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HUMAN FACTORS FOR DESI GNERS OF EQUI PVENT

PART 4. WORKPLACE DESI GN

PREFACE

I This Part of this Defence Standard provides designers of mlitary

equi pment Wi th an approach to workpl ace design, reflecting a know edge of
factors likely to affect equipment operators such as user capabilities and
limtations within a workplace envelope

i1 This Part of this Defence Standard is published under the authority of
the Human Factors subconmttee of the Defence Engineering Equi pnent
Standardi zation Conmittee (DEESC).

iii This Standard should be viewed as a perm ssive guideline, rather than
as a mandatory piece of technological law. \Were safety and health is
concerned, particular attention is drawn to this Standard as a source of
advi ce on safe working linits, stresses and hazards etc. Use of this
Standard in no way absolves either the supplier or the user fromstatutory
obligations relating to health and safety at any stage of manufacture or
use.

iv Users of this Standard shall note that some material may be clained to
be subject to copyright in this or other countries. Copyright where known
I's acknow edged.

v This Standard has been devised for the use of the Crown and its
contractors in the execution of contracts for the Cromn. The Crown hereby
excludes all liability (other than liability for death or personal injury)
what soever and howsoever arising (including, but without limtation
negligence on the part of the Crown its servants or agents) for any |oss or
damage however caused where the Standard is used for any other purpose.

vi This Standard has been agreed by the authorities concerned with its use
and shall be incorporated whenever relevant in all future designs,
contracts, orders etc and whenever practicable by amendnent to those
already in existence. If any difficulty arises which prevents application
of the Defence Standard, the Directorate of Standardization shall be
informed so that a renedy may be sought.

vii Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is incorporated, are to be addressed to
the responsible technical or supervising authority named in the invitation
to tender or contract.

viii This Defence Standard is being issued as an INTERIM Standard. It
shal | be applied to obtain information and experience of its application
This will then permt the subm ssion of observations and coments from
users using D Stan form No 22 encl osed.
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HUMAN FACTORS FOR DESI GNERS OF EQUI PMENT
PART 4: WORKPLACE DESI GN

Section One. General

0 Introduction

A know edge of the sizes and shapes of human beings and an appreciation of
their capabilities and linmtations is essential if a workplace or
environment is to suit the human operator. A workplace may be defined, for
the purposes of this Standard, as any environment within which an operator
is required to carry out tasks. Consequently, within this definition, a
wor kpl ace can range froma sinple desk through to a conpl ex conpart nent
with several operators in Land, Sea or Air Systens.

To configure the individual operator’s workspace, the designer will have to
arrange all of the equipnent according to the principles of display and
control layout and the ease in which it can be naintained (See Parts 7, 10
and 11 of this Defence Standard). In providing satisfactory space for the
operator to carry out his tasks, the designer will need to take account of
the basic human data considerations of body size, strength and stam na (see
Parts 2 and 3 of this Defence Standard). To configure the operator’s

wor kpl ace, the designer will need to consider both its physica

surroundings and its internal and external environnent, to ensure that the
wor kpl ace neither endangers nor neglects the health, safety or efficiency
of the operator. Achieving a satisfactory workplace free of stressors and
hazards will require the equi pnent designer to comply with the basic human
data contained in Parts 5 and 8 of this Defence Standard, the design
guidance in this Part, also Parts 6 and 9 of this Defence Standard. For a
systenatic approach, the designer will need to consult Part 12 of this

Def ence Standard.

1 Scope

This Part of this Standard provides general guidance for the devel opnent
and evaluation of workplaces. The workplace is considered as the conplete
wor ki ng environment in which all operators and equipnents are arranged to
function as a unit. This unit could be a land, sea or air system either
static or nobile. In terms of the human operator, the inportant concepts
of structural and dynam c anthroponetry are di scussed, outlining the
physical limtations of man within the workplace and workspace envel ope.
Al'so included are general considerations associated with working positions
and postures within the operational environnent. This part of this
Standard is witten as a systens approach to human factors operation of the
wor kpl ace, and harnonises closely wth all other parts of Defence Standard
00-25. It describes a process and a systematic procedure, as well as
providing data, design aiding and evaluation techniques. It defines the
desi gner as a nenber of a design team being part of a nulti-disciplinary
group of professional engineers and human factors specialists, concerned
with all aspects of design of the workplace. As the design of the

wor kpl ace is such a broag area, it is only possible to provide genera

gui dance on the nethods and techniques which can be used. Mich of the
avai l abl e data is specific to certain types of workplace, and could be
quite different fromthose pertaining to vehicle or static consol es.
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1 (Contd)

(It is strongly recommended that, in layouts of any degree of conplexity,
human factors specialists suitably qualified in mlitary ergonom cs shoul d
be consulted). There is sonme deliberate repetition between the various
sections of this part of the Standard, because it is envisaged that
designer(s) will require information in detail for a particular procedure
within the process, as well as know edge of the whole process and their
role(s) withinit.

Section Two of this part of the Defence Standard, which serves as an
introduction to the remainder of the docunent, describes the role of human
factors in the workplace design process, and the stages in workplace

desi gn.

Section Three prescribes the human factors nethodol ogy for the design of
t he workpl ace including the working environnent and physical surroundings.

Sections Four, Five and Six provide guidance on how to apply workpl ace
design and design evaluation techniques.

Finally, in Section Seven, guidelines (including check lists), are provided
for designers in their approach to workplace design

2 Related Docunents

2.1 The docunents and publications referred to in this Part of this
Defence Standard are listed in Annex B.

2.2 Reference in this Standard to any related documents means in any
invitation to tender or contract the edition and all anmendnents current at
the date of such tender or contract unless a specific edition is indicated.

2.3
DOCUMENT SOURCE
British Standards BSI
Sal es Depart nent
Linford Wod

M LTON KEYNES MK14 6LE
Tel: 0908 221166

3 Definitions
3.1 For the purpose of this Part of the Defence Standard the follow ng
definitions apply:

3.2 Design team A nulti-disciplinary group of individuals concerned
with, and responsible for, all aspects of the design of the workplace
including human factors

3.3 Designer. A menber of the design team
4
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3.4 Man-machine interface. The controls and displays which an operator
uses to control, monitor, or otherwi se interact with, the workplace.

3.5 Methodol ogy. An integrated and coherent set of nethods (notations and
t echni ques) and roles applicable to the overall design goal (eg human
factors methodol ogy).

3.6 Mock-ups. A nock-up is a three-dinensional, full-scale replica of the
physi cal characteristics of a system or subsystem (of model). A nock-up
can be devel oped only after equipment draw ngs are produced, although these
drawings may be only prelimnary ones

3.7 Stressor. An inpelling force which causes a demand upon physical or
mental energy.

3.8 Task. A set of related functions perforned by one or nore individuals
and directed toward acconplishing a specific functional objective and,
ultimately, to the output goal of a system

3.9 Wrkspace envelope. The personal space within which an individua
wor ks and where the controls operated and displays viewed are arranged for
efficient use.

3.10 Workpl ace. The conplete working environment within which all of the
operators and equi pments are arranged to function as a unit.
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Section Two. The Wbrkpl ace Design Process

4 The Role of Human Factors in the Workplace Design Process

4.1 Human factors activities. The design of the workplace is recognised
as a major activity conducted during system design and follows on from Task
Description. Workplace design is highly interactive and iterative with
task analysis, the design of equipnment, user manuals, and the design of the
training programme, all of which contribute to design evaluation. (For
definitions of these activities, consult Part 12 of this Defence Standard).
It is essential that specialists in human factors are included in the

wor kpl ace design team or at |east consulted throughout its process, because
their involvenent at the earliest stages will ensure that the workplace is
designed for safe, efficient, and reliable human use.

4.1.1 Having established the workplace design, an evaluation of the
wor kpl ace effectiveness is carried out to determne its method of
operation, including system hardware and software, and the perfornmance of
the personnel operating it. This evaluation will include testing by the
mlitary user, as ultimately the workplace design nust neet the operationa
requirements. User evaluation is nornmally carried out at the prototype
stage when a conpl ete working sYsten1has been produced. More recently,
wor ki ng groups including the mlitary user and the specialists in human
&ﬁctors have become involved earlier in the design process, for exanple
en:

(a) New sub-systems are either retrofitted or denmonstrated within an
in-service workplace.

(b) In-service sub-systens are designed into a new workpl ace

(c) a sinulated workplace is used to assess the effects of stressors which
may exert an overwhel mng influence on the performance of the operator
Exanpl es of stressors include external and internal environmenta

parameters and dynanic properties such as notion and vibration. The
Inclusion of sinmulation in the workplace design process will nornally
depend on whether its cost is justified, and whether the simulation is
realistic. It does however enable conplex aspects of system and sub-system
design to be eval uated

4.2 Mlitary considerations related to workplace desian

4.2.1 Mlitary staff responsible for operational requirenents demand

maxi mum performance fromboth their equi pment and service personnel. The
mlitary place strict requirements on equipnent designers in Industry. If
done effectively, this should ensure that service personnel can operate
equi pment with neximl crew efficiency. Mlitary human factors specialists
are particularly concerned with avoiding the problem of devel oping

equi pnent which nismatches the skills of service personnel. This not only
del ays the acceptance of the equi pnent into service because of extended
devel opnent tinme, but inposes prolonged and costly training demands on the
services when equi pment is found to be difficult to operate.
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4.2.2 As weapon systemns, including workspaces, becone nore conplex, the
Mnistry of Defence expect equipnent designers to ensure that they design

or current service personel. It is inmportant that the capabilities and
limtations of service personnel are understood, for it is their attributes
that formthe baseline for design considerations of equipment. It is
recogni sed that training can inprove the service personnel’s proficiency,
but it nust not be considered a substitute for poor design.  Equi pment
shoul d be designed to be as procedurally sinple as possible and not require
service personnel to performintellectually demanding skills in order to
operate it. Designers must design for service personnel performng under
states of emergency and thus being stressed and fatigued from many causes.
Operator performance decrements will readily occur, not by the service
personnel’s inability to perform but because they will be physically and
mental |y overloaded. Therefore in order to utilize equipnment properly, it
nust be designed for the specific target population. This constraint nay
seem obvi ous, but must be the primary consideration of the designer

4.2.3 Human factors specialists nust play a significant role in deciding
not only the details of the workplace design to be constructed, but also on
how the workplace will be used. For exanple, full scale wooden nock-ups
are constructed for evaluation as design tools of representative build
standard, and not merely used by Industry as a sales incentive.

4.3 Equi pment designer difficulties

4.3.1 This part is witten to provide the designer with a better insight
and understanding of the human factors role in workplace design, and does
not replace the mlitary human factors specialist’s input into the design
process. The workpl ace designer never has a 'carte-blanche' for the
construction of the workplace purely on hunman factors aspects. Conflicting
requi rements invariably Inpose restrictions and constraints on the designer
and the end result is often a conpromise. It is therefore very inportant
for designers to have access to the relevant human factors data base as
earlﬁ as possible so that their thinking is influenced by the requirenents
of the human operator, rather than arranging the workplace fromthe shapes
and di nensions of the subsystems within it. The designer nust be made
aware that his background in terns of training and personal experience
probably mismatches with the user’s requirenents. For exanple he is often
likely to be nore intelligent, older, less agile and unfit, conpared to the
operator he is designing for

4.3.2 CGenerally, the anthropometric data base for mlitary personnel is
wel | documented (See Part 2 of this Defence Standard). The range of body
sizes defined in anthroponetric survey studies can provide the equi pment
designer with an imediate static dinmensioned input to his scaled draw ngs.
Unfortunately it is often difficult for the equipment designer to interpret
the anthroponetric data for dynamc use to arrange the workplace for
efficient operation by the required range of human operators’. As a first
| evel approach, the construction of either scaled mani kins based on nude
anthroponetric data with sinple pivoted joints or, where access to
conputerized design aids are available, by the manipulation of man-nodel

i magery in pseudo - three dinensions within the [ine construction of

di spl ayed drawings, is probably the best he can do
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4.3.2 (Contd)

Wiat is nost difficult for the equipment designer is to interpret the
derived resultant working postures in terns of human factors acceptability,
because he is unlikely to have the background experience and know edge of
the mlitary human factors specialist.

4.3.3 The construction of the full scale wooden nock-up can have a
significant role in deciding the internal |ayout of the workplace design
However the designer nust neither base the workplace |ayout of the wooden
mock-up on his own personal dinensions and preconceived theories, nor
consi der hinself to be representative of the user. At this stage of

wor kpl ace design, the human factors specialist input is vital because
initial assessment can be carried out using representative subjects from
the required range of the user population wearing their relevant clothing
assenblies, as well as thinking through their roles and activities in the
real system Various alternatives in workplace |ayout can be easily
constructed and considered before the final design choice is made. See
Part 2 of this Defence Standard.

4.3.4 Design evaluation at the prototype stage must include the full
participation of the user, because his assessment and opinions are
essential. At this stage, before making any required nodifications, the
desi gner shoul d be nost flexible, responsive, and able to readily accept
constructive criticisms of his design, before naking any required

nmodi fications. Prior to acceptance by the user, considerable nodifications
are often required because nost of the faults are then highlighted,
particularly if the designer has not heeded human factors advice. For a
mobi | e workpl ace such as a land, sea or air based equipnent, probably al
of the human factors aspects contained in the remainder of this Defence
Standard will be brought together into the conplete system A'so in sone
i nstances, human factors aspects will interact with each other, and may
even conflict with the workplace design requirements.

5 STAGES | N WORKPLACE DESI G

5.1 Prelimnary desian

5.1.1 Introduction. At the prelimnary design stage, alternative |ayout
concepts of the new workplace are examned to investigate whether or not
they are workable prior to detailed design. Their main feature is that
they are quickly adjustable and easily changed. For description of nethods
of prelimnary design, see Section 5 Cause 11.1.

5.1.2 Paper nmock-ups in two-dinensions. Paper nock-ups are |ow cost and
quick to prepare. Two dimensional layouts are constructed in reduced scale
orthographic projection. The operators’ locations are usually depicted by
a circle with an indication showing the operator’s line of sight. Mgnetic
boards can al so be used thus enabling |ayouts to be displayed vertically to
the design team Collective discussions of this first-step evaluation of
alternative |ayouts can be easily viewed and changed for assessnent. In
addition, magnetic boards are also suitable for the prelimnary exam nation
of full-scale relationships on a vertical surface, and give a first
opportunity for evaluating spatial relationships and defining reach
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5.1.2 (Contd)

Scal ed mani kins at each end of the popul ation range are nanipul ated to
ensure that the required range can be acconmodated equally well.  Paper
mock-ups shoul d neither be regarded as toys nor ignored by the professiona
designer.  High cost mock-ups do not provide any further useful information
than | ow cost paper ones at this early stage, but can establish inportant
criteria for the devel opnent of nore detailed nock-ups later on in the

wor kpl ace design process.

5.1.3 Foam nodel in three dinensions. Techniques such as expanded foam
(see figure 1), soft wood and 'Lego' -type nodels (see figure 2), can be
generated for evaluating alternative workplace |ayouts. These mpbdels are
usually on a reduced scale and constructed from materials which are easy to
cut and assenbl e.

5.1.4 Prelimnary nmock-ups in three dinensions Prelinmnary nmock-ups can
be either in reduced scale nodel or in full scale form Reduced scale
model s are especially useful for evaluating either the total arrangenent
and |ayout of large itens such as buildings and structures, or furniture
and fittings within a building or vehicle. They are particularly
beneficial for interpreting the user’s layout requirements. Their scale
shoul d be selected to suit evaluation purposes, and will depend on the
overal | number of large scale elements within the total arrangement.

5.1.4.1 The basic full-scale three dinensional nock-up is principally
valued for representing spatial inter-relationships between the operator
and their controls and displays. Cearance, reach and view ng parameters
can be established as well as deciding upon whether or not the operator is
required to sit and (or) stand. Al so they are extremely useful for

i dentifying requirenents for ease of maintenance of equi pnent. (For
further details on design for maintainability, see Part 11 of this Defence
St andard) .

5.1.4.2 Higher level prelimnary full-scale nmock-ups may be required once
the general layout of controls and displays is established. Actua
instruments can be nounted and activated to various degrees, depending on
the purpose of the simulation. For exanple, instrunentation can be
powered, by linking with a computer system to simulate and eval uate
alternative control and display concepts.

5.1.4.3 A nore advanced level of the full scale nock-up can be mounted on
a dynamc platformto sinulate the notion of a |and, sea or air based
vehicle. This level of nock-up, in terms of tine and cost can only be
justified if the dynam c aspects of the man-nmachine interface are
particularly critical to the functioning of the operator(s). Mck-ups at
this level of sophistication can approach the potential of a training
sinulator but for operator safety must be ruggedi sed.
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Fig 1 Diagrammatical Representation of Foam Model

Fig 2 Representation of ‘Lego’ Type Model

10
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5.2 Detail ed design

5.2.1 Introduction. At this stage, the proposed workplace design is
expanded to include nmore detail. Scaled draw ngs are constructed, and the
design is evaluated using nock-ups and sinulation, leading to the prototype
workplace. During this period, test and eval uation procedures are carried
out by human factors specialists as well as others wth conpeting

interests, and often become highly iterative and interactive. This
characteristic of detailed workplace design requires the designer to be
flexible and responsible to constructive comments.  (For further
information see Part 12 of this Defence Standard. Description of methods
for detailed design, see Section 5, Cause 11.2).

5.2.2 Scaled drawi ngs including naniKkins

5.2.2.1 Engineering drawi ngs for workplace design are usually scal ed
between 1/10 to % scale and are nore often depicted in side elevation rather
than in plan or end elevation. Scal ed two-di mensional nanikins
representing the physical dinmensions of the unclothed human body provide a
guide for initial estimates of workplace fit. Fabrication of sets of

mani kins to scale require a skill not generally taught in standard

engi neering courses. Drawing the human figure fromlife under fornmnal
training will aid the designer to draw manikin tenplates fromthe limted
number of anthroponetric dinensions available. They are usually made to
represent the two-dinensional aspect of a human as seen fromthe side
(sagittal plane). Front (coronal) and plan view (transverse plane)
mani ki ns, however, are |ess comon and are probably more difficult to
construct. To aid in their construction, dinensions of body |inkages
expressed as a percentage of stature are contained in Part 2 of this
Defence Standard. Dinensions for constructing manikins in the seated
posture obtained fromstatic anthropometric data should not be used in the
standing posture or vice versa, because they will be inaccurate due to the
conplexity of joint articulation. Pairs of manikins are usually
constructed from nude anthropometric data to represent the 5th and 95th
percentile range of the target population in all dinmensions, but w der
ranges have been required for specific mlitary populations.

5.2.3 Conputer Aided Design (CAD)

5.2.3.1 Conputer Aided Design (CAD), can assist in the workplace design
process provided it:

(a) reduces design tine.

(b) inproves design

(c) reduces the designer’s workl oad.

(d) reduces design cost.

Engi neering conpani es have mainly used CAD for three-dinensional (3D)

geonetric draw ngs and have included the man-nmodel only as a secondary
feature. The fundamental difficulty of incorporating the man-nmodel has
been because the conmputer menory capacity required to nanipul ate the nmode
s excessive and the provision of establishing and updating an adequate
human factors base has not been provided. An advantage of CAD is the
ability to provide instant draw ngs without the need for draughtsnen.

11
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5.2.3.2 The 3D nodelling of the workplace is available on several CAD
systems. SAMME (System for Aiding Man-Machine Interaction Eval uation) for
exanpl e, has been specifically devel oped to enable human factors

eval uations of workplace design at the concept stage, prior to the
construction of full scale detailed nock-ups (see Figure 3).

5.2.3.3 Stereophotogrammetry has al so been considered for portraying
anthroponetric data and the production of 3D envel opes of the clothed
person. Pairs of stereophotographs are taken of the subject and anal ysed
to produce contour maps of his/her outer surface. From these photographs
3D co-ordinates are obtained fromany point on the surface. It is
considered to be the best method of producing 3D anthropometric data and
body envel opes. Unfortunately, it does not produce a mobile anthroponetric
clothed nodel of the man for articulating in an interactive CAD system

Vi deo-granmetry using close circuit television may provide a better data
base of clothed anthroponetric dinmensions for future use in a CAD system

5.2.4 Full-scale wooden nock-ups

5.2.4.1 The construction of the wooden nock-up provides the means for
deciding the internal layout of the workplace. Alternative |ayouts can be
easi |y considered before the final design choice is made. Wrkspace and
cl earance estimates nmust be assessed using a range of representatives of
the User popul ation wearing their [ikely maxi mumclothing bulk. Exanples
of Land, Sea and Air Systems are provided in Section 5.

5.2.5 Dynam c _simulation of workplace and equi pnent

5.2.5.1 | ntroduction. The construction of any physical nmock-up of the
workplace is, in a sense, a simulation of the man-machine environment. As
wor kpl aces beconme nore conplex, there will be external factors which may
exert overwhelmng effects on the operator(s) performance. Both externa
and internal environmental paraneters may require sinulation and contro
because these may influence how well the man-nmachine system functions. The
extent of realismnay depend on several aspects including:

(a) How inportant each variable is in effecting the eventual performance
of the operator.

(b) How realistic the inportant variable can be sinulated (ie poor realism
can be worse than none).

(c) The length of tine required to develop the sinulation.

(d) Whether the cost of simulation is justified: If it exceeds the cost
of the final hardware, the sinulation cannot usually be justified. The
designer nust also avoid the tenptation of creating an exotic sinulation
just because it is a design challenge.

5.2.5.2 Wen the dynam c environmental characteristics of the workplace
are considered to have a marked effect on the behavioral response of the
operator, the design of a sinulator is justified. [If critical physical
conditions are considered to effect the efficiency of the operator, such as
noi se, vibration, gravity forces, atmospheric pressures and tenperatures
outside of normal limts, special sinmulations of the workplace may be
constructed

12
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5.2.5.3 For exanple, human factors aspects considered highly pertinent to
conbat operations for mlitary aircraft are the pilot’s external vision
requirenents and the control of the aircraft. Among the nmore significant
visual aspects are

(a) Formation flying

(b) Aerial conbat.

(c) Gound reconnai ssance

Typi cal considerations for aircraft control are the effects of:

(d) Physiol ogical stressors such as high 'g" forces on the pilot caused by
tactical and conbat requirenments

(e) Data and task saturation caused respectively by information and
per formance overl oad.

(f) Disabling wounds to the pilot.

#F) Critical aircraft control damage which nmakes the aircraft difficult to
y.

However, the designer should note that when sinulation of physica
conditions explores stressors that are hazardous to the health and safety
of the operator, human factors specialists, ethical bodies, and nedica
staff nust be highly involved early on in their design, to closely nonitor
any testing which involves human subjects. Further information can be
found in Wodson (1981).

5.2.5.4 Wen the sinulator designer cannot guarantee the health and safety
of the operator, the operator nust be provided with protection. Protection
shoul d either be designed into the workplace, or the design nmust be
conpatible with individual protection worn by the operator. From a human
factors viewpoint, it is usually better for overall protection to be
designed into the workplace, in order to protect all the operators, as

i ndi vidual protection often degrades operator performance by interfering
with the human senses, restraining the operator in the workplace, and
usual Iy adding to anthroponetric dinensions with extra clothing bulk. If,
in the course of duties, the operator requires to | eave the workplace and
enter a hostile external environment, individual protection will need to be
stowed internally beside the operator, in dedicated places close to the
operating position.

Wiere workspace constraints makes donning of individual protection
difficult, either some or all of the individual protection will need
pre-wearing, before engaging in external exposure.

5.2.5.5 Wien sinulator designers cannot either satisfactorily protect the
operator within the workplace environnent, or provide satisfactorz

wor kspace dinensions, the operator nust be excluded from the workplace. If
human factors interactions are still required for workplace control, these
operations nust then be carried out renmotely by the operator

14
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5.2.5.6 There are broadly two types of workplace simulator, one designed
for research and the other for training purposes. For the detailed design
of the workplace, human factors activities should include them both,

because each of them contribute separately to design evaluation (see C ause
4.1). A nost recent exanmple is of a virtual cockpit for investigatin? t he
concept of the 'electronic crewran'. Both research and training sinulators
are tending towards conputer generation rather than three-di mensi ona
representations of the task

5.2.6 Denpnstrators

5.2.6.1 Workplace denonstrators may resenble their real-life counterpart,
dynam cally and operationally. However, if a crew station is part of a
research programmre, it will not necessarily represent any specific system

5.2.7 Rigs

5.2.7.1 Wrkplace rigs can be designed for both nobile and static
applications. Wen the rig is dynamc and human operators are included, it
I's essential that human factors specialists rate the rig to ensure the
operators safety.

5.3 Design reviews

5.3.1 The design contractors, the MO Procurenent Executive (PE), the
human factors specialists and others involved, conduct regular technica

and design review nmeetings to nonitor progress and ensure that al
conflicting views and opinions on the workplace design are voiced and
mnuted. The Chairman nust ensure that any conflicts are satisfactorily
resolved.  Any unresolved issues nust be docunented by those parties who
rai se them and copies sent to both the project manager and the operationa
requirenents branch concerned. Sonetimes, aspects pertinent to specialist
interests may still not be satisfactorily resolved, and require further
work.  Experience has shown that in the workplace design of nobile

| and- based systems, human factors specialist advice is not always followed
despite tinely advice being made available to the PE. Oten the reasons
given are that the operator is adaptable and can work in less than optinmm
conditions. However adaptation can degrade the operator’s performance with
subsequent loss to his efficiency. \Where nodifications are required, PE

i ssue task requests to the contractors and action themto include changes
in the initial build standard. At the conclusion of this stage, the design
is considered frozen and drawings for the final detailed design are seal ed.

5.4 Prototype system

5.4.1 The initial prototype workplace is built fromthe sealed draw ngs
for subsequent test and evaluation. User opinion is essential at this
stage in order to reach agreement and acceptance of the workplace

prototype. Modifications if necessary, nust be fed back into the detailed
design of the prototype workplace prior to its production, otherw se costly
retrofits will be required

5.4.2 Regular trials panel meetings under the project manager are

conducted as a forumfor reporting how trials are going and to both
allocate and provide the resources for trials and associated purposes.
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5.4.3 Trials reports are witten and are included in the acceptance report
docunent.  Conparisons are then made as to whether or not the workplace
neets the Staff Requirement (SR). The acceptance report docunent Is
discussed in detail at a pre-acceptance neeting prior to the Qperationa
Requi rements (OR) branch formally accepting the workplace for 1n-service
use.

5.4.4 \Where sone aspects of the workplace system do not neet the SR and
providing that further work can rectify any outstanding aspects, acceptance
can be granted with provisos. Provisos are carried out during post-design
services work and are specified on the acceptance certificate. \Wen the
design does not meet the SR and is unlikely to do so, even with further
devel oprment, the user will not accept it hence the project is either
termnated or subjected to a major review.
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Section Three. Human Factors Methodol ogy

6 | ntroduction

6.1 Workplace design is related to the human factors activities in the
detail ed design stage of system devel opnent (See Part 12 of this Defence
Standard) and also includes all of the Parts of this Defence Standard.
Correct workplace design will expect equi pment designers to cover the basic
human data of the operator (See Parts 2, 3, 5 and 8 of this Defence
Standard) with design guidance (See Parts 6, 7, 9, 10 and 11 of this
Defence Standard) in order to construct a workplace fit for human use.

7 Design of workspace and the workplace

7.1 Functional anthroponetrics

7.1.1 Definitions. Ant hropometric data is used to determne the

di nensi ons of the workspace envel ope needed by personnel to performtheir
tasks, and can be expressed in one of two forms. Static (or structural)
dinensions are taken with the subject in a rigid standardized position
Dynam c (or functional) dimensions are neasured in working positions and
take account of certain degrees of body novenent and flexibility.

7.1.2 The workspace envel ope. The workspace envel ope nust be conpatible
with the anthroponetric dimensions of the target popul ation of operators
using the equipment. Dinmensions of the larger operators are used for
determ ning clearances and near (ie mnimum limts of reach, especially
when the seated operator has either a seat backrest or other obstruction
interfering with the rearward novenment of the el bows. Reach dinensions of
the small operator should be used to determne the far (ie maxinum limts
of reach, particularly when the worker is either standing behind a bench or
seated and harnessed to a non-adjustable seat. The seat reference point
(SRP) illustrated in figure 4, is comonly used as a standard starting
point for reach dinmensions of seated operators. It is defined as the

m dpoi nt of the intersection of the plane of the seat surface, with the

pl ane of the backrest surface of the seat and tangents of the md-Iine
contours of the seated man.  Equi pment positioning should therefore be
based on the reach |limts dictated by both large and snall operators. In
addition, the effects of clothing which add to the clearance requirenents
and which can also restrict nmovement must be considered. Static human body
dimensions are traditionally measured with the nude subject either standing
or sitting erect and will not represent the dynamc characteristics of
normal stooping, slunping, bending, stretching or noving about. It is
reconmended that all types of |ayout should be verified in either a

t hree-di mensional, full-size nock-up or conputer nodel, where subjects or
man-nodel s representing the extrenes of the expected user popul ation can
actually be tried in the l[ayout.

7.1.3 Critical dinensions

7.1.3.1 Although static dinensions are useful for many design purposes,
they do not take into full account the flexibility and nmovement of joints.
Dynam ¢ ant hroponetry provides a better representation of the workspace
envel ope since in nost workstations an el ement of movenent occurs. The
inplications of this can be seen, for example, in the design of a driver’s
wor kpl ace (figure 5) where it is undesirable to fix the operator into a
rigid posture, due to the possible bending of the back and hand

mani pul ati ons.
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Seat
Reference
Point

Fig 4 Seat Reference Point

Fig 5 Fit Based on Static Dinensions (Left), Dynam c Dinensions (R ght)

Dimensions in millimetres

Normal area proposed by Squires Normal area proposed by Barnes
Maximum (left)

Maximum (right)

Normal (right)
Normal (left)

Normal Area. Defined as the area which can be conveniently reached with a
sweep of the forearm the upper arm hanging in a natural position at the
side of the body.

Maxi num Area. Defined as the area that could be reached by extending the
arm from the shoul der.

Fig 6 Effective Reach Paraneters
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7.1.3.2 \Wen performng physical functions dynamcally, the individua
body menbers normally do not operate independently but together. The
practical linit of armreach, for exanple, is not the sole consequence of
armlength, as it is also affected in part by shoul der novenment, partia
trunk rotation, possible bending of the back, and the function that is to
be performed by the hand. These and other variables make it difficult, or
at least very risky, to try to resolve all space and di mension problems on
the basis of structural or static body dinensions. The inportance of
carrying out some kind of sinulation or fitting trials cannot be

over - enphasi sed.

7.1.3.3 Many types of work activity are carried out on horizonta

wor kbenches, desks and workstations. For such worksurfaces, normal and
maxi mum areas have been proposed by Barnes (1963) and are based on the
neasurenents of 30 nen. These two areas are shown and described in

figure 6. Related investigations by Squires (1956) however, have served as
a basis for proposing a sonewhat different worksurface contour that takes
into account the dynamc interaction of the novenent of the forearmand the
elbow. The area that is so circunscribed is superinposed over the area
proposed by Barnes. It can be seen that the area described is somewhat
different in shape and area. The fact that the normal work area proposed
by Barnes has gained w de acceptance probably indicates that it is quite
adequate for nost purposes, although the somewhat shall ower area proposed
by Squires probably corresponds somewhat better wth dynam c anthroponetric
realities (MCormck E J and Sanders M S, 1982, Page 327).

7.1.3.4 Representative workplace |ayout should acconmpdate a range from at
| east the 5th to 95th percentile of the user population. However, sone
mlitary specifications may be nore stringent and require a range fromthe
3rd to 97th percentile. Specific applications where there is a

wel | -defined population (ie female electronics assembly personnel) may
enabl e an even wider range to be considered (eg 1st to 99th percentile).

In each case, the appropriate anthroponmetric data should be consulted (see
Part 2 (Body Size) of this Defence Standard).

7.1.4 Functional factors. Two functional considerations in good workplace
| ayout are visibility and clearance both of which are related to an
operator’s anthroponetric and bi omechanical characteristics. Procedural
efficiency, a third factor, is related to perception and reaction. A
fourth factor is access to displays, control and work surfaces and storage
areas, which can also be related to anthroponetric di mensions.

7.1.5 Field of view The designer nust consider primry and secondary
line of sight factors. 'Qut of the window observation' mght define a
primary visual task, whereas a secondary task would be to nonitor
instrunents or display states inside the workplace (such as a cockpit). In
contrast to this, a static console may have the control/display area of the
console as the primary visual task, with the wider view of other personne
as the secondary visual task.
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7.1.6 Oearance. Cearance at various levels is inportant for: Access to
and from the workplace, for ease in grasping and operating controls, for
ease in adjusting the body properly to the visual control task and for the
avoi dance of physical disconfort or injury. Al of these factors may be
greatly influenced by restraints which the operator may need to wear and by
the special clothing worn to insure safety and/or to provide life support.
In establishing clearance requirements whether related to access, contro
mani pul ation, body position or injury avoidance, the designer nust
recogni se the specific needs of the user and take these into account.

7.1.7 Desian anthroponetrics

7.1.7.1 In order to acconmodate as much of the popul ation range as
possi bl e, seating should be appropriately adjustable. The seated eye
hei ghts of both the largest and smallest percentiles are inportant
reference points for the designer.

7.1.7.2 Restraint by a seat belt or shoulder harness and restrictions such
as a fixed view ng distance can make armreach a critical factor, but even
limted body notion causes these dimensions to be less critical. Oher

| ayout requirenments can then assune a higher priority.

7.1.7.3 Al'lowances should always be made when using anthroponetric data
for such factors as, seated slunped posture (40 mm, effects of bul ky
clothing, body novenent caused by vehicle oscillations, sudden

decel eration, altitude changes or weightlessness, and for dimensiona
alterations introduced by stooping, squatting, tw sting, turning, or
doubling up (refer to Part 2: Body Size).

7.1.8 Priority of design considerations. Priorities should be assessed
for each individual case by human factors specialists. Equal priorities
can exist and often the final solution is a conprom se of severa
priorities. This must be conducted in a rational manner with the hunan
factors specialists, the user, and the designer. The principles of contro
and display layout (ie functional grouping, sequence of operation

i nportance and frequency of use) are identified and referred to in Part 12
of this Defence Standard and control coding information is detailed in
Annex A to Part 10 of this Defence Standard.

7.2 Design of workplace

7.2.1 General principles. Preci se workpl ace dinensions are strongly
dependent on the activities being carried out. It is therefore only
possible to provide general guidelines within this docunent and these are
based primarily on a static workplace. For specific applications such as a
vehicle or an aircraft cockpit, additional constraints apply. It is not
possible, within the scope of this Defence Standard, to cover all of the
likely situations and the designer is recormmended to consult nore
speci al i zed sources of data such as the Arny Personnel Research
Establishment (APRE) for |and systems, Admralty Research Establishnent
(ARE) and the Institute of Naval Medicine (INV for sea systens and the
Institute of Aeronautical Medicine ( |A¥9 and the Royal Aircraft
Establishment (RAE) for air systens. hese organi sations may wel |
recommend specialist contacts in Industry.
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7.2.2 Ceneral layout. By following the general design approach and basic
information requirements described below in Cause 7.2.3, designers can
devel op workpl ace layouts for specific applications.

7.2.3 Primary considerations

7.2.3.1 Visual requirenents

- view outside the conpartnent or vehicle

- view within the workplace (panel nounted displays and controls etc).

- sight-lines to other personnel

- sight-lines to other equipment (displays, status boards and maps, for
exanpl e).

For specific guidance, the designer is directed to Parts 6 and 7 of this
Def ence Standard

7.2.3.2 Auditory

direct personal communication with other operators.

— signals from |oudspeakers, earphones.
warning bells, sirens, alarns etc.

— equi pnent operation eg auditory and sound unique to individual systems
such as keyboard feedback

For specific guidance, the designer is directed to Parts 8 and 9 of this
Def ence Standard

7.2.3.3 Denands for control activity

hand and foot controls.
| atches, handl es, push buttons, toggle switches, rotary selector
swi t ches, knobs, cranks, handwheels, |evers, pedals, touch displays and
keyboar ds.

restraint harness, fasteners, restricted nobility.

seat adjustnents, optical adjustnents, canopy/cover opening etc.
energency items eg flashlight, survival gear.

7.2.3.4 Handedness

(a) Degrees of handedness vary from dom nant right-handed through

ambi dextrous to strong left-handed. Left handedness (ie hand preference)
is generally less than 10% of any large national population. A sample (N =
1124) of British Arny popul ation found that 8.8% were |eft handers.
Individuals with truly equal preference for handedness are extremely rare.
Controls particularly tools, are more often designed for right-hand
operation. Left handed operators often find themdifficult or
unconfortable to use, which may lead to fatigue and risk of accidents. A
solution is not sinple. Sonetines right and left handed tools are designed
but are uneconom cal or difficult to produce.

(b) Handedness may sinply be classified for individuals on the basis of
the witing hand. However for conplex tasks this division is insufficient,
because the individual can have different hand preferences for various
actions which could cause difficulties when determ ning which hand shoul d
operate which control. For exanple, tightening a screw (ie with right hand
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(b) Contd

thread) is easier for a right handed operator because ?reater torque and
range of hand novement is possible. However, all people nmake cl ockw se
movements better with the right hand, and counter clockwi se novenents
better with the left hand. Therefore it is crucial to assess the job
requi rements and match themto the operator’s capabilities including
strength.

(c) Handedness may be classified as the difference in the ability to
conpl ete mani pul ative tasks with the preferred hand. Differences in
dexterity may be due to the relative feedback control of novenents.
However, once sequential novenments are automatic (or ballistic), either
hand can performw th equal skills and operator perfornmance becones a
direct function of practice (Flowers, 1975). Also the skill involved in
hand- eye coordination are also mainly subject to feedback control. For
specific guidance, the designer is directed to Part 10 of this Defence
St andar d.

7.2.3.5 Body clearance

- possibility of an operator bunping el bows, knees, head etc during both

nornmal and emergency exit, crash ejection, or rescue

- possibility of inadvertent snagging or accidental operation of controls
or handl es

- relationship between operator’s workpl ace and adjacent workstations.

For specific guidance, the designer is directed to Part 2 of this Defence
St andar d.

7.3 Wrking environnent

The control of vibration, noise, light, thermal radiation, pressure etc,
shoul d be acconplished at the source, or if this is not possible, at the
workpl ace.  For exanple, proper orientation of a display panel can reduce
the effects of glare from an anbient |ight source. Structural support for
a hand or armcan reduce vibration effects and inprove the precision of
manual control. Independent seat suspension, seat padding and contoured
seating can reduce postural stress fromroad shock, as well as fatigue from
long duty periods in confined quarters. The application of cognitive
ergononi cs such as colour coding displays will help to optinise perfornmance
if used correctly in a crowded workplace. The designer should strive to
elimnate or mninmze any debilitating effects of the environment on
operator performance. See figure 7 and Parts 5 and 7 of this Defence

St andar d.

7.3.1 Physiological factors. Wor kpl ace design and |ayout should avoid

i nposi ng any physi ol ogi cal stresses on the operator. Designers should
recogni ze gross personal hazards by providing crash protection for exanple,
and al so be responsive to nore subtle physiological stresses arising from
sinple design incongruities, eg:

(a) lack of postural control or support;
(b) inproper or inadequate distribution of body weight;

(c) cardiovascular restriction
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7.3.1 (Contd)

(d) fatigue-inducing activity or awkward reaching;

(e) habitability;

(f) noise and vibration effects

(g) visual strain due to inappropriate |location of displays,

The environmental stressors and hazards which can be created within the
wor kpl ace often interact and have inplications on the design of the
workplace. A nore detailed account of the effect of environnental
stressors is given in Part 5 of this Defence Standard.

7.3.2 Psychological factors. One of the primary psychol ogi cal objectives

of workplace design is to promote User acceptance. An operator is nore
likely to be notivated in his tasks if the workplace is:

(a) functional and logically arranged according to sound ergonomc
principl es;

(b) easily accessible in terms of entry and exit;

(c) easy to operate by follow ng known popul ation stereotypes, see note;
(d) operationally sinple to use and understand;

gggaiﬁsigned to avoid the risk of inpairing the operator’s health and

If an operator has difficulty in attaining the working position, seeing or
moni toring displays, or reaching controls because of poor arrangenent, his
nmotivation can be affected. In performing tasks, the operator’s sensory
cognitive and psychonotor abilities are influenced by the design of the
workplace.  For an operator to perceive and respond efficiently,
appropriate and conpatible displays and control output devices are
necessary.

NOTE: Details of population stereotypes are given in Bailey (1982), pages
268 and 269; Kantowtz and Sorkin (1983), pages 325 to 331; and Annex D to
Part 10 of this Defence Standard. It should be noted that differences
exi st between nationalities.

7.3.3 Workstation Tones and Contrasts

7.3.3.1 The choice of colours, tones and contrasts within a workstation is
of greater operational inportance than may be expected. For instance
strong colour can be a distraction, but can also have attention-hol di ng
properties and aid search and target acquisition. Generally, medium tones
shoul d be chosen for a workstation and should be neither excessively bright
nor excessively dark.

23



DEF STAN 00-25 (PART 4)/1

I

Tall men establish The full range of eye
minimum clearance Short men establish positions must be taken
requirements reach envelope into account

Unusual body positions Dynamic motion
effect

Criticality of eye position
determines dimensional flexibility

Fig 7 Some Exanples of Environment |nfluences on Body Di mensions

Fig 8 Console Incorporating Wal kway or Energency Lighting
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7.3.3.2 In the primary visual field, contrast ratios fromone tone to

anot her should be within the ranges of 1:3 to 2:5. There should neither be
harsh nor severe changes in contrast within this region. [If a single
operator uses nmore than one display screen, it should be possible to adjust
the brightness to make them conparable. This will reduce the visual

fatigue resulting from constant changes in adaption |evel when |ooking from
one screen to another. At the periphery, a contrast ratio of 10:1 is
accept abl e

7.3.3.3 Surfaces should be non-reflective so that glare sources are not
created. Gare is experienced if a bright [ight source is within the
visual field, whether this is seen directly or as a reflection in a shiny
surface. Excessive glare (disability glare) makes it difficult to
recogni ze detail wthout necessarily causing visual disconfort, although
li ght sources nore than 45° fromthe main line of sight are unlikely to
cause glare problens. In many interiors, glare is more likely to cause
visual disconfort than actual disability.

Disconfort glare may not be so apparent but its effects are cumulative and
contribute to a sense of fatigue, especially after long shift periods.

These cunul ative effects are particularly serious when the visual task is
demanding, as it is when working with Video Display Units (VDUs). However
they can also affect the efficiency of performng relatively sinple tasks.

7.3.3.4 For these reasons it is reconmended that workstations should have
medi um t oned non-reflective surfaces. For the general interior of

wor kstations, a lighter fresher colour, such as off white, should be chosen
to avoid glare.

7.3.3.5 To aid maintenance, lift-off back panels should be conpletely
removable to reveal light-coloured interiors, and assist the spread of
l'ight within,

7.3.3.6 To take account of the light output from display screens, the

i mredi ate surround should be simlar in tone and colour to avoid harsh
contrasts greater than 1:3. Surrounds should al so be non-reflective to
avoi d the occurrence of screen reflections on the worksurface. For further
information on lighting design and application see Part 6 of this Defence
St andar d.

7.3.3.7 Room contrasts by day and night

Daytine. In rooms which are used 24 hours per day that have w ndows, it is
often difficult to achieve a satisfactorﬁ m xture of daylight and

artificial light. It is desirable to achieve a fairly even |evel of

i I'lum nation during daylight which can be maintained during the hours of
darkness with artificial light only. To avoid large degrees of pupillary
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7.3.3.7 (Contd)

adaptation to changes in light |level (which can take up to a mnute and is
fatiguing), the eye should be gradually led towards brighter areas such as
windows. The principle of avoiding harsh or severe contrast changes within
the general visual field should be followed.

Night-time. Mintaining an even illunination level can be difficult to
achieve. Light coloured blinds can help and shoul d be provided over

wi ndows to avoid shadows and reduce reflections off the glass. Potentially
hazar dous objects such as pillars, need to be clearly seen, thus the
arrangement of light sources should take account of their visibility and
contrast. \al kways and throughroutes need illumnating, and this can often
be conveniently incorporated within a console (see Figure 8). For specific
applications such as radar roons and particular mlitary circunstances, see
Part 6 of this Defence Standard.

7.4 Physical surroundings

7.4.1 Dinensional factors. Wrkplace di mensions should be conpatible with
anthroponetric characteristics of anticipated operator populations. A
dynam ¢ eval uation should be carried out by mocking-up designs in ful

scal e using people who represent the range of the user popul ation, and by
conducting simul ated operations.

7.4.2 Safety. Safety for the operator nust take overall prioritY in
wor kpl ace design. A conplete |ayout conception nust include a full

consi deration of potential hazards. Projections and sharp corners are

i mredi at el y obvious and nust be avoided, but a poor |ayout likely to cause
incorrect operator response is nore difficult to recognize at the design
and devel opment st ages.

7.4.3 Standardization. The designer should investigate previous workplace
| ayout solutions, particularly when they reflect the guidance and
specifications of published mlitary requirenents. Standardization anong
systems provides several inportant benefits including:

(a) reduction in training tinme for a new system

(b) reduction of operator error in transferring from one systemto
anot her

(c) cost of savings in the devel opnent of new hardware;
(d) reduction of logistic support costs

On the other hand, the designer should recognize the dangers inherent in
repeating a poor design concept in order to avoid the task of thoroughly
anal ysing the operator requirements and devel oping a sol ution.

As a corollary to standardization, comercially available conponents shoul d
be considered. For exanple, control and display panels can be designed to
fit manufactured consol e and equi pment racks conformng to workplace
requirenents and specifications. Panel wdths normally available are 575,

600 and 750 mMm
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Section Four. Design Aiding Techni ques

8 Functional Layouts

8.1 Inter-relationship chart

Purpose. This is a nethod of recording the links and rel ationships between
several operators. It can be independent of the equipment used and is
centred on the operational |inks between people.

8.1.1 Information required for this technique

(a) The main tasks and roles of each operator.

(b) The necessary comunication |inks between each and every operator
(see Figure 9).

8.1.2 Method

(a) List all operators, their job titles and principal roles

(b) ldentify links between all operators in items of comunication |inks,
control links and movenent |inks. Comunication and control |inks can be
considered functional. Movenent |inks generally reflect sequentia
movenents from one conponent to another.  Some versions of the three types
are:

(1) Conmunication links between operator and equi pnent using the
foll owi ng means

a. Visual (operator to operator, or equipnent to operator).

b. Auditory, voice (operator to operator, operator to
equi pment, or equipnent to operator).

C. Audi tory, nonvoice (equipnment to operator).
d. Touch (operator to operator, or operator to equipnent).
(2) Control |inks
a. Control (operator to equipnent).
(3) Mvenent links (movenment from one |ocation to another).
a. Eye novenents.
b. Manual novements, foot movenents or both.
. Body novenents.
(c) Link indexes can be used as aids in connection with either the genera
| ocation of conponents or with their relative arrangenents. In sone
circunstances they can be used as the basis for the assignnent of
priorities
NOTE: The inter-relationship chart is not necessarib%ea pre-requisite for

the technique described in Cause 8.2 below, but it does represent a useful
source of information for these techniques.
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Supervisor A
Supervisor B
Operator A 14 Key

hared
Operator B v quipment
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Asst. Engineer '4 Pa\r/)er

Fig 9 Inter-Relationship Chart (IRC)
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8.2 Link analysis

Purpose. Link analysis may be used to optimze the |ayout of controls and
displays within a control panel and between sets of control panels, or to
produce an acceptable arrangenent of operators and equipment within a
system

CGeneral information. The term'link' for the purpose of this Part of this
Standard refers to any connection between an operator and a machine or

bet ween one operator and another. |f one operator nust talk to another,
this need is represented by a |ink between them Simlarly, if an operator
must see the display on a machine or operate a control on a machine, the
operator has a link to the machine. Links include walking, talking,

seeing, and novement of material and infornmation.

8.2.1 Information required for this technigue

(a) Main manning and equi pment options.

(b) Inter-relationship chart (see figure 9).

(c) General descriptions concerning the use of each item of equipnent
8.2.2 Met hod

(

a)
(b) Draw a square for every itemof equipment used by the operator and
| abel accordingly.

Draw a circle for each operator in the system and |abel accordingly.

(c) Draw connecting lines (links) between each operator and any ot her
operator(s) who have any direct interaction in the operation of the system

(d) Draw connecting |inks between each operator and any machine with which
the operator nust interact.

(e) Redraw the resulting diagram reducing to a mninumthe nunber of
crossing links in order to obtain the sinplest possible arrangement.

(f) Using a scale drawing of the conpartnment area, check the feasibility
of locations indicated by the |ink diagram

Further information on link analysis techniques is described in Mrgan and
Chapani s (1963), pages 321 to 324, and Bailey (1982); pages 533 to 535.

For a sinplified link diagram conparing inefficient and efficient |ayouts,
see figures 10 and 11.

8.2.3 Link analysis can be used in a wide variety of different situations.
However, it is used primarily to help determ ne the best |ayout and
arrangement of people and machines in systens. Keep in nmind that the
techni que does not take into account how long a user spends with each |ink
or the quality of the interaction
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Fig 10 Link diagram - Inefficient Arrangenent

Fig 11 Link diagram - Efficient Arrangenent
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9 Conputer aided design (CAD)

9.1 Definition. CAD is a technique whereby both the human and the
conputer are brought to bear to solve a design problem The human’'s

deci sion naking ability conbined with the power of the conputer can produce
a powerful tool, enabling a conbined approach to workspace design, where
alternative proposals or |ayouts can be very quickly eval uated.

9.2 Purpose. The purpose of CADis primarily to save time (but not
necessarily data collection which may still have to be |aboriously done by
hand). CAD is nore versatile and flexible than its manual counterparts,
enabling different design solutions to be examned easily and aiding
conceptualization of the man-machine interface.

Conputer technol ogy al so offers another design aid in the formof graphics
facilities. Conputer graphics draw ng and mani pul ative nodes can assi st
designers in their design work.

There are frequently too many human factors tasks to be conpleted nanual |y
in accordance with the systemdesign programme. This results in either

m ni mal consideration or heavy reliance on professional experience and
judgement. CAD offers a neans of naking the human factors contribution to
system design nore effective.

Drawi ngs aided by two-dimensional 'manikins' and nock-ups are still useful
iIf resources are limted and/or their application is sinmple. However
conputers can play a larger role in design layouts and feasibility studies
with graphics, by providing designers and ergonomsts with a 3D
representation, thus allowing the inplications of movement and different
percentiles of the population to be nore accurately predicted. The

I ncreasing availability of graphics hardware and standard software is

hel ping to reduce the costs of CAD. As a result, the purely routine
aspects of workspace design, such as anthroponetry and di mensions, can be
far nore easily and accurately applied with less effort.

9.3 Benefits of CAD in evaluating man-machine interaction. One of the
more common conplaints nmade by ergonomists is that they are not consulted
early enough in the design process for their contribution to be really
effective. However, methods of evaluation are nmore suited to 3D nock-ups
and prototypes, rather than drawi ngs. Consequently the ergonomst’s
contribution is nore limted when only such draw ngs are avail abl e.

Wiat is required therefore, is a nmethod of 3D eval uati on which can be based
solely on the information from two-dinensional drawings. The nmost powerful
and flexible neans of achieving this is to nodel the design by computer,
wher eby changes can easily be made. Evaluations, in terns of ergonomcs,
can then be very accurate even at an early stage in the design process.

Two of the conputer programmes currently available are SAM E (System for
Ai di ng Man- Machine Interaction Evaluation see clause 5.2.3.2 and figure 3)
and COVBI MAN (Conputerized Biomechanical Man Mdel ). They provide the
ergonom st/designer with the facility to visualize, plot and even nove
through the simulation of 3D workspace, in order to evaluate the design
using a fully variable man-nodel
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9.3 (Cont d)

These conputer programmes help the user assess the nman-nodel’s reach
capability, its visual field, the access to the workspace and its fit
within it. The user can also nodel reflections in mirrors, quantify
obscured areas and renove 'hidden lines' to create realistic 'clear views'.
SAW E has already been used in a w de range of applications, including
transportation (eg bus, aircraft, spacecraft), material handling (eg
fork-1ift truck, straddle carriers), manufacturing applications (eg
assenbly jigs, assembly workstations), and interiors (eg office, control
room kitchen). Further details of the benefits of SAMME are presented in
Porter et al, 1986.

For further Design Aiding Techniques, the designer is referred to Part 12
of this Defence Standard.
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Section Five. Wrkplace Design Eval uation Techni ques

10 Purpose. The purpose of enploying evaluation techniques is to verify
that the proposed design of the workplace, conforns to human factors
standards and that the whole system and subsystens function for their

i ntended purpose.

11 Met hods

11.1 Prelininary design

11.1.1 Two - dinmensions. Designers with inaginative inspiration and flair
for workplace design often begin their design in an unstructured manner by
enpl oyi ng the use of a 'back of the envelope' technique. However,

t wo- di mensi onal paper shapes in reduced scale enable structured design to
begin. The ability to easily nmanipul ate and adjust paper |ayouts ensures
that design changes and alternatives can be quickly explored, and thus
provide inportant criteria for devel oping nore detailed nock-ups.

11.1.2 Paper nock-ups and magnetic board

Paper nock-ups representing itens of equi pment, workstations or group of
operators and workstations

11.1.2.1 Purpose. To generate alternative layout of equipment,

wor kst ations, groups of workstations and equi pment or personnel within a
conpartnent. The examination is in two dinensions only but could be in
plan, elevation, or both according to the specific requirenent.

11.1.2.2 Information required for this technigue

(a) Details of the overall size and shape of the conmpartment, scaled plans
and all major items are to be nodell ed.

(b) General information on the use of all equipnent with the location and
siting of major controls and displays are to be provided.

(c) Functional layouts would be a preferable starting point for recording
links and rel ationships between several operators (see clause 8).

(d) Information on the layout constraints inposed by the conmpartment (eg
| ocation of wal kways and hatches) are to be provided.

(e) Approximate size of individual operator or groups of operators wth
their associated equipnent.

(f) Important 'sightlines', if required, fromthe conpartment to the
out si de

11.1.2.3 Method

(a) Draw up outlines of itens in plan and or elevation at one-tenth scale;
a smaller scale, however, may be required with [arger conpartnents.

(b) Cut out items using different coloured thin card - several sets should

be nade so that alternative |ayouts can be conpared. The colour can be
used to help identify different types of consoles or equipnent.
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11.1.2.3 (Contd)

(c) For magnetic board, cut approximate shapes for itenms of equipment and
operators with equipnent from magnetized rubber sheet. Use col our coding
to represent conmon equi pment types or functions

(d) Gid the compartnent area (see figure 12), and indicate non-usable
areas on the plan.

(e) Cenerate alternative configurations by laying card cut-outs onto the
gridded compartnent plan or nagnetic board (see figures 13 and 14).

(f) Prepare cut-outs for standing and or seated personnel. These nust
represent dinmensionally the space requirenment and must show the operator’s
orientation or direction of view.

(g) For recording layout, either draw around shapes or photograph.

11. 1.3 Three-dinensions. The enploynent of three-dimensions enables
designers to visualize the space envel ope required for the workplace and
the workspace(s) within. Spatial relationships between the controls and

di splays for manipulation and monitoring by the operator, as well as arm
and leg reach and view ng angle paraneters, can be arranged for analysis.
Clearance, fit and reach paraneters can also be derived by the construction
of three-dinensional scaled manikins. Pairs of nanikins can be constructed
by skilled modelling craftsmen using anthroponetric data sources (See

Part 2 of this Defence Standard). The large sized manikin should be
principally used to evaluate clearance, fit and near reach paraneters,
whereas the small sized manikin should be primarily enployed to eval uate
far-reach paraneters. Manipulating manikins will require careful

consi deration, otherwi se the normal range of joint novement will be
exceeded beyond their limting range and result in a poorly derived

posture. Access to the prelimnary, three-dinensional workplace can be
achi eved by the hinging of roof sections, and one or nore side sections,
thus allow ng plan, side and end elevation views to be seen.

11.1.4 Expanded Pol yurethane foam node

11.1.4.1 Purpose. To generate and evaluate alternative equi pnent
configurations in three-dimensions. To check basic anthroponetric
feasibility, usually for an individual workspace |ayout.

11.1.4.2 Information required for this technique

(a) Approximate equi pment size

(b) Location of critical controls and displays.

(c) Some prelimnary layouts and sketches suitable for evaluation.
11.1. 4.3 Method

(a) Size of the equipnent nodel should be based upon the large sized
manikin (1:5 scale is reconmended), see figure 1

(b) A sufficient quantity of expanded pol yurethane foamto form a base
shoul d be obtai ned.
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11.1.4.3 (Contd)

(c) The equiprent should be nodelled using a fine saw and file for any
required details. It is not necessary to sinmulate every detail - only
t hose which may affect the equipnent |ocation

(d) Use wires to attach mani kin and equi prent nodels to the base, such
that their positions can be easily adjusted. Wres will allow for height
as wel |l as angul ar adj ustnments.

(e) The equipnent should be positioned around the nmanikin and variability
of layouts examined in both plan and el evation

(f) Feasible layouts should be recorded and overal |l dinmensions neasured

11.1.5 'Lego' type node

11.1.5.1 Purpose. An alternative three-dinmensional technique (based on
the principles outlined in the foam nodel ling procedure), allows a
systematic approach to the ergonomical design of offices and workstations
by positioning scale representations of equipment/furniture on a grid board
(see figure 2).

11.1.5.2 Information required for this technique

(a) Equi prent sizes and values for scaling.

(b) Location of critical controls and displays.

(c) Scale floor area of the workstation or conpartnent.

(d) Location of w ndows, doors etc and any non-usable areas.

11.1.5.3 The accuracy of this method is dependent on the density of the

| ocating holes within the grid and can, undesirably, constrain the designer

to a square and obl ong cubed design schemne.

11.1.6 Prelimnary nock-ups. These can be either in reduced scal e nodel
formor in full scale.

11.1.6.1 Reduced scale nodels need not contain any fine detail, but should
be precisely scaled for realistic assessment. For interiors, a fifth scale
representation is reconmended for evaluating the position of displays,
sightlines and illum nation requirements. Furthernore, this scale wll
provide continuity for the designer when fifth-scale drawings of the
detail ed design are produced. Conponents of the nodel can be magnetized on
to a suitable metal base enabling themto be easily nmoved about and reduce
the risk of their displacement.

11.1.6.2 The full scale nock-up is constructed by using a |am nated wooden
base for rigidity, on which either sheets of cardboard or expanded

pol ystyrene are attached. Panel draw ngs and or sinmulated controls and

di splays can then be attached. Controls and displays can also be nade out
of stiff cardboard on which either pictures or photographs are nounted,
thereby giving a three-dinmensional appearance simlar to that of the
hardware they represent. |If it appears desirable to alter the plane of a
particul ar panel fromeither the horizontal or vertical, a |ow cost

i ndependent structure can be made to which the nocked-up conponents are
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fitted. Suitable nmetal panels can also be attached to the structure

enabl ing the magnet technique previously described for panel conponents to
be inpl enent ed.

11.2 Detailed design

11.2.1 Scaled drawi ngs including manikins

11.2.1.1 Once scaled engineering drawings are produced and issued, scaled
t wo—di mensi onal nani kins can be constructed to provide initial estinmates of
workplace fit. Sets of manikins should be prepared in a range of sizes and
scal es. For land based systems, 1/10 and 1/5 scale drawings in
orthographic projection are often enployed to depict initial detailed
design and therefore mani kins of these scales should be constructed. Basic
design strategy for |and-based vehicles using anthroponmetric data is to
design for a specified range of operators by providing adjustnents, and
this strategy should be used whenever econonmically feasible. Seating is a
common exanpl e of this design strategy. However, if the cost of seat

adj ustnment within the constraints of the workstation is low, and there is
available sitting height, the percentile range should be extended to
accommpdate a w der popul ation range.

11.2.1.2 Manikins representing the 5th and 95th percentile are usually
constructed. The 5th percentile is used to evaluate reach paraneters wth
t he exception of near reach, when the 95th percentile is used. The 95th
percentile is used to evaluate clearance and fit paraneters. Both manikins
are required to evaluate eye-level reference requirenents, since both short
and tall operators nust be accommbdated. An exception to this percentile
range would be for escape hatches and tunnels, where all the percentile
range (ie up to the 99th percentile operator) nust be accommmbdat ed.
Mani ki ns can be made out of transparent plastic. Sinple side-on manikins
are usually constructed in six parts (head, trunk, upper arm and |eg, |ower
armand leg), and are riveted about pin joints for free but sinplistic
articulation. Geater accuracies nay be obtained by naking the manikin
nore el aborate, provided that the basic anthroponetric data are avail able.
In this case, the trunk of the body nenber is usually articulated in

3 places, the head and neck separately about prescribed slots, and the foot
separately pivotted fromthe lower leg at the ankle joint. Nornal and
limting joint angles can also be depicted. Further information on

mani kins are contained in Part 2 of this Defence Standard, and Pheasant,
(1986). Exanples of 5th and 95th percentile applications to design
problens are contained in the AJ Metric Handbook, Section 8.

11.2.2 Scaled drawi ngs including conputer aided desiagn

11.2.2.1 The SAMM E system for aiding nan-nachine interaction evaluation
is a good exanple of the computer nodelling of anthroponetric data. The
conputer stores anthroponetric data to generate a 3D inage of an operator
as a specified percentile. The displayed image is projected on a graphics
screen in either plan, elevation or perspective, and mani pul ated under user
control in the same environnent, for evaluating projected |layouts wth
respect to clearance, reach, fit and field of view

11.2.2.2 SAMME UK Ltd state that, "The user comrunicates with the
conputer by selecting various commands from those displayed on the graphics
screen, using either the keyboard or by pointing with a |ight pen or nouse.
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These conmmands are presented in either functional groups or nmenus of which
there are nearly 40. Anong the factors which CAD can help evaluate are
reach, fit, working postures, confort, vision, and reflective surfaces."

11.3 Full-scale nock-ups and nodels

11.3.1 Introduction. Full scale workplace nock-ups are so useful that al
maj or system devel opment agencies and many m nor ones construct them  The
sinpl est nmock-ups must be devel oped as early as possible to have the
greatest value, as theoretical analysis are not infallible. They can be
appl i ed throughout the design process to show inmediately whether or not a
design is practicable. Mck-ups serve a variety of purposes including
assisting in:

(a) The evaluation of the workplace and the visualization of the
man- machine interface

(b) Control room and conpartment |ayouts

(c) Design reviews.

(d) Serving as a training aid.

Al'so they serve a useful purpose for obtaining comments fromthe
experienced user and human factors specialist as to the practicality of the
wor kpl ace design, by ensuring that items are not overl ooked.

11. 3.2 Land systens

11.3.2.1 For current arnoured vehicle applications, special human factors
aspects to consider in full scale mock-ups include entry to and rapid exit
from every crewstation through a hatchway, usually |ocated overhead. The
seat is invariably used as a step during these operations and nust be
sufficiently robust to wthstand being junped on fromthe height of the
hat ch opening during entry, and stood on when |eaving the vehicle. A neans
of emergency escape by an alternative route and hatch, as well as rescue of
an 'injured’ crewran fromany crew station requires evaluation. Head-out
and head-in operation are also special requirements, particularly for the
commander and driver of the vehicle. Currently, seating for them nust have
sufficient adaption and adjustnment to allow for both seated head-out and
head-in operation. Seats nust be designed to provide correct postural
support and reduce the dynamc effects of road and cross country vehicle
vibration. Safe interior design including satisfactory restraints, also
requires special consideration in order to avoid contact injuries from
sharp corners and projections. Hand-holds should be fitted to assist crew
exit and for riding the vehicle notion

11.3.2.2 External vision, when head-in and closed down under operationa
conditions, is also a major feature for design evaluation, particularly
external close-in vision. Viewing requirenents nust be defined at the
mock-up stage, before the external shape and structure of the vehicle has
precluded their potential effectiveness. \Were view ng devices are fitted,
an assessnent of potential blankspots for close-in vision should be
identified. The conmander will require the greatest all-round visual
coverage in order to enable himto command and control the vehicle.
Sighting systems for surveillance and target acquisition will also need to

be defi ned.
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11.3.2.3 Special attention at the nock-up stage nust be given to provide
spatial requirements for an integrated environnental |ife support system
whi ch can be controlled from under arnour.

11.3.2.4 The force required to open and close armoured hatches and doors
cannot usually be assessed on the wooden nock-up, but estimations of their
wei ght shoul d be nade available by the equi pnent designer, to enable the
human factors specialist to consider whether or not power assistance is
required. In the event of power failure, a reversionary means of manua
control nust be designed into the nock-up

11.4.1 Sea systens

11.4.1.1 Workplace design for sea systems should be maximzed for crew
ef fectiveness. The principle space-related features on a vessel affecting
crew performance are:

(a) Head clearance.

(b) Cramped living and working conditions

(c) Passageway clearance.

(d) Space organisation.

11.4.1.2 Special features aboard sea systems which are particularly

inportant with respect to crew efficiency and safety include:
a) Lighting.
b) Ventilation.

(

(

(c) Communi cations.

(d) Safe design of |adders, stairways, railings, and handhol ds, non-slip
decking and stair surfaces, and overhead equi pments.

(e) Escape, survival and rescue.

(f) Crew protection in conbat

(g) Special equipment-produced hazards

11.4.1.3 At this stage of sea workplace design, the designer should

i nclude those spatial features which relate to the anthroponetric

cl earance dinmensions of the User popul ation, as well as inte?rating as many
of the aboard-ship special features as possible. Further information can
be found in Wodson (1981)

11.5.1 Air systens

11.5.1.1 For air systens a satisfactory standardi zed workplace is
considered to be nore inportant than designing an optimal one. Mlitary
agencies are particularly adamant that cockpits are standardized in order
to nmininize pilot confusion when transferring between aircraft. These
arguments should also be applied to land and sea systens as well.

Ant hroporret ri ¢ di nensi ons whi ch have proved to be of greatest value wth
respect to workspace in air craft are:
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(a) Sitting height.

(b) Sitting eye height.

(c) Forward functional reach.
(d) El bow functional reach.
(e) Buttock to knee Iength.
(f) Shoul der breadth.

(g) Hp breadth (sitting).

(h) Knee height (sitting).

Restrictions of inportance are a mnimumheight limt for selecting pilots,
and a maximum |limt of thigh length to account for clearance during pilot
ej ection.

11.5.1.2 Typical air systens design areas requiring human factors
consideration in the aircrew workplace are:

(a) Workplace arrangenent, as this pronotes efficiency, safety and
avoi dance of disconfort for the pilot.

b) Vision (external and internal) to include optical quality of
ndshiel ds, fields of vision, cockpit and cabin illum nation

v&
(c) Seating (normal and ejection).
(d) Separable crew conpartnent.
(e) Controls and displays for:
Flight.

Engi neeri ng.

)

)

) Special operations.

) Communi cations (internal and external).
) Weapons systens.

) Lighting (internal and external).

(7) Internal environmental systens (including heating, ventilation
and air conditioning), cabin pressurization, and design of oxygen
equi pment

(8) Navigation.
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(f) Map stowage.

(g) Sound proofing.

(h) Safety factors for take off, landing, (including crash |anding on
ground and water).

11.6.1 Mbdels

11.6.1.1 Models are reduced-scale representations and are |ess useful than
a nock-up because they can deal with fewer man-machine interface features.
However, they can be used for prelimnary room | ayout, equipnent |ocation
studies, and aiding design reviews and presentations. As design tools

they are sinple, inexpensive, |ightweight and portable.

11.6.1.2 Mdels may also be used for the purposes of simulation, for
exanple, in terrain nodel boards for certain types of simulator, or as the
‘picture-source’ for image processing in a conputer sinulation

11.7 Wrkspace and workstation requirenents

11.7.1 Introduction. Wrkstations are designed for seated or standing

operations or for combined ‘sit-stand’ operations. In sone cases the
decision as to which type is used will be defined either by specification
or by equipment constraints. In other cases the advantages and

di sadvant ages of each will need to be considered before a decision can be
made.  Vehicle workstations and those where equipnent is shared require
particular attention in terns of equi pment layout. Consequently the

desi gner should fully consider the relative advantages of each equi pnent

| ayout concept in relation to the tasks to be performed. The appropriate
type of workstation (seated, standing or sit-stand) can be chosen on the
basis of the follow ng principles and general considerations:

11.7.2 Seated operator workstations

11.7.2.1 For a seated task, the choice of work seat is an obviously
inportant factor where postural support and attention require naintaining
over long periods. A correctly designed workseat profile (see figure 15)
produces little pressure in the spinal invertebral discs and requires very
little static nuscular effort. Therefore any incidence of disconfort would

be reduced and provide for
(a) inproved body stability and equilibrium

(b) a reduction in overall static nuscular workload and reduced energy
consunption

(c) the operation of pedals or foot controls by:
(1) the ability to use both feet.
(2) inproving accuracy.
(3) allowing larger control force and novenent application.

(d) the achievement of fine and precise hand movenents.
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Seat profiles of a multi-purpose chair (left)
and an easy chair (right) both of which cause the
minimum of subjective complaints.

Grid: 100 x 100 mm

Fig 15 Seat Profiles
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(e) better blood circulation in the body.

NOTE: A disadvantage is that the nobility of the seated operator can be
restricted to a certain extent.

11.7.2.2 Citical dinensional factors for the devel opment of the seated
operator workstation includes

(a) the correct eye position relative to sights, displays and any other
visual requirenents

(b) an adjustable seat height, the seat squab, backrest depth and breadth,
along with the squab and backrest angles to provide correct postura
support;

(c) clearance for the lower linbs, including space for entry and exit;
(d) hand and or foot reach requirements for operating controls;

(e) a common eye height for large and smal|l operators, achieved by
adjusting the seat.

11.7.2.3 Figure 16 shows typical dinensions based on the US popul ation.
These shoul d be regarded nerely as guidelines, as the exact dinensions will
be specific to each individual situation. They are, however, sufficiently
close to the dinensions for the UK population for the data to be used
without rodification. Dinensions for chairs, desks and tables are given in
BS5940, Part 1.

(a) Worksurface. A horizontal workspace of at least 760 nm w de and
400 nm deep should be provided where space is required for witing or
other simlar tasks, and should be consistent with operator reach
requirenents (see Figure 6).

(b) Worksurface height. Desk tops and witing tables should be 740 to

780 nm above the floor. It should be noted that sitting height is related
to worksurface height and is not an independent dinension. However, where
a keyboard is to be used, the work surface should be lower to allow for the
key height. Consequently, the height of this section should be set at a

| ower hei ght between 650 nm and 680 nm (G andjean 1980). However thin
keyboards can be placed on desk tops and witing tables thus providing nore
kneespace for the seated operator. \Wen a seat height is fixed,

wor ksurface height should if possible be nmade adjustable.

(c) Display placenment, normal. Vi sual displays mounted on vertical panels
and used in normal equipment operation should be placed within a vertica
arc of 30° either side of the seated horizontal line of sight. The view ng
di stance should be appropriate for the size of detail to be resol ved.

(d) Display placenent, critical. Indicators that nust be read precisely
and frequently should be placed within a vertical arc between the

hori zontal and 15° below the horizontal line of sight. They should be
placed no further than 530 mmlaterally fromthe centre line of the

operator.
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(e) Warning displays. Critical warning displays should be |ocated
imredi ately in front of the operator and shoul d have special attention
alerting properties, such as flashing.

(f) Control placement, normal. All controls nounted on a vertical surface
and used in normal equi pment operation should be |ocated between 720 nm and
1380 mm above the floor level. The precise location is dependent on the
nature of the control action to be performed and seat height.

(g) Control placement, critical. Controls requiring precise or frequent
operation shoul d be mounted between 720 mm and 1260 nm and 1260 nm above
the floor level. Naturally the precise location and orientation of the
control is dependent on the control type and nature of the control action
to be performed, and the seat height. Wen the control panel wdth exceeds
1800 mm a 'waparound’ console is one solution which allows all controls
to be within reach. Left and right segments should be at an angle of 110°
to the central segnent, which mnimzes excessive novement and stretching
(see Figures 6 and 17 for effective reach paranmeters).

NOTE:  For a fuller coverage of display design and control |ayout etc,
refer to Parts 7 and 10 of this Defence Standard.

11.7.3 Wrkseat desian

11.7.3.1 Wrkseating should provide an adequate supporting framework for
the body relative to the activities that must be carried out. Chairs used
with "sit' consoles are chosen to be operationally conpatible with the
consol e configuration in terns of armrest dinmensions, provision of castors
etc. In order to provide adequate support for the body, a workseat with a
hi gh backrest is recomrended. This is convex in the |unbar region to
provi de support, and is also slightly convex in the shoul der region. This
support is essential to avoid postural disconfort over long periods in a
seated position.

11.7.3.2 The multi-purpose chair shown in figure 15 provides support to
the lunbar region when the operator is sitting upright in a working
posture, and reduces the nuscular activity necessary to maintain this
posi tion.

11.7.3.3 The ability to change and vary the sitting posture is inportant
for reducing nuscle fatigue, and many commercial office chairs now nove and
pivot with the novenent of the occupant. These are called '"active' chairs.
As the occupant |eans backwards, the angle between seat pan and backrest is
i ncreased by the conbi ned novement of the backrest and the seat pan
sinulating the profile of an easy chair (see figure 18).

11.7.3.4 Ceneral recomendations. Recommendations for the design of a
wor kseat shown in figure 19 are as follows:

(a) Conpatibility. An inportant consideration is the distance fromthe
seat height to the work height which should be between 270 - 300 nm
assumng that the elbows are held downwards with the arns at right angles.

(b) Stability. The seat should be stabilized against tipping or slipping.
It should have five feet set in a circle at least as large as the seat
surface itself (ie 400 - 450 nmm di aneter).
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Fig 17 Horizontal Wap-Around Console

Fig 18 Tilting Chair Type with Backrest (Right)
Commercial Chair Type with Adjustable Backrest (Left)
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Fig 19 Typical Wrk Seat Design
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11.7.3.4 (Contd)

(c) Vertical adjustnment. Provision should be made for vertical seat

adj ustnment from 375 - 530 mmin increnents of no nore than 25 nm each
Continuous adjustment is desirable as it can nore easily be carried out
whilst seated. All seating adjustments shoul d be easy to nmake when seated

(d) Backrest. A supporting backrest that slopes at an angle between 105°
and 110° should be provided. The backrest should provide correct and
adequate postural support for the lunbar and thoracic regions of the spine.

(e? Cushioning. The seat pan needs sufficient padding and firmess to
hel p distribute the body weight pressures particularly fromthe ischia
tuberosities (Qoorne D J, 1982, page 179).

(f) Seat covering. The covering shoul d dissipate the heat and noisture
generated fromthe sitting body dependent on the environnent. The fabric
shoul d resist the natural forward slipping movenent of the body,
particularly when there is fidgeting over a long period of tine. Adequate
thermal and nechanical techniques exist to allow the designer to make the
appropriate measurenments (Cborne D J, 1982, page 179).

gg) Seat surface. Should be 400 - 450 nm across and 380 - 420 nm from

ront to back. A slight hollowin the seat should be provided, with the
front edge rounded and turned upwards at approxi mately 4° - 6° to prevent
the buttocks from sliding forwards

(h) Armrests. Unless otherwi se specified or unless the nature of the task
precludes it, eg typing, driving, 'high-density' passenger seating where
restriction to free nmovement of the arns and shoul ders may occur, armrests
should be provided. Armrests that are integral with operators chairs
shoul d be at |east 50 nmwi de and 200 mmlong. Mdified or retractable arm
rests should be provided if necessary to avoid contact against an

associ ated consol e, and should be adjustable from 180 nmto 280 nm above
the conpressed seat pan.

(i) Eoot rests. Foot rests are required for short |egged people if their
wor ksurface or seat pan is too high and non-adjustable. Their design
shoul d not obstruct |ong-legged users.

(j) Knee room Knee and foot room beneath worksurfaces should not be |ess
than the follow ng dinensions:

(1) Height 640 mm If a foot rest is provided this dimension should
be increased accordingly:

(2) Wdth: 510 mm
(3) Depth: 460 mm

11.7.3.5 Autonpbile driver's seat. Adequate back support is required for
seating including autonmobile driver seats. Figures 20A and 20B illustrate
desirabl e and undesirable postures in relation to the spine. Wth
unsatisfactory support (shown in figure 20B) and angles between the
vertebrae (shown in the inset) can generate disconfort and conceivably
cause spinal conplications. The angles of the various body joints shown in
figure 20C are those proposed by Rebiffe (1969), and provide the basic
driving posture considered to be desirable in items of anthropometric

consi derati ons. 50
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(A) Desirable (B) Undesirable

170-190°

(9

Fig 20 Anthroponetric Considerations in Designing Seats
for Autonobile Drivers
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11.7.4 Standing operator workstations

11.7.4.1 A standing posture for the operator is advantageous in the
following specific situations

(a) for mobility to reach controls and nonitor displays over a
particularly large panel area

(

b)
(c) when it is inpossible to provide leg roomfor a seated operator;
d)

(

(e) for sinmple go/no-go or on/off foot controls where large force
applications are not required

when precise manual control actions are not required;

for sightlines to adjacent surroundings;

St andi ng operator workstations are not recomended for |ong duty periods.
For short duty periods, operators can mnimze fatigue by moving about.
The design of workstations should insure that controls and displays are

| ocated within the smallest operator’s reach and visual field. Portable
platforms for small operators to stand on are a safety hazard and are not
recommended. Ceneralized workplace dinensions for a standing operator at
an equi pment console are shown in figure 21. Again, these are provided
purely as a guide and need to be contrasted against the requirements for
each specific situation.

Manual plotting on a rotating table or tactical plotting board is another
comon standing operation. Although plotting boards are generally vertica
and drafting tables generally horizontal, there are instances where
plotting angles between these extrenmes nay be desirable. Because of
constraints inposed by plotting board configurations, operators my be
unable to reach as far when the board is horizontal, as when it is in
various upright positions, see figure 22. Therefore these applications
shoul d be devel oped for the snallest representative user

11.7.4.2 Standing operations. Figure 21 shows sone typical dinmensions of
a standing operator’s workspace. These dinensions are based on the USA

popul ation but are sufficiently close to the UK Population to allow the
data to be used without any nodification

(a) Worksurface height. Convenient worksurfaces to support job
instruction manual s, worksheets etc should be provided for standing
operators. Work benches and other work surfaces should be 915 + 15 mm
above the floor, unless the task or other operational factors override
this.

(b) Normal display placenent. Visual displays mounted on vertical panels
and used in normal equipnent operation, should be placed in an area between

1040 mm and 1780 nmm above the floor and should be easily accessible.

(c) Critial control placement. Controls requiring precise or frequent
operation and energency controls should be nounted between 870 mm and
1350 mm above the floor and no further than 530 nmlaterally fromthe
centreline of the standing operator
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Fig 21 Suggested Paraneters for a Standing Operator’s Wrkspace
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Fig 22 Drafting and Plotting Board di mensions
(Based on an approximate 5th percentile man)

Note: Al dinensions are in mllinmetres
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11.7.5 Sit-stand operator workstations

11.7.5.1 Conbination sit-stand operator workstations are reconmended from
a physiol ogical and orthopedic point of view Standing and sitting

i mposes stresses upon different nuscles, so that each changeover rel axes
some nuscles and stresses others. For exanple, the operator nay require
the stability provided by a seat for precise control actions and the

mobi ity provided by free standing operation for the nonitoring of |arge
functional panel areas.

11.7.5.2 The conbination sit-stand operator station is also useful when
the operator is required to be on duty for extended periods of time and
woul d benefit by alternately sitting and standing to relieve muscul ar
fatigue

11.7.5.3 The sit-stand operator station provides a conpronise position,
giving the operator a high chair for nmaintaining a seated eye hei ght
approximately the same as the standing height. Comon uses of this type of
arrangement are illustrated in figure 23.

11.7.5.4 One situation in which the sit-stand operator station can be
difficult to achieve is where a VDU should be viewed with a m ni num of
paral l ax whilst sitting or standing. Variations of the illustrated

wor kpl ace are possible. Seated and standing operator station
configurations should be nodified to provide for a cormon |ine of sight and
adequat e knee space.

11.7.5.5 An independently adjustable footrest in the sit-stand layout is a
necessity, to allow the ratio of footrest to seat height to be adjusted.

11.7.6 Ceneral considerations

(a) Kick space. Al cabinets, consoles and worksurfaces that require an
operator to stand or sit close to their front surfaces should allow for a
kick space at the base of at least 100 nm deep and 100 nm high, or greater
to allow for protective or specialized footwear

(b) Handl es. Handles on cabinets and consol es should be recessed whenever
possible to elimnate projections on the surface. If handles cannot be
recessed, they should be designed to elimnate the risk of injuring
personnel and the snagging of their clothing and equi pment. For further

I nformation on handl e di mensions see Parts 10 and 11 of this Defence

St andard

(c) Workspace. Wenever feasible, free floor space of at |east 1220 nm
shoul d be provided in front of each console. For equipnent racks that
requi re maintenance, free floor space should be provided whenever feasible,

using the following criteria:

(1) Depth of work area. The distance fromthe front of the rack to
the opposite surface or obstacle should be not |ess than 1070 mm

(2) Lateral workspace. The mninumlateral workspace for racks
having drawers should be as follows (measured fromdrawers in the
extended position):

(a) for racks having drawers weighing |ess than 20.4 kg: 460 mm
on one side and 100 nm on the other
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Fig 23 Sit-Stand Wrkstations
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11.7.6 (Contd)

(E} for racks having drawers wei ghing over 20.4 kg: 460 nm on each
si de.

(3) Storage space. Sufficient space should be provided adjacent to
the workspace for the storage of manuals, worksheets and other
materials that are required for use by operational or maintenance
per sonnel

11.7.7 Common working positions. Sone basic anthroponetric dinensions of
the human operator are given in table A the standing and sitting positions
in which these dimensions are taken are illustrated in figure 24. The male
di mensions are based on British Army anthroponetric surveys, whilst the
femal e dinensions are based on British civilian figures. These figures are
drawn fromdata in Part 2 of this Defence Standard (Body Size) which should
be consulted for nore detailed and accurate coverage of anthroponetry. The
figures given include 33 mm for shoe height and (where appropriate), 64 mm
for conbat helmet and boots.

11.8 Dynami c sinulation of workplace and equi pnent

11. 8.1 Research Sinul ator

The research simulator in its physical formis equivalent to the functiona
mock- up, because controls, displays and electronic equipnent installations
are equivalent to the real workplace. The research sinulator is primrily
used for investigating operator performance as part of the evaluation of
wor kpl ace design. For an exanple of evaluating a research sinulator, the
foll owing technique can be applied to examne the simulated running of a
control room

11.8.1.1 Sone variables which can be exanined by simulation

(a) Supervision and verbal comunications |inks

(b) Circulation of staff including operators, supervisors and maintenance
engi neers.

(c) Influence of structural elenents, hatches, w ndows etc, on operators
and on the layout of the workplace, roomor conpartnent.

(d) Design of information presentations, such as menu structures.
(e) Siting of major shared displays and any other shared equi pnent.

(f) systems design features including nmanning levels, task allocation,
equi pment sharing, normal systens operation and system failures.

(g) workstation performance including maintenance requirements, user
requirements (this can be evaluated in nore detail for individua
wor kspaces) .

(h) Consideration of environmental |ighting schenes.
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Weight, clothed (including
combat clothing, helmet
and boots).

Dynamic torward reach,
standing erect, looking
straight ahead. Right
shoulder extended as far
forward as possible with
back of left shoulder
firmly against wall. Arm

horizontal, measured from
wall to thumbtip in
inch-grip.

Y

Stature, clothed (including
combat clothing, helmet and
boots). Standing erect,
heels together, measured
from floor to top of helmet.

Y

Vertical functional reach,
standing with heels
slightly apart. Right arm
extended overhead.
Measured from floor to
thumbtip in pinch-grip.

A
Y

Functional reach, standing
erect, looking straight
ahead. Both shoulders
against wall. Right

arm horizontal. Measured
from wall to thumbtip

in pinch-grip.

Vertical functional

reach, sitting, Right

arm extended overhead,
Measured from seat
surface to thumbtip

in pinch-grip,

Fig 24 Anthroponetric Data for \Wrkspaces
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11.8.1.2 Running trials - method. Sinulation should be based upon a
previously prepared scenario which should be conducted in real time within
the control area full-scale mock-up. For each sinulation run, two teans
are required to cover all of the roles within the new control room The
sinul ation would be driven by one of the teans acting to the scenario, who
convey the stream of nessages (by simulation conputer, radio and tel ephone
links) to the second team who respond to them while working wthin the
nocked-up conplex. Throughout the running of each sinulation trial or
scenario, a detailed record is made of the performance of the layout being
tested. This maybe in terns of errors and nunbers of calls or nessages
handl ed, for instance. At the end of each trial, participants are asked to
comrent on the performance of the layouts by discussion, and by means of

i ndividual questionnaires. Any video recordings taken may be reviewed at
this stage, together with other performance neasures.

11.8.1.3 Equipnent required. The precise requirenents will depend on the
system which is being sinulated. Some of the followi ng need, typically, to
be provided

(a) Samples of all job aids used (eg message pads, wall maps, directories,
orders, and specialist equipment such as electronic displays etc).

(b) Scenarios; these involve pre-arranged scripts for identifying the
range of expected external inputs to the system The precise nethod of
presentation woul d be dependent on the system being tested, but m ght

i nclude voice inputs, conmunication channels, pre-recorded CCTV pictures,
and conputer output, for exanple.

(c) Pre-recorded background noise should be introduced if this is likely
to be a significant operational factor (eg a control roomclose to a

| anding strip, a vehicle' s engine noise).

(d) Intercom system

(e) Radio system

(f) Furniture including appropriate chairs for each workplace, stacking
chairs for briefing and reception areas and tables.

11.8.2 Denonstrators

11.8.2.1 Equipment denonstrators are built to illustrate future trends and
possibilities in design, by introducing new technology and techniques. A
denonstrator may range froma functioning |aboratory workspace to a

conpl ete workplace system

11.8.2.2 An exanple of a land based research denonstrator is the Vehicle
Research Defence Initiative (VERDI) programme, where it is proposed that a
joint MY Industry collaborative programme will build a denmonstrator of an
integrated electronic system based on a future Armoured Fighting Vehicle.
The overall effectiveness of the integrated systemw |l be denmonstrated on
a vehicle platform having adequate mobility, to enable the functions of the
systemto be denonstrated on trials or exercises, and assist the conpletion
of the firm Staff Requirement. The denonstrator will be available for
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adaption in future years as other sub-systens evolve, thus mnimzing the
problems of retro-fitting new sub-systens into devel oped vehicles.

However, to maintain comercial awareness, the programe woul d be bal anced
bet ween denonstrating advanced technol ogy solutions and practica

i npl enmentation (RARDE, 1988). For Air systens, an exanple of the conplete
wor kpl ace systemis the Experimental Aircraft Programme (EAP) for the
European Fighter Aircraft.

11.8.3 Rigs
11.8.3.1 Static R g

(a) Static adjustable spatial rigs have been designed for investigating
operator control and defining display positioning. Instead of establishing
control and display positioning by general reach criteria, human factors
specialists can establish the optimm positions by placing the operator in
a 3 dinensional framework, unobstructed by preconceived consol es, racks,
and bul kheads. For these rigs, the designer should provide an open
framework, as this has proved an ideal nethod of positioning controls and
displays relative to the operator. Control and display elenments should be
mounted on fully adjustable supports so that adjustment can be carried out,
until the best position is identified in ternms of line of sight or reach
and the control device can be operated throughout its intended excursion

It should also be possible to attach key visibility elenents to eval uate
fields of view

(b) Static spatial rigs can also provide a neans of obtaining the critica
wor kspace di nensions required by the user population. Using a

mul ti-adjustable seat, limts of dynam c reach and cl earance dimensions can
be established for a range of reclined seated postures, and identify
possi bl e constraints on reach dinmensions and reduced cl earance di mensions
caused by clothing bulk. Limts to reclined seated postures with respect
to lines of sight to displays; the operation of both hand and foot

controls, and be identified within the spatial rig.

11.8.3.2 Mbile rig

(a) Manned | and-based workpl aces such as nobile test rigs, can be designed
to test vehicle suspension and autonotive performance. In these
circumstances, the human operator is suitably protected to ensure that
excessive vibration and noi se spectra are not exceeded.

(b) Also a static vehicle hull notion sinulator can be used as a base and
conbined with a fire control turret rig, in order to investigate the
stability aspects of, for exanple, a Main Battle Tank (MBT) main armanent.
when hunan operators are included, it is essential that such arigis
man-rated by human factors specialists, to ensure the safety of the
occupants.

11.8.4 Training sinmulator

There are many different types of training sinulators (ie weapon trainers,
operational control room and flight sinulators). A training sinulator
shoul d be used when:

(a) It is |ess expensive than the actual equipnent, but still represents
the essential and realistic task elements
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11.8.4 (Contd)

(b) It is the only feasible way to practice a task, where lack of practice
on the actual task woul d be dangerous, particularly if an error was made.

(c) It is nore reliable for practice purposes than the actual equipnent.

(d) It permits nore effective control over the |earning process than the
actual equi prent.

11.8.5 Training sinulator desian

11.8.5.1 Each training simulator is unique, and it is inpossible to state
specific design principles which are applicable to all of them  However,
certain general principles can be stated. These are to design:

(a) for both usual and unusual operational patterns.

(b) for easy access.

(c) to ruggedise the training sinulator.

(d) for reliability and maintainability.

(e) for sinplicity.

(f) to provide efficient conditions for |earning.

(g) to teach specific tasks

(h) to provide proper feedback.

(i) for practicing difficult procedures that require |earning.

11.8.5.2 In summary, design principles for training sinulators should be
rel evant to specific training objectives. The designer nust decide when
synbolic representation, fidelity of displays and controls, or sinulation

of operational equiprment will facilitate |earning

11.8.6 Sinulator fidelity

The best overall design guideline for fidelity of sinmulation is how
realistically the task situation is represented by the training situation

Fidelity of sinulation consists of three different conponents:
(a) equipnent fidelity;

(b) environmental fidelity;

(c) subjective fidelity.

11.8.6.1 Equipnent fidelity is the degree to which the sinulator
duplicates the appearance and 'feel' of the operational equipnent

11.8.6.2 Environnental fidelity is the degree to which the simulator
duplicates the sensory stinulation (excluding control feel) which is
received from the task situation.
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11.8.6.3 Subjective fidelity is the degree to which the sinulator is
perceived by the trainee as being a duplicate of the operational equipnent
and the task situation. As a general rule, if the trainee cannot
discrimnate between different |evels of equipnent or environmenta
ride“i;y Secause of perceptual limtations, the |east expensive fidelity
evel is best.

11.8.6.4 Equipnent Fidelity

(a) In order to duplicate the appearance and 'feel' of the operationa
equi pment, the designer should be aware of the follow ng aspects of

equi prent fidelity: workplace realism location of instrunents, controls
and control feel

(b) Factors such as accessibility, trainee observation and instructor
participation should influence design requirements. The workplace design
should provide efficient conditions for learning. Were sinulationis
unlikely to enhance training, and distract the trainee fromthe task, high
equi prent fidelity is not desirable.

11.8.6.5 Environnental Fidelity

In the design of training sinulators, the design issues concerning
environmental fidelity are:

(a) displaying an abstract representation of the external visual world for
those systens where the operator perceives the environment directly.

(b) duplicating the effects of the environment on system displ ays.

(c) duplicating the sensation of notion for those systens where the
operator is subjected to novement.

11.8.6.6 In general, design recommendations concerning environnmenta
fidelity are that:

(a) The required degree of environnental fidelity can be determned on the
basis of subjective fidelity.

(b) I'n a conplex task, transfer of training may be degraded by an abstract
representation of the visual world

(c) Hgh environmental fidelity is required when the actual task demands a
difficult distinction to be nade between different stinulus events.

(d) Were the operator nust learn to conpensate for notion in the actua
task, motion cues should be provided, although high fidelity is not
demanded. See also Part 12 of this Defence Standard.

11.8.7 Training Wrk Stations. In every training context there is an area
set aside for the student. Mst training situations also provide a
separate and distinct area for the instructor. Both stations can assune
many forns depending on what is being trained and how training is being
conducted.  Optinmum student and instructor workstation design will usually
be system specific. Regardless of the particular configuration of training
wor kstations, certain basic human factors requirements nust be considered.
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11.8.7.1 In the design of any student station, both the workspace and

equi prent are devised to help someone |earn to operate equipnent in other
settings, whereas for an instructor station, they are devised for an actua
operator whose task it is to train. Considered jointly, both training
stations must be designed to enable a specified set of training functions
to be carried out efficiently and effectively between them

11.8.7.2 The training simulator is designed to permt and facilitate an
exchange of information between the two training stations. Human factors
consi derations should focus on these two major aspects, on the design and
| ayout of the training station work area and on the equi pment which makes
It possible for dynamc interplay between student and instructor

11.8.7.3 Hunman factors reconmendations in which decisions for design are
often required are in:

(a) the general housing arrangenents for training stations,
(b) the work-station |ayout,

(c) the environnental controls,

(d) the equipnment design.

Desi gn consi derati ons

11.8.7.4 Physical Aspects. One aspect of good training workstation design
i nvol ves consideration of physical design principles. For many aspects
specific design recommendations have been devel oped and can be easily
referenced. In other instances, the human factors specialist nust bring
his experience, ingenuity, and conmon sense to bear on the design problem

11.8.7.5 Functional aspects. The second aspect of good training

wor kst ation design involves functional design principles. They Include
consi deration of such factors as location of the instructor relative to the
trainee, training station conplexity, function allocation anmong instructor
personnel, and methods of interstation conmmunication. Functional design
considerations are dictated primarily by experience and conmon sense.

There are few hard and fast rules or principles for decisions about the
functional design of any particular training workstation. To devel op good
functional designs, the designer nmust be famliar with the genera
conditions which facilitate learning. General recomrendations for the
physi cal |ayout and design, and the functional design of training stations
can be found in Van Cott and Kinkade (1972). For further information on
simlator design, see Part 12 of this Defence Standard.
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11.8.8 Part task trainers

Typically, training simulators are exact replicas of the actual workplace,
but part-task trainers can be designed to sinulate either one or severa

el enents of the workplace tasks. The decision of when to use part-task
trainers depends on whether transfer fromthe conponent to the total task
will be expected. Usually, conponent skills can be practised separately
fromthe total task with considerable transfer, if a task has been anal ysed
correctly. However, the two exceptions are tine-sharing, and when there is
interaction between the task conponents

11.8.8.1 The advantages of designing part-task trainers are that:

(a) They are less expensive to build and to maintain than whole task
trainers. Thus, a greater nunber of training hours can be achieved for the
sane financial outlay, conpared to whole task trainers.

(b) Part-task trainers maybe nade available at the tine of, or preceding,
the delivery of the operational equipnent, which is usually not feasible
for whole-task trainers.

(c) They can be nodified to neet changes in the operational equipnment nore
readily than a whol e-task trainer.

(d) Since maintenance is not as difficult, fewer training hours are |ost
in keeping the trainer in operation

(e) Specialist instructors can be utilized on part-task trainers, which
nmay mean that less tine is required to train instructors) and that one
instructor can instruct students on several trainers simultaneously.

(f) Practice on part-task trainers may be carried out over shorter time
periods, thus allowing for nore frequent and extended training on the
conponent task

(g) Training on part-task trainers may be as good as, or better than
training on a whole-task trainer, since the student can concentrate on the
| earning of one particular skill, wthout dividing his attention anmong
several activities.

11.8.8.2 Disadvantages, or argunents against designing part-task trainers
are that

(a) Wilst a whole-task trainer usually represents a substantial cost
investment, the number of related part-task trainers necessary to achieve
the same |evel of proficiency may cost as much, or nore than the whol e-task
trainer.

(b) The use of several part-task trainers in a training school would
invol ve extensive housing facilities.

(c) If specialist instructors are required for each part-task trainer, the
instructional cost could increase far beyond that associated with a

whol e-task trainer. Therefore, the requirenments of the training system
must be anal ysed, before a decision can be nade concerning the nunber and
type of conponent tasks to be included in the training device.
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Section Six. Design Evaluation

12 Prototype Wrkpl ace

12.1 [ ntroduction

12.1.1  The purpose of evaluating the prototype workplace is to verify the
operating and maintenance effectiveness of the workplace under actua
operating conditions. The prototype workplace should be tested prior to
comitting it to production. Tests should include operation by the
mlitary users and maintainers who represent the final user popul ation.
Al'though initial tests may be made by specialists in order to ensure
practicality and safety of operation, the key test is whether typical users
can and will operate the workplace as planned. Quantitative nmeasurenent of
human- machi ne performance should be carried out whenever the conplexity or
safety of the workplace is critical

12.1.2  For nobile |and-based systens, early prototype trials (including
user functional assessnents), are normally carried out for the user by
specialist Mnistry of Defence trials groups or units. These units keep a
running | og of defects arising from prol onged operation of the workplace
prototype. COten an enployee fromthe contractor’s design teamis assigned
or on immediate call to the unit to repair or replace defective conponents
as necessary. \Wen defects are either frequent or require a major
re-design, they also become the subject of task requests for consideration
by MO, before action is placed on the designer to introduce theminto the
next prototype rework.

12.1.3 Later prototype trails are usually carried out in the theatre of
use and under quasi-operational conditions. For a nobile |and-based
system its interaction as a new sub-unit within the |arger organisation
wi Il become part of the workplace assessnent.

12.2  Systens Effectiveness

12.2.1 Introduction

12.2.1.1  Nothing provides a nmore conclusive denonstration of adequate
design than the actual field test of a prototype workplace. The test and
eval uation of the workplace in its theatre of use and environmenta
conditions, is one of the nost inportant requirements inposed by the
Mnistry of Defence (MXD). In order to denonstrate that mlitary demands
can be effectively met and design nodification requirements are defined
prior to its production. The mlitary require an early and continuing
human factors test and eval uation programe during system devel opment.
Plans for this work programre nust be integrated ann% with other
engineering test plans, in order to preclude either their duplication or
om ssi on.

12.2.1.2 Sonme early testing may rely only on the subjective opinions of
specialists, eg test pilots, test drivers, special trials groups. Al though
there is often a good reason to utilize these specialists (for reasons of
safety and because they are perhaps nore skilled and perceptive in their
analysis of features that may not be quite right), the real proof of design
acceptability cones when the intended user can also operate the system
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12.2.1.3 The final test, however, is one in which all elements of the
total system (including hardware, software, documentation aids, and trained
personnel ) are tested together as the ultinate neasure of total system
effectiveness. It is here that the design, procedures and training are
tested to denonstrate whether operational requirements have been properly
nmet.

12.2.2 Field test design

12.2.2.1  The nmain objective of nost field tests is to denonstrate that
the workplace will do what it is designed to do. In addition, the field
test should provide other information that is inportant to the eventua
user: Previously described tasks can be verified, training objectives can
be confirmed, and training aids can be eval uated.

12.2.2.2 The field test shoul d be designed:

(a) to denonstrate the reliability of the hardware under all operationa
and environmental conditions.

(b) to denonstrate that the training programme has provided the user or
mal ntainer with the necessary skills to cope with the operationa
condi tions under which the systemis used.

(c) to highlight any hardware, software, operator interface, or procedura
?iscre?angies, by identifying deficiencies and providing recomendations
or solutions.

(d) to allow the verification of proposed manning |evels.

(e) to allow evaluation of tine factors such as time into action, target
engagenent, |oading, boarding, energency escape, etc are correctly
estimat ed.

(f) to determne any safety hazards that may not have been anticipated

(g) to provide an initial inpression of user acceptability of the
wor kpl ace

The designer should note that if their is any doubt as to how to carry out
field test design, a human factors specialist is to be consulted.

12.2.3  Method

12.2.3.1 The field test should be designed and inplenmented so that
systematic exercising of the man-machi ne workpl ace has been carried out
through all phases of the operating scenario. Both normal and emergency
conditions should be included. The scenario should contain all of the
man- systeminteractions such as visual, auditory, mobility, dexterity
comuni cations, decision making, and control elenents. Testing should
occur in the theatre of operation, both by day and night and under
different environmental conditions.
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12.2.3.2 Al subjects should be properly briefed prior to participating
in field testing. A brief statenent of the purpose and objectives for the
field test, and a general overview of what will be expected of the subjects
prior to, during, and follow ng the test should be devel oped. The
statement should be witten out and distributed to all subjects, so they
receive the same instructions.

12.2.3.3 During the test, it is generally best to |eave the subjects

al one as much as possible in order to reduce the possible influence of the
experimenter. Sometimes it is desirable to have the subjects verbalize
what they are doing whilst the test is in progress. This should be
included in the briefing along with possible reinforcing rem nders by the
experinenter if the subjects should forget. \Wen several observers are
used, they should be allowed to practice until they can denmonstrate that
they performconsistently and in a sinmilar way. Rotation of observers in
contact with test subjects will decrease the risk of observer bias
occurring

12.2.3.4  The responsibility for test safety should be given to an
experienced person to provide general overall safety nonitoring, although

i ndi vi dual observers are responsible for the safety of their own subjects
during the field test. This is especially inportant when several workplace
conponents are interactive with each other. Safety equipnent should be
provided to deal with emergencies in potentially hazardous field tests
along with nedical personnel

12.2.3.5 \Wen testing involves both subjects and observers in a hazardous
environment, it is extremely inportant to fully instrument both the

wor kpl ace and the people involved. This requires nonitoring in real tine
to be carried out, so that the exact status of the hardware and the

i ndi vidual s involved, such as a pilot performng unusually hazardous
manoeuvres in an aircraft are known. Fail-safe information links must be
provi ded so that communications are not broken as a result of physica
conditions or environmental abnormalities. \erever practical, rescue
personnel nust be available for quick emergency response. In addition

wor kpl ace system experts should readily be to hand to advise test personne
in the workplace on how to either correct problens, reject or abandon the
system Al possible enmergency scenarios that can be anticipated should be
anal ysed and procedures practised prior to the field test beginning. Above
all, the test personnel should be provided with as nuch on-board capability
as possible for taking care of their own emergency, as they may not have
enough time to both comunicate with and receive instructions fromthe
experimenters.  \Were extended duration workplace tests are conducted,
accommodation, food and off-duty activities for both test subjects and
observers is to be provided.

12.2.3.6  \Were appropriate, the use of trained independent observers to
take notes while the test is being conducted shoul d be considered, because
the actual observer may sonetimes be too involved to observe critica
events for hinself. These independent observers should be equipped with
recordi ng devices where appropriate.

12.2.3.7 A means of docunenting the subjective opinion of test subjects,
not only in terns of post-test debriefing, but also during on-line

eval uation testing shoul d be provided. briefing questionnaires should be
designed to obtain specific, design-related conments, as opposed to genera
verbal descriptions of the equipnent.
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12.2.3.8 A quantitative neasure of operator and maintainer performance in
terms of time and error should be provided. Actual measurement of the
performance of test subjects participating in the evaluation should always
be generated wherever practicable.

12.2.3.9  Depending on the nature, location and duration of a particular
field test, it may be inportant to provide facilities and equi pment for
anal ysing data on the spot. Such data may be inportant to the
experinenter(s) in terns of deciding whether to make nodifications to the
test schedule or procedures. Aternatively, it maybe possible to transfer
data via various tele-conmmunication nmethods to a base site or a |aboratory,
where large conputer facilities are available. Such rempte analysis is
often required when the workplace systemis operating in the theatre of
use.

For further information on observation, interview and questionnaire

techni ques, objective neasurenment, workload assessment, and experinentation
see Part 12 of this Defence Standard.

68



DEF STAN 00-25 (PART 4)/1

Section Seven. (Cuidelines for Designers

13 Approach to Workpl ace Design

13.1 Introduction

13.1.1 In order for operators to conplement the effectiveness of a

wor kpl ace system they must be integrated with the workplace in such a way
that their capabilities are utilized to the maxinum  This can be achieved
by selecting the human sensor |ink which makes the best use of human
capacity, sensitivity and reliability. By choosing a |inking approach
between the operator and the workplace, the total systemeffectiveness wll
be maximzed. Human limtations nust be recognized, and machi ne and

equi pment alternatives should be put forward instead.

13.1.2 The requirements for the proposed workplace should be reviewed
until everything possible about the basis for the workplace and the
conditions under which it is to be used, is fully understood. Al critica
wor kpl ace features should be identified including talking to potentia
users, and wherever possible exam ning equival ent workplace systens in use.
Consi deration should be taken of what functions need to be carried out to
fulfil the workplace objectives. If there are any reasonable options
avai | abl e, consider which of these should be perfornmed by the operator. If
there is provision for adequate redundancy in the workplace system
especial ly of critical functions, redundancy should be provided in the form
of either a back-up systemor by parallel conponents (either operators or
machi nes) .

13.1.3 Were practical, the services of a qualified human factors
specialist should be engaged to assist and advise throughout the

devel opment of the proposed design and in its final production. The
specialist will need to prepare a specification |ist of human factors
issues in their order of apparent inportance. These should be identified
in ternms of safety, operational inportance and so on, and the data required
for their solution should be identified. The criticality of the data
shoul d be determined by the inportance of the issue to which it relates.

13.1.4 Wen this is inpractical, the acquisition and or devel opment of a
human factors check list for use throughout the design, devel opment and
production cycle should be utilized. Check lists should be used wth
caution. They should neither be confused with operatin ﬁrocedures nor
consi dered a substitute for human factors expertise. t hough genera
checklists are provided in this section, the creation of a checkli st
tailored to the nature of the proposed workpl ace design shoul d be

devel oped. Check lists typically require nodification as the design

devel opnent progresses, and as nore know edge is gained about the workplace
design features. As these additional user-hardware interface details are
generated, further human factors questions will require addressing and
moni toring throughout the workplace design cycle.

13.1.5 Initial workplace design concept should be reviewed to ensure that
all potential user interface aspects of the proposed concept have been
properly identified and considered. The purpose of this step is to avoid
establishing constraints to good human factors practice.

13.1.6 Using the checklist, each design activity should be monitored as it
progresses, fromprelimnary through detailed design steps, naking sure
that the human factors aspects are kept constantly in nmind, and that good
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13.1.6 (Contd)

human factors practice, principles and criteria are being considered during
each step of the workplace design process. If conpromises are being nade
how and why these are being introduced into the design should be recorded.
This record may be extremely inportant for exanple, if the Mnistry of

Def ence (MOD) requires evidence that human factors have been taken into
account, or justification for ignoring themis required. If the user
brings proceedings in |aw agai nst the designer, the designer will need
evidence to prove that he did his best to prevent msuse of the workplace
(ie that all practicable means to minimze the probability of either msuse
or potential hazard to the user had been taken).

NOTE: Documentation of human factors during design is beconm ng nore urgent
as legal aspects of design-induced injuries place the burden of safety on
the designer as well as the manufacturer

13.1.7 Mock-ups should be used to test the efficacy of all user-hardware
interface designs, with subjects taken fromeither end of the required

ant hroponetric range of the user population. Exam ning and eval uating the
mock-up operator interfaces in terns of human performance efficiency (ie
tinme, error, protrusions, fouls, encroachnents, avoidance of discontort,

i nadvertent hazard potentials etc, should be carried out). Observations
shoul d be recorded and appropriate design nodifications nmade where
necessary. The nock-up should then be nodified and re-eval uat ed.

13.1.8 Experiments when necessary, should be perfornmed to establish
workpl ace design criteria, especially where previously cited reference

gui des do not provide adequate information for design decisions. This may
require devel opment of special, dynamc, real-time sinulations of
procedural and environnental conditions.

13.1.9 A hardware workplace prototype should be fabricated and eval uated
under real-life conditions using typical user subjects. Subjects should
again be representative of the range of potential users, and any trials
that are carried out should be realistically representative of the

wor kpl ace system It should be ensured that measurenents taken from
subjects are relevant and will result in usable guidance for setting the
wor kpl ace system parameters. Through short 'pilot trials', checks are to
be carried out to ensure that the trial techniques proposed are viable.
Measurements can then be taken and the results derived. Trials should be
designed so that the mnimum of redundant data is generated.

13.1.10 Quantitative performance neasures of the total User-hardware
operation shoul d be obtained to prove that the conbined human-nachine
operation is satisfactory. Any deficiencies should be fed back into the
wor kpl ace design cycle, and appropriate design nodifications nmade
Retesting may then be necessary.

13.1.11 Final production drawi ngs should be critically reviewed prior to
rel easing themfor final production, fabrication and assenbly. Critica
areas should be identified where lack of proper production quality contro
mght result in poor user-hardware interface results, because of
unsatisfactory manufacturing or assenbly procedures. Steps should be taken
to establish necessary procedural control and inspection in order to
preclude mstakes in the factory.
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13.1.12 Production (field) tests of hardware should be performed before
they are approved for final delivery to the Mnistry of Defence (MD).
These tests should include operator testing, as well as visual inspection
and or tests of hardware and software conponents.

13.2 Procedure

13.2.1 A procedural approach to workplace design will require functions to
be allocated by a conbination of professional engineers and human factors
specialists. There are few individuals who possess enough professiona
expertise in both advanced hardware/software technol ogy and human factors
technol ogy, to efficiently allocate functions. Hence a workplace design
group will require both an engineering team and a human factors team The
engi neering team shoul d describe the engineering workplace concept, and the
human factors team the role of the humans operating it. The role of the
humans statement should define what functions humans are expected to play
in the workpl ace whether as operators, maintainers, managers (ie
commanders), or users of the workplace product.

Function Allocation

13.2.2 The process of function allocation can be defined as a five step
procedure for enbedding the allocation of decisions wthin workplace
design. The allocation of decisions will require the application of four
Prﬂpcipal rules (see (c) below and Price 1985). The procedure is as

ol | ows:

(a) prepare for workplace design by organizing the design teans,
clarifying requirenents, and planning a design docunentation base;

(b) identify functions by categorizing whether or not they are either
primary functions in terns of their inputs and outputs, or if they are of a
secondary nature to the function of the workplace system Return to this
step later to reorganize into smaller functions;

(c) propose/ produce workpl ace design solutions. This is the major step in
the workpl ace design cycle where interaction takes place between

engi neering, allocation and human factors decisions. Four rules can be
applied for devel oping the allocation hypothesis. They are by:

(1) Mandatory allocation (ie there are mandatory reasons for
allocating a function, or portions of it, to either humans or
machi nes).

(2) Balancing the values by determning the hypothetical allocation
bet ween humans and machines as performers of the intended function

(3) Allocating on a utilitarian and or cost basis. For utilitarian
allocation, a function may be allocated to humans sinply because their
presence is required, and there is a conpelling reason why they should
perform the work. Qtherw se, consider the relative cost of human and
machi ne performance and allocate on the basis of |east cost. However
this may not be straightforward to determ ne since one must consider
the relative efficiency and effectiveness of human versus machine
execution of a function
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13.2.2 (Cont d)

(4) Alocating functions for affective and cognitive support. Humans
shoul d be treated as different to nmachines in two qualitative

respects. Affective support refers to the enotional requirenents of
humans, such as their need to know that their work is recognized for
its value, to feel personally secure, and to feel that they are in
control.  Cognitive support refers to the human need for information,
in order to be ready for actions and decisions that may be required.

NOTE: Wiere adequate information for allocation is not available, human
factors judgments based on partial information will result in better
design decisions. These judgnents should be nade by those whose

prof essional training and experience put themin the class of experts,
whether in the field of night vision, physical anthropometry, hearing
di sorders, perception, heat stress, acceleration, |earning, decision
meking, or otherw se

(d) inevitably, this will require trading off certain advantages for
others. Balancing out these advantages and di sadvantages will generally
need to take account of a variety of considerations, eg. engineering
feasibility, human considerations, econom ¢ considerations, and others.
However, the general objective or aimof the workplace system must not be

| ost sight of (ie that trade-offs should be nmade on the basis of the stated
or inplied system objectives and the acconpanying perfornance

requirements).

(e) test and eval uate the allocation hypothesis. It is during this step
that the training and experience of the human factors teamwill be of
significant value in locating and interpreting relevant data on human

per f or mance.

(f) iterate the workplace design cycle in order to correct subsequent
errors, optimze the workplace design and conplete the workplace to an
acceptable level of detail.

13.2.3 In conclusion it would seemthat the nost effective approach to
this procedure is by a trial and error technique using denonstrators to
illustrate, by exanple, possible workplace design sol utions.

13.3 Checklist nethod
13.3.1 A method for designers approaching the human factors inplications
of workplace design is to consider by means of checklists, whether demands

on the human can be classified in broad terns as being either
organi zational, nental, physical or environmental.

Organi zati onal demands

13.3.2 Organizational (both functional and nmanagerial) demands, can be
defined as the need to promote and enhance operator perfornmance, for
exanple by correctly allocating functions according to human capabilities
and limtations, by selection and training and hence inprovenent of the
skill levels of the operators. In contrast, the need to prevent work

overl oad and performance degradation for exanple, by the organization of
shift work, task significance, variety, distribution and realistic
timescal es of work schedules, will thereby enable operators to conplete the
various mental and physical demands of the workplace.
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Mental Workl oad

13.3.3 Mental workload can be defined as the differences between the
capacities of the information processing systemthat are required for task
performance to satisfy performance expectations, and the capacity available
at any given tine.

13.3.4 Mental demands are often overlooked (or inadequately defined),
during the workpl ace design process, because they are transparent/|atent
and not part of hardware and equi pnent design. Designers shoul d know t hat
operators require designed equi prent which avoids or reduces operator

mental overload, so that the nmeans of processing information, solving

probl ens, aiding the operator to nake decisions, and allow ng comunication
bet ween people, both wthin and between workplace(s) can be carried out in
a tol erabl e working environnent.

Physi cal Demands

13.3.5 Physical demands can be defined as the material requirements that a
person needs in order to carry out static, dynamc and notor processes when
ei ther acting on or reacting to a machine/equi pment. For exanple, with
respect to the notor processes, by the completion of either sinple discrete
tasks, or conplex continuous tasks. Mtor and visual processes should be
readi |y apparent to equi pment designers, because they physically and
visually link, (or couple) the operator to the machine interface.

Envi ronment al Demands

13.3.6 Environmental demands can be identified with respect to their

| ocation as being either external or internal to the workplace. The
external environnent can in broad terms be classified as being fromeither
an atnospheric or nechanical source. The designer requires to control the
effects of these sources on the internal workplace environment, in order to
pronote the life support, health, safety and physical/nental well-being of
the operators, by either reducing their internal effects, or protecting
operators fromthese sources to within tolerable linits, so that the
physical and nental demands of the workplace can be net.

13.4 Systenms appoach to human factors operations

13.4.1 The application of human factors data to design processes does not
(at least yet), lend itself to the formulation of a conpletely routine,
objective set of procedures and sol utions. However, systematic
consideration towards the human factors aspects of a workplace systemwl|
at least focus attention on features which should be designed with human
beings in mind. In this connection, it will be useful to list at |east
some remnders that are appropriate when approaching a design problem
These renminders are presented in the formof a series of questions (wth
occasi onal suppl ementary coments). Sonme points shoul d be made about them
Not all of the questions are pertinent to the design of sonme workplace
items, nor are they intended to be an all-inclusive [ist of questions.
Al'so, the fulfillment of one objective may of necessity be at the cost of
another. Nevertheless, these lists of questions should serve as a good
start in the workplace design process, by deleting and adding questions to
fit the specific situation. Human factors considerations relating to the
questions are provided under comments. The checklist questions in this
Section of this Defence Standard are cross referenced to this Part and
other Parts of Defence Standard 00-25 Human Factors for Designers of
Equi prent. It nust also be appreciated that a human factors speciali st
will be required to answer some of the questions
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13. 4.2 Ogani zati on demands

13.4.2.1 Functional requirenents

QUESTI ONS

COMMENTS

1. Wat are the functions that need
to be carried out to fulfil the
wor kpl ace system objectives?

1. Choose a coupling approach
that maxi m zes total system

ef fectiveness; do not choose on
the basis of whether it is easy
or hard to automate a function

2. If there are any reasonable
options available, which of these
shoul d be performed by human beings?

a. |Is the existing equipnment the
result of tradition - or has it
been planned fromthe start with
the operator in mnd?

b. Wat role is the operator
expected to play?

¢c. Howwll the equipnent fit
the operator?

2. Select the human sensor |ink
whi ch makes the best use of human
capacity, sensitivity, and
reliability. Avoid coupling via
a particular link merely on the
basis of tradition or because it
may appear that a particul ar
hardware inplementation is |ess
expensi ve, easier to design, or

al ready available.

Fatigue. Human capacity and
functional capabilities are
subject to short and long-term
fatigue effects, whereas nmachines
can be designed to be al nost
fatigue-resistant.

3. Are the information inputs
collectively within the optinmm bounds
of human information-recelving
capacities, or wll humans be called
upon to undertake functions which

they cannot do very well?

3. Speed and Accuracy. Human
response cannot conpete with the
capacity of a machine in terns
of speed and accuracy, thus
functional allocations to humans
must be made on the basis of
their capacity. Use hardware to
aid the human, do not use the
human to conpl enent a
predetermned hardware concept.

Sel ect coupling nethods that do
not require humans to make
frequent, |aborious, and |engthy
cal cul ations where accuracy is
critical

(See al so physical and nenta
denands. )
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QUESTI ONS

COWENTS

a. Can any of these functions be
transferred to the equi pment?

(le can reversionary nodes of
operation be enployed to enable

t he workplace to function?)

a. Couple humans with
machi nes in such a way that
they are not conpelled to
work at peak linmts all or
nost of the tine.

4. 1s there provision for adequate
redundancy in the workpl ace,
especially of critical functions?
(le can reversionary nodes of
operation be enployed to enable the
wor kpl ace to function?)

4. Redundancy can be provided in
the form of backup or parall el
conponents (either persons or
machi nes).

5. In any evaluation or test of the
wor kpl ace system (or conponents),

does the workpl ace system performance
meet the desired, managerial

per formance requirements?

(See managerial requirenments
sections).
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13.4.2.2 Manageria

requirenents

QUESTI ONS

COMMENTS

1

Are the various tasks to be done

grouped appropriately into jobs?

a. To what extent should the job
be broken down?

b. How can know edge of results
be given and targets set?

¢c. \What should be the size of the
wor ki ng group and the physica
spaci ng between menmbers of the
group?

2. Do the tasks which require tine
sharing avoid over-burdening any
I ndi vi dua

in the systen?

Overl oad.

Humans are fairly
limted conpared with machines
in terns of how much infornation
they can absorb and handle at one
time, how many things they can
monitor or control at one time
and how effectively they can

mai ntai n cogni zance of a
situation for extended periods,
and when under severe
physi ol ogi cal and psychol ogi ca
stress conditions.

Task overload will cause

physi cal and/or mental fatigue,
degrade operator performance,
and generally reduce workpl ace
system efficiency.

Particul ar attention nust be
given to the possibility of
overburdening in energencies.

Assessing human wor kl oad

a. Wiat is the main occupation
of the operator?

b. What is the secondary
occupati on?

To prevent work overl oad

a.  Sequence tasks rather
than creating overlaps

h. Make individual tasks

short.

c. Mnimze task precision
requirenents

(See al so nental and physica
demands)
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QUESTI ONS COMMVENTS

4. 1s the work made harder by the
way it is organised?

a. Shift work

(1) Are there day and night
shifts?

(2) Does the existing shift
system permt only short
periods on night shift?

(3) How many free periods
are there per duty cycle?

(4) Are conditions favourable
for daytime sleep?

(5) Would flexible hours be
advant ageous or permssible
within an operational context?
(6) What is the maximm

I nt ended unbroken working
spel I ?

(7) What is the tota

i ntended worktime in each

24 hr period?

b. Pauses (breaks) and the
preparation and eating of food

(1) I'f physical work is

i nvol ved, how | ong should be
al l owed for recovery?

(2) How shoul d these recovery
periods be spaced?

(3) Are the timng and

| engt hs of these periods
reasonabl e?

(4) If there is a heat |oad (See also Wrkplace environmental
or cold |oad on the operator, demands. )

how | ong should the operator
be allowed for recovery?

(5) How | ong should |1 ght
work continue before a pause
I's given and how | ong shoul d
this be?

(6) Should there be nore than
one pause in a working period
and what is the maxi mum

I ntended unbroken worki ng
spel I ?

(7) Wuld additional short
breaks be desirable and what
Is the total intended worktine
in each 24 hour period
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QUESTI ONS

COMMENTS

(8) Should pauses be spaced
by management (ie officia
breaks), or left to the wll
of the operator?

(9) Is there adequate
provision for food (snacks)
and non-al coholic drinks
during breaks?

(10) Shoul d some change in
activity be introduced during
a pause?

(11) Is the main break |ong
enough?

(12) Have facilities for the
col l ection and disposal of
human bi ol ogi cal waste been
provi ded?

c

Tasking (Prevention of
dom

Bor e

(1) How nuch time is allowed
for each task?

(2) Does the machine

(equi pment) speed during
paced work bear the optimum
relationship to the
perfornmance and variability
of the operator(s) enployed
on the job?

(3) Is the machine

(equi pment) being run for the
optimum length of tine?

(4) Does repetitive work
create a bad body posture?
(5) Is the variability of
the people it is proposed to
enpl oy on repetitive work
within limts which can be
acconmodat ed by the process
and can uniform perfornance
be maintained which is norma
for the process?

(6) Is it possible to nake
the work | ess nonotonous by
broadeni ng the tasks or by
the rotation of jobs?

(7) Should the operator be
kept on the sane job all the
tinme, or should jobs be
undertaken in rotation?

To prevent boredom

(1) Provide task
variety.

(2) Distribute tasks
equal l'y.

(3) Assign the operator
only significant tasks
and neke it clearly
evident that the operator
rather than the machine
is in control

Humans can becone j ust
as fatigued by boredom
as by overwork. (See
al so nental denands.)
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QUESTI ONS

COMMENTS

(8) Does the organization of
the work allow for socia
contacts?

(9) Does the work inits
entirety provide reasonable
opportunity for the

i ndi vidual s involved to
experience some form and
degree of self-fulfilnent.

Coupl e the humans with machines
in such a way that they can
recogni ze or feel that their
contribution is meaningful and
inportant.  Avoid giving humans
machi ne-serving responsibilities.

(10) Does the work inits
entirety contribute generally
to the fulfillment of
reasonabl e human val ues?

In the case of work with

i dentifiable outputs of goods and
services, this consideration
woul d apply to those goods and
Services

Trai ni ng

a. Are the jobs of such a nature
that the personnel to perform
them can be trained to do thenf

b. If so, is the training period
expected to be within reasonable
time linmts?

¢c. Do the work aids and training
conpl enent each ot her?

d. If training sinulators are
used, do they achieve a reasonabl e
bal ance between transfer of
training and costs?

b. Learning. Humans
generally Tequire sone

finite learning period to
performa new function. A
machine begins its operation
i mredi ately and theoretically
requires neither initia
training nor proficiency

ref reshment
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13.4.3 Mental workl oad

13.4.3.1 Mental work including nenta

stress and fatigue

QUESTI ONS

COMMENTS

1. WIIl the mental demands of the
task be such as to overload the
operator?

a. If yes, what steps can be
taken to reduce this?

1. Individual s have been able
to sumon some mental reserve
during a crisis, and thus there
Is a tendency to believe that,
with the proper stimulation,

most peopl e can continue nenta
activity indefinitely.

Consi derabl e evidence to the
contrary, however, has shown that
when an individual works too
near to mental capacity for

| ong periods, alnost any
energency that suddenly occurs
may push the individual beyond
his or her capacity to cope, the
result often being a conplete
col l apse or disorientation

Mental fatigue is further
confounded by the fact that an

i ndi vidual’s threshold may be
stressed to within a few degrees
of tolerance by pre-operating
conditions (prior activities),
with the result that he or she
has no tolerance to cope with an
overly denanding nental task or
situations.

2. Does the work and workpl ace
environment make heavy demands
on:

a.  Skill?

(1) Is the skilled )See also
wor k perforned under;nanageria
visual control?
Question 5.
(2) Does it require)
)
)

a long training
period?

requirements

Equi pment _desi gn_and operating
features known to contribute
to nmental fatique.

Ski Il

demands are greater

a
when:

(1) Overly precise contro
adj ustments are required.

(2) Poor control dynam cs
in terms of force-

di spl acenent, control -

di splay, direction of nmotion
and or novement ratio

i nconpatibilities, are
present.
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QUESTI ONS

COMMENTS

gs) Has every See also
acility been given)mnageria
requirenents

to acquire an .
Question 5

automatic skil

(4) Do the
directions and
sequence of nove-
ments follow a
st ereot yed

cl ause
13.4.4.2

|
)
gSee al so
gQUestion 5.
)
)

pattern?
b. Menory?

(1) Short ternf

(2) Long tern®

c. Vigilance?

(1) Is vigilance )See also

di sturbed by noise? )workplace
) envi ronnment a
) demands
) cl ause

(2) Is vigilance )13.4.5.2

i npai red by ot her ) Questions 1

people’s activities?)2 and 3
(3) Is vigilance )
impaired by what is )
going on at the same)
wor kpl ace? )

d. Perception?

(1) Is the lighting
good?

ments wel | arranged
and appropriate to

)
)
(2) Are the instru-%
the task? ;

(3) Continuous manua
monitoring or control tasks
are required that could just
as well be automatic, with
periodic operator alerting.

h. Menory demands (feedback)
are increased when:

(1) There are long del ays
in informational feedback,

ie long periods between
signals or changes in

equi pment  stat us.

(2) There is a lack of
tinely indication of whether
the equi pnent is functioning

properly.

c. Vigilance denands are
i nhi bited when:

(1) Sinultaneous audio
comuni cations and/ or
excessi ve background noi se
I's present.

tion demands are
when:

d. Perce
i ncrease

(1) Too many separate
visual displays have to be
moni tored simultaneously.

(2) Visual display fornmats
requi re extrapol ation rather
than providing directl
usabl e information. en the
display format is too clutt-
—ered with information and
when too many coded inform
ation elenents are used
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QUESTI ONS COWVENTS
(3) Are nunbers, ) (3) Visual display detail
wor ds, symbols and ) is considerably greater than
scal e divisions of a) required eg there are nore
size to suit the ) scal e marks than are
reading distance? ) warranted by the inherent
) accuracy of the instrumen-
tation and/or task objective.
(4) Are instrunEnts,g (4) The legibility of visual
conponents and display details is border-
labels in full viemng line, requiring unnecessarily
so as to avoid ) close scrutiny in order to
m st akes? ) detect, recognize and
interpret what is being
gSee al so di spl ayed
(5) Are any ) wor kpl ace (5) Visual displays
magni fyi ng devices )environmental vibrate because they are
necessary? ) demands, not properly shock-mounted.
(6) Are instruments)clause (6) Visual displays are
and controls )13.4.5.1 not adequately illum nated,
properly placed in ) Question 5 or there are uncontrolled
relation to each ) glare sources within the
ot her ? critical viewng envelope
(7) Can any audible ) (7) There is a lack of
signal s be heard st andar di zati on anong
clearly and without various simlarly operated
danger of missing ) pi eces of equipment, thus
one? ) requiring operators to shift
their point of reference
(8) The control panel |ayout
i's poorly organized, making
it necessary for the
operator to search for
appropriate panel elenents.
e. Overall habitability? e. Overall habitability demands
are increased when:
(1) Is the working environnent (1) The workpl ace environ-
controlled to provide tolerable ment is inadequately
(bearabl e) conditions for the controlled in terns of:
operator?
(a) Lighting, tenpera-
ture, humdity,
ventilation, noise
vibration, acceleration
pressure, etc.
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QUESTI ONS

COWMENTS

(b) Support furnishings
(standing platform
seating, witing
surface, reference
storage, restraint
system etc).

(c) Space, eg

cl earance.

(See also clause 13.4.5
Wor kpl ace envi ronnent al

demands.)
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13.4.3.2 Informational requirenents

QUESTI ONS

COMMENTS

1. For a given function, what
information external to the
I ndividual is required?

a. Wt information does the
operator need in order to do the
task?

b. In what formis the operator
to receive the information?

¢. Can information be adequately
received directly fromthe
envi ronnent ?

d. Wat information should be
presented through the use of
di spl ays?

e. How can it best be displayed?

f. Do the various infornmation
sour ces avoi d excessive tine
sharing?

Coupl e humans wi th machi nes so
that information flow and

i nformation processing are
natural; this mnimzes |earning
tinme and the probability of
confusion and/or errors.

Storage Capacity. Human capacity
to store large anounts of

i nformation over the long term
Is extrenely great, but their
ability to retrieve information
quickly is sonetinmes extrenely
limted and unreliable. A
conputer information processor
however, can store al nost any
anount of data and recall it

al nost imediately.

On the other hand, the machine's
capacity to store and retrieve
is entirely limted to what is
designed into it.

Over| oad.
requi rements

(See Manageria
clause 2).

Human- Machi ne  Per f or mance

Surveillance. Mchines are also
affected by environnental and
operational distortions,
especially conputers

2. For information to be presented
by displays, what sensory nodality
shoul d be used?

a. Should this be a visual,
auditory of tactual display?

Consi deration should be given to
the relative advantages and dis-
advantages of the various sensory
modalities for receiving the type
of information in question

Sel ect the human sensor |ink

whi ch nakes the best use of
capacity, sensitivity and
reliability.
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QUESTI ONS

COMMENTS

b. Which type of display
will give information nost
qui ckly and with the m ninum
of anbiguity?

Avoid coupling via a particular
link merely on the basis of
tradition or because it may
appear that a particular hardware
i npl enentation is | ess expensive,
easier to design, or be already
avai | abl e

Sensory lsolation. To perform
useful tasks within a controlled
envi ronment, humans must be able
to receive information at |evels
comensurate with their inherent
sensory channel threshold
capabilities; eg there are limts
to visual activity and auditory
perception and these senses are
easi |y degraded by noise in the
environment. In fact, sensory
inputs may be distorted, causing
humans to make perceptual errors,
ie to msinterpret what they see,
hear, or feel. (See Part 7

of this Defence Standard and al so
consi der the operator’s

perceptual processes, clause
13.4.3.1d).

3. Are the various visual displays
arranged for optinum use?

a. Wiich displays are essentia
for the efficient operation of
t he workpl ace, and which can be
relegated to a mnor position?

Di spl ays should provide the

i nformation when and where it is
needed. These consi derations
shoul d take into account the
general type of display, the
stimlus dimension and codes to
be used and the specific
features of the display. The
di splay should provide for
adequate sensory discrimnation
of the mnimum differences that
are required. (See Part 7 of
this Defence Standard)

4. Can different parts, control knobs
and tools be easily recognized by
position and touch?

Logi cal positioning and tactile
feedback aid in recognition of
location. (See Part 10 of this
Defence Standard.)
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QUESTI ONS

COMMENTS

5. Are the decision naking and
adaptive abilities of human beings
being appropriately utilized?

5. Interpretation of, and
response to, unexpected events

6. Are the decisions to be nmade at
any given time within the reasonable
capability limts of human beings?

Humans possess the unique
capability to constantly re-
evaluate a situation, change
their approach, and invent new

i deas on the basis of unexpected
events and operating conditions.
The can often continue wth
either an alternative or |ess-

t han-perfect procedure, whereas
a machine may stop operating
conpletely. A machine does only
what it is designed to do; ie,
its capability is limted to
anticipate all events and
conditions of operation.

7. In the case of automated systens
or conponents, do individua
operators have basic control, or do
they feel that their behaviour is
being controlled by the workplace
systen®

Coupl e humans with nmachi nes as

t hough humans m ght at sone tinme
have to assume control (even

t hough the nom nal node may be
automatic).

8. What form of conmunication will
have to take place between operators?

9. Has this comunication to be
verbal and if so, will there be
interference from noise?

a. If interference fromnoise is
expected, can information between
operators be transmtted by neans
of instruments?

(See al so workpl ace environnenta
demands, clause 13.4.5. 2,
Question 3.)

(See comments for Question 2c
and d.)

10. If there is a conmunication
network, will the comunication flow
avoid overburdening the individuals

i nvol ved?

(See al so comments concerning
mental work clause 13.4.3.1,
Question 1.)

11,  Does the task require high
auditory demands?

(See Part 8 of this Defence
Standard and al so comrents
concerning vigilance denands,
clause 13.4.3.1c.)
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13. 4.4 Physical demands

13.4.4.1 Physica

wor k i ncl udi ng _physica

DEF STAN 00-25 (PART 4)/1

strain and fatique

QUESTI ONS

COMMENTS

1. WIIl the physical demands of the
task be such as to overload the
operator?

a. If yes, what steps can be
taken to reduce this?

Overload. Task overload wll
cause physical fatigue, degrade
operator performnce, and
general Iy reduce workpl ace
system efficiency.

2. \hat physical work will the
operator be required to do?

a. |Is the work physically
arduous?

bh. WII
operator’s physica

it be within the
capacity?

¢c. WII some form of nechanica
assi stance be required?

Physical Strength. Humans are

extrenely linited conpared with
machines in ternms of how much
force they can apply, and for
how ong. See Parts 2 and 3 of
this Defence Standard.

3. Questions relating to physica
train

a. Bodily posture:
(Sitting, standing, stooping)

(1) Can the operator sit or
must he stand? In either case
will his posture be
satisfactory?

(2) Does the required posture
i nvol ve nmuch static nuscul ar
effort?

(3) Is a favourable work
posture pronoted by the
| ocation of instruments,
wor kpl aces and control s?

Design inplications relative to
nmnimzing potential nuscle

fatique
a. Avoid design features that:

(1) Require operators to
apply near maxi num force
capacities over many cycles
and for |ong periods of
time.

(2) Require continuous,
rapid, repetitive nuscle
contractions for |ong

periods, eg pounding
tappi ng, cranking, or push-
pul | cycling.

(3) Force operators to

hol d some device in a

fixed position for |ong
periods wthout rest periods.
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QUESTI ONS

COMMENTS

(4) I's the working height
correct?

(5) Is the range of novenent
of grips and handl es
automatically correct?

(6) I's there enough room for
the operator to nove about?

(7) Can the work be seen
clearly and any displays be
read wth the body In a
natural position?

(8) Does the body have to
take up an unnatural posture
when pedal s are operated?

(9) If the operator is
standing, can foot control be
di spensed w th?

(10) What force will the
operator be called upon to
exert and will some form of
servo assistance be required?

(11) Is the height of the
work surface adapted to the
posture, and correct in

regard to view ng distance?

(12) Is the work surface
correct with regard to:

(a) Height?

(b) Wdth?

(c) Colour tones and
contrast?

(4) Require operators to
mai ntain an upright posture
for long periods w thout
adequat e body support (as
in the case of a seat).

(5) Require operators to
make very long reaches,
frequently, and for extended
periods of tine.

(6) Require operators to
stand or sit in awkward
positions, and to hol d

their arms above their heads
for long periods

(7) Require operators to
work in a bent-over or
squatting position, or in a
position on their stomachs

or backs, with the accom
panying stress of holding the
head and arns in a strained
posi tion.

(8) Require operators to
bend over and straighten up
frequently, and over |ong
peri ods.
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QUESTI ONS

COMMENTS

(13) Are chairs and supports
avail abl e to obviate
necessary standing?

(14) Is a support for elbows,
forearms, and back necessary.

Sedentary work:

(1) Is sitting pronoted by
the location of instrunents,
wor kpl aces and control s?
(2) I's the seat correctly
adj usted to the working

hei ght ?

(3) Does the seat cause

di sconfort?

(4) Is a foot rest
necessary?

(5) Are the controls set
out so that bodily postures
are natural ?

(6) Is much effort needed
to operate nmanual control s?
(7) Are the controls
adequate for their purpose?

Muscul ar  Wor k

(1) I's the muscular effort
predom nantly static or
dynam c?

Avoi d workpl ace layouts that:

(1) Require repeated
iterations over |ong periods.
(2) Require operators to
sit askew (in a tw sted
position) in order to watch
a display and simultaneously
operate some contro
(especially a foot control).
(3) Require operators to
hold a foot above a foot
control (between peda
depressions) for |ong

peri ods.

(4) Require operators to
continuously nove their heads
fromside to side or up and
down.

(5) Require operators to
step up and down frequently
for long periods

Avoid tool designs

(1) That require operators
to hold and push a tool
against a work surface or
conponent in order to

mai ntain contact pressure.
(2) That require operators
to hold a very heavy tool in
a precise position for |ong
periods.

(3) That require operators
to maintain a very tight
grip in order to keep the
tool in place (especially

if the grip nmust be

mai ntai ned for [ong periods).
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QUESTI ONS COMMENTS

(2) Is any form of strenuous
static work involved?

(3) If so, can this be

avoi ded by providing clanps
or supports for the work?

(4) Can the work be made
easi er by supporting hands
and/ or el bows?

(5) Must loads be lifted?
(6) Are the weights of

these |oads acceptable?

(7) Is there sone nore
suitable method of lifting
and transporting these |oads?
(8) Is strenuous dynanic
work required?

(9) Is the average heart rate
bel ow the limts?

(10) I's the work performed
with a high enough degree of
ef ficiency?
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Physi cal control and control devices
QUESTI ONS COMMENTS

1. When physical control is to be Sel ect coupling nmethods that do
exercised by the operator: not require:

a. \hat controls will be needed? |a. Extrenely precise

mani pul ati ons.

b. What type of control device b.  Continuous, repetitive

shoul d be used? movenent s.

¢c. \Wich controls are essenti al ¢. Physical contributions that

for the efficient operation of

the equi pnent?

d.  Wich controls can be
relegated to a secondary position?

2. |s each control device easily
i dentifiable?
3. Are the controls correctly
designed in terns of shape, size,
surface and material with regard to
the required forces?

4. Are the operating requirements of
any given control (as well as of the
controls generally), within reasonable
bounds?

5. Is the operation of each contro
device conpatible:

a.  Wth any corresponding

di spl ay?

b.  Wth comon human stereotype
response tendencies?

c. Wth the location of
instruments and workpi eces?

6. Are the control
conveniently and for
opti num use?

devi ces arranged
reasonabl y

a. |Is correct control by hand or
feet promoted by the Iocation of
instruments, workplaces and
control s?

demand reaching a human’s upper
strength limts

(See also Parts 3 and 10 of this
Def ence Standard)

The requirenents for force
speed, precision, etc, should be
within the limts of virtually
all persons who are to use the
system  The nan-machine
dynami cs should capitalise on
human abilities so that, in
operation, the devices neet the
speci fied systemrequirenents.

(See also Part 10 of this
Def ence Standard)
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Wr kspace and User Popul ation

QUESTI ONS

COWMENTS

1. Is the workspace satisfactory
for the range of operators who w ||
use the facility?

a. Is the equipnent likely to be
operated partly or exclusively by
femal es? If so, what popul ation
of femal es nust be provided for?

2. Are the various conponents and
other features of the facility
arranged in a satisfactory manner for
ease of use and safety?

3. Wen relevant, is the visibility
fromthe workstation satisfactory?

4. Are the controls and displays
| ocated in front of the operator
within optimal reach, visual area
and arranged for optinmum use?

5. Are warning lights/panels placed
in the central part of the visua
field?

Sel ect the appropriate target
popul ati on.

(See al so workpl ace environnenta
demands. )

Bl anking arcs and blind spots
shoul d be checked using a field
of vision test.

Ensure controls are within the
5th percentile maxi num and 95th
percentile mninum reach

envel opes, inportant displays are
within primary visual field, and
their layout is logically
arranged. (See also Part 7 of
this Defence Standard.)

Mai nt enance Requirenents

1. Wat are the expected naintenance
requirements?

2. |s the workplace systemor item
adequat el y designed for convenient
mai nt enance and repair, including

i ndi vi dual conponents?

a. Is there adequate clearance
for reaching individual parts
that need to be maintained,
repaired or replaced?

Not e: Does the machine
construction allow for this in
terns of:

Accessibility?
Avoi di ng acci dents?

Li ghting requirenents?
Tracing technica

NN NN
BN
N e e e’

b. Are proper tools and
di agnostic aids avail abl e?

faul ts?

(See also Part 11 of this
Def ence Standard.)
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QUESTI ONS

COMMENTS

Has the equipnent been:

a. Designed to make the diagnosis
of faults easy?

b. Planned so that probable
repairs can be carried out with
the mninum of delay?

c. Supplied with adequate
instructions for maintenance
and repair?
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13.4.5 Workpl ace environnental denmands
13.4.5.1 Atnospheric _sources
QUESTI ONS COWMENTS
1. Are the environnmental conditions Envi ronnental Constraints. The
such that they: human’ s physi ol ogi cal tol erance

a. Permt satisfactory levels of
human perf or mance?

b. Provide for the well-being of
i ndi vi dual s?

2. \What are the anbient atnospheric
conditions likely to be?

(a) WIIl the air contain
contam nants and toxic substances

such as nuclear, biological and
chem cal agents?
(b) WII there be a non-standard

air mxture? (ie oxygen
deficiency, carbon dioxide and/or
carbon nonoxi de excesses).

(c) WII air circulation and
ventilation be provided?

(d) WII there be altitude and
sudden barometric pressure changes
to affect the operator? (ie

al titude sickness, breathing and
hearing difficulties).

(e) WII there be heat and/or
hum dity conditions which wll
require refrigeration for cooling
and dehum dification, to reduce
the water vapour content?

(f) WII there be cold conditions
whi ch require heating?

(g) What lighting (illumnation)
Is likely to be required for
working in daylight and artificia
l'ight? (See also Question 5

bel ow. )

to certain operating environments
is limted. Therefore, an early
decision is required

regarding costs and conplexity
necessary to protect and support
t he human under severe environ-
mental demands (ie extrene

at nospheric pressure

accel eration, tenperature, noise,
vibration, radiation, and/or
potential energency situations
produced by explosive blasts,
fire, atmospheric or chemca
contam nation, etc).

The environmental |ife support
system shall be part of workplace
desi gn.
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QUESTI ONS COVVENTS

WII there be radiation and

i oni zation hazards, or any other
harnful waves/rays in the electro-
magnetic spectrum which requires
protection for the operators?

3. Health Safequards

a. Does the air in the room
contain any toxic substances?

b. Can the spread of toxic
substances be stopped at source?
¢c. Can ventilation equipnent be
instal | ed?

d. Is there contact with any
substance that may cause skin
irritations such as dermatitis?

4. Questions Relating to the Wrking
Envi ronnent

a. Light and Col our (Refer also to coments on
perception demands clause
(1) Is the lighting bright 13.4.3.1 Question 2d.)
enough during daytinme?

(2) Is the artificia
l'ighting bright enough?

(3) Are excessive contrasts
present in the workstation?
(4) Must the operator keep
| ooking froma bright to a
dark area, and vice versa?
(5) Are there reflective
surfaces in the workstation?
(6) Are the light sources
properly arranged?

(7) Is the lighting steady?
(ie no flickering fluorescent
tubes; tubes out of phase
with each other; no strobo-
scopic effects from noving
machi nery).

(8) Is there excessive
brightness contrast between
different col ours?

(9) Are attention getters
sensi bly used?
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QUESTI ONS COMMVENTS

(10) Does the col our scheme
in the workplace avoid visua

strain?
(11) WII the task require (See Part 7 of this Defence
hi gh visual denands? St andar d)

(12) Does the workspace
require a high illumnation )

| evel ?

(13) Is general artificia

i Ilumnation necessary? (See Part 6 of this Defence
(14) WII the workspace ) St andar d)

| ayout be exposed to different |

i [Tumnation |evels?
(15) Is there any glare from
the workspace or surroundi ngs?

~

h. Indoor clinate

(1) Is the air tenperature
confortabl e?

(2) Are the surrounding
surfaces at approximately the
same tenperature as the air?
(3) Are there any perceptible
draught s?

(4) Is the relative humdity
physi ol ogi cal | y suitable?

(5) Are the heating
appl i ances placed correctly?
(6) Is the air changed as
frequently as required?

c. Questions Relating to Work
Under Hot Conditions

(1) I's the heat |oad
accept abl e?

(2) Are the operators
suitably cl ot hed?

(3) I's the supply of liquids
sufficient?

(4) Can the heat |oad be
reduced by protective devices?
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QUESTI ONS

COMMENTS

I, Wat are the anbient and range of
mechani cal conditions likely to be?

a.  WII there be high inpulsive
and/or continuous noise |evels
above safe levels from which
operators will require
protection? (See also Question 3

bel ow. )
h. WII there be vibration of
mechani cal origin, shock |oading,

and ride notion due to novenent
across uneven terrain; wave,

swell and wind effects fromwater;
wi nd-shear, clear and stormair
turbul ence from which operators
will require protection?

¢c. WII there be high

accel eration, Gforces and

wei ght | essness experienced by
operators from which they require
protection?

d.  Are any parts of the body
exposed to undue constant or
intermttent nmechanical pressure?
e. Does the machine/ equi pment
cause significant vibration and
if so, howw !l this effect the
operator’s performnce?

2. Do external factors listed in
Question 1 above nake the work harder
such that operator performance is
degr aded?

3. a. Protection against noise

(1) Does the noise disturb
vigilance or nental effort?
(2) Does the noise interfere
with conversation?

(3) I's the noise level so
high that there is a danger
of damage to hearing?

(4) Can the noise |evel be
reduced?

(5) Is there a danger of
hearing damage because of the
intensity or long-term
presence of noise?

(See also Parts 5, 8 and 9 of
this Defence Standard.)

al so mental workl oad cl ause
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QUESTI ONS

COMMENTS

Heal t h saf equar ds

(1) Does the layout of the
wor kpl ace nake accidents
possi bl e?

(2) Does the performance of
the work involve risk of
acci dents?

(3) An accident is unpredic-
tabl e hence perhaps it is
better to talk about making
t he workspace safer than
whet her accidents may occur.
(4) I's there any risk of
burns or expl osion?

It is suggested that the designer
prepares a list of potentia

injury nodes (cuts, bruises,
fractures, anputations, burns,
internal ruptures, eye

penetration, asphyxiation
This should be used as a
checklist to evaluate the
proposed human-machi ne allocation
deci si ons.

etc).
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Table A

Ant hroporetric Data for Common Wrking Positions

Percentile values (mj

5th percentile | 95th percentile

Male |Female | Male Femal e

1 Weight (including conbat clothing) 62 kg |48 kg | 96 kg | 84 kg
2 Stature (clothed, including shoes) 1705 1570 | 1915 1770
3 Functional reach (back of shoul der 720 665 855 785

to thunbtip in pinch-grip)

4 Dynamic forward reach (including 840 785 975 905
forward shoul der movement)

5 Vertical functional reach - standing 2085 1915 | 2375 2210
(one-handed, including shoes)

6 Vertical functional reach - sitting 1285 1175 | 1460 1345
(one- handed)
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Rel at ed Docunents

The docunents and publications referred to in this Part of the Standard are
as follows:

BS 5940 Part 1 1980 - Design and dinmensions of office workstations,
desks, tables and chairs

- Body Size

- Body Strength and Stam na

- The Physical Environment: Stresses and Hazards

Vision and Lighting

- Visual Displays

Def Stan 00-25 Part
Def Stan 00-25 Part
Def Stan 00-25 Part
Def Stan 00-25 Part
Def Stan 00-25 Part
Def Stan 00-25 Part - Auditory Information

Def Stan 00-25 Part - Voice Communi cation

Def Stan 00-25 Part 10 - Controls

Def Stan 00-25 Part 11 - Design for Miintainability
Def Stan 00-25 Part 12 - Systens

O©OO~NOUTITWN
1

A J Metric Handbook (3rd Edition), 1970

The Architectural Press: London 1969
Bailey R W (1982)

Human Performance Engineering. A guide for System Designers.
Prentice-Hall, Inc.

Barnes R M (1963)

Motion and Time Study (5th edition).
New York: Wley, 1963.

Fl owers K, (1975)

Handedness and Control |l ed Mvenent.
British Journal of Psychol ogy, 66, 39-52.

G andj ean E (1980)

Fitting the Task to the Man.
Tayl or and Francis Ltd, London.

Kantowitz B H and Sorkin R D (1983)

Human Factors. Understandi ng Peopl e-System Rel ati onshi ps.
J Wley and Sons Inc

MCormick, E J & Sanders, M5 (1982)

Human Factors in Engineering and Design (5th Edition).

Morgan C T and Chapanis A (1963)

Human Engi neering Cuide to Equipnment Design.
MG awHi || Book Conpany.
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Oborne, D J (1982)

Ergonom cs at Wrk.
J Wley and Sons Ltd.

Pheasant S, (1986)

Bodyspace.  Ant hropometry, Ergonom cs and Design.
Tayl or and Francis.

Porter J M Case K and Bonney MC (1986)

SAMWM E:  An Ergonom cs CAD System for Vehicle Design and Eval uation,

BODI TEK 1986, Institute of British Carriage and Autonobile Mnufacturers,
University of Keele.

Price HE

The Allocation of Functions in Systems.
From Human Factors, 1985, 27(1) 33-45.

RARDE, (1988)

VERDlI (Proposal for a Vetronics Denonstrator Progranme).
The Wessex Press.

Rebiffe P R (1969)

Le Siege du Conducteur: Son Adaptation Aux Exigences Functionnelles et
Ant hroponet ri ques. Ergonomics, 1969. (From MCorm ck and Sanders 1982,
page 341).

Van Cott H P, Kinkade R G (1972)

Human Engineering Guide to Equié)ment_ Desi gn.
Joint Arny - Navy - Air Force Steering Committee.

Woodson WE, (1981)

Human Factors Design Handbook.
MG aw-H | | Book Conpany.
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Publ i shed by and obtainable from
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Directorate of Standardization
Kentigern House

65 Brown Street

GLASGON & 8EX

Tel No: 041-248 7890

This Standard nay be fully reproduced
except for sale purposes. The
fol | owing conditions nust be observed:
1 The Royal Coat of Arms and the
publishing inmprint are to be
om tted.
2 The following statement is to be
inserted on the cover:
“Crown Copyright. Reprinted by
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perm ssion of Her Mjesty’s
Stationery Office.’
Requests for comercial reproduction
shoul d be addressed to MD Stan 1,
Kentigern House, 65 Brown Street,
d asgow & 8EX

The following Defence Standard file reference relates to the work on this

Standard - D/D Stan/328/01/04.

Contract Requirenents

When Defence Standards are incorporated into contracts users are
responsible for their correct application and for conplying with contract

requirenents.

Revi si on of Defence Standards

Defence Standards are revised when necessary by the issue either of

amendments o of revised editions.

It is inportant that users of Defence

Standards shoul d ascertain that they are in possession of the [atest

amendments or editions.

[nformation on all

Defence Standards is contained

in Def Stan 00-00 (Part 3) Section 4, Defence Standards index published
annual |y and suppl emented periodically by Standards in Defence News. Any

person who,

when naking use of a Defence Standard encounters an inaccuracy

or anbiguity is requested to notify the Directorate of Standardization
without delay in order that the matter may be investigated and appropriate

action taken.
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