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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
International [Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stangards
adopted by fthe technical committees are circulated to the member bodies for voting:{Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 26800 was prepared by Technical Committee ISO/TC 159, Ergonamics, Subcommittee SC 1, Ggneral
ergonomics principles.

iv © 1S0O 2011 — All rights reserved
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Introduction

Human, technological, economic, environmental and organizational factors all affect the behaviour, activities
and well-being of people in work, domestic and leisure contexts. The science of ergonomics has evolved from
its origins in the context of work to embrace many other fields of application, such as home and leisure.
However, whatever the context the underlymg pr|n0|ples of ergonom|cs remain the same, although the
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uarding and enhancing human health and well-being, and improving accessibility (e.
ns and persons with disabilities).

oped to cover specific issues and different application domains. Alldepend upon the basic grinciples and
bpts that are fundamental to the ergonomics approach to design. This International Standard has been
oped in order to provide an integrated framework, bringing together the basic principles and concepts of
omics in one document, and thus providing a high-level view ‘of the way in which ergonomicg is applied.

1 1S0 63852l remains a high-level International Standafd;for work systems.

2 A complete list of current published ergonomics International Standards can be pccessed via
Jvww.iso.org/iso/iso _catalogue/catalogue tc/catalogué’ tc _browse.htm?commid=53348&published=on&jncludesc=true.
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INTERNATIONAL STANDARD ISO 26800:2011(E)

Ergonomics — General approach, principles and concepts

1 Scope

This [International Standard presents the general ergonomics approach and specifies basi¢g ergonomics
princlples and concepts. These are applicable to the design and evaluation of tasks, jobs) pr¢ducts, tools,
equigment, systems, organizations, services, facilities and environments, in order to maké them compatible
with the characteristics, the needs and values, and the abilities and limitations of peaople,

The provisions and guidance given by this International Standard are intended to improvg the safety,
performance, effectiveness, efficiency, reliability, availability and maintainability of the des|gn outcome
throughout its life cycle, while safeguarding and enhancing the health, well-being and satisfaction of those
involyed or affected.

The intended users of this International Standard are designers, grgonomists and project managers, as well
as mlanagers, workers, consumers (or their representatives) and procurers. It also serves as| a reference
standard for standards developers dealing with ergonomics aspects.

This [ International Standard provides the basis for other, more detailed, context-specific| ergonomics
International Standards.

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

21
accepsibility
extert to which products, systems, services, environments and facilities can be used by pgople from a
population with the widest range of characteristics and capabilities to achieve a specified goal ih a specified
contgxt of use

NOTH 1 Contextof use includes direct use or use supported by assistive technologies.
NOTE 2  Adapted from ISO/TR 22411:2008, definition 3.6.

2.2
ergohomics
human factors
scientific discipline concerned with the understanding of interactions among human and other elements of a
system, and the profession that applies theory, principles, data and methods to design in order to optimize
human well-being and overall system performance

NOTE This definition is consistent with that given by the International Ergonomics Associationl21],
23

environment
physical, chemical, biological, organizational, social and cultural factors surrounding one or more persons

© 1S0O 2011 — All rights reserved 1
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24
external load
external conditions and demands in a system which influence a person's physical and/or mental internal load

NOTE 1 In 1ISO 6385:2004, “external load” is called “work stress”.

NOTE 2  External load is a neutral term. Its effects can be positive, neutral or negative.

25

fatigue

impairing non-pathological manifestation of internal load, completely reversible with rest
NOTE Fdtigue can be mental, physical, local and/or general.

2.6

internal loag

internal resgonse of a person to being exposed to the external load, depending on his/Aer indiyidual
characteristi¢s (e.g. body size, age, capacities, abilities, skills, etc.)

NOTE 1 In|ISO 6385:2004, “internal load” is called “work strain”.
NOTE 2 Infernal load is a neutral term. Its effects can be positive, neutral or negative.

2.7
system
combination pf interacting elements organized to achieve one or more stated purposes

NOTE 1 Inlergonomics, the “elements” of a system are often called “components”.
NOTE 2  Apystem can consist of products, equipment, services and people.
NOTE 3  THe word “system” can be qualified by adding a contéxt-dependent term (e.g. aircraft system).

NOTE 4  Adapted from ISO/IEC 15288:2008, definition 4.31.

2.8

target popu’lation

people for whom the design is intended, specified according to relevant characteristics

NOTE Re¢levant characteristics include, for example, the skill level, intelligence or physical characteristics — sych as

anthropometri¢ dimensions — of thes¢ people. Gender and age can be related to variations in these characterist|cs. In
addition to thepe intrinsic characteristics, extrinsic factors (e.g. cultural differences) could also be relevant.

29

usability
extent to which a systenY, product or service can be used by specified users to achieve specified goalg with
effectivenesg, efficiency’ and satisfaction in a specified context of use

[1ISO 9241-210:2009, 2.13]

NOTE This definition is usually applied to systems, products or services, but not to work systems. It could, however,
relate to the design and evaluation of work equipment within a work system.

210
user
person who interacts with a system, product or service

NOTE 1  Adapted from ISO 9241-110:2008, definition 3.8, and ISO 9241-11:1998, definition 3.7.

NOTE 2  The person who uses a service provided by a work system, such as a customer in a shop or passenger on a
train, can be considered a user.

NOTE 3 A user who is using a system is not a component of that system. However, both the user and the system used
can be considered as components of a higher-level system.

2 © 1S0O 2011 — All rights reserved
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worker
person performing one or more activities to achieve a goal within a work system

[ISO

212

6385:2004, 2.8]

work system
system comprising one or more workers and work equipment acting together to perform the system function,
in the workspace, in the work environment, under the conditions imposed by the work tasks

[ISO

3

20L.-9NN
JUJU. UV

The ergonomics approach

Ergonomics (or human factors) has been defined by the International Ergonomics Associatid

fede

ration of ergonomics and human factors societies from around the world, las “the scient

concerned with the understanding of the interactions among human and other_elements of a sys

profe

and

overall system performance’21l. This includes the specific goals of facilitating task

safequarding and enhancing the safety, health and well-being of the worker, or the use

prod

dcts/equipment, by optimizing tasks, equipment, services, the jenvironment or, generally

elements of a system and their interactions. Achieving these goals potentially contributes to sust
to sogial responsibility (see Annex A).

n (IEA), the
fic discipline
tem, and the

5sion that applies theory, principles, data and methods to design in order to optimize human well-being

berformance,
r/operator of
Speaking, all
hinability and

NOTH 1 Throughout this International Standard, the use of(Sifigular terms to refer to a human in diffefent roles (e.g.
workdr, operator, user, consumer) in different domains (e.g. the“private and work domains) is intended to in

of hu

Ergo

othe

mans as well as higher aggregation levels such as groups, teams or organizations.

nhumans, machines, products, services,lenvironments and tools, as appropriate. This includ

accolint the following factors:

purpose of the system, producttor service (see 4.2);

¢haracteristics of the intenided target population (see 4.2.2);

goals to be achieved-and tasks to be performed (see 4.2.3);

gxisting constraints (e.g. legacy equipment or processes, economic or legal issues);
flactors ofthe'physical, organizational and social environment (see 4.2.4);

ljfe_Cycle and any dynamic changes within it (see Clause 6).

lude multiples

homics addresses the interactions betweén the humans and other components of a system, such as

bs taking into

In order to achieve optimized system performance, all these factors shall be taken into account. Figure 1
provides an example of factors to be taken into account in an ergonomics approach. It shows the activity of a
person as central to the functionality of the system. Additional factors might be identified for a particular
context.

NOTE 2 A textual description of Figure 1 is given in B.2.

NOTE 3

healt

h and safety and, on the other hand, quantitative and qualitative results.

© 1S0O 2011 — All rights reserved
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Characteristics of the person:

: g::)yns]g?gr?ﬂ;_ Effects on the person:

- anthropometrics; ) :cn’;grna.l load;

- cognitive, etc. - fatigue;

l - injuries, etc.
T

Characteristics of the task: l

- nature; .| ACTIVITY of the person

- requirements; and

- complexity; *
Characteristics of the environment: Effects on 'th'e outc?orr)g: )

- contextual- - productivity, reliability;

- bhvsical ’ - incidents/accidents;

physical, - quality, absenteeism, etc.
- organizational, etc.

Figure 1 — Example of factors to be taken into account in optimizing ‘system performance

In its simple
environment
humans, ma
leisure, etc. |

NOTE4  Af

NOTES A

This Interna

5t form, the system consists of a human and at least one-other element (human, machi
interacting within a specific context. More complex systems involve further elements
Chines or equipment). All such systems can be found in different contexts such as work, pub
h the context of work, these systems are called work systems.

example of a simple system is given in 5.2 and Figure.2 (see also Annex B).

more detailed account of designing work systems can be found in ISO 6385[21.

ional Standard includes both principles (see Clause 4) and concepts (see Clause 5).

principles ar¢ fundamental to an ergonomics-oriented design process (see Clause 6) and serve to distin

an ergonomi

To meet thd
Clause 4 shg

Cs approach from other approaches-that do not observe these principles.

main goal of ergonomics,)i.e. optimizing system performance, the principles present
Il be applied.

he or

(e.g.
ic life,

The
guish

bd in

Concepts provide the means-for interpreting, addressing and evaluating design from an ergongmics

perspective.
specific cont
other contex{

The concept

Those presented<in this International Standard have previously been successfully appli
bxts to achieve an ergonomic design outcome that meets ergonomics goals and can be helq
s, althoughithey are not necessarily universally applicable.

5 described in Clause 5 shall be applied where appropriate.

ed in
ful in

4 Principles of ergonomics

4.1

General

This clause presents the principles which are fundamental to an ergonomics approach. These place the
human at the centre of the ergonomics approach to design (human-centred, see 4.2), taking into account the
diversity of the human population (target population, see 4.2.2) and the implications of the task for the human
(task oriented, see 4.2.3), as well as the environment in which the outcome of the design is to be used
(environmental context, see 4.2.4). Finally, it emphasises the basic ergonomics criteria which need to be
applied in evaluating the design (criteria-based evaluation, see 4.3).

© 1S0O 2011 — All rights reserved
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Human-centred

General

An ergonomics approach to design shall be human-centred.

This means that all designable components of a system, product or service are fitted to the characteristics of
the intended users, operators or workers, rather than selecting and/or adapting humans to fit the system,
product or service. This should be done by consideration of

t

he intended target population,

From|
of sy

Thos

!

e task, goal or intended outcome of the system, product or service, and
e environment in which the design is to function.

an ergonomics point of view, selection and training strategies are no substitute-fen an apprg
stemns, products or services, although some selection and training can still be_fequired.

b affected by the design (e.g. workers or users) should be involved throughout the whole de

incluging evaluation. This will help to optimize solutions (e.g. by providing specific exp

priate design

5ign process,
erience and

requirements). Their early and continued participation and involvement)is regarded as an efficient design
stratggy within ergonomics.

NOTEH For a more detailed description of the human-centred approach for interactive systems, see, for example,
ISO 9p41-210I8l.

4.2.2| Target population

The target population shall be identified and described:

The human population is very diverse. Humans-vary in their physical dimensions and in their bipmechanical,
senspry and cognitive capabilities. This is why-ergonomics design is usually orientated towardp a specified
targef population, not towards one individual or the entire population. Discrimination leading to unfair
treatment (e.g. on the basis of gender, age or disability) shall be avoided in identifying and specifying the
targe} population (see ILO Convention No.111[22]),

NOTH 1 In particular circumstances (e.g. rehabilitation), the target population might be one person.

NOTH 2  Target populationg'may change over time and any such trends need to be considered.

NOTHE 3  The inclusion”of\older persons and people with disabilities in the target population and designihg accordingly
can hglp to improve the accessibility of a system, product or service (see ISO/IEC Guide 711201 and ISO/TR 22411[17]).

The ¢
withir

haracteristics-of the target population relevant to the design shall be identified and their rang
the intended target population specified (e.g. body size, visual abilities, literacy, skills, knowl

e of variation
pdge).

NOTH 4 For more detailed descriptions of sources of variability, see, for example, ISO 14738I'2] for
requireiments of workers and ISO/TR 224111171 for ergonomics data of elderly or disabled persons.

Tnthropometric

In ergonomics, the variation within the target population is commonly accounted for by using the 5th and/or
95th percentiles of important design characteristics (e.g. body size, visual abilities, literacy), with the intention
of accommodating at least 90 % of the target population. In some circumstances, a different percentile range
is used. For example, in many safety-related applications, the 1st and 99th percentiles are used.

NOTE 5 In most instances, the use of average values is not an adequate way of accommodating the range of values to
be found associated with a particular characteristic.

NOTE 6 It is important to recognize that uncritical use of univariate percentiles, where simultaneous accommodation of
multiple characteristics is necessary, might lead to a smaller range of the population being included than had been
intended. The degree to which an ergonomic solution is compromised by using univariate percentiles depends upon the
correlations between these characteristics. When correlations are low, it can be advisable to use wider percentile ranges
or multivariate models of population variation to establish design criteria.

© 1S0O 2011 — All rights reserved
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4.2.3 Task oriented
Design shall take full account of the nature of the task and its implications for the human.

Task-oriented design is used to ensure that the tasks are appropriate to the human. This includes the
allocation of functions and tasks to the human or to technology. Deficits in task design will lead to adverse
effects, both for the human and the system as a whole. These cannot be compensated for by the design of the
technical components of the system. The possible consequences of the task design, both for people affected
by it and for the system as a whole, shall be taken into account.

Task-oriented design also takes account of differences that can be observed between the designed task and

the way the task-is—actually performed—Activities-inperforming-a-task-are-affected-by variations-and-chgnges
in, for examgle, context, procedures, equipment, products or materials.

NOTE 1 Injorder to be able to consider the effects of the task on the human, it is important to refer to knowledge|about
existing similaf or related tasks.

NOTE 2  An example of this approach in the context of interactive systems can be found in 1ISO 9241-2[41.
Appropriately designed tasks

— can be gerformed safely and effectively by the target population, in both the(Short and the long term,

— do not Idgad to short- or long-term impairment in members of this population,

— can be Used to develop the operators'/users' capabilities and skills.

Tasks and their associated activities shall be identified and déscribed in sufficient detail so that the hiiman
capabilities, gkills and knowledge requirements can be specified. This description should include task ihputs
and outputs.

NOTE 3 It s also important to identify the relationships among different tasks.

In human-centred design, the goal is differentiated from the task. Goals can be regarded as the intgnded
outcomes, whereas tasks comprise a series of activities required to achieve a goal or goals. Hierarchically, a
goal can be $ubdivided into a series of sub-goals and a task into corresponding sub-tasks.

NOTE 4 In|simple systems, all tasks might be performed by the same individual in achieving the eventual goal. I more
complex systeims, the goal is likely to bé ‘achieved by a number of individuals performing different but connected tasks.
Activities arg based on individual actions, comprising a single event such as pushing a button, identifyfing a
signal or genferating an idea:

NOTE 5 In|some erggnemics domains, the term “step” is used to describe a specific level of “activity”.

4.2.4 Envijonmental context

The physical,”organizational, social and legal environments in which a system, product, service or 1acility is
intended to be used shall be identified and described, and their range defined.

These environments provide important elements of the context of a design and can have a significant effect
on the effectiveness of the resulting design. The physical attributes include issues such as thermal conditions,
lighting, noise, spatial layout and furniture. The organizational and social aspects of the environment include
factors such as work practices, organizational structure and attitudes.

In some applications of ergonomics, the environment is a contextual factor and can not be changed. In others,
environmental aspects can be designed. When the environmental factors are part of the system, product,
service or facility, their design or redesign shall be included in the design process and its outcome. For those
aspects of the environment that are not changeable, their characteristics shall be taken into account in the
design of the system, product, service or facility.

© 1S0O 2011 — All rights reserved
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The effects of the environment can be greater if people are already working to the limits of their ability. If
design decisions are based on capability data measured only in a neutral environment, this can result in
impairing effects.

EXAMPLE 1 Equipment for use in a cold store is designed to take account of the need for the workers to wear
insulated protective gloves.

EXAMPLE 2 A properly designed ticket machine, which is to be installed for use in an outdoor car park, is designed to
accommodate the range of varying environmental conditions in which it will be used (e.g. darkness to bright sunlight).

NOTE Information regarding taking environmental factors into account can, for example, be found in ISO 8995[3],
1ISO 15265[13] for workplaces and in ISO 2450018 for elderly and disabled persons.

4.3 | Criteria-based evaluation
Evalyation of the ergonomic design outcome of any system, product or service shall be.based o established
ergonomics criteria, regardless of whether or not it was designed following an.ergonomics-Qased design
procgss (see 6.2).

Ergonomics criteria can be related to the following:
— human performance;

— health, safety and well-being;

— gatisfaction.

NOTH 1 Measurement of human performance might be\used to assess changes in skills, abilities and knowledge
arising from the design.

Iterafjve evaluation against ergonomics criteria)shall be an integral part of any ergonomics-Qased design
procgss. The relative importance of variousi criteria will depend upon the nature of the system, product or
servite.

EXAMPLE Besides safety-relatedcriteria, user satisfaction might be accorded a high priority in thg evaluation of
consymer products, while in a work system, health-related and performance-related criteria will be dominant

Evalyation shall take into account both short- and long-term effects, as appropriate.

NOTH 2 Examples for-evallation of interactive systems can be found in ISO 9241-11I[5].

5 Concepts'in ergonomics

5.1 | Géneral

This clause outlines a number of concepts which are helpful in understanding and applying the principles of
ergonomics given in Clause 4. As explained in Clause 3, these concepts are important to the application of
ergonomics in specific domains but not necessarily applicable to all domains.

NOTE 1 The load-effects concept is most commonly used in the design of work systems, while that of usability is most
widely applied to the design of interactive systems.

NOTE 2  This International Standard does not present an exhaustive overview of all ergonomics concepts.

© 1S0O 2011 — All rights reserved 7
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5.2 The system concept

One of the basic concepts of ergonomics in design and evaluation is the system concept, which deals with the
interactions in the system between the human and other parts. As an example, a simple model of a
human-machine system is shown in Figure 2. It shows the human and the machine as integral parts of the
system. The human receives information about the status of the machine and the controlled process through
sensors, then processes this information (perhaps considering it against targets or expectations) and then
effects change to the system as appropriate through effectors (such as hands, feet or voice). Thus, humans
are central to the system as described in 4.2. This model can also be used to illustrate human-human
interaction by replacing the machine component by a second human. However, it is important to remember
that systems are seldom designed for individuals, but rather for one or more target group or population

(see 4.2.2).
NOTE 1 A
NOTE 2 M

between humans and machines have been developed over the years.

NOTE3 In
ISO 1503["] an

As shown in
system, whig

The human 3
within a phys
environment
blocks of Fig
other. Thesd
design proce]

Similar reasq
those involvi
or services.

extual description of Figure 2 is given in Annex B.

hny models representing human-machine systems emphasising different aspects of\the intera

ormation concerning the design of controls and displays can be found, for-example, in ISO 9
d, for elderly and disabled persons, in ISO/TR 22411[17],

Figure 2, there are inputs (e.g. information, energy, material,, etc.) from sources outsid
h are transformed by the system to outputs (e.g. products or information).

nd machine exist within a spatial environment as indicated: The spatial environment in turn
ical environment and an organizational environment. Quiside this, the social, legal and cu
5 also potentially influence the functioning of the system. All these influences, represented
ure 2, are intended to represent figuratively how‘the various elements are influenced by

influences are not necessarily open to design:and, where not, should be considered i
Ss as contextual constraints.

ning can also be applied to different and\often more complex types of systems — for exa
ng human-human interactions, or interactions between humans and multiple machines, pro|

Input

ctions

355091,

e the

pXists
Itural
y the
each
n the

mple,
ducts

Human Perception  [<—{ Information |=— Displays Machine
Central Operational Output
nervous Task
components
system
Effectors —| Action |—= Controls
Spatial environment (e.g. work space)
Physical environment

Organizational environment

Social and cultural environment

Figure 2 — Example of human-machine-environment system model
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5.3 Load-effects concept

The load-effects concept applies to the assessment of human activities. In applying the load-effects concept,
special attention is given to the relationships between the external load, the internal load this generates in the
individual, and the effects this load has on the individual over both short and long time scales. This is
fundamental to the population and task-based approaches (4.2.2 and 4.2.3 respectively). A key feature of this
is that the effect which any external load (mental or physical) has on the individual is influenced not only by
variations in that external load but also by short- and long-term variations within an individual. The effects of
the external load on the internal load are also modified by variations between different individuals, such as in
mental or physical capabilities.

et y—{see e-3),—the—individuat—is—s cted—to—ar —This—is—generated by factors
outsifle the individual summarized in Figure 2 (see also Annex B). These factors are indepgndent of the
individual subjected to that load. The load, which can be physical (e.g. a manual handlifig tagk) or mental
(e.g. pn information-processing task), can be described with regard to its type, intensity gnd temporal
chargcteristics. The temporal characteristics of the external load, such as duration or:the pattgrn of activity
and rest, are of particular importance because they modify the internal load and gonisequently the effects on
the irjdividual.

External load ~——1

|

T T —->-—— s ___J

| |

| |

: Internal l6ad <___{

Effect | | ]

modifiers | Feodback

Short-term effects

Impairment Improvement

Long-term effects

Impairment Improvement

Individual human being

Figure 3 — Model of load-effects concept

NOTH 1 A textual description of Figure 3 is given in Annex B.

The effects that the external load has on the individual are modified by individual characteristics. These
include characteristics such as physical and mental capabilities, skills, work techniques and behaviour, and
the functional state, as well as the individual's performance of the task and his/her perception of the external
and internal loads. Some of these might vary with time, in both the short-term and long-term for example, as
part of the ongoing process of the acquisition and consolidation of skills associated with the development of
expertise leading to increased efficiency and effectiveness. Alternatively, the individual might choose to
change the external load (feedback), where feasible (e.g. taking a break or changing his/her work rate).

The external load gives rise to the internal load, again modified by individual characteristics. For example,

lifting the same object to a specified height will result in a different internal load in different individuals, such as
in the proportion of maximum muscle strength required.
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The internal load can have both short- and long-term effects. Some of these effects, such as fatigue, are
transient, and the body returns quickly to its original state if sufficient rest opportunities are provided. Others
are more persistent and have longer-lasting, sometimes permanent, effects. Both long- and short-term effects
can be either positive or negative. They develop in a complex, time-dependent and sometimes iterative
process. This applies to physical and mental activities in many domains, thus encompassing, for example, the
operation of machinery, complex consumer products and public access systems, or giving care to a patient.
A mismatch between external load and the resources of the individual could result in negative outcomes such

as increased
NOTE 2

EXAMPLE

effect (e.g. d
accompanied
through intern|

responses (e.g.

the learning p

In general, e
such as fatig
to the extern
and/or inten
reversible w
external load
recovery fror

If temporary
be achieved,
exposure to
impairing shd

Interrupting
can lead to
solving stra
term, is usug
hand, underl
an undesirab

Learning or t
Long-term va
The relationg

services, pro
design of the

t{gies). Learning or the acquisition of\skills and the development of abilities, especially in thg

injuries and errors, and lower quality and productivity, etc.

For a more detailed description in the field of mental work load, see 1ISO 10075[10].

ayed onset of muscle soreness inducing an unpleasant sensation). However, this perceived effect

y less apparent effects, such as physiological adaptation or psychological learning and habituation, s
| feedback processes, the negative effect may be reduced and subsequently replaced bycmere p
increased muscle strength). Similar processes can be observed in predominantly mental activitieg
ocess making the activity progressively easier to execute.

ktended exposure to excessive physical and/or mental external load will leadAo impairing e
e, monotony or reduced vigilance, depending on the intensity and temporal pattern of exp
bl load and the resulting internal load, with a nonlinear increase of the ‘effects over increasing
sity. All these effects are non-pathological manifestations of the internal load, comp
th rest or a change in activities/tasks. Breaks, or the limitation of the temporal exposu
, thus serve to reduce the increase in internal load and the resuliing fatigue and to provide f
h that fatigue to a state of full recuperation.

mpairing effects cannot be avoided and a sufficient recovery from such impairing effects c
long-term effects, such as exhaustion, chronic fatigtie or “burnout” can result. The control

the external load, by modifying either its intensity, or temporal pattern, is thus a means to
rt- and long-term effects in the individual.

n activity/task, however, especially for longer periods than required for sufficient recuper
reduction in acquired capabilities (e.g-"a-reduction in the acquired skill level or a loss of pro

lly a consequence of the interaction between the external load and the individual. On the
le consequence.

he acquisition of skills@€an be enhanced by external modifiers such as training.

riations in capabilities, including skills, can result from experience, aging or iliness.
between extérnal and internal load and their effects shall be considered in the design of syg

ducts and tasks in order to avoid impairing effects on the individual, by means of an appro
externattoad.

5.4 Usability
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bad leading to “unlearning” or toss of capability through restricted use and a lack of feedback is
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The effectiveness and efficiency of, and satisfaction with, a system, product or service with respect to a target
population are important goals of ergonomics. One means for taking these goals into account is to apply the
concept of usability and its associated criteria.

Usability is a concept which is used in the specification, design and evaluation of systems, products and
services. It encompasses the dimensions of effectiveness, efficiency and satisfaction and serves as a
framework for specifying design goals and measuring their achievement.

The concept of usability can be applied to the design and evaluation of the service provided by an
organization.
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In applying the concept within work systems, all relevant system components should be identified.

Designing (or re-designing) for usability includes the consideration of usability issues at all stages of the life
cycle, including conception, detailed solution design, evaluation, implementation, long-term use, maintenance,
disposal and recycling.

The specific design context (characteristics of the target population, goals, tasks, physical and technical
environments, materials, etc.) determines which operational aspects of effectiveness, efficiency and
satisfaction are important. In the concept of usability there is no standard set of metrics that is universally
applicable when assessing usability or its dimensions. The metrics should be developed for the specific

application.

NOTEH For a more detailed description concerning usability, see ISO 9241-11I[5].

5.5 | Accessibility

Acce
peop
a sp
disco
maki

ssibility is the extent to which products, systems, services, environments and, facilities car
e from a population with the widest range of characteristics and capabilities'to-achieve a spe
beified context of use.
ntinuous (e.g. “yes/no”). The aim in designing for accessibility is to\widen the target poq
ng products, systems, services, environments and facilities more. accessible to more

ISO/TR 22411[17]). The concept of accessibility can be applied to the design and evaluation 9
provifled by an organization.
The extent concerns both the number of people who can wse a product, system, service, en

facility, as well as the quality of that use. In ergonomics design this aim can be met both by (
potential widening of the scope of the intended target population as well as increasing accessib)
within that population. Therefore, the characteristics of\the target population that are taken into

be used by
cified goal in

It is usually multidimensional and continuous' rather than unidimensional or

ulation, thus
people (see
f the service

vironment or
onsidering a
lity for those
hccount shall

be ag diverse as possible, depending on the objectivés of design. For example, taking a broader age span into

accouynt, in order to accommodate the increasing proportion of older people within the population
designer to consider characteristics which are*associated with increasing age. It might also inclu
specific subgroups that should be included;fer example, people with impaired hearing, those V
impajrment, and people who are already:using assistive technologies or who might require i

solutions or alternative means of access:
The pccessibility that can be achieved will be determined by the context in which the desig
systgm, service, environment or facility is to be used. Explicit specification of the range a

The-farget population for visual displays in aircraft cockpits is, by law, limited to individ
of visual acuity., However, the target population for a public information kiosk will have a wider range]
itations, sdncluding (colour) blindness and low vision and are legally entitled to access. Taking su

requires the
e identifying
vith cognitive
hdividualized

igned product,

nd nature of
accessibility

uals with high
of capabilities
Ch factors into

domains. As

acility within a

populatlon whlle accessibility addresses the extent to which it can be used, espeC|aIIy by people with performance

restrictions (although the distinction between the two concepts is not always clear).

NOTE 2
web contents accessibility guidelines, e.g. Reference [23].

NOTE 3  Additional information relating to the importance of accessibility can be found in Reference [24].
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6 The ergonomics-oriented design process

6.1 General

Design is carried out to a greater or lesser extent at all stages in the life cycle of systems, products, services,
environments or facilities, i.e. in conceiving alternatives, developing and bringing the design into existence and
correction of deficiencies based on evaluation. In all cases there are ergonomics considerations to be
addressed. All aspects, including procedures, manuals and training and the relationship with users of services,
have ergonomics considerations in their design.

NOTE 1 The life cycle typically consists of conception, solution design, evaluation, implementation, long-term use,
maintenance, gisposat-and Tecycting:

All types of design projects shall address ergonomics issues throughout the life cycle. This process shoyld be
carried out iff a structured manner.

NOTE 2 Examples of design projects are incorporating off-the-shelf components, tailoring an.existing systemh and
developing a rjew product or service.

In order to safeguard the safety, health and well-being of the worker or user, as appropriate, while optimizing

system perfprmance, effectiveness, efficiency, reliability and availability, the¢desSign process itself [shall
address the basic requirements listed in 6.2.

6.2 Basic|requirements for an ergonomics-oriented design process
The basic requirements for an ergonomics-oriented design process are’as follows.
— Ergonomics shall be considered early and continuously within the design process.

— Sufficierft attention shall be given to the application\of ergonomics principles, in order to prevent any
negative effects (see 4.2 and 4.3).

— Ergononics criteria shall be established for thé.design (see 4.3).

— Concepfual and detailed designs shall take account of these ergonomics criteria (see 4.3).
— The progess shall take account of-the’human tasks and interactions (see 4.2.3).

— Workerd or users, or potential. werkers or users, as appropriate, shall be involved in the process (seg4.2).

— Evaluatipn shall be carried-out and the necessary adjustments and corrections made (see 4.3).

NOTE 1 The ideal basis for evaluation is real use by real users carrying out representative tasks under rdalistic
conditionp.

NOTE 2 | Al aspects of the design might be evaluated and revised (even requirements).

— The design process shall have sufficient flexibility to allow for iteration of the design solution.

NOTE 3 The goal is to have sufficient flexibility in resources and procedures to support revision of the design
solution so that it meets ergonomics principles and the requirements of the user or worker. It is not the intention to
require unnecessary repetition within the design project.

Different management and design strategies place varying degrees of emphasis on these requirements. For
example, participatory design emphasises the involvement of the users and others in the design process, and
performance-centred design focuses on performance as the main outcome.

NOTE4 ISO/TR 18529[6] provides an example of an ergonomics-oriented design approach as applied to computer-
based interactive systems. ISO/TR 16982[15] provides an example of the methods and techniques used to implement
ergonomics-oriented design for interactive systems. 1ISO 11064l'"] provides an example of the application of an ergonomic
approach to the design of control centres.
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7 Conformity

Conformance with this International Standard shall be achieved by:

a) satisfying all the applicable requirements;

b) i

dentifying applicable recommendations;

c) explaining why particular requirements and recommendations are not applicable;

d) stating whether or not the applicable recommendations have been followed.

If a
recor
been
betw

system, product or service is claimed to have met the requirements, and if\ the applicable
hmendations are considered to have been followed, the procedure used to determine hgw they have
met/followed should be specified. The detail to which the procedure is specified isa:matter ¢f negotiation
ben the involved parties.
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Annex A
(informative)

Sustainability

In modern society, a key issue is to encourage socially responsible designs through consideration of
sustainability, which can be defined as forms of progress that meet the needs of the present without
compromising the ability of future generations to meet their needs. In terms of standardization, this involves
considering the integration of, and balances between, economic, social and environmental consideralions.
Ergonomics £an support all three of these considerations:

— Econonjic: matching a design's specification to people's needs and abilities will enhanéeyits utilization
and qudlity, and optimize efficiency, providing cost-effective solutions and reducing the’likelihood that
systems|, products or services will be rejected by their users.

— Social: [the application of ergonomics results in tasks, jobs, products, togls;” equipment, sysfems,
organizdtions, services, facilities and environments which are better for human health and well-being,
including the needs of older people and those with disabilities. , Consequent improvemengts in
effectiveness, efficiency and satisfaction will also have implications for ac€eptable employment.

— Environmental: applying ergonomics in design reduces the risk that people will reject tasks, |jobs,
productyg, tools, equipment, systems, organizations, services and\facilities, or that the design will regult in
errors cpusing damage to the natural environment or the waste of natural resources. Through this, it
helps to] minimize the overall environmental impact of any.design. The process also encourages those
involved|to take a longer-term/whole life view of design.

Sustainability can be addressed at different levels — for, example, at the level of the individual, the group, an
organization for society as a whole or even an aggregation of societies.

Guidance on|social responsibility is the subject(of,ISO 26000[191.
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