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Foreword

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

with-the International Electrotechnical Commission {EConall
matters of electrotechnical standardization.

Draft International Standards adopted by the technical committeges
are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the
member bodies casting a vote.

International Standard ISO 10075 was prepared by Technical
Committee ISO/TC 159, Ergonomics, Subcemmittee SC 1,
Ergonomic guiding principles.

ISO 10075 consists of the following‘parts, under the general title
Ergonomic principles related t¢,méntal workload:

(Part 1: General terms<and definitions)
—  Part 2: Design principles
—  Part 3: Measurement and assessment

Annex A of this part of ISO 10075 is for information only.
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Introduction

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



https://standardsiso.com/api/?name=7963f10f661bd6b6311e717d57271792

INTERNATIONAL STANDARD © iSO ISO 10075-2:1996(E)

Ergonomic principles related to mental workload —

Part 2:
Design principles

1 $cope

Thig part of ISO 10075 gives guidance on the design of work systems, including task and .equipment
desfgn and design of the workplace, as well as working conditions, emphasizing mental’'workload |and
its pffects, as specified in 1ISO 10075. It applies to the adequate design of work-and use of human
capacities, with the intention to provide for optimal working conditions with respect to health [and
saf¢ty, well-being, performance, and effectiveness, preventing over- as well as underload in ordgr to
avdid the impairing effects described in ISO 10075.

Mehtal workload is the effect of a complex interaction of individual, techigical, organizational and s¢cial
factors. Thus personal, technical and organizational factors and the €ffects of their interactions have to
be taken into account in the design of work systems. However;, this part of ISO 10075 includes| the
design of technical and organizational factors only, and does“not apply to problems of selection,
traiphing or social factors.

This part of ISO 10075 provides guidelines for systém design. It does not address problems of
mepsurement of mental workload or its effects.

Thik part of ISO 10075 refers to all kinds of human work activities (see ISO 10075), not only to those
which would be described as cognitive or mental tasks in a restricted sense, but also to those with
primarily physical workload.

Thik part of ISO 10075 is thus relevant'to all those engaged in the design and use of work systems e.g.
system and equipment designers, employers' and employees' representatives.

Thils part of ISO 10075 is applicable to the design of new work systems as well as to the redesign of
existing ones undergoing(substantial revision.

2 Normativedseferences

The following,standards contain provisions which, through reference in this text, constitute provigions
of this past:of ISO 10075. At the time of publication, the editions indicated were valid. All standards are
sulpject\to revision, and parties to agreements based on this part of ISO 10075 are encouraggd to
inviestigate the possibility of applying the most recent editions of the standards indicated bglow.
Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 6385 : 1981, Ergonomic principles in the design of work systems

ISO 10075 : 1991, Ergonomic principles related to mental work-load - General terms and definitions

3 Definitions

For the purposes of this part of ISO 10075, the definitions given in ISO 6385 and ISO 10075 apply.

*) If revised, this International Standard will become 1SO 10075-1.
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4 Design principles

4.1 General principles

In order to avoid impairing effects of work system design on users, it is necessary to fit the work
system to the user. Designing or redesigning work systems requires taking into account people,
technology and organizational conditions and their interaction right from the beginning. This means
that ergonomists should be integrated into the design process as early as possible. If there are users,
as in system redesign, their experiences and competences should be integrated into the design or re-
design process in order to achieve and verify an optimal level of design quality. This can be done by
using methods of part|C|pat|0n by WhICh user expectatlons wnth respect to desngn quality can be

on the side of the user, which will contrlbute to the effncnency of the work system as a whole.
If the design is made for an entirely new system, the designer should take due account of the abilities,
skills, experiences and expectations of the prospective user population. It should be kept/in mind jthat

traihing should be regarded as supporting work system design, not as a replacementfor’system degign
omi{ssions leading to sub-optimal design.

This concern for the user is necessary from the beginning of the design process,when system functjons
are|specified. Defining system functions and subfunctions as well as function allocation between
operators and machines and between different operators requires consideration of the characterigtics
of the people involved.
In designing work systems it should be kept in mind that work consists of a combination of tdsks,
which are executed with particular technical equipment in aparticular work environment and fn a
particular organizational structure. Therefore each of thése components offers opportunities to
inflhence the design of the work system with regard to mental workload.

Dedign principles can thus be related to different levels of the design process and the design solutign in
ordgr to influence:

a) the intensity of the workload:

-at the task and/or job level,

-at the level of technical equipment,

-at the environmental level;

-at the organizational-evel, and

b) the duration of the exposure to the workload:

- at the level of the temporal organization of work.

Talle-Ax1'in annex A shows a matrix of the levels of the design process and their relation to| the

consequences of mental strain, together with examples of applicable design solutions

Personal factors, like abilities, performance capacities, motivation - on an inter-individual as well as on
an intra-individual differences basis - will influence the resulting workload. Thus selection and training,
as mentioned above, have to be taken into account appropriately in the design of work systems.

Work system design starts with a function analysis of the system, followed by function allocation
among operators and machines, task analysis, and results in task design and allocation to the operator.
It is essential that human factors experts are integrated into this process from the beginning in order to
be able to perform these steps with a view to the resulting operator 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.
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In designing work systems, it should further be kept in mind that environmental requirements, system

demands, C“a”engne and pnnnln themselves r‘hnnno over time h\l dn\lnlnmnn skills, abhilities and

expectations. This means that systems design should provnde for such changes, enablmg the system to
adapt to these requirements. This can be done for example by dynamic task allocation, allowing the
operator to allocate tasks to the technical system or to the operator, depending on the actual state of
the operator.

Mental workload is not a one-dimensional concept, but has different qualitative aspects leading to
different qualitative effects (see ISO 10075). It is thus not sufficient to simplistically consider workload
ranging on a unitary dimension (quantitatively) from underload to optimal load to overload. Some of
the impairing effects of mental workload share common causes, but this must not be misinterpreted as
identity of these effects The presentatuon of the following gundelmes has thus been organized
acc
appropriate measures to avoid impairing effects of mental workload. Since some of the principles
apply to more than one of these effects, repetition cannot be avoided.

4.2| Guidelines concerning fatigue

4.2]1 General

Mehtal workload can be described in terms of intensity, duration, and the temporal distribution of the
intgnsity in which the operator is exposed to the workload. Besides quantitative aspects, qualitative
differences in mental workload have to be considered, e.g. perceptual-motor tasks vs task with high
mefmory load. Thus one of the major approaches to designing work systems with respect to reducing
fatigue within the operator is to reduce or optimize the intensity-of workload, limit the duration of the
exposure, or change the distribution by introducing rest pauses. It is necessary to keep in mind|that
reducing mental workload is not always the best strategy t0 provide for unimpaired perform nce.

Rediucing mentai workioad beyond an optimai ievel may igad to impairments as described in 4.3 to|4.5.
4.2)2 Intensity of mental workload

The intensity of mental workload is affected™by the following characteristics, with the ordgr of
presentation starting at the task level and maving from perception to action to the environmental| and
ordanizational levels, as shown in figure 1-

4.2|2.1 Ambiguity of the task goal

If tire task goal is ambiguous, the) Operator is required to interpret the task and to make decisions apout
whijch goals with which priorities should be pursued. During system design, clear task goals shall be
prgvided and the priorities ‘of different goals should be specified, e.g. keeping the safety system
funlctioning has priority_over production efficiency. If more than one operator is concerned, [task
allgcation among operators shall be made clear.

4.2|12.2 Complexity of task requirements

A tpsk of-too high complexity could mean that the operator has to make too many decisions in a diven
unit of\time. If task complexity is too high for the envisaged operator population, decision support
sygtems should be used. Too low complexity should be avoided, because it may lead to monotony or
satiation.

4.2.2.3 Serving strategies

In systems where multiple requests have to be answered, a clear strategy for answering them shall be
provided (e.g. first-in-first-out vs. a hierarchical strategy). First-in-first-out strategies are rather simple.
Hierarchical serving strategies are more complex. If conditional strategies are employed, the conditions
for following those strategies should always be clearly understandable.
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Figure 1 — Relation between mental workload and different levels of design

.4 Adequacy ofinformation

5ing as well\as' unnecessary information contributes to mental workload because the operator [has

to mpake decisions on the basis of insufficient information or to filter the relevant information from|the

tota
sup

bliedh

information supplied. Thus, information which is necessary for task accomplishment shall be

4.2.2.5 Ambiguity of information

This requires the operator to interpret information. Information should thus be presented in an

unambiguous way, e.g. by providing range information (acceptable, not acceptable) in displaying
system states.

4.2.2.6 Signal discriminability

Low discriminability of information-carrying signals against a background of irrelevant information
requires the operator to expend effort to filter signals. Signal discriminability can be improved, e.g. by
manipulating the intensity of signals, coding signals differently by using shape, colour, duration or time
characteristics, reducing background (noise) intensity, and masking and filtering by technical systems.
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4.2.2.7 Redundancy

Redundant information display can help the operator to cross-check displayed information. On the
other hand, too much redundancy of displayed information can distract the operator and thus increase
mental workload. Redundancy thus should be planned according to operational requirements. Where
possible, operators should be enabled to select the degree of redundancy which they feel appropriate
for task accomplishment.

4.2.2.8 Compadatibility

Information displays, control movements or system responses which are incompatible with common
user expectations will produce conflicting information and force the operator to expend extra effort to
ac i i T i i pled
with an increase in system response or display movements, not with a decrease or system shutdown.
Spegcial attention should be paid to compatibility of control and system dynamics, e.g. using zero-qrder
corjtrol actuators for zero-order control systems.

4.2[2.9 Accuracy of information processing

Increased mental workload due to necessary accuracy requirements (e.g. beyond”human capabilfties)
carl be reduced to adequate levels by providing technical aids with_ @ppropriate resolution of
information presentation (for information displays) or control dynamics (ferinput devices).

4.2{2.10 Parallel vs. serial processing

Setrlial processing in general is preferable to parallel processing due to demands on processing
respurces. On the other hand, if comparisons have to be made-among different sources of informziion,
it i$ preferable to present this information in a parallel_manner. If orientation is required, pafallel
information presentation is preferable to serial informatiot-presentation.

4.212.11 Time sharing

If tyvo or more tasks requiring attentional centrol have to be performed simultaneously, the limits of
processing capacities are soon reached. It is-thus preferable to provide for sequential task performdnce.
Consistently-mapped practice for some:of the tasks may be used to reduce workload by reddcing
attgntional control if consequences due to errors by erroneous automatic information processing afe of
minfor importance.

4.212.12 Time delays

A time-delayed responseof the system requires the operator to mentally anticipate the system
response in order ta_perform the required control movement correctly. Time delays should thus be
avqided. If this is_not)possible, quickening or prediction displays should be used.

4.2|12.13 Mental models

Incpnsistent, incomplete or missing mental representation of the process or system functions reqtiires
the| aperator to expend extra effort to be able to control the system. System design and layout shiould
be doneimaway thatemablestheoperatortounderstand-the processat the tevetappropriate 1o the
operator's function in that process. Information should be provided and supplied in a manner that
shows interrelations among subsystems, e.g. by flowcharts, recording time-related system responses,
providing opportunities for collecting experiences of system reactions to operator control actions.

4.2.2.14 Absolute vs. relative judgement

Absolute judgements require reference standards to be kept in memory, whereas relative judgements
require decisions with regard to a simultaneously given reference standard, which is easier to perform.
Relative judgements are therefore preferable to absolute judgements. This can be accomplished by
providing displays that allow for the presentation of reference standards to which critical information
can be compared.
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4.2.2.15 Working memory load

Working memory, i.e. the memory in which information is stored preliminarily and temporarily in an
unstable form before it is stored in long-term memory for future retrieval in the context of a mental
representation, can be overloaded by information that appears in fast succession. In presenting serial
information, adequate time should be provided in order not to overload the short-term memory of the
operator in selecting and memorizing the relevant information.

4.2.2.16 Long-term memory load

Unnecessary long-term memory load should be avoided by provision of adequate information retrieval
facilities, e.g. help functions (on different levels) which can be activated by the operator on requiest.
Thiqd will alleviate the operator from memorizing and recalling complex information or different,types
of information belonging to the same task or different subtasks.

4.2.2.17 Recognition vs. recall from memory

Recpgnition of memorized items is easier and more effective than recall. Displaying)alternatives is thus
moile effective and less demanding than requesting the operator to recall a relevant item.

4.2.2.18 Decision support

Where decisions may lead to results that cannot be fully anticipated, this will increase strain| on
opefators, especially if the outcomes are related to differentially evaluated consequences, fe.g.
prodluction loss or safety of people. In such cases, decision support systems should be provided that
allojv for the prediction of results of operator actions.

4.2.2.19 Controllability

Dyrjamic systems shall be controllable by the operator. Controllability depends on the order of control,
dimensionality of control movements, time delays in system response and information display as
feedback to operator control actions, and display/control compatibility. Higher order dynamics incrdase
mental workload, thus control dynamics higher than second order should be avoided. Time delgys,
agajn depending on their dynamics, inctease workload and should be avoided. Incompatible display-
control relationships require extra effort’and will lead to errors. Display/control compatibility shall thus
be provided.

4.2.2.20 Dimensiondlity of motor performance

Motor peformance may require the coordination of too many dimensions of behaviour, [e.g.
simpltaneous translational and rotational movements. In system design, dimensionality should be
redliced to the lowest possible level. Special attention should be paid to the coupling of dimensions

4.2.2.21 Control dynamics
The| response of the system to operator inputs may require too complex dynamic assessments, [e.g.

integrating the system response over time. Where higher order control dynamics are necessary,
operators should be supported by technical systems (e.g. integrators, differentiators, amplifiers).

4.2.2.22 Tracking behaviour

Different kinds of tracking behaviour require different operations by the operator, e.g. pursuit tracking
allows the operator to follow the target and the cursor movements in parallel, while compensatory
tracking requires the operator to adjust his responses according to memorized target/cursor relations.

In general, pursuit tracking is thus preferable to compensatory tracking, because it displays the actual
position and not only the error of control.
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4.2.2.23 Enror tolerance

Systems should be error-tolerant, i.e. not lead to dramatic consequences although an operator error is
obvious. Systems shall therefore require confirmation of critical actions with an indication of their
possible consequences before they are executed. If possible, the last operator action should be
reversible.

4.2.2.24 Error consequences

Consequences of human performance errors shall be kept to a minimum through system design, e.g.
by consistency checks or providing redundancies, in order to reduce strain within the operator, e.g. by
introducing safety barriers that avoid the spread of critical states through the system.

4.2{2.25 Environmental aspects

Adgquate design of environmental conditions can reduce the intensity of mental workload|by providing
optjmal conditions for perception and processing of information (e.g. suitable lighting,‘reduced noige).

4.212.26 Social interaction

Opportunities for social interaction can help in providing social support inCeritical decisions. Task|and
eqdipment design shall ensure opportunities for the necessary or at least. minimal social interaction

4.2)2.27 Dependency on others' task performance

Beipg dependent on coworkers' task performance will increase strain and should thus be avoided,|e.g.
by decoupling task performance by means of buffers and thus-increasing autonomy.

4.2)2.28 Changes in task requirements

Changing task requirements within one job can.réduce the intensity of workload by charging diffgrent
infgrmation-processing resources.

4.2]2.29 Time pressure
Time constraints may lead to shortcuts in task performance and thus to errors. If performance is critical

with regard to consequences, time pressure with a probability of not meeting the deadline will incrgase
strgin and thus should be aveided.

=

4.23 Temporal distribution-of workload
Begides the intensity)of mental workload, the temporal distribution of workload is of importance fof the
reslilting fatigue:{n general there is an exponential relation between time on task and the resujting
fatigue. Attention should thus be paid to the following factors in order to avoid overload:

4.233.1 Duration of working hours

Sinte—incereasing—the—intensity —and—duratiom—of —worktoad—witt—rcrease—the—Tesultimg—fatigue
exponentially, duration of working hours shall be adjusted to the intensity of workload. Working hours
shall be limited in duration to a point where fatigue effects do not manifest themselves. It shall be kept
in mind that adding an hour of working time does not increase production in a linear manner due to
fatigue and adaptation processes.

4.2.3.2 Time off between successive work days or shifts

Time off between successive shifts shall be adequate to provide for complete recovery from fatigue
effects from the previous shift.
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4.2.3.3 Time of day

Human performance is influenced by circadian variation. In general, performance during night hours is
inferior to performance during day hours. Performance demands for night hours shall therefore be
reduced relative to day work, for example by increasing personnel or rest pauses during night hours.

AD2A Chifh
S.L.V.5% O

Shift work requires extra efforts from the operator to cope with circadian variations in performance,
physioiogicai and sociai synchronization. As shift work represents a risk to heaith and weii-being, it
shall be avoided as far as possible. Where shift work cannot be avoided, ergonomically designed shift
schedules shall be employed.

4.2.3.5 Breaks and rest pauses

Breaks can be introduced to provide opportunities for recuperation from fatigue. However, it is
preferable to introduce breaks to prevent the development of fatigue right from the béginning. Dug to
the fexponential relation between the duration of uninterrupted work and fatigue and an exponential
recqvery function, short breaks after short periods of work are preferable to longer breaks after lpng
peripds of work, e.g. six short breaks of 5 min each after 55 min of work are preferable to one break of

30 min after 6 h of work. Work/rest schedules for night work should providedor-shorter working periods

than for day work.

4.2.3.6 Changes in task activities with different task demands or kinds of mental workload

Changes in tasks with different demands in mental workload, €:g.'changes from monitoring to manual
congrol or from performing logical analyses to routine operations, can have effects comparabl¢ to
breaks or rest pauses. Such changes in task activities should thus be provided in order to preyent
fatigue.

4.3| Guidelines concerning monotony

Ong of the main conditions leading to the'development of monotony as defined in ISO 10075 is a task
with a narrowly restricted field of attention, with low to medium levels of cognitive task difficlilty,
repetitive performance requirements, and little variation in task or environmental conditions, especfally
if pgrformed over extended perjods‘of time. These conditions should therefore be avoided by adeqliate
desjgn of tasks and working conditions. Where changes in the design of the task by means of technical
or drganizational methods.are not yet possible, the following procedures shall be considered:

T mechanization or-automation of repetitive functions with narrowly restricted task requirements
+ job rotation,

+ job enlargement,
1 job enrichment.

4

Monotony’may be increased by:

L absence-of coworkers;

- reduced possibilities for social interaction,

- absence of rest pauses,

- lack of opportunities for physical activity,

— lack of opportunities for changes in task activities,

- time of day (afternoon and night hours are more susceptible),
- climatic conditions (e. g. moderate temperature),

- uniform acoustic stimulation,

— work fatigue.
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