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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
Commissian (IEC) on all matters of electrotechnical standardization

Internatiopal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rar)3.

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

Internationpal Standard 1SO 9355-1 was prepared by the European Committee for_Standardization (as European
Standard |EN 894-1:1997) and was adopted, under a special “fast-track procedure” by Technical] Committee
ISO/TC 1%9, Ergonomics, Subcommittee SC 4, Ergonomics of human-systém” interaction, in parallel with its
approval by the ISO member bodies.

ISO 9355(consists of the following parts, under the general title Ergonemic requirements for the desigh of displays
and contrpl actuators:

O Part §: Human interactions with displays and control actuators

O Part P: Displays

O Part B: Control actuators

O Part 4: Location and arrangement of displays;and control actuators

Annex A ¢f this part of ISO 9355 is for information only.
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Ergonomic requirements for the design of displays and control

actuat

Part 1}

Huma

1 Scop

This part
principles
efficient in
when an ¢

2 Normjtive references

The follow
this part ¢
do not ap
possibility]
reference

OfS—

N interactions with displays and control actuators

A1”4

of 1SO 9355 applies to the design of displays and control actuators on machinery. It speqg
for human interaction with displays and control actuators,»to*minimize operator errors and f{
teraction between the operator and the equipment. It is.particularly important to observe the
perator error may lead to injury or damage to health.

ing normative documents contain provisions which, through reference in this text, constitute
f 1ISO 9355. For dated references, subsequent amendments to, or revisions of, any of these
ply. However, parties to agreements based on this part of ISO 9355 are encouraged to in
of applying the most recent editions of the normative documents indicated below.

ifies general
0 ensure an
se principles

provisions of
publications
estigate the
—or undated

5, the latest edition of the aormative document referred to applies. Members of ISO and IEC maintain
registers ¢f currently valid Internatighal’Standards.

fuators

EN 418, Jafety of machinery -=Emergency stop equipment, functional aspects — Principles for design
EN 614-1) Safety of machinery — Ergonomic design principles — Part 1: Terminology and general princip.
ISO 935542, Ergonoemi¢ requirements for the design of displays and control actuators — Part 2: Displays
ISO 935543, Ergoriomic requirements for the design of displays and control actuators — Part 3: Control ag
ISO 9241107 Ergonemic—reguirerrents—for—otfice—work—ywith—visual—display—terminals (VDTs) Part
principles

3 Definitions

For the purposes of this part of ISO 9355, the following definitions apply:

3.1

control actuator
The part of the control actuating system that is directly actuated by the operator, e.g. by applying pressure.

110: Dialogue


https://standardsiso.com/api/?name=3f28169013d9dfed2e025e54d3e0fd50

ISO 9355-1:1999(E)

3.2
display

©1SO

Device for presenting information that can change with the aim of making things visible, audible or discriminable by
touch (tactile).

3.3
operator

The person or persons given the task of installing, operating, adjusting, maintaining, cleaning, repairing or

transporting

machinery [EN 292-11)].

4 Design

Human-mac
uses control

Human-mac

principles for operator-task relationships

nine systems are considered here as closed loops: the machine displays information tolthe ops
Actuators to affect the machine, which in turn provides feedback to the operator, etc.

nine systems can comprise any number of man-machine units or subsystems, dn/which a sing|

interacts wit

considering the requirements for a particular human-machine subsystem it is important(to assess how it int

the system

Moreover, hyiman-machine systems are part of more complex systems. For example, the physical environm

lighting, etc.
systems.

Knowledge

particular, it
users. EN 61
into account
standard.

An importan
accomplish

interacting w
machine sys
system. A re

The overall
(displays, cd
general prin
psychologic3
considered v
principles is
measures w
software.

a machine or process. Several subsystems may act independently or interact with each ot

a whole.

as well as the social and organisational environment can affectthe efficient operation of huma

bf ergonomics principles is the basis for a successful implementation of a human-machine
s important to ensure that systems are designed as afY iterative process between the design
4-1 provides a framework for incorporating ergonomics principles in the design process that sha
when designing machines. This framework can-help designers to take account of the princig

b factor to consider is the degree to which the human operator is needed in the system i
he given task. The informative Annex.A summarizes information on the capabilities of hum
ith machines. The designer shall (consider if the planned allocation of a particular function

sult of the redesign may be a-(Sub) system without the involvement of an operator.

principle which concerns-Human-machine systems is that the machine and its associated
ntrols, instructions, etc.y shall be suitable for the operator and the given task. In order to r|
Ciple, the maching: system shall be so designed that human characteristics with respect td

hen designing’a‘human-machine system. Some guidance on methods which can be used to a
also given.. It'should be noted that this list is not exhaustive but provides a good indication g
nich should' be considered. 1SO 9241-10 gives further information on these principles when

prator who

> operator
ner. When
practs with

Ent (noise,
N-machine

Bystem. In
br and the
| be taken
les in this

n order to
ans when
n a man-

tem is in accordance with human capabilities. If this is not the case, the designer shall reglesign the

elements
palise this
physical,

| and social aspects are considered. The following clauses present ergonomics principles that shall be

chieve the
f practical
applied to

When trying

to eomply with these requirements it is important that the selected solutions shall be tested und

r realistic

conditions (see EN 614-1).

4.1 Suitability for the task

A human-machine system is suitable for the task if it supports the operator in the safe, effective and efficient
completion of the task.

4.1.1 Principle of function allocation

The most suitable allocation of functions between the operator and the machine should be decided after considering
the requirements of the task and the strengths and limitations of the human operator.

1) EN 292-1, Safety of machinery — Basic concepts, general principles for design — Part 1: Basic terminology, methodology.

2
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Application:

Ensure the machine does not place unacceptable demands on the operator in terms of, for example, speed and
accuracy of response, forces required to operate control actuators, vigilance for small changes in display status.

4.1.2 Principle of complexity

As far as consistent with the task requirements, possibilities shall be offered to reduce complexity. Special
consideration shall be given to the complexity of the task structure and the type and amount of the information to be
processed by the operator.

Applicatio

When dej
factors wh

For exam

boundarie
so that it i

4.1.3 Pri

Arrange ¢

grouping i

Applicatio

Where cd

sequence
to fewer e

Where co
using the

a)
b)

c)

d)

The above

Consequsd

a)
b)

c)

Thei

The f

The yse of elements in acsub-sequence (for example, start up controls like the ignition, choke and

car);

The f

=)

ighing human-machine interaction then speed and accuracy are important variables)to)con
ich influence these variables need to be determined.

ple, in check reading, the operator makes a qualitative assessment that the .system is withi

5. The accuracy of such readings may be enhanced if the pointers of the displays-are arranged
b easy to determine if one or several of the pointers deviate from the normalpattern (see ISO 93}

hciple of grouping

isplays and control actuators so that they are easy to use~in/combination by following pr
ems.

N
ntrol actuators and displays are operated in a .Gertain fixed sequence, they shall be arra
This arrangement helps the operator to remember the sequence and it decreases response tir

[TOrS.

ntrol actuators and displays are not opéerated in a fixed sequence then the grouping should b
ollowing aspects:

mportance for the safe use of the machine;

equency of use in regular(machine operation;

inctional relationship between elements (for example, the wiper and wash controls on a car).
P aspectsiare not mutually exclusive and several elements may appear in more than one categof

ntly the location of displays and control actuators should be arranged so that:

sider. Those

N acceptable
nto a pattern
55-2).

bcedures for

hged in that
ne and leads

b determined

Starter on a

The important and frequently used items are in the most accessible positions;

Items in sub-sequences are then placed together;

Functionally related items are placed in groups with visual and spatial separation from other items.

Important displays and control actuators, such as those used for emergencies shall be designed and positioned so that
they can be used quickly and accurately. Guidance on emergency stop devices is given in EN 418.

4.1.4 Principle of identification

Control actuators and displays should be readily identifiable.


https://standardsiso.com/api/?name=3f28169013d9dfed2e025e54d3e0fd50

ISO 9355-1:1999(E)

Application:

©1SO

Labels, signs and other informative texts or symbols should be located on or adjacent to their associated control
actuators and displays in such a position that they are visible when the control actuators are operated. It is generally

preferable to

place such means of identification either above or on the control actuator or display.

4.1.5 Principle of operational relationship

Associated control actuators and displays should be arranged to reflect their operational relationships.

Application:

Control actu
operator.

The direction
display move

htors should be located adjacent to associated displays so as to make their relationship ©bvi

of control actuator operation shall be consistent with the direction of associated system respon
ments (see ISO 9355-2 and ISO 9355-3).

If a system failure occurs, it shall be identified to the operator as quickly as possible.

4.2 Self-dg

scriptiveness

The human-machine interface should be designed so as to be self-descriptive, this means that the operator

recognise th
4.2.1 Princi

Information 4
interfere with

Application:

e displays and controls and understand the underlying process:

ble of information availability

other activities.

Verification that an operator action has been aceepted by the system shall be presented to the operat

unnecessary
respond inst
than 1 s, the

4.3 Contrg
The operato
throughout t
dominated b

4.3.1 Princi

Provision sh

delay. If the execution is prolonged, the operator should be informed. When appropriate the sy
hntly and simultaneously to an eperator's actuation of the associated control actuator. With delg
perceived association is reduced and preliminary feedback becomes necessary.

llability

[ shall dominate-the system. This means that the system and its components shall guide th

ne task during, ‘periods when the system is under direct operator control. The operator sh
the workcygle rhythm inherent in the system.

ple ofiredundancy

bus to the

ses and/or

can easily

lbout the status of the system shall be readily available at the request of the operator without the need to

or without
stem shall
VS greater

P operator
all not be

puld be made for additional displays and controls where such redundancy may benefit over|

all system

safety.

Application:

In certain situations the efficiency and safety of a system depends upon the system's ability to present redundant
information to the operator. Important information should be available from different sources. With respect to control
actuators, some system requirements may demand that a given function can be operated from different locations in
order to maintain speed, accuracy, health and safety.

4.3.2 Principle of accessibility

Information should be readily accessible.
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Application:

Ensure the layout places the displays within the operator's field of vision. The important information in terms of safety
and frequently consulted information shall be located in the central areas most frequently scanned by the eye (see I1ISO
9355-2).

In addition to this general requirement consider that the information may be obscured because of the positioning of the

operator's arms.
4.3.3 Principle of movement space

The body movements

Applicatiop:

The space¢ between individual control actuators shall be optimal in order to ensure efficient operation, sir
space mgy demand unnecessary movements, while too little space may cause accidental operation
determine|the optimal space it is essential to consider the specific characteristics of eachfindividual contrd
well as the overall context in which the control actuators are to be operated, e.g. some systems are
persons Wearing gloves.

4.4 Conformity with user expectations

ce too much
In order to
| actuator as
operated by

are powerful
perators can

the operator

ype to rotate
increase the

hncies based

system and

Population stereotypes and other user expectations of how the human-machine interface operates
influenceq in determining how an operator will use a particular controlactuator or display. Under stress @
be expected to revert to population stereotypes even if they have beentrained to act in a contrary manner,
4.4.1 Principle of compatibility with learning

The functipon, movement, and position of control actuator and display elements shall correspond to what
expects frpm previous work experience or training.

Applicatiop:

What is expected from conventions is important'when applying this principle. For example, there is a stero
a dial clockwise to increase a value on a display and to move a control actuator upwards or to the right to
value.

4.4.2 Principle of compatibility with.practice

The functipn, movement, and.pdsition of control actuator and display elements shall correspond to expect
on practical experience indusing the system and the relevant manual.

Applicatiop:

After some timé&rthe operator becomes accustomed to the particular response times exhibited by the
develops =xpectat|ons regardlng them Similar operatlons shall thus exhibit the same general pattern w
response AL

be expected.

4.4.3 Principle of consistency

Similar parts of the human-machine system should operate in a consistent manner.
Application:

The arrangement, function and movement of control actuators, displays, and other devices of the sys

th respect to
puld normally

tem shall be

consistent and not interchanged throughout the system or systems, e.g. related control actuators and displays shall be

arranged in the same order.

A consistent set of codes and symbols shall be used.
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4.5 Error tolerance

©1SO

A system is said to be error tolerant if, despite evident errors in operation, the intended result is achieved with either no
or minimal corrective action.

4.5.1 Principle of error correction

Systems should be able to perform error checking and provide the operator with the means for handling such errors.

Application:

If the systen;
possibilities.

Enough infofmation shall be provided in critical situations to ensure optimal error handling. If a system:failur|

shall be iden
be able to e
operator shg
4.5.2 Princi
The system

Application:

Ensure that {
the consequ

Guidance on

0 foon oo raotor orror Lo A AR AL o Bakatar—ahal-kbhava-th baon +. lapt
car ottt aT operator— Chor— i Stverarvvay Sy aic- OptratorSrai v et~ Crarnttto—SCrIe e

However, it could be important to inform the operator about the correct procedure to be followed

ified to the operator as quickly as possible. Error messages shall be easily understood:~The opsg
Kecute the necessary actions without extensive information processing and help ffom manual
uld be able to choose between brief and detailed error information.

ble of error handling time

should provide sufficient time for an operator to reliably recover from any-errors.

he operator has sufficient opportunity to identify any errors.and make appropriate corrective acti
bnces of the errors become critical.

how to minimize the likelihood of inadvertent operation of control actuators is presented in ISO 4

from these

P occurs it
rator shall
5 etc. The

bns before

355-3.

4.6 Suitabllity for individualization and learning

A system is suitable for individualization and learning-if-it can be adjusted to individual needs.

4.6.1 Principle of flexibility

The system|shall be flexible enough to~be adapted to differences in personal needs, general physiolggical and
psychologicgl abilities, learning abilities’and cultural differences.

Application:

Where possiple, the operatof.shall be able to influence the speed of interaction.

The experienced operator shall be able to structure the feedback so that it conforms to their level of expertise. By the
same token the inexperienced operator should be able to set the level of feedback at an appropriate level.

In a compley system, the system should provide the operator with the choice of brief or detailed information| about the

system.

Regarding operation, most control actuators can be operated equally well with both hands. However, control actuators
that demand accurate, and/or fast, operation should either be capable of being operated by either hand or be so
designed to allow accurate and/or fast operation by the non-preferred hand.
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Annex A
(informative)

Human information processing

Human information processing

A.0 Int

Many crit

systems gnd general psychology. This Annex presents some of this basic knowledge in terms of an over

principles
developm

thus be regarded as a set of tentative suggestions based on some current ideas abput-these issues.

The following approach considers the human mind as an information processing system. In this
interacting subsystems are distinguished, namely:

a) The perceptual system;
b) The qognitive system;

c) The motor system.

Although,
important
situation.

A.1 Overview

The pres
performary
each secti
the issue

are involv

A2 Att

oduction

bria and principles of ergonomics are derived from knowledge acquired in the fields of hun

bnt in the field, there are many diverging opinions regarding these matters. Fhe-following presen

as mentioned above, it is practice to distinguish among different systems of information pro
to realize that some of these distinctions»often become blurred in the observation of an oper.

bntation below is arranged under the following main sections; attention, perception, cog
ce and performance Shaping factors. Due to the close interrelationship among the systems disq
on, the order of presentation is somewhat arbitrary and is mainly adopted for heuristic reasons.
bf memory is diseussed under the cognitive section, but, as mentioned above, the characteristid
bd in many afithe systems discussed, such as attention, expectation etc.

Pntion

han-machine
iew of some

of human information processing. However, it is to be noted that due to the rapid theoretical and empirical

tation should

ystem three

cessing, it is
ator in a real

t is therefore essential to realize that human performance always reflects the interaction and combinations of
many diffgrent information processing subsystems and that these interactions may produce unpredictable

results.

hition, motor
ussed under
-or example,
s of memory

In many situations, e.g. those involving a human operator in a human-machine system, the person can be viewed as a
single channel processor with capacity to process information from no more than a few sources at a time.

Attention is normally confined to two main sources, the internal world i.e. thoughts and sensations from the body, and
the external world. Since attention can be described as a limited resource, there may be competition among attentional
resources. For example, an operator who is occupied with thoughts or decision making may suffer attentional deficits
regarding events happening in the outside world. A consequence for the design of human-machine systems is that it is
essential not to overload the attentional resources of the operator.
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A.2.1 Deliberate and forced attention

It is useful to distinguish between deliberate, or controlled, attention and attention which is forced by stimuli, either
external or internal to the operator. In many human-machine situations the operator controls attentional resources by
deliberate selection of where attention is to be focused. In other situations, however, if a strong or expected signal from
outside occurs, then the operator interrupts ongoing attentional control and directs attention towards the source of the
signal. Such events may have a disturbing effect on the operator's performance, and thus it is essential that emergency
alarms etc. are not triggered to an unnecessary extent and that signals do not distract persons for whom the signals
are not intended. Attention may also be automatically directed towards the operator's own physiological sensations,
such as painful stimuli or physiological sensations associated with stress. Such sensations may have an interfering
effect on deliberate task-related attention.

A.2.2 Simpltaneous attention toward several sources

Under certal
characteristi

n conditions man is also capable of performing several operations simultaneously: The
s of a human-machine system may help to optimize such activities:

following

Narrow
displayq

a) spatial location between displays may help parallel processing. However, Jin the case d

, this arrangement is not recommended;

f auditory

b)
<)

Integral displays may also enhance the possibilities for parallel processing;

If the sy r different

Senses,

stem demands parallel processing, the designer should consider¢he use of displays made fq
since different senses are assumed to draw on different attentional resources;

The deg
unfamili

d) igner should also consider that attentional resources areyheeded to a larger extent if the g

hr with a system.

perator is

A.3 The perceptual system

The perceptlial system translates information from_the-external world into mental representations. The process of

recognizing

with informat
temporal pat
image store
information g

Similar signa

hn object may be viewed as "pattern rgcognition" where features of stimuli are processed and
on stored in long term memory. An_experienced operator has the ability to recognize complex 3
terns. Shortly after a stimulus is ‘presented, a representation of the visual stimulus appears
and in an auditory image_store for auditory presented information. These sensory mem
oded physiologically as an-analogue to external stimuli.

Is occurring within a single processing cycle, may combine into a single perception. There is thu

compared
patial and
n a visual
ories hold

s a critical

period whenisignals are not detectable as individual stimuli.

A.3.1 Decay times

The decay ti the visual

store and ab

mes (half:life) for information held in the perceptual memories are roughly about 0,1 to 1 s for
put 0,9,to 3,5 s for the auditory store.

A.3.2 Attention and expectancy

A person's expectation regarding a stimulus or a configuration of stimuli will influence the accuracy of identification. For
example, a strong expectation that stimuli of a specific kind will appear, may result in the stimulus recognition being
based on fewer features than would otherwise be the case for a stimulus with lower expectation. This characteristic of
expectation in relation to perception is very important for the design of control actuators and displays. For example,
control actuators that share many shape attributes may be confused because the experienced user may only use
some of the attributes for identification.

A.3.3 Perceptual organization
Some principles, known as "Gestalt principles of perceptual organization”, strongly determine how visual information is

processed mentally. These principles may be viewed as natural and largely inherited tendencies which serve the
purpose of structuring the external world into coherent perceptions (Gestalts).
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a) The principle of "proximity" states that elements appearing very close together are perceived as a unit;

b) The principle of "similarity" states that similar features or objects may be perceived as a unit;

¢) The principle of "good continuation" states that elements are easily organized into characteristic patterns.
Elements consistent with these patterns are easily detected even in the presence of disturbances;

d) The principle of "closure" states that there is a tendency to continue to fill out a pattern so that it corresponds to a
"good form", in terms of a simple and closed figure;

e) The principle of "common fate" states that if two or more features share a common fate (i.e. a movement direction,

sync

ronous flashina etc ) thevwill be nerceived - as a unit
~J 7 P4 L

The above
serve as t

A4 Th

The cogn
more per
accessiblg

A4l S

The most
amount of

The decal
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P principles may serve as guidelines in the layout of control actuators and displays and are;largs
ne background for various ergonomics principles of display and control actuator layout.

B cognitive system
tive system involves two important and related memories: the long term memory which store

manently, and the short term memory which holds temporarily activated information, wh
to the operator.

nort term memory

important characteristic of short term (or working) fremory is its limited capacity, both with rg
information that can be held, and to the decay rate. bf the information held.

y rate of short term memory is determined~by numerous factors such as the use of varig
the senses involved (visual, acoustic or tactile), the number and character of the activated info
ver, in practice the following characteristics are the most essential:

nore units held in short term memory the faster the decay;

apacity of short term memoryis restricted to a few information units (i.e. letters, words, numbers
figure for the capacity is difficult to estimate. A tentative suggestion is that about 5 to 9 informati
pper limit of the amountof information easily held in short term memory;

hore similar the information units are, the more errors can be expected.

ner of a human-machine system, should consider the limits of the short term memory. T
s shouldbetobserved:

a) Do n¢t present more information than is needed;
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c¢) Remember that it is difficult to make decisions when the operator is required to hold too many units of information
in short term memory.

A.4.2 Longterm memory

For both theoretical and practical reasons, it is fruitful to distinguish between two related long term memory structures.
First, the declarative memory contains information about factual knowledge, for example, the identity of a machine part,
the meaning of a symbol, safety rules etc. Declarative memory also contains memory of specific experiences of a
person. The other main type of memory is known as the procedural memory, or the memory which stores skills of
various kinds.
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A.4.2.1 Declarative memory

The specific features of declarative memory which can be assumed to be especially important for the designer of
human-machine systems are the following:

Retrieval from declarative memory occurs either as (a) recognition or as (b) free recall. The human has been found to
have a rather good capacity for recognition while free recall is comparatively less efficient. An implication of this
characteristic of memory is that the designer should, as far as possible, present information so that it can be
recognized instead of trusting the operators' free recall of information. For example, when presenting information on
VDTSs, it is sometimes better to have a menu system where the individual features can be recognized, instead of relying
upon the operators' free recall of certain commands.

It should alsp be mentioned that recall from memory is strongly dependent on the context. If some speCific features
have been Igarned in a certain context it is easier to remember those features when the original contextis-present. This
plications, for example, in the design of manuals and instructions, which to be efficient, shoyld include
sufficient infgrmation (pictures, diagrams etc.) similar or identical to the real operating situation.

A.4.2.2 Prdcedural memory

A very impoftant aspect of procedural memory is that well practised skills tend to functioen almost automatigally with a
minimum of feliberate control and attention. However, the fact that a minimum amount of control and attention has to
be invested In a well-practised task, makes these tasks especially vulnerable to errors. For example, an opgrator who
performs a well learned sequence of acts may suffer errors because some circtinstances may deviate from the normal
pattern or cincumstances, and there might be little attention invested in the task to recognize those circumstances. For
example, a ¢river who is used to a certain route may forget a new intention to deviate from the route af a certain
location.

A.4.2.3 Expectations

As indicated| above the expectations of the individual areimportant in order to understand recall from memory. In
general, people assume certain default values associated with various types of information. These default values help
in structuring information and create a preparation for action. However, default values may also, in certain [situations,
lead to the person assuming knowledge which wasmet in the original situation. It is thus wise always to analyze what
kind of defaJlt values the operator may hold in rglation to machine systems. Default values are, as previously stated in
, also of much more general importance than in the context of retrieving information from njemory. In

n is acquiring a new-skill, this process normally proceeds from demanding attention, towards alitomation.
In general, itjtakes a relatively,long time to learn a skill so that it can be performed at the automatic level. In contrast,
certain declarative "factsabout how the task shall be performed, can, "in principle," take a short timg to learn.
However, thg¢se declarative facts, even if they are well-known at the declarative level, may not be efficiently performed
at the skill leyel. Knowledge may not be accessed efficiently if the skill is not well practised.

A.4.2.5 Prgblemsolving

Problem solving can be defined as behaviour directed towards achieving one or several goals. In order to analyze
problem solving situations it is practical to distinguish between (a) the initial state i.e.the conditions, rules and
restrictions given in the beginning of the problem solving process, (b) the intermediate states i.e. the states that the
problem solver passes on the way towards the goal, and (c) the characteristics of the goal states. The initial state may
be crucial for problem solving performance. With respect to problem solving in the context of human-machine systems,
it is important that the operator is given sufficient knowledge in order to solve problems. For instance, the optimal
design of a system seen from the point of normal operation may be very different from the optimal design seen from
the point of an emergency situation, a start up or a shut down. The lesson to learn for the designer is to consider the
system not only from the point of normal operation mode but also from other system modes. For example, in order to
optimize the information of the initial state in an accident scenario the designer may consider separate control panels
for such possible events.
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During the intermediate states of problem solving different actions may be tested and their results evaluated. From a
human-machine perspective, an important factor during this stage is feed-back, which should be fast and accurate.

Slow feed

-back from the system may result in the operator taking actions that later prove to be inefficient.

Under stress problem solving tends to degrade so that the operator may function on a more "primitive" level. Several
kinds of "mental trap" may be observed in problem solving, such as:

a) The operator restricts attention to details and misses relevant information;

b) The operator fixes on an idea and fails to test alternative ideas;

c) The

perator blindly follows an instruction in spite of the circumstances no longer being relevant to that specific

instruction;

d) The gperator hesitates to act without waiting for relevant feed-back from the system.

The follow
a) emph

b) provi

c) provigle support for the operator to build up comprehensive knowledge of the’system;

d) provi
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ing strategies can be used to minimise this type of problem:

asise relevant information corresponding to the current system status;

e support for the operator in devising alternative problem solving strategies;

e feedback to the operator in the form of further instructions where possible.

action times of the motor system

ime is used as a measure for the time taken-from the instant a sense is stimulated until a rgaction of the
em occurs. A simple reflex arc, takes about 0;04 s, while the fastest reaction time which involves the brain is
b s. The normal range of reaction times forJexpected signals is between 0,2 to 0,3 s. When [the signal is
d the reaction time increases to over 0,5.s:

fformance shaping factors

achine systems impose demands on the operator in terms of stress, fatigue, boredom and other| states of the
Performance and the_probability for errors may be a function of such states of the operator. Qonsequently,
er must consider same of the external circumstances in which the system shall be operated and consider if
imstances are likely’to affect the performance of the operator.

creased stress

of facters that may increase the operator's stress level are (a) high performance demands, (b) time induced
severe negative consequences of failure (d) environmental factors such as noise and heat.

The performance effects associated with increased stress levels in general:

a) Narrow the operator's attention during multiple component tasks; less attention is available for the
non-dominant tasks under stress;

b) Redu

ced working memory capacity;

c) Decreased accuracy in tasks which demand rapid decision making.
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A.6.2 States of reduced activation

Tasks which may reduce the operator's level of activity are, for example: (a) simple and monotonous tasks, (b) tasks
that demand continuous attention, (c) tasks which provide little or no feedback, and (d) tasks that stretch over a long
period of time.

Such states as described above may cause performance effects in terms of slower reaction times and missed
information.

A.7 Suitability of humans and machines for different tasks

The allocatign of functions and tasks to operators and machines is essential for the efficient and safe ‘design of a
human-machine system. Table A.1 presents the basic advantages and disadvantages of the human gperator.

The capabilities of machines are changing due to the development of technology. Furthermere the atfributes of
machines arg different depending on the type of the machine (computer, power tool etc.)..‘The user of the table is
expected to adapt the column "machine"” of the table to the specific application.
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