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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not ¥éceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docu
ergonomi
Committe
ISO and C

This seco
revised.

The main

— The §
princ

and examples.

Alistof a

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISOLTC 159, Ergonomics, Subcommittee SC [1, General
's principles, in collaboration with the European Committee for Standardization (CEN) [Technical
e CEN/TC 122, Ergonomics, in accordance with the Agreement on technical cooperatior} between
EN (Vienna Agreement).

nd edition cancels and replaces the-first edition (ISO 10075-2:1996), which has been t¢chnically
change is as follows:
tructure is now based(on working conditions and no longer on strain consequences. All design

iples are formulated(positively and are divided into three parts, namely justification, guidelines

| parts in the JSO 10075 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing-ofithese bodies can be found at www.iso.org/members.html.
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Introduction

This document represents an extension of ISO 6385, providing design principles for work systems with
special reference to mental workload as defined in ISO 10075-1.

Mental workload is the effect of a complex interaction of individual, technical, organisational and social
factors. Thus, personnel, technical, organisational and social factors and the effects of their interactions are
relevant for the design of work systems.

© IS0 2024 - All rights reserved
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Ergonomic principles related to mental workload —

Part 2

Design principles

1 Scop

This docyment gives guidance on design principles and on design of work systems, including

equipmen
as well as
workload

[t applies
condition
as well as
ISO 10071

This docu
problems

This docu

This docy
be descri
workload

This docu
and equip

e

t design (comprising robotics and intelligent autonomous systems) and design)of'the W
working conditions with the inclusion of social and organisational factorss-emphasisi
and its effects as specified in ISO 10075-1.

Lo the design of work and use of human capacities, with the intention of providing optimg
5 with respect to health and safety, well-being, performance and effectiveness, preventing
underload, in order to avoid impairing effects and fostering the\fdcilitating effects de
-1.

ment includes the design of technical, organisational and-social factors only and does nd
of selection or training.

ment does not address problems of measurement of mental workload or its effects.

ment refers to all kinds of human work activities (see ISO 10075-1), not only to those 1
bed as cognitive or mental tasks in a restricted sense but also to those with a primaril

ment is applicable to all those engaged in the design and use of work systems, for examp
ment designers, employers and workers and their representatives, where they exist.

task and
forkplace,
1g mental

1 working
y overload
scribed in

t apply to

which can
 physical

le system

This docyment is applicable to the design of new work systems as well as to the redesign of exigting ones
undergoing substantial revision.

2 Normative references

The folloying documents-are referred to in the text in such a way that some or all of their content cpnstitutes
requiremgnts of this doetiment. For dated references, only the edition cited applies. For undated rgferences,
the latest|edition of-thie referenced document (including any amendments) applies.

[SO 6385,|Ergonamics principles in the design of work systems

ISO 1007%-%Ergonomic principles related to mental workload — Part 1: General issues and concepts, ferms and
definitions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6385 and ISO 10075-1 apply.

[SO and IEC maintain terminology databases for use in standardisation at the following addresses:

— ISOO0

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

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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4 Design principles

4.1 General principles

In order to avoid impairing effects and to foster facilitating effects of work system design on users, the
work system must fit the user. The guidelines given in this document are recommendations concerning
human-factors or ergonomics-related work design. Designing or redesigning work systems entails taking
into account: people, technology, organisational and social conditions and their interactions right from the
beginning, for example when planning work systems. This means that ergonomists should be integrated
into the design process as early as possible. Where appropriate, stakeholders should be involved in the
design process.

If there ate already users, as in system redesign, their experiences and competencies should be ipntegrated
into the design or redesign process in order to achieve and verify an optimal level of desigi quality. This
can be d¢ne by using methods of participation, by which user expectations and needs,with gespect to
design quality, can be incorporated into the design process. This enables user-orientedtesults gnd better
acceptande on the side of the user, which contributes to the efficiency of the work systém’as a whole.

Furthermlore, feedback mechanisms are useful to enable workers to help the designer to corftinuously
improve the design, taking into account new situations or problems.

If the deslgn is made for an entirely new system, the designer should take due’account of the abilities, skills,
experiences, expectations and needs of the prospective user population,>Training should be regarded as
supportinig work system design, not as a replacement for system design omissions leading to sub-optinpal design.

The user population must be considered from the beginning of.the design process when system |functions
are specified. Defining system functions and subfunctions as well as function allocation betweef workers
and techijical systems and between different workers warrants consideration of the characteristics of the
people inyolved.

In designjng work systems, it should be kept in mind’that work consists of a combination of tagks, which
are execyted with particular technical equipment'in a particular work environment, in a particular
organisatjonal and social structure. Therefore, ea¢h of these components offers opportunities to|influence
the desigm of the work system with regard tomental workload.

Design ptlinciples can thus be related to‘different levels of the design process and the design splution in
order to ipfluence:

a) the irtensity of the workloads
— af either the task orjob-evel, or both;
— af the level of technical equipment;
— ak the envir@mmental level;

— af the organisational and social level;

b) the dyirfation of the exposure to the workload:

— atthe level of the temporal organisation of work.

Table A.1 in Annex A shows a matrix of the guidelines and their relation to the impairing consequences of
mental strain.

Personnel factors, such as abilities, performance capacities and motivation (on an inter-individual as well
as on an intra-individual differences basis) influence the resulting workload. Thus, selection and training
should be taken into account in the design of work systems.

Work system design starts with a function analysis of the system, followed by function allocation among
worker and technical system and task analysis, and results in task design and allocation to the worker. It is
proven that human factor experts are integrated into this process from the beginning in order to be able to

© IS0 2024 - All rights reserved
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perform these steps with a view to the resulting design requirements, in particular with respect to mental
workload. Such a procedure will reveal the appropriate requirements to be taken into account at each level
of system design.

In designing work systems, it should be noted that environmental requirements, system demands, challenges
and people themselves change over time. People, for example, can develop sKills, abilities and expectations.
This means that systems design should take into account such changes, enabling the system to adapt to
these evolving needs. This can be done, for example, by dynamic task allocation, allowing the worker to
allocate tasks to the technical system or to the worker, depending on the actual state of the worker.

Mental workload has different qualitative aspects leading to different qualitative effects (see ISO 10075-1).
[tis thus not sufficient to consider workload ranging on a unitary dimension (quantitatively) from underload
to Optim'] load to averload. Some aof the imp:\iring effects of mental workload share comman causes,
although the effects are different. Monotony and mental satiation occur in repetitive monotonouis pctivities.
However,[monotony is characterized by reduced activation and mental satiation by increased dctivation.
The presgntation of the following guidelines has thus been organized according to the compenents in work
system dg¢sign in ISO 6385 and with reference to impairing and fostering effects as described in ISQ) 10075-1.
This shoyld help the designer to take appropriate measures to avoid impairing’\effects and|to foster
facilitatiJg effects of mental workload. Some of the guidelines are related to several:consequences|of mental
strain. Acpordingly, there are different possibilities to avoid the impairing consequénces of mental|strain.

4.2 Design principles in relation to work organisation
4.2.1 Pprform system design reviews and include prospectiverisk assessment

4.2.1.1 |Justification

The evaluation of work processes at various stages of development allows for adjustments. The fodqus should
always b¢ human-centred, since latent or occasional imipdirments due to working conditions can result in
reasonably foreseeable misuse, mental fatigue and stréss responses during worker task performance.

4.2.1.2 |Guidelines

The desigpner should:

— perform system design reviews;

— assesk dynamics and the variability of health and safety risks during system design;

— inclugle, in design reviews, the system life cycle, potential system states, system performance, contexts
of usg, risks by systeniwear and tear, and reasonably foreseeable misuses.

4.2.1.3 |Example

A building originally designed as a production site is planned to be used as an office or cowork|ng space.
Offices aphd froduction sites have different illumination requirements. Illumination for office use is
suboptimplwith regard to natural illumination and artificial illumination design. r

4.2.2 Individuals’ and team work-related objectives

4.2.2.1 Justification

Objectives should be attainable within regular working hours, otherwise the worker can experience mental
fatigue, stress response or burnout.

© IS0 2024 - All rights reserved
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Guidelines

ner should:

— define individuals' and team work-related objectives consistently and attainably;

— enable worker participation in setting objectives and giving support for achieving these if necessary.

NOTE

4.2.2.3

A commonly used criteria is SMARTE (specific-measurable-achievable-reasonable-timely-ethica

Examples

).

A nursing goal following the SMARTE criteria can be that a particular patient consumes at least 1,5 litres of

fluid ever

Atafinan
Every mo

423 E

4.2.3.1

If worker

4.2.3.2

The desi
communi

4.2.3.3

Rules can
mail acco
functions

424 F

4.2.4.1

In interac
partner (¢

4.2.4.2

The desig
those req

y day starting on a certain date, and that this goal is reviewed daily.

Cial bank, the workers task is to finish a fixed number of financial transactions (e.g~funds
hth, the attainability of this objective is reviewed by the worker and employer.

ktended reachability

Justification

b are available outside working hours, mental fatigue and burnotit can occur.

Guideline

bner should provide rules for extended reachability which are agreed upon an
rated and documented.

Examples

include the definition of time of non-ayvailability, the ignoring of certain calls, the sep

exibility in time allocation

Justification

.g. patients, and(eljents) in the given situation; otherwise, mental fatigue or burnout can

Guideline

ner shotild ensure that work systems allow flexibility in the time allocated to any task,
hiring'social interaction.

monthly.

d clearly

hration of

lints into private and professional, the*automation of mail sorting or the switch-off of ngtification

tion work, working-conditions should allow the worker to satisfy the needs of the ifteraction

OCCUr.

bspecially

4.2.4.3

Example

A certain proportion of the daily working time can be set aside for disposable, as well as demand-oriented
interaction times.

© IS0 2024 - All rights reserved
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4.2.5 Definition of work-related services

4.2.5.1 Justification

If there are no definitions and clear descriptions of roles, the expectations between workers, clients and
management can differ and result in unnecessary work for the persons involved, leading to stress response
and mental satiation.

4.2.5.2 Guideline

The designer should define and document the scope and character of work or services and inherent tasks as
well as the roles and responsibilities.

4.2.5.3 |Example

The descfiption of a service can include, for example, information on the service objective, the|period of
service pfovision and quality assurance measures.

4.2.6 Duration of working hours

4.2.6.1 |Justification

The duration of working time influences the mental fatigue of worKers. Mental fatigue can affgct health,
safety anf performance. The duration of working time should therefore be designed to prevept mental
fatigue.

4.2.6.2 |Guidelines
The designer should:

— ensufe that the duration of daily working time*does not exceed 8 hours; however, an increase in the
duratfion of daily working time to 10 hours is‘acceptable if the average daily working time does ot exceed
8 hours within a defined period;

— ensuffe that the duration of weekly working time does not exceed 48 hours; however, an increase in the
duratjion of weekly working time.t0.60 hours is acceptable if the average weekly working tim¢ does not
excedd 48 hours within a defined period;

— ensufe that the duration of working time is reliable for the worker;
— involye workers in théplanning of working time.

These arg recommendations which the designer can apply in arranging working hours, taking the applicable
legal and fegulatory,fequirements into consideration.

4.2.6.3 |Examples

The desighercan consider the IMtroduction of WorkKing tTime accounts Wit time Hmits:

The designer can also consider compensation for overtime and extra work done in free time (rest time) in
the course of an agreed time period.

4.2.7 Time off between successive work days or shifts

4.2.7.1 Justification

The purpose of the time off between successive workdays or shifts (rest periods) is to allow workers to
recover. The rest period between successive shifts should be sufficient to allow full recovery from the mental

© IS0 2024 - All rights reserved
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fatigue of the previous shift. This is to ensure health, safety and performance and to prevent accidents
caused by exhaustion or lack of concentration.

4.2.7.2

Guidelines

The designer should:

— provide arest period of at least 11 h between two shifts;

— desig

n shift sequences to exclude the shortening, interruption and division of rest periods;

— allow an exceptional shortening of the rest period if there is a possibility of compensation within a fixed

perio
— keep
— limit
— consi

— take
perio

4.2.7.3

The designer can consider reliable and comprehensible deploymefit)planning with substitute rq

and bindi

If not pos

facilities)
428 T

4.2.8.1

Human b
during th
performa

4.2.8.2

The desigpner should:

— consi

— redude perforimance requirements during night hours compared with those during daytime wj
brealis, fewer pieces, appropriate staff ratios in relation to task requirements).

4.2.8.3

d of time (e.g. within 4 weeks);

the number of on-call duties during the workers' rest period as low as possible;
the availability of workers during rest periods;
Her monitoring adherence to rest periods (e.g. digital logbooks, time-recording systems)

account of secondary activities, such as travel time during businessitrips, when plar
(s.

Examples

hg rest periods, developed with the participation of workeérs.

ime of day

Justification

pdily functions are subject to a natural 24 h day-night rhythm. The worker's performance
e working day. It is lower during the night than during the day. Activities during peric
nce are subject to higher risks'to safety and health.

Guidelines

Her circadian¢variations when planning working hours;

ining rest

gulations

sible otherwise, the rest period can be shortened by a maximum of 1 h (e.g. in hospitals or care

[luctuates
ds of low

prk (more

hal 1
LAAIIIPIT

If atypical working hours are necessary, they should be:

— mutu

ally agreed upon by the worker and the employer;

— made voluntary if possible;

— perfo

rmed by a sufficient number of workers.

© IS0 2024 - All rights reserved
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4.2.9 Shift work

4.2.9.1

Justification

Shift work, especially night work, necessitates workers to perform work at a time when the organism or
body needs rest and time to recover due to natural circadian fluctuations. Such work can affect well-being,

present a

4.2.9.2

The desig
— rotat
— adoptf

— keep
inar

— avoid|permanent night shifts;

— involye workers in the planning of shift schedules.

4.2.9.3

The early|shift in the three-shift system should start at a time which'allows workers in this shift

night slee

4.2.10 Bpreaks and rest pauses

4.2.10.1

Dependinig on the intensity, duration and temperal pattern of mental strain, mental fatigue (w

adverse a

4.2.10.2

The designer should introduce planhed breaks to provide opportunities for recuperation and
efficiency|and effectiveness.

4.2.10.3

Due to th
short bre

example,
work. Wo

risk to safety and health and have adverse social implications.

Guidelines

ner should:

FShifts forward on a rolling basis (early SNitt, late Shiit, nignt shitt);
a short cycle (maximum 2 to 3 days) in planning shifts;

the number of consecutive night shifts as low as possible (maximum three, but preferably
DW);

Example

p (e.g. later than 6 a.m.).

Justification

nd impairing effect) can occur.

Guideline

Examples

e exponentialrelation between the duration of uninterrupted work, mental fatigue and
hks after~short periods of work are preferable to longer breaks after long periods of
bix shortbreaks of 5 min each after 55 min of work are preferable to one break of 30 min 4
[k or rest schedules for night work should feature shorter working periods than those of

r only two

sufficient

hich is an

maintain

recovery,
work. For
fter 6 h of

Hay work.

4.3 Design principles in relation to working tasks

4.3.1 Operating strategies

4.3.1.1

Justification

In complex situations, strategies, rules or operation procedures can facilitate decision-making and reduce
the likelihood of a stress response among workers.

© IS0 2024 - All rights reserved
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Guidelines

The designer should:

— provide a clear strategy for answering multiple requests in work systems where they need to be
answered;

— ensure the strategy to be used and the rules for following that strategy are clearly defined, for example
first-in-first-out, hierarchical or conditional;

— prefer a simple strategy, such as first-in-first-out to more complex strategies;

— ensure that the conditions for following conditional serving strategies are clearly understandable.

rmance is
responses

to reduce

4.3.1.3 |Examples

When prqviding first aid, there are specific rules concerning the order of medical measures.

Call-centije agents, too, can be given a strategy regarding which customer to take next. A first-ip-first-out

strategy ik often followed, although more complex strategies are sometimes adopted-

4.3.2 Cpntinuous time constraints

4.3.2.1 |Justification

Continuoys time constraints can lead to shortcuts in task performance and, thus, to errors. If perfo

critical rJﬁarding its consequences, continuous time constraints:¢an lead to mental fatigue, stress

or consequences in safety or the quality and quantity of work performance.

4.3.2.2 |Guidelines

The designer should:

— minipize continuous time constraints;

— provide autonomy at work and ensure pole clarity, including clarity of task objectives, to help
the iqpact of time constraints;

— consifer the interplay of the different levels (such as organisation, team, task and worker) and support
from [the management;

— consifer the timing of tasks with time demands in relation to the available resources;

— priorjtize tasks and reduce interruptions;

— provide resoufces for unforeseen events, where strict deadlines are necessary.

4.3.2.3 |Examples

Successful project management necessitates the planning of work packages, taking into account
responsibility and time, in order to avoid time constraints.

4.3.3 Flexibility of decision-making

4.3.3.1

Justification

If there is no leeway in decision-making, it is possible that the goals of a work system will not be achieved.
Furthermore, the worker can experience a stress response, mental satiation or burnout as a long-term
consequence.

© IS0 2024 - All rights reserved
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Guideline

ner should:

— provide flexibility in decision-making (decision latitude), where it is necessary to reach the objectives of
the work system;

— allocate additional resources for task performance within the scope of the decision-making process.

4.3.3.3

Example

A worker must repair a machine. There are several ways to repair the damage. Depending on the level of

e, the worker can use anv of these methods

knowledg
434 A

4.3.4.1

If task go:
response
performa

4.3.4.2

The desig
— defin
— defin
— defin

— provi

4.3.4.3

mbiguity of task goals

Justification

ls are ambiguous, workers can decide the priority of goals for themselves:This can lead {
and inadequate task fulfilment, due to excessive demands or uncertainty about approp
nce.

Guidelines

ner should:

e clear task goals;

e the priority of different task goals when there.atetwo or more goals;

b task allocation between workers when there'is more than one worker involved;

de social support in cases where ambiguous tasks cannot be avoided.

Examples

Agreeme]jlts regarding the number_of final quality inspections of a product without definiti

motivati
assembly

Ambiguit
lack of cla

435 C

4.3.5.1

g conditions (e.g. systematically low quality of individual components, failures in
or production slowdows) can lead to ambiguity of task goals.

7 arises when theré&isa lack of clarity about the priority of tasks in relation to the objeq
rity regarding improving the quality over the quantity of the product.

pmplexity of task requirements

Justification

If tasks a

o a stress
riate task

pn of the
breceding

tives or a

At are too

re £0o complex, workers will possibly need to make too many decisions or decisions th

complicated, within a specific time interval, potentially resulting in a stress response. On the other hand,
tasks with a low level of complexity can lead to monotony or mental satiation.

4.3.5.2
The desig

Guidelines

ner should:

— ensure that task complexity is at an optimal level, i.e. neither too low or too high;

— provi

de decision support systems where task complexity is too high;

— define clear task goals, including any task sub-goals.
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Example

In a control or emergency room environment, monitoring and responding to changes within a number of
parameters simultaneously can be challenging and can necessitate the prioritisation of requirements or the

provision

of support.

4.3.6 Time sharing

4.3.6.1

Justification

If two or more tasks requiring attention are performed simultaneously, the limits of human processing
capacity can be exceeded. Important information can either be overlooked or the worker can become

mentally

4.3.6.2
The desig
— provi
— prior
— ensuy
4.3.6.3

Training
demands.

have low

Follow-up

fatigued, or both.

Guidelines

ner should:

de for a sequential task execution;

tize tasks concerning their execution urgency;

e that there are no interruptions during task execution.

Examples

vith a simple and consistent stimulus-reaction assignment can be used for reducing a
This only applies if the consequences of failuressconcerning erroneous information p
relevance.

of a mill and marked for the worker. This makes it clear that the number of problems is not increag

In the con
emergeng

y calls or workstation calls).

4.3.7 Dimensionality of motor performance

4.3.7.1

Justification

Combininlg a number of tagk:related activities calls for the coordination of movements in two or m

can place

4.3.7.2
The desig

high demands{on-a worker, resulting in either a stress response or mental fatigue, or bot

Guideline

nershould keep the dimensionality of movements as low as possible as well as practical.

ftentional
rocessing

alarms in the monitoring of flour bag fillingquantities are identified as such in the conftrol room

ing.

trol rooms of emergency call centresithere are priorities for accepting incoming call numbers (e.g.

re planes
h.

4.3.7.3

Examples

When operating an overhead crane, the worker coordinates movements in three planes: vertical for the
hook, forwards-backwards for the boom and sideways for the crane assembly.

When reversing with an excavator or forklift, it is difficult to perform other control movements at the same time.
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4.3.8 Mental models

4.3.8.1

Justification

Workers need a clear understanding of the work system, its functions and the work process in which they are
directly involved. This mental model (mental representation) should be sufficiently complete and consistent
to enable them to fulfil their task effectively and efficiently. A lack of understanding can lead to a stress

response

4.3.8.2
The desig

or mental satiation.

Guidelines

ner should:

— desig
— desig
4.3.8.3

Active vig
developm

or mapping techniques.

439 P

4.3.9.1

Serial pro
before thg
as visual
multi-tasl
response

4.3.9.2
The desig
— selec

— Dpresq
sourd

4.3.9.3

Displays ¢
comparis

h work systems in such a way that the worker can create a mental model of the system;

h tasks, interactions and information for the workers to support mental modelling of the

Examples

ualization of information on the interrelationships between subsystems support the bu
ent of mental models, for example through flowcharts, recording of-time-related system

hrallel versus serial processing

Justification

cessing allows only one process at a time and effectively means that a process must be ¢

next starts. Parallel processing assumes some,or all processes involved in a cognitive tas
bearch or object recognition, occur at the same'time. In the context of performance optin
king, parallel processing is faster but results in a higher cognitive load, resulting in eithe
or mental fatigue, or both.

Guidelines
ner should:
serial processing over parallel processing in general due to demands on processing resd

nt information in @~parallel manner where comparisons are made among different
es of informationx-

Example

bxist thatallow presentation of critical information in parallel with a reference standarc
bns‘edsy.

system.

lding and
‘esponses

ompleted
k(s), such
isation in
I a stress

urces;

bjects or

|, to make

43.10 D

4.3.10.1

ecision support

Justification

Decision supports are used to assist workers in complex decision-making processes. This can enhance
decision-making in the workflow, reducing the risk of mental fatigue.
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4.3.10.2 Guidelines
The designer should:

— provide decision support with prompts and reminders to assist workers’ decision-making if results
cannot be fully anticipated;

— provide decision support by supervisors, experts or colleagues in critical situations.

4.3.10.3 Examples

Clinical decision support systems deliver information regarding various vital parameters on demand, giving
guidance on care and handling of patients

Bow-tie djagrams can be used to visualize decision components to support decision-making.
4.3.11 Sustained attention

4.3.11.1 |Justification

Tasks with low and high signal or event rates, low probability of critical) event rates or lpw signal
discriminfability can lead to reduced vigilance and degradation of performatice.

4.3.11.2 |Guidelines

The desigpner should:

— minirhize the number of tasks which necessitate high sustained attention;
— limit fhe duration of tasks with sustained attention;

— provide organizational means (e.g. rest pauses, jobrotation) when tasks with sustained attentipn cannot
be avpided;

— inform the worker using different sensory modalities regarding possibly occurring critical evepts during
moniforing tasks.

4.3.11.3 |[Examples

Workers mmonitor and control water levels in a control room. To avoid sustained attention, an acoustic signal
alerts thgd worker before thé-evel is critical. After performing monitoring and control tasks for|a limited
time durdtion, workers petform tasks with different demands or rest pauses are introduced.

4.4 Design principles in relation to job

4.4.1 Socialinteraction

4.4.1.1 TJustification

Opportunities for social interaction can provide social support in establishing and maintaining sustainable
relationships with colleagues, clients and patients with the potential for reducing stress responses and, in
specific situations, avoiding monotony.

4.4.1.2 Guidelines
The designer should:
— ensure task and equipment design give opportunities for adequate or appropriate social interaction;

— provide support systems for emotionally demanding work;
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— ensure that workers are given rules and means to enable them to safely address inappropriate behaviours
from others;

— ensure that systems allow flexibility in the time allocated to tasks;

— enabl

4.4.1.3

e emotional authenticity by providing an appropriate form of management.

Examples

Structures for protecting workers from inappropriate behaviour from others can include technical aids,
such as partition or dividing walls, or trained counselling personnel.

Support for workers can be given through (group) supervision, coaching and by allocating tasks with

reduced

4.4.2 Dependencies on others' task performance

4.4.2.1

Direct dej

4.4.2.2
The desig

4.4.2.3

Independ
or both.

Another ¥
a product

Communjcation or continuous improvement-meetings are set up to resolve problems aris

depende

4.4.3 Identical task requirements

4.4.3.1

Identical

developmient.

4.4.3.2
The desig

ustomer contact.

Justification

Guideline

her should ensure workers’ independence from co-workers’ task performance as far as the tz

Examples

ence can be achieved by decoupling task performatice by means of either time or materi

vay to achieve independence can be to haveWorkers assembling different parts or a wh

cy on a co-worker’s task perforntance.

Justification

ask requirements,over a long period within one job can increase workload and reduce le

Guideline

ner‘shiould change task requirements to involve different information-processing resour

pendency on co-workers’ task performance can increase stress response or mental fatigye.

sk allows.

h1 buffers,

ble unit of

ing from

arning or

Ces.

4.4.3.3

Examples

Changes in task requirements can be achieved by a systematic rotation among different positions with
specific requirements (job rotation) or by combining task elements or different operational levels, for
example combining assembly with inspection (job enrichment).

Changes in tasks with different demands in mental workload can include changes from monitoring to
manual control, or from performing logical analysis to routine operations.
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4.4.4 Confidential communication

4.4.4.1

Justification

If feedback about the contributions of a worker to the work result is not trustworthy, stress response and
burnout can occur.

4.4.4.2

Guideline

The designer should communicate the extent of attainment of a system's objectives and the contribution of a
worker to that attainment confidentially.

4.4.4.3

Trust can|

have not peen and will not be passed on without their consent.

445 C

4451

Changes in task-related activities can have effects comparable to breaks-or rest pauses, and thus

provided

4.4.5.2
The desig

4.4.5.3

Workers
operation

4.5 Deg

4.5.1 Diesign the socio-technical system transparent for the user

4.5.1.1
System tr

covers alt]
reasonab

4.5.1.2

Example

be achieved by confidentiality and conveying to interaction partners that personal s

Justification

in order to prevent mental fatigue.

Guideline

ner should provide changes in task-related activities with different demands in mental w

Example

Fan change from monitoring to manuakcontrol or from performing logical analyses t
s to prevent mental fatigue.

jign principles in relation toowork equipment and interfaces

Justification

ansparency extends beyond predictability of system functioning and mental modelling

y foreseeable misuse.

Guidélines

hanges in task-related activities with different demands or types of mental workload

atements

should be

orkload.

0 routine

in that it

ernative system use, challenging functional limits and contexts of use, risk mitigation andl avoiding

The desig

— desig

Ter Should:

n the socio-technical system transparent for the worker;

— design the system and instruct the involved workforce in such a way that the worker is informed about
its actual position in the total system, about the system state, how the state evolved, what functions are
available at the moment to what effect and how to proceed in order to perform the tasks as planned;

— design the system to enable the worker to provide feedback regarding the actual and target states of
the system.
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Example

Advanced production plants have a high degree of opacity and of system-specific complexity. The
interrelationships and system states can be communicated to the worker at the plant by means of appropriate
audio-visual displays.

4.5.2 Re-evaluate after adopting an assistance system to an existing system

4.5.2.1

Justification

System re-evaluation is needed after changing system components, in order to avoid the impairing
consequences of work strain, such as human error, stress response and mental fatigue, and to allow the

detection

4.5.2.2
The desig

4.5.2.3

Assistance systems are often implemented to support human-system intevaction or to compg

the requi

hazard arjeas that are out of direct human view). The integration of assistance systems to support
tasks nedessitates re-evaluation of the system, including assistance ‘systems against human fal

ergonomi
of the fiel

453 T

4.5.3.1

If there is
response

4.5.3.2

The designer should consider thequse of predictive displays.

4.5.3.3

With larg
of the ves

454 A

4.5.4.1

of new risks.

Guideline

Example

Ffements of already existing systems (e.g. camera-monitor systeéms to compensate for ny

s requirements in work system design (e.g. the arrangement of an assistance system in {
1l of view below the front windscreen to avoid occlusioirof the windscreen and glare).

ime lag

Justification

a lag between an action taken and the response of the system, a worker is forced to anti
of the system in order to correctly carry out the necessary actions.

Guideline

Example

b sea-going vessels, there can be a considerable time lag between a control action and the

dequacy of information

ner should evaluate the revised system after adopting an assistance systemytoan existinlg system.

nsate for
onitoring
specified
ctors and
he centre

cipate the

response

bel. The use-of predictive displays assists the worker in anticipating the correct control njovement.

ILuctification

JUISTIITCOCIOUTY

Missing or unnecessary information contributes to mental workload because the worker ends up making
decisions on the basis of insufficient information or filtering the relevant information from the total

informati

4.5.4.2
The desig

on supplied, both of which can lead to mental fatigue.

Guideline

ner should provide all of the information necessary for task accomplishment.
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4.5.4.3 Examples

The provision of proper instructions, for example in assembly lines in the workplace, quality inspection
tasks or the usage of issue-tracking systems to manage customer requests, can prevent mental fatigue.

The provision of proper instructions or specific rules regarding the distribution and usability of task-related
information, can prevent mental fatigue.

Sending emails in a well-structured manner, with a relevant subject line, and only using “cc” when necessary
for task completion, can also offer adequate information.

4.5.5 Ambiguity of information

4.5.5.1 |Justification

Ambiguous information requires workers to interpret information and can lead to higher-mental workload.

4.5.5.2 |Guideline

The designer should provide distinctive information to the worker.

4.5.5.3 |Examples
Range infprmation (acceptable, not acceptable) in displaying system.states can reduce mental workload.

Increasing the visibility of the necessary information, by optically highlighting it or by hiding {rrelevant
informatipn, can also reduce mental workload.

4.5.6 Signal discriminability

4.5.6.1 |Justification

Low discriminability of information-carrying.signals against a background of irrelevant information
necessitates that the worker expends effortto-filter for relevant information.

4.5.6.2 |Guideline

The designer should ensure that the signals relevant for processes and incident preparedness pre easily
detectablg and discriminable.

4.5.6.3 |Examples
Signal discriminability-can be improved by:

— manipulating the intensity of signals;

— codiqg signals differently by using shape, colour, duration or time characteristics;

— reducing background (noise) intensity;

— masking and filtering by technical systems.
4.5.7 Redundancy

4.5.7.1 Justification

Redundancy means the duplication of critical information displays, with the intention of increasing system
reliability and reducing mental load on the worker.
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Redundant presentation of information, often in different sensory channels, can help the worker to cross-
check information, especially critical information requiring action.

In certain situations, the efficiency and safety of a system depends upon the system's ability to present
redundant information.

4.5.7.2

Guidelines

The designer should:

— provide additional displays and controls where such redundancy can benefit overall system safety;

— optimize the degree of redundancy according to operational requirements;

— enab

NOTE

be operatgd or monitored from different locations, in order to maintain speed, accuracy, healthr and safety.

4.5.7.3

A flight o

A pop-up

of the sityation (and perhaps suggested action) are displayed in the;status line at the bottom of thg

4.5.8 Cpmpatibility

4.5.8.1

Informat

expectatipns produce conflicting information and force the worker to expend extra effort to accor

required

NOTE

stress or emergency situations), longer training time and higher mental fatigue rate.

Controls,

user popylation are referred to_as’/stereotypes. Controls, displays, control-display relationships
system rgsponses which conform to the stereotypes are called compatible; those which do not ¢
the stereqtypes are called-ihcompatible.

Stereotyp
worker wiill use a particular control actuator or display. Under critical situations, workers can be

torevert

4.5.8.2

IL workers to select the degree of redundancy appropriate for task accomplishment,

With respect to control actuators or displays, some system requirements can demand tliata givg

Examples

box on a control panel screen alerts the worker that a situation needs attention, while t

Justification

ion displays, control movements or systemi, responses which are incompatible with com

berformance.

Usage of incompatible controls of _displays results in longer response time, greater error (es

displays, control-displays\or control-response relationships which are expected by the a

o stereotypes, even if they have been trained to act in a contrary manner.

Guideline

n function

Ir train announcement (e.g. change of gate or platform) can be communicated by public address
system af well as shown on the departure information screen.

he details
screen.

mon user
nplish the

pecially in

hticipated
br control
bnform to

es and otherluser expectations of how the human-machine interface operates influefjce how a

expected

The designer should ensure that controls, displays, control-display or control-response relationships match
the expectation of the anticipated user population.

4.5.8.3

Examples

Stereotypes and user expectations are sometimes culturally sensitive or location specific. For instance,
moving a toggle switch downwards is expected to activate (switch on) in some countries and to deactivate
(switch off) in others.

Stereotypes and user expectations are sometimes also dependent on context. Turning a control actuator to

the right

is usually coupled with an increase in system response or display movements.
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4.5.9 Accuracy of information processing

4.5.9.1 Justification

Information processing is frequently a function of speed versus accuracy. A worker can trade accuracy for
speed in perceptual as well as cognitive tasks.

4.5.9.2 Guideline

The designer should provide appropriate automated or computerized aids for information presentation (for
information displays) or control dynamics (for input devices).

4.5.9.3 |Example

Trend displays and predictor displays help the worker to take proactive control actions, théreby gptimising
the ment3l processing load.

4.5.10 Cpntrollability

4.5.10.1 |Justification

Dynamic [systems should be controllable by the worker. Controllability~depends on the order qf control,
dimensiopality of control movements, time delays in system responsé-and information display aq feedback
to user cantrol actions, and display-control compatibility. High-ordér dynamics increase mental wprkload.

4.5.10.2 |Guidelines

The desigpner should:

— provide control dynamics of the second order orlower;
— ensufe display-control compatibility;

— minirpize time delays in system response-and information presentation.

4.5.10.3 |[Examples

Mouse control should be appropriate for the control of positions on a screen. Joystick control can b used for
controllirlg the velocity of vehicles, such as trains, trams or aircraft.

4.5.11 Cpntrol dynamics

4.5.11.1 [Justification

High-ord¢r centrol dynamics make it difficult for workers to control systems due to increas¢d mental
workload

4.5.11.2 Guideline

The designer should provide supportive technical systems (e.g. integrators, differentiators and amplifiers),
where high-order control dynamics are necessary.

4.5.11.3 Example

A worker interacting with a high-order technical system (e.g. ship, chemical plant) needs decision-making
information about the past and future states of the systems presented by trend and predictive displays.
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4.5.12.1
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racking requirements

Justification

Real-time and low-latency tracking behaviour facilitates responses by workers to avoid higher demands on
the worker.

4.5.12.2

Guideline

The designer should provide pursuit tracking if the worker is required to immediately evaluate and react to
current events.

4.5.12.3

Itis necessary for surgical support systems to realize real-time and high-accuracy tracking to ensu

and patie

In aircraff and maritime navigation systems, the desired vertical and horizontal path to the dest

tracked b

compensdtory changes in direction and speed. A system providing a speed and-direction solution i
(pursuit gracking) reduces the mental load of the pilot or helmsman.

4.5.13 E

4.5.13.1

Error-toldrant systems can reduce fatal consequences of uninténded operations by no or minimal ¢

action by

4.5.13.2

The designer should:

— provi

consdquences before they are executed;

— provi

4.5.13.3

Error toldrance systemsprovide explanations to workers in order to facilitate the correction of e
wrong input and typing error).

4.5.14 A

4.5.14.1

Examples

ht safety.

[y the pilot or helmsman. This can be done by correcting the real positien of the plane

Fror tolerance

Justification

the worker and therefore support system safety:and protect workers’ health and well-be

Guidelines

de systems that require confipmation of critical actions with an indication of theil

de systems where workeys*last actions can be reversed.

Example

djust system design

Jastification

Ire worker

ination is
br ship by
h advance

orrective
ing.

possible

frors (e.g.

System design is not a one-shot process and should be adjusted to changes over time (e.g. technical and
human system life cycle), as well as to dynamics built in the technical and the human sub-system (e.g.
machine and human learning). Static design and the level of assistance of technical systems can result in a
misfit between human behaviour and technical system design, with the consequence of skill degradation,
monotony and mental fatigue.
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