1SO 92419:2000, technically revised as follows:
and definitions from 1ISO 9241-4 and ISO 924149, have been transferred to ISO 9241-400;

ding principles have been incorporated inte 1ISO 9241-400 and unified so that they correspond
bpe of the new ISO 9241 series;

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

consists of the following parts, under the general title Ergonomic requirements for office work |
ay terminals (VDTs):

General introductien
Guidance on task requirements
Visual display requirements

Keyboard requirements

the

rds

an

ent

L 4,

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

to

vith

Part 5: Workstation layout and postural requirements
Part 6: Guidance on the work environment
Part 7: Requirements for display with reflections

Part 8: Requirements for displayed colours

1) Planned or under preparation. (See Annex A)
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1ISO 9241-40

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

— Part 12: Presentation of information

— Part 13: User guidance

— Part 14: Menu dialogues

0:2007(E)

— Partt5Commard diafogues

— | Part 16: Direct manipulation dialogues

— | Part 17: Form filling dialogues

ISQ 9241 also consists of the following parts, under the general title Ergonomics of.\hiiman-system
— | Part 20: Accessibility guidelines for information/communication technology (ICT) equipment an
—| Part 110: Dialogue principles

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

— | Part 171: Guidance on software accessibility

— | Part 300: Introduction to requirements and measurefent techniques for electronic visual displa
— | Part 302: Terminology for electronic visual displays

— | Part 303: Requirements for 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@nd compliance test methods for electronic visual displays

— | Part 400: Prirjciples and requirements for physical input devices

— | Part 410-Design criteria for products for physical input devices

The following parts, under the general title Ergonomics of human-system interaction, are under pref

nteraction:

) services

VS

aration:

— —Part308—Surface-conauction efectron-ermtter aisplays (SED){Technical-Report}

— Part 411: Laboratory test and evaluation methods for the design of physical input devices
— Part 420: Selection procedures for physical input devices

— Part 421: Workplace test and evaluation methods for physical input devices

— Part 920: Guidance on haptic and tactile interactions
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Introdu

ction

Input devices are means whereby users can 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
them into signals to be interpreted by the interactive system.

Input devig
character

case, gen
pointing). A
users. Utili

Whether o
view is to |
has no inH
product m
in modera
however.

Goals that]
processing
device on

“dragging”

codes. Under certain circumstances they may be used also for other purposes. However; in
brally their efficiency and/or effectiveness is restricted to a certain degree (e.g. keybeard
n input device can also be used in combination with others if needed to enhance the_capabilitie
ving a keyboard and a mouse for drawing straight lines is an example of the latter.

r not an input device or a combination of input devices is acceptable from an ergonomic poin
e determined following the rationale of the usability concept. This concept postulates that an erj

y be designed for an intended user population and for a restricted caoftext of use, e.g. for child
ly conditioned indoor spaces. Specifying goals for using a device needs additional consideratig

the users of input devices need to achieve may be defined“as high-level tasks such as “w
" or “multimedia”. A definition in this level, however, may be too abstract to design, test or sele
the basis of usability. For this reason, this standard speeifies “task primitives” such as “pointir
or “code input”.

Design an

needs of Ysers. The concept of fit as defined in ISO 9241-5:1998 concerns the extent to which equipm
(visual display units, input devices, etc.) can accommodate individual users’ needs. Good fit is needed for
intended User population, including users with special needs, e.g. people with disabilities, if the use @
certain deVice is not limited to a specified user.pépulation and task. Since a variety of input devices exists t

may enabl

abilities (elg. hand, foot, speech or eye control) the required fit can be achieved by utilizing any device t
offers the |required level of usability. .Depending on the character of the special needs, a combination

different d
person wh

This part o

To be abl
introduced

physig

selection equipment requires a fit to be achieved between a range of task requirements and

a user to achieve the same usability for the same task by creating input through different bo

vices may be necessary;-e.g. a foot- and an eye-controlled input device instead of a mouse fq
b cannot use his or her-hands for whatever reason.

F 1ISO 9241 specifies\generic ergonomic principles valid for the design and use of input devices.

e to formulate~recommendations for groups or types of input devices, a set of typologies
based on-aspects according to which possible designs can be differentiated:

erent usability, but one in a specified context of use, for specified goals, and specified users.

al variables carrying the information (relative/absolute position, force, velocity, acceleration, etc.);

es are utilized for the sole purpose they have been designed for, e.g. a keyboard for entefing

his
for
5 of

of
tity

ord
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ent
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hat
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hat

of
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bodily

contro

i 3 af, F'H M
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dimensionality of control (degrees of freedom);

multiplicity of control (number of parallel control variables);

| modality (discrete/continuous);

skip-out the continuum output, etc.);

contro

Vi

| distance function (monotonic, non-monotonic, uni/bipolar, etc.);

control monitoring (one-shot or continuous time, holds last value or returns to nominal value, sequential or
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mapping, straightforwardness;

psychological nature of control (causality, exploratory or goal-oriented control).

It also specifies properties relevant for the usability of input devices and typologies in consideration of different
aspects (e.g. degrees of freedom, property sensed etc.). Guidance on the application of these principles on
product design is given in ISO 9241-410. The ergonomic guidance for the design of products is given without
including aspects related to a particular context (e.g. using keyboards at CAD workstations). Selecting the
intended context of use is part of the design process and not the subject of this part of ISO 9241.
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asurement of the physical attributes of the various devices.

TE This part of ISO 9421 will be supported by the following methods (ISO 9241-411):

usability test for text and data input using stationary keyboards (currently given in ISO 9241:4);

generic usability test for keyboards for non-touch typing tasks;

input device selection, usability testing and analysis (currently given in ISO 924 1-9);

testing of efficiency and effectiveness of physical input devices (based on‘the methods specified in ISO 91
assessment of comfort (currently given in ISO 9241-4 and ISO 9244-9);

additional evaluation methods.

dance on the application of these principles for selecting appropriate products for a given conte
cribed in 1SO 9241-4202) in the form of ergonomic selection and combination criteria for usin
tiple input devices at the same work-station.

s part of ISO 9241 does not include test and evaluation methods. These will be developed and p
arate documents for the two target ,groups “manufacturers, designers, and test houses”
anizations”, since such methods can,be subject to frequent change.

D 9241 was originally developed as a seventeen-part International Standard on the 4
uirements for office work-with visual display terminals. As part of the standards review proceg
tructuring of ISO 9241 _was agreed to broaden its scope, to incorporate other relevant standg
ke it more usable. The general title of the revised 1SO 9241, “Ergonomics of human-system i
ects these changes-and aligns the standard with the overall title and scope of Technical

D/TC 159, Ergonomics, Subcommittee SC 4, Ergonomics of human-system interaction. T
tipart standard.is structured as a series of standards numbered in the “hundreds”: the 100 s
N software_interfaces, the 200 series with human centred design, the 300 series with visual di

400 series with physical input devices and so on.

Se

b Annex A for an overview of the entire ISO 9241 series.
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Ergonomics of human-system interaction —

Part 400:
Principles and requirements for physical input devices
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Scope

s part of ISO 9241 gives guidelines for physical input devices for interactive systems. It provide
ed on ergonomic factors for the following input devices: keyboards, mice; ‘pucks, joysticks,
ckpads, tablets and overlays, touch sensitive screens, styli, light pens;) voice controlled de
ture controlled devices. This part of ISO 9241 defines and formulat€s“ergonomic principles v
ign and use of input devices. These principles are to be used to geherate recommendations for
products and for their use. This part of ISO 9241 defines relevant terms for the entire 40
D 9241. For some applications, e.g. in areas where safety is the 'major concern, other additiona
y apply and take precedence over the guidance given here.

s part of ISO 9241 also determines properties of input‘devices relevant for usability including
ctrical, mechanical, maintainability and safety related properties. Additionally included are
rdependency with the use environment and software:

of these properties may be subject to other'\regulations or standards. These are considered fo
mple of electrical properties. In this case, this part of ISO 9241 considers the following propertie

Properties influenced by overriding.considerations.
EXAMPLE Properties related.to electrical safety cannot be influenced by the designer.

Properties that could impair‘usability.

EXAMPLE
considered.

The thickness of the cabling for a mouse or the weight of batteries of a hand-held device

Normative references

following referenced documents are indispensable for the application of this document.

b
D
b
P

5 guidance
trackballs,
vices, and
alid for the
the design

series of
| principles

functional,
aspects of

llowing the

-

D.

need to be

For dated
referenced

rences, only the edition cited applies. For undated references, the latest edition of the

do

ument (INciuding any amendments ) appiies.

ISO 9241-5:1998, Ergonomic requirements for office work visual display terminals (VDTs) — Part 5:
Workstation layout and postural requirements

ISO 9241-11:1998, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 11:
Guidance on usability
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ISO/IEC 9995-1:2006, Information technology — Keyboard layouts for text and office systems — Part 1:
General principles governing keyboard layouts

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.3)

3.1 Actions

3141
click
depression and release of a button or actuation point on an input device

3.1.2
free hand jnput
input wherg the input device controls the movement of the cursor without any constraints-following the manual
input of thg user

313
tracking
moving a gdointer or predefined symbol across the surface of a display screen in’order to follow a target

3.2 Tough strategies

3.21
first contact touch
activation ¢f a function upon touching the display surface

3.2.2
last contagt touch
activation ¢f a function upon withdrawing touch frem-the display surface

3.3 Press/release strategies

3.31
on-press activation
activation ¢f a function by pressing-a key or button

3.3.2

on-releasg activation
activation ¢f a function\by releasing a key or button

3.4 Feedback

3.41
feedback
indicators (such as tactile, auditory or visual) sensed by a user of an action (such as movement or actuation of
an input device)

NOTE Display feedback refers to a change on the display resulting from an input device movement or activation.

3) The illustrations of the devices used in this clause do not necessarily represent the design requirements and
recommendations of this part of ISO 9241.

2 © 1SO 2007 — Al rights reserved
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2

kinesthetic feedback
action perceived by the mechanoreceptors in joints, muscles and tendons resulting in awareness of position,
movement, weight and resistance of the limbs or other body parts

3.4

3

tactile feedback
indication of the results of a user action transmitted through the sense of touch

3.5 Hardware

3.5

bu
me
inp

3.5

cu
vis

3.5

cu
arr.
ind

3.6

3.6,

ho
row

Se

NO
seq

1
ton

chanical object integrated into an input device, which responds to force when depressed an
ut to computer

2
sor
al indication of where the user interaction via keyboard (or equivalent input device) will occur.

3

sor keys

by of keys that control the movement of the cursor on the display screen and that are labelled
cating the direction of cursor movement caused by the individual keys

Input devices
1

me row
of the keyboard to which the fingers typically\return between keystrokes

b Figure 1.

TE On the typical keyboard, the_home row is row C as defined by ISO/IEC 9995-1:1994 in the a
tion as well as in the numeric section.

d provides

vith arrows

phanumeric

Figure 1 — Typical keyboard — Home row
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3.6.2
home row height
h
height from the centre of the strike surface of an unactuated key in the home row to the support surface
See Figure 2.

A T

Y Q

Figure 2 — Typical keyboard — Home row height

3.6.3
input device

user contrg

3.6.4
joystick
lever mour

See Figurg

3.6.4.1
displace
joystick wi
in proportig

3.6.4.2
isometric

lled device that transmits information to a system

ted in a fixed base used to control the movement of objects displayed on a screen
3.
DN ! e
Figure 3 — Side view of example joystick
ent joystick

h a lever/hat tilts in the direction of applied force from a home position moving the display pointer
n to the-displacement distance

joystick wh

3.6.5

joystiek
ere the input depends on the force exerted rather than the position of the control

keyboard profile
geometric (i.e. flat, stepped, sloped, dished or sculptured) configuration of the top of the keys

© 1SO 2007 — All rights reserved
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3.6.5.1
dished profile keyboard
keyboard in which the side profile of the keys resembles a continuous concave curve

=

See Figure 4.

Figure 4 — Example of dished profile keyboard

3.65.2
flat profile keyboard
keyboard that has a zero slope with the front at the same height as the back when placed on g flat work

surface

See Figure 5.
[AATA A AT [~

M

Figure 5 — Example of flat profile keyboard

3.6/5.3
keyboard slope

o
angle between the plane of the key. top surfaces (P-P) and the horizontal surface (H-H) as measUred across

row A-E using the notation of ISO'9995-1:1994

See Figure 6.

NQO[TE For keyboards-without an E row, rows B to D are used.
E
D
C — P
A B
= R
H A H

Figure 6 — Keyboard slope
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3.6.5.4

sculptured profile keyboard
keyboard in which the side view of the keytops is shaped in other than a straight line

See Figure 7.

3.6.5.5
stepped p
keyboard i
surface

See Figurg

3.6.6
key displ
key move

3.6.7
key force
force requi

3.6.8
key roll ov
ability of a

3.6.9
keyboard

Figure 7 — Example of sculptured profile keyboard

rofile keyboard
h which the top of each key is parallel to the work surface but at a different height from the w

Figure 8 — Example of stepped profile keyboard

ement
ent from its rest position to its fully'depressed position

red to displace a key t0 a specified position

er
keyboard toregister the correct order of activation of a set of keys

ayout

ork

spatial allo

cation of keys on a keyboard
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3.6.10
light-pen
light sensitive input device that, when pointed onto a specific location on a display, identifies its position to the
system
See Figure 9.

—_

~ = J

Figure 9 — Example of light-pen against display

3.6(11
mduse

corhputer input device having one or more buttons and capable of’two-dimensional rolling motion

dri

3.612
numeric keypad

e a cursor on the display and which performs a variety of selection options or commands

which can

arator

arrgy of keys in the numeric section to which are allocated’the ten digits 0 to 9 and the decimal seps
3.6¢13
overlay
thin template on the surface of a tablet used.tQjindicate the graphic functions available to the user
See Figure 10.

1
Key

1

graphic overlay

Figure 10 — Top view of example tablet with graphic overlay
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3.6.14

palm rest

surface supporting the palm of the hand (when using an input device) for a keyboard platform placed in front
of the keyboard or embedded in the keyboard on which the operator may place the palms of the hands

3.6.15

pointer

symbol on a display which indicates input or selection position whose movement is controlled by an input
device

3.6.16
puck
hand-held pevice similar to a mouse but with a reticle view port and that is typically used with a digitizing_tablet

See Figurg 11.

Figure 11 — Top view examples of two types of pucks

3.6.17
ramp action
kinaesthetic sensation during key actuation in which_the force required to actuate the key increases as the key
is displaced

3.6.18
reticle
orthogonal|lines in the lens of a puck uséd:to visually align the puck to an image

See Figurg 12.

Key

1 reticle

Figure 12 — Top view of example puck with reticle

3.6.19
section
(keyboard) part of a keyboard

EXAMPLE Alphanumeric section, editing section, function section or numeric section.

8 © 1SO 2007 — Al rights reserved
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.20

selector button
actuator located on an input device

3.6

.21

shap action
sudden drop in force required to further displace a key

3.6

.22

strike surface

3.6
tah
gra
Spé
POS

3.6,

tac
key

-shaped pointing device which, when touched to a display or graphics tablet, can be-used to dr
a display or select displayed objects, typically by depressing the stylus tip or actuating a butf

hg the side of the stylus
e Figure 13.
C J
Figure 13 — Side view example of stylus over graphics tablet
124
let
phics tablet

cial flat surface with an input, device (such as a stylus or puck) for selection, drawing, or ing

ition, of images to be displayed
25
tile indicator keys

s in the home row-which contain a tactile aid for recentring the hands

aw images
on located

icating the
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3.6.26
trackball

ball in a fixed housing that can be rolled in any direction by the fingers to control pointer movement

See Figure 14.

NOTE

3.6.27

touch senkitive screen

TSS

input devide that produces a position and selection input signal from a finger touching, lifting off or moy
across a display

3.6.28

workstatign

assembly
a keyboa

accessories, peripherals and the immediate work.environment

[1SO 9241

3.7 Measures

3.71

biomechapical load
effect of work posture and‘effort on the musculoskeletal system

3.7.2

difference
them in ClI

colour difLerence

NOTE

3.7.3

The trackball often has adjacent buttons.

Figure 14 — Example of top view of trackball device with buttons

¢omprising display equipment with or withqut a central processing unit, which may be provided
nd and/or input device and/or software” determining the operator/machine-interface, optio

16:1998. 3.26]

between two colour stimuli, defined as the Euclidean distance between the points represent
1976 L*u*v*

ing

vith
nal

ing

Adapted from ISO 9241-8:1997, 3.12.

design reference posture
posture specified for the purpose of workstation design to define relative positions and dimensions

[1ISO 9241-5:1998, 3.6]

NOTE

10

For detailed information about working postures, see ISO 9241-5:1998 and ISO 11226:2000.
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3.74

design viewing distance

distance, or range of distances (specified by the supplier) between the screen and the operator's eyes for
which the images on the display meet the requirements of this part of ISO 9241, such as character size, raster
modulation, fill factor, spatial instability (jitter) and temporal instability (flicker)

NOTE Adapted from ISO 9241-3:1992, 2.12.
3.7.5

gain
relationship of the movement or change of an indicator on a display to the movement of a control

3.716
gohiometer
insfrument which measures angle of the joints

3.717
intended user population
grdup of human beings for which a product or machinery or a workstation is designed

EXAMPLE Male and female workers of Southeast Asian origin aged between?5 years and 65 years.

3.7.8

mgvement time
time taken to move a pointing device from a starting position to a target position, excluding stimulus
presentation time and button actuation time

3.79
parallax
difference in the apparent relative positions of obje¢ts when viewed from different points

3.7110
reflectance
ratio of the reflected luminous flux to the\incident flux under given conditions

[CIE 17.4:1987]

3.711
regolution
resplving power
smpllest detectable mavement, or actuation force, of an input device that results in a pointer displdcement on
a display

3.7112
specular refléction
reflectiondn accordance with the laws of geometrical optics, without diffusion

[CIEH+4498A
3.713
throughput
(input devices) rate of information transfer when a user is operating an input device to control a pointer on a
display

NOTE The throughput is expressed in bits per second.

© 1SO 2007 — Al rights reserved 11
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3.8 Postures and movements
3.8.1

dorsal

pertaining to the back of the hand or foot

See Figure 15.

Figure 15 — Dorsal view of hand

3.8.2
ventral
nearest to pr facing toward the axis of an organ

3.83
palm
ventral arep of the hand between wrist and base of fingers

See Figurg 16.

Figure 16 — Palmar area of hand

12
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3.84

Frankfurt plane

standard horizontal plane at the level of the upper edge of the opening of the external auditory meatus
(external ear opening) and the lower border of the orbital margin (lower edge of the eye socket) while the
median plane of the head is held vertically

NOTE 1 The Frankfurt plane is associated with the normal line of sight (relaxed extraocular muscles).
NOTE 2  Adapted from ISO 11226:2000, 2.2.
3.8.5

neiltral body posture
uptlight standing posture with the arms hanging freely by the side of the body

[ISP 11228-1:2003, 3.10]
NOJTE The neutral body posture includes the Frankfurt plane horizontal.

3.816
netitral posture for the trunk, upper arms, and head
upttight trunk, upper arms hanging freely, and head posture according to the)Frankfurt plane

[ISP 11226:2000, 2.8]

3.87

netitral posture
pogition that the body (and parts of the body) assumes when relaxed, i.e. without any intentional |bending at
the]joints

3.88

redch envelope
optimum or maximum space accessible to,¢he intended user population with respect to a specified user
pogition

3.89

wrist deviation
maving or turning of the hand intits own plane away from the axis of the forearm, and the position after this
movement

3.810
negytral range
within acceptable Himits for joint motion

NOTE 1 This fange of motion minimizes the bio-mechanical load and enhances users’ well-being.

NOJTE 2 \»Relevant body parts for the work with input devices include the neck, shoulder, elbow, wrist and hgnd.

3.8.11
displacement
change of position in the location of a point with respect to some reference coordinate

© 1SO 2007 — Al rights reserved 13
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3.8.12

flexion

moving a limb segment in the ventral direction (for example, moving the hand and fingers toward the palm),
and the position of the segment and joint after this movement

See Figure 17.

Figure 17 — Example of wrist flexion
3.8.113
shoulder forward flexion

forward mgvement of the arm in the sagittal plane

NOTE For an illustration of the sagittal plane, see Figure 18.

Key

1 median or sagittal plane
2 coronal or frontal plane
3  transverse or horizontal plane

Figure 18 — Planes

14 © 1SO 2007 — Al rights reserved
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3.8.14
extension
moving a limb segment in the dorsal direction and position of the segment and joint after this movement

See Figure 19.

Figure 19 — Example of wrist extension
3.815

abguction

mavement of a limb away from the median plane

[EN 1005-1:2001]

See Figure 20.

NOJTE For an illustration of the median plane, see Figure-18.

© 1SO 2007 — Al rights reserved 15
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3.8.16

adduction

movement of a limb towards the median plane
[EN 1005-1:2001]

See Figure 20.

NOTE For an illustration of the median plane, see Figure 18.
a) Abduction b) Adduction
Figure 20 — Abduction and adduction

16 © 1SO 2007 — Al rights reserved
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3.8.17
pronation
medial rotation of the forearm around its longitudinal axis

g

Figure 21 — Pronation

See Figure 21.

a Rotation.

3.8118
supination
latgral rotation of the forearm around its longitudinal axis

See Figure 22.

Figure 22 — Supination

a Rotation.
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https://standardsiso.com/api/?name=1f518110b5af35a7d295a5fd26477897

ISO 9241-400:2007(E)

3.8.19
radial hand deviation
bending the hand at the wrist in the direction of the thumb

See Figure 23.

a Directipn of deviation.

Figure 23 — Radial hand deviation

3.8.20
ulnar deviption
bending thg hand at the wrist in the direction of the little-finger

Ao O

See Figurq 24.

a Direction of deviation.

Figure 24 — Ulnar hand deviation
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3.9 Types of task primitives

3.9

A

dragging
dragging and dropping
moving one (or more) objects on a display by translating it along a path determined by a pointer

3.9

2

pointing
operation with a graphic user interface in which an input device is used to move a small display image (such

as a-pointer)-to-a-specificlocation-on-the display
Lad 7 L Ll J

3.
dir|
hitt

NO|

3.9

tra
foll

21
ct pointing
ng a target unaided by system feedback
MPLE Direct pointing with a finger or stylus.
2.2
irect pointing
g system visual feedback to hit a target
MPLE Indirect pointing when the system is controlling a screen pointer in response to a mouse mov4
3
cting
osing one or more items on a display
4
k primitive
damental action (such as pointing, selectingyand dragging) associated with using a non-keyh

ice

TE User tasks contain a mix of task.primitives.

5

cing

bwing the outline of an image’by moving the cursor or input device over the lines or shape of an

bment.

oard input

mage
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3.10 Usability related definitions

3.10.1

diffuse reflection

diffusion by reflection in which, on the macroscopic scale, there is no regular reflection

[CIE 17.4: 1987]

See Figure 25.

Figure 25 — Diffuse reflection

3.10.2
effectivengss
accuracy and completeness with which users achieve specified goals

[ISO 92414{11:1998, 3.2]

3.10.3
efficiency
resources gxpended in relation to the accuracy and completeness with which users achieve goals

[1ISO 9241411:1998, 3.3]

3.10.4
satisfactign
freedom from discomfort, and positive attitudes towards the use of the product

[ISO 92414{11:1998, 3.4]

3.10.5

usability
extent to Which a product can be used by specified users to achieve specified goals with effectivengss,
efficiency gnd satisfaction in a specified context of use

[ISO 92414{11:1998, 3.1]
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4 Guiding principles

4.1 General considerations

Guiding principles given in this clause are generic design rules for input devices or combinations thereof if
designed to be used together within the same workspace and during the same time period. For a specific
physical input device, design requirements can be derived from the principles in consideration of the relative
importance for each principle for the object, the task and the intended user population.

The concept of fit (as defined in ISO 9241-5:1998) concerns the extent to which equipment (e.g. visual display

un:ts, input devices) can accommodate individual users’ needs. The ergonomic design and, selection of
eqdiipment ensures a good fit between equipment and a range of users and a range of tasks™\T'
shquld consider a range of users including e.g. left-handed-people, people with reduced ability
with hand tremor. Some specialized devices are intended for use only for specified user pepulations
e.g

usa
the]
Spé
inp

bility. For example, there are a variety of input devices which enable users to achieve the same
same task by using different parts of their body (e.g. hand, foot, speech or eye control). Depen
cial needs, some users can even use a combination of different devices, e.g.|a foot and an eyq
ut device instead of a mouse, to achieve the same result.

Th
1SQ
cay
iso

b guiding principles of this part of ISO 9241 are based on the eoncept of usability as
D 9241-11:1998. Following the rationale of this concept, an entity>has no intrinsic usability,
ability to be used in a particular context. Usability cannot be conmpletely assessed by studying 4

In
res
the
by

jeneral, input devices for interactive systems as physical units function with the help of soft
dent in the device, or supplied by the operating systém or by a specific program (mostly a dri
“product”, as defined in 1ISO 9241-11:1998, 3.10,%s represented by the relevant characteristic
the interaction of hardware and software.

In practice, using an application may require more functionality than a single input device offers. T
asgociated with this situation is similar to that" which occurs when a certain type of control (e.g. &

;F designer
nd people

and tasks,

. assistive devices. The required fit can be achieved by using any device that offers‘the requined level of

results for
ling on the
controlled

defined in
but only a
product in

ation, although form factors such as activation force or grip size-may be accurately described a priori.

vare either
ver). Thus,
5 achieved

e problem
button) is

required to accomplish a certain function((e.g. input of a single bit), but where an additional requiremment exists

for|certain applications (e.g. inhibiting ,unintended input). Thus, a device usable for its intende
be¢ome unusable for certain uses if-not supported by an additional device (or software).

In guch cases, designers of application software either take advantage of other input devices, the €
which can be anticipated (e.g./the existence of a keyboard when a mouse is being considered), or
use of an additional device/(e.g. a tablet for certain applications that rely on the precision of point
su¢h conditions, the usability of the device is not or only partly relevant. The reason is that its u
be¢n determined jwithout the context enforced by the application, i.e. the additional device in
soffware, and pgssible restrictions imposed by the workplace. A usable keyboard may become

beihg used together with a large tablet, and usability of this device itself might suffer if the keyboar
the] optimumireach of the user. The opposite effect is also very common — enhancement of the us
ceftain device through the use of another device (and software). In the given combination of a ke
tablet,/the keyboard may enhance the function drawing straight lines, whereas the tablet may enab

i use may

xistence of
require the
ng). Under
bability has
cluding its
inusable if
d occupies
ability of a
board and
le the user

to ¢nter symbols the specific keyboard cannot generate.

To address these aspects, the term appropriateness was already introduced in 1SO 92

41-9:2000.

Appropriateness is the application of the concept of usability on entities that are combined for a specific
purpose, e.g. achieving a certain level of usability for users with special needs, or for uses where no single
device can achieve the level of usability required for a certain task. If an input device is to be used for its
designated purpose (used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use) it is appropriate per se.

The design of input devices shall take into consideration the design requirements according to 4.2.
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4.2 Design requirements

4.21 Appropriateness

The design shall be appropriate for the intended user, intended tasks being performed and the intended use
environment. An appropriate input device or combination of devices enables the user to achieve the required
level of effectiveness and is efficient and satisfactory for the intended user population and the intended use.

Input device appropriateness may be enhanced by software or by additional use of another device. If a device
can be evaluated without considering another input device, the usability and the appropriateness of it are
identical. TCe 1 i T i T the

ness of the device under consideration is its usability in the context required.
4.2.2 Operability

4221 General considerations

An input device shall be operable, i.e. its intended use obvious, predictable and consistent.
NOTE [The concepts of obviousness and predictability may be termed affordance.

4222 Pbviousness

The intended use of an appropriately designed input device for a task primitive shall be either obvioug or
easily discpvered.

4.2.2.3 Predictability

The use of an input device shall be predictable, i.e. it shall be designed to operate and respond according to
the expectations of the intended user population.

4224 [Lonsistency

The use of|an input device shall be consistent, i.e. it operates and responds in the same manner when used in
similar situptions.

4.2.3 User compatibility

An input device shall be usen compatible, i.e. its design accommodates the characteristics of the intengled
users, e.g.|lanthropometri¢:and biomechanical capabilities.

NOTE Consideration of principles for accessible design can require some specific design parameters, e.g.| for
children, pepple with-reduced visual ability and people with hand tremor.

4.2.4 Feefdback

An input device shall provide effective feedback, i.e. the user is given immediately perceptible and easily
understandable indication that the device is responding to user actuation.

4.2.5 Controllability of physical input devices

4.2.51 General considerations

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. The design shall prevent unintended loss of control during intended use, e.g. slipping for hand
operated devices.
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4.25.2 Responsiveness

An input device shall be responsive, i.e. the feedback following its actuation shall be consistent,
accurate.

4.2.5.3 Non-interference

timely and

An input device shall not interfere with its own use; for example, the user’'s hand or arm shall not block an

infrared beam, or cables will not interfere with movements or control of the device during intended u

Se.

4.2[5.4 Reliability of device access

Adgequate control of an input device is given when its design prevents unintended loss~0f) cor
intended use.

4.215.5 Adequacy of device access

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

NO[TE Positioning of a device depends on its design and the design and. adjustment of the workstation
of the user.

4.215.6 Control access

trol during

bsition and

and position

Acgess to input device controls shall be considered adequate when they can be located and actugted quickly

and easily without interfering with the overall use of thedevice.

EXAMPLE Actuating a mouse button does not mayethe focus of the pointer.
4206 Biomechanical load

4.216.1 General considerations

The biomechanical load shall bezminimized, taking into consideration the postures of the entire bg
paint of the body relevant for the_use of the input device.

The design of the device shall take into consideration the minimizing of static muscle load.

4.216.2 Posturés

An|input deviece shall be operable without undue deviation from a neutral posture, i.e. the motio
invplved in-opérating the device are in the neutral range.

dy and the

hs of joints

4.26:3 Effort

An input device selected for a given task by a specified user population shall be operable without excessive

effort.

5 Performance criterion

Since this part of ISO 9241 defines generic ergonomic principles only, there is no performance criterion.

© 1SO 2007 — All rights reserved
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6 Properties of input devices relevant for usability

6.1 Types of input devices — General considerations

Input devices can be grouped into types from various points of view, e.g. into types such as “pointing devices”
or “movement trackers”, in consideration of their functionality, or as “finger operated” or “foot controlled”

devices, in consideration of the part of the human body controlling the device.

The great variety of devices to be considered in the 400 series of ISO 9241 (listed below) makes it necessary

to find a typology for them:

— armatjtres;

— bar code readers;

— boardg (e.g. whiteboards);

— charagter recognition;

— chord keyboards;

— digitizing tablets;

— eye anld head movement trackers;

— foot cantrollers;

— force @nd tactile feedback devices (“haptic devices”);

— game [controllers;
— Jgloves;
— joysticks;

— keybogrds and keypads;
— light-pens;

—  mice;
— motion capture devices;
— pads;
—  pens;

— speech recognition devices;

— stylus Chaptic-devices;

— touch screens;

— touch tablets;

— trackballs;

— trackpads;

— trackpoint pointing devices.

This list is not exhaustive.

24
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The devices listed here can be differentiated at least in consideration of the following:
a) bodily action used for operation (see 6.2.1);

b) task primitive (see 6.2.2);

c) dimensionality of control (see 6.2.3);

d) property sensed (see 6.2.4).

EX mblas - of otharmeans of diffarentiation not used-inthics nart af 1ISO 0241 _ara tha followina:

A fothermeans-of-differentiation—notused-inthispar-of1SO-9241 are-the-following:
— | physical variables carrying the information (relative/absolute position, force, velocity, acceleratipn, etc.);
— | multiplicity of control (number of parallel control variables);

— | control modality (discrete/continuous);

— | control monitoring (one-shot or continuous time, holds last value or retugns to nominal value, sgquential or
“skip-out“ the continuum output, etc.);

— | control distance function (monotonic, non-monotonic, uni/bipolar, éfc.);
—| literalness of control (mapping);

— | psychological nature of control (causality, exploratory ot goal-oriented control).

o
'

Typology of input devices

6.21 Typology by bodily action used for operation
The following types of input device are differentiated:
—| hand and finger controlled;

— | foot controlled;

— | mouth controlled;

— | speech controlled;

—| eye contralled;

— | motion-controlled.

6.212.~Typology by task primitive

The following types of input device are differentiated:
— code entry;

— pointing;

— dragging;

— selecting;

— tracing.
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6.2.3 Typology by degrees of freedom (dimensions)

The followi
— single

ng types of input device are differentiated:

dimension;

two dimensions;

three dimensions.

6.2.4 Typology by the property sensed

The followi

presst

positig
sound
optica

For the pu
provisions

6.3 Fun

motion;

ng types of input device are differentiated:
re;

n,
(speech, frequency, pitch and loudness);
properties (shape, colour, brightness.

rposes of the 400 series of 1ISO 9241, the typology accerding to 6.2.1 will be used to group
for certain types of input devices.

ctional properties

the

Functional|properties of input devices that are treated within the 400 series of ISO 9241 are those related to
the usability of a product, e.g. properties of keys™(size, keytop shape, strike surface etc.) or mechan|cal
properties pf the housing such as slope for keyboeards.
Functional| properties not related to usability, such as the material used for a tablet, are not subjec{ to
ergonomic|considerations and will not be.treated in the 400 series.
6.4 Elegtrical properties
Electrical properties of input-devices such as voltage, power consumption, electromagnetic immunity jare
mostly not fassociated with{usability. The 400 series of ISO 9241 will only consider the following properties.
— Thoselthat could~impair usability.
EXAMIPLE A The thickness of the cabling for a mouse.
EXAMPPLE2 The weight of batteries of hand-held devices.
EXAMPLE 3 No visible warning for low battery voltage.
— Those influenced by overriding considerations, and which thus cannot be influenced by the designer.
EXAMPLE 4 Electrical safety considerations may require certain design parameters.
NOTE Electrical properties of input devices such as voltage, power consumption, electromagnetic immunity are

mostly not associated with usability. In the 400 series, only such electrical properties will be treated that can impair
usability, e.g. thickness of the cabling for a mouse or the weight of batteries of hand-held devices. For properties related to
electrical safety, overriding provisions of other standards and regulations exist that need careful consideration in the
design of the product. For each device, potential interference between electrical properties and usability will be named and
referenced to the relevant standard or regulation.
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6.5 Mechanical properties

Mechanical properties to be treated in the 400 series of ISO 9241 are limited to aspects associated with
usability.

EXAMPLE

For each type of device, specific mechanical properties are relevant and are listed in ISO 9241-410.

The thermal conductivity of a hand-held device or its weight.

6.6 Maintainability-related properties

Mal
cofl

Th

6.7

ntainability-related properties of input devices are not treated in the 400 series of 1ISO 9241,
nmon user activities, e.g. cleaning of keytops or changing of batteries.

p provisions of the 400 series will not cover maintenance issues not related to the wofk\of the usgr.

Safety-related properties

Prd
to

perties of input devices that need to be considered for the user’s safetyand health, such as th
lectrical safety, are mostly treated by other regulations, e.g. by engingering standards. In the 4(

except for

Dse related
0 series of

ISQ 9241, properties related to safety will be referenced to the relevant‘standard. Only such properiies without
appropriate consideration in other regulations will be treated if associated with usability, e.g. weig

hel

6.

devices for continuous operation.

Interdependency with software

The usability of nearly all input devices is influenced by software. In some cases, the influence

m
SO
siz

In

res
the
ach

WH
full
rel
SO

EX/

Fo
res

be significant, but not fully determinant, in the overall usability, e.g. for keyboards. In of
ware can form the overriding feature of an input device. Examples for such cases are tablets
b or microphones as acoustic input devices.

pjeneral, input devices for interactive Systems as physical units function with the help of soft
dent in the device, or supplied by-the operating system or by a specific program (mostly a dri
“product” as it is understood aceerding to 1SO 9241-11 is represented by the relevant cha
ieved by the interaction of har@ware and software.

ile the usability of input deyices is dependent on software to a certain degree, the usability of
y dependent on input (and output) devices. For this reason, the 400 series of ISO 9241 will cons
ted to the interdependence of input devices and software. One relevant aspect is the influg
ware on the usability of a physical input device.

AMPLE Control/display ratio of a mouse.

the pravisions of ISO 9241-400, the device under consideration comprises the physical unit arn
dent in the device or delivered with the physical unit.

ht of hand-

bf software
her cases,
of different

vare either
ver). Thus,
racteristics

software is
ider issues
nce of the

d software

6.9

Interdependency-with-use environment

The interdependency-with-use environment is

a)

b)

the influence of the use of a device exerted on the environment, and

the influence of the environment on the usability of the device.

Only in ideal cases is interdependency with the environment nonexistent or negligible.
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